Chapter 2

Exercise 2A
1. (a) 035° (read directly from the diagram)
(b) 35+ 45 = 080°
(c) 35+ 45 + 30 = 110°
(d) 180 — 35 = 145°
(e) 180 + 20 = 200°
() 360 — 60 = 300°

(g) Back bearings:
35 4 180 = 215°

(h) 80 + 180 = 260°

(i) 110+ 180 = 290°
(j) 145+ 180 = 325°
(k) 200 — 180 = 020°
(1) 300 — 180 = 120°

2. No working required. Refer to the answers in
Sadler.

b
22.4
h = 22.4 tan 28°

=11.9m

3. tan28° =

2 2.0 >
4. tanf = — -Um N
mv=oa 0 [ >~.

f = tan~*

= 26°

h nl -
22.5
h = 22.5 tan 24° 22.5m

= 10.0m

5. tan24° =

6. After one and a half hours, the first ship has trav-
elled 6km and the second 7.5km.

North
A

==
A -~ T\g° g 5 N
e——dap —>|<— dgp ——»
da
40
tan18° = —
an i
40
da = tan 18°
40
tan 35° = s
40
dp = tan 35°
dar — 40 40
AB = tan 18°  tan35°
= 66m

40m

ZCAB = 302 — 239

= 63°

ZCBA = 212 — (302 — 180)
=90°

12.2

d
12.2

cos 63°
= 26.9km

cos 63° =




Exercise 2A

e 42m \\\
9 A _-7\28° B 170/~
——d 4 —+7dc —
dac
tan 28° 42
n = —
a i
42
d =
47 tan 28°
42
tan17° = —
an e
42
de = tan 17°
dar — 42 42
AC = tan28°  tan17°
= 216m
/’//‘
-7 |36m
10. - s
- S\

A = | B \ O
——dap 4+—dB —»
da
36

tan15° = —
an i
36
da = tan 15°
36
tan40° = —
an e
36
d =
B Yan40°
dar — 36 B 36
AB = tan15°  tan40°
=91m
- D
S DIE
11 C T~ /30° E
40m el
A —=alp
Distance between towers:
40
tan 30° = —
an 30 B
40
" tan 30°
=40V3
Additional height of second tower:
DE
tan20° = ——
40V/3

DE = 40v/3 tan 20
= 25.22m

Total height of second tower:

DB = 25.22 + 40
~ 65.2m

12.
First determine the angles in the triangle made
by the tree, the hillslope and the sun’s ray.
ZACB =39 — 20
=19°
ZCAB =90 — 39
=51°
Now use the sine rule:
h 35
sin19°  sin51°
_ 35sin19°
~ sinbl°
= 14.7m
F
N
[
[N
I \
o
| \
| \
l ‘\
d, v
13. . \
| \ N
| oA
I \ I
1 \\ 1
| 65°,
\I
A 5.3km B

ZABF =335 — 270

= 65°
d
tan 65° = —
a 5.3
d = 5.3tan 65°
= 11.4km
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.................. _ Plane
T 30°\ .-~
500m I
14. ///,/’ o0
Shipy Ship,
<—d—+—d2
dy
500
tan 30° = =
n &
500
" tan 30°
= 866m
500
tan 40° = ——
n &
500
d =
27 tan40°
= 596m
d=dy —do
= 270m
15.
E \\\]0\0\
S RV
a
D 60m C
AC = /602 + 402
=20V/13
60
tan /ZDAC = —
an C= 10
/DAC = 56.3°
/BAC = 180 — 56.3
=123.7°
/ABC = 180 — 123.7 — 10
= 46.3°
AB  20V13
sin10°  sin46.3°
AB— 20@ sin 10
sin 46.3°
=17.3m
540 =" 540cm
16. sin17° = —- _--re
d Ae=
540
sin 17°

= 1847cm

Rounded up to the next metre this is 19m.

17. tand = L6 C .:/.1400 ..D "
19'? 1.6m \9\/‘~\\
=47 -
/DCE = 40 — 4.7 A 196m B

— 35.3°

. DE

tan35.3° = o=
DE = 19.6 tan 35.3°

— 13.9m

h=139+ 16
— 15.5m

18. Let the height of the flagpole be h and the dis-
tance from the base be d. Let 6 be the angle of
elevation of the point % of the way up the flag-
pole.

h
tan40° = —
an pi
0.75h
tanf = ——
an pi
h
=0.75—
d
= 0.75 tan 40°
6 = tan~' (0.75 tan 40°)
= 32°
x
19.

0 ¢
P
|~ Yy

tanf = —

Y

T
N tang
tan ¢ = z
Y2
.
v2 = tan ¢
y=y1+ty2
oz x
anf tan¢>
( anf tanqb)
. tan ¢ tan 6
N tanﬁtanqﬁ tan 6 tan ¢
tan 6 + tan ¢
tan@tangb
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x
20.

0 ¢ =
DR R AN
Y

tanf = —
Y
oz
o tan 6
tanqb—i
Y2
R
& tan ¢
Y=Y — Y2
x x
~ tanf tangzﬁ
(tan& tanqﬁ
B tan ¢ tan 6
N tanftan$  tanftan¢
_ tand)ftanﬁ
B tanHtanqS
O
21. Y
x
0
sinf = =
z
oz
~ sinf
tanq{):y
z
y=ztan¢
x
= t
(sinﬂ) an ¢
_ ztang
~ sinf
O

22.

z
cos ¢ = —
x

T

Cos ¢

cosf = L
z

y = zcosf
= (z cos @) cosl

= x cos ¢cost

23. (a)

Yy = zsin ¢

= (Gp)

rsin ¢

sin 6

Y
tan¢ = —
x
tan ¢
cosf = ¥
z
y = zcosf
=|— 0
(tanqS) oS
x cosf




Exercise 2B

Exercise 2B

1.

(a)

(b)

(©)

AM = %AC
= %\/ABZ +BC?
SN TR
2

= 3.68cm

EM

tan ZEAM = —

an AM
EM

/EAM = tan™* Y,

/ZDEM = ZAEM
=180 — 90 — ZEAM
=90 - 59.7
=30.3°

Let F be the midpoint of AB. The angle be-
tween the face EAB and the base ABCD is

ZEFM. 1
FM = §AB

= 2.6cm

tan ZEFM = @

FM
EM

/EFM = tan™! =
an FM

_,6.3

=tan ~ —

2.6
=67.6°

tan ZGDC = g—g

GC

ZGDC = tan™' —

GDC an DC

—tan_1§

N 62
=29.4°

tan ZGBC = @

BC
/GBC = tan™! g—g

= tan~! %
38

= 42.6°

tan ZGAC = i—g

/GAC = tan™! i—g

35
-1
V622 4 382

= tan

=25.7°

(d) AG = VAC? + G(C?
= /622 4 382 + 352

= 80.7mm

(e) The angle between the plane FADG and the
base ABCD is equal to ZGDC = 29.4°.

(f) The angle between skew lines DB and HE

is equal to ZADB.

AB
tan ZADB = ~——
an AD
AB
/ADB = tan~ ! =——
an AD
= tarf1 Q
- 38
= 58.5°

E
30mm
A 100mm B

/N

(a) BF? =BE? 4 EF?
= (AB? 4+ AE?) 4+ EF?
= 100% + 30* + 1202

BF = v25300
= 159mm

DE
BF
30
159
30

/FBD =sin” ! —
159

=10.9°

(b) sin ZFBD =

186

T AC
186
"~ tan50°
= 156cm

(a) tanb0°

186

~ AB
186

- tan 24°
= 418cm

BC = VAB? + AC?
= /1562 + 4182

= 446cm

(b) tan24°

3. The key to this problem and others like it is
a clear diagram that captures the information
given.

120mm
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5.

AB
/ACB = —
(¢) tanZAC AC
ZACB = tan™! o>
156
= 69.5°

(a) ADCA = ADBA (SAS) so
/DCA = /DBA and
ZDBA = 50°

DA

/DBA = —
(b) iB

DA

~ tan ZDBA
7.4

~ tan50°
= 6.2cm

AB

(¢) There are a couple of ways this could be
done. Since we now know all three sides of
triangle ABC we could use the cosine rule
to find ZACB. Alternatively, since we have
an isosceles triangle, we can divide it in half
to create a right triangle, like this:

C

4.6cm

B
2.3
/ACB = —
cos ZAC 63
2.3
ZACB = cos™! ==
C cos 65
= 68°
H 1 G
[}
:
I
E ! F
I
I
:
I
e
D C
A 6cm B

(a) BI = VBF?4FI?
— VBF? + FG? + GI?

= V62 + 62 + 32

=9

BF
b /IBF = —
(b) cos i
_6
9
2
3
2
/IBF = cos™! 3
= 48°

(c) The angle between AIAB and the base
ABCD is the same as the angle between
rectangle ABGH and the base ABCD (since
the triangle and the rectangle are coplanar).
This is the same as ZGBC: 45°.

A 80mm
CE
tan ZEBC = —
(a) tan BO
30
/EBC = tan~! =
an 50
=31°
CE
b) tan ZEGC = —
(b) tan ac
30
/EBC = tan™! ———
V402 + 502
= 925°
CE
tan /EAC = —
(¢) tan C AC
30
/EBC = tan™! ————
V802 + 502
= 18°
W \Y
: _
| /
I
I
I
l |
T | U
Sy /R
/// . h QO
2.3cm S ~
s \300 .
P Q
. QU - VR
(a) tan30° = o) tan 20° = OR
2.3 2.3
PQ= tan 30° QR = tan 20°
= 3.98cm = 6.32cm

Volume = 2.3 x 3.98 x 6.32

= 57.9cm?
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() PV = /PQ? + QR? + RV?
= \/3.982 4 6.322 + 2.32

= 7.8cm
Uw
tan ZUSW = ——
(¢) tanZUS SW
JUSW — tan-" V3.982 4 6.322
B 2.3
=73°

. The angle between plane VAB and plane ABC
is equal to the angle between lines that are both
perpendicular to AB. Consider point D the mid-
point of AB such that VD and VC are both per-
pendicular to AB.

A%
g -
. Z - B
1?«:'\’/%
e  |—
A 40mm C
DC
450 — Y
sin 45 AC
DC = 40sin45°
= 28.28mm
VC
tan ZVDC = —
an DC
30
ZVDC = tan™" ——
VDO =tan ™ 508
= 47°

10.

11.

Airfield

750

“= tan 17°
= 2453m
750
"~ tan 30°
= 4253m

d=+a?+12
= 4910m

~ Hkm

120m

12.

120

a =
tan 20°
= 330m
120
"~ tan 30°
= 681m

d=+b?—a2
= 595m
595

Speed = 22
PEEE= 0

= 59.5m/min

= 59.5 x 60m/hr
= 3572m/hr

= 3.6km/hr
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13.

= 40tan 23°

h
2

h = 33.96m

h
/ABD = tan~! —
an 40

= 40°

h
b) ZACD = tan~' —

= 26°

Exercise 2C

1. (a) ? =a*+b* —2abcos C

10.22 = 2% + 6.9 — 2 x x x 6.9 x cos 50°
r=—4.29 or x = 13.16

Reject the negative solution and round to

1d.p.: = 13.2cm.

sinA sinC
(b) =
a c
sin A — asinC
c
A — sin- asinC
- c
. _1 6.9sin50°
=sin” ————
10.2
=31.2°

or A=180—31.2

=148.8
Reject the obtuse solution since it results in
an internal angle sum greater than 180°.

14. BD =h
h
AB =
sin 28°
AB
535° = —
cos AC
AB
AC =
cos 35°
h
_ sin 28°
cos 35°
B h
" sin 28° cos 35°
sinf = i
T AC
B ﬁ o sin 28° cos 35°
1 h

= sin 28° cos 35°
0 = sin™* (sin 28° cos 35°)
=23°

B=180—-A-C

=180 — 50 — 31.2

_ . T 102
B sin 98.8 sin 50
~ 10.25in98.8

o sin 50

= 13.2cm

sinz  sin50°

11.2 121
., 11.2sin50
Tr = SIn B —
12.1
= 45°

No need to consider the obtuse solution since the
opposite side is not the longest in the triangle (z
must be less than 50°).

3. 22 =6.82+14.32 — 2 x 6.8 x 14.3 X cos 20°

2= 1/6.82 +14.32 — 2 x 6.8 x 14.3 x cos 20°
= 8.2cm
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10.

19.72 =90.82 +14.32 =2 x 9.8 x 14.3 X cosz
9.82 +14.32 — 19.72

O = T 98 x 14.3
1 9.8% +14.32 - 19.72
v eos 2% 98 x 14.3
=108°
T 118
sin(180 — 105 — 25)  sin 105
B 11.8sin 50
" sin105
= 9.4cm
sinz sin 40°
72 48
. _q 7.2sin40°
X = S1n T
=T75° orx=180—-175
=105°
?=a?+b%—2abcosC

11.8% = 2% + 8.7 — 2 x z x 8.7 x cos 80°
z=9.6
(rejecting the negative solution)

The smallest angle is opposite the shortest side,
SO

272 =332 + 552 — 2 x 33 x 55 x cosf
13324552272

0=
O T X33 %55
=21°
B
a®> = b* + ¢ — 2bccos A r 9-1em
9.12 =7.3% + 2% — 2 x 7.3z cos 72°
z=38.1 A 7.3cm
(rejecting the negative solution)
AB=8.1cm
B
12.4cm ‘
A 14.3cm C

a® =b% 4+ — 2bccos A

a=1+/12.42 +14.32 — 2 x 12.4 x 14.3 cos43°
a = 9.9cm
sin C' _ sin 43°
124 a
12.4sin43°
C=sin"! 222
Sin 99

= 58°
(Cannot be obtuse because ¢ is not the longest
side.)
B =180—-43-58
=79°

H
11. 19.4cm 18.2cm
G I
sin/  sin55°
19.4 182
19.4 sin 55°
w1
['=sin 18.2
= 61° or 119°
H =180 —55—61 or 180 —55—119
= 64° =6°
h g
sinH  sinG
gsin H
h = -
sin G
~ 18.25in64° 18.2sin 6°
~ ginbbe sin 55°
= 20.0cm =2.3cm

12.
ZALB =100 — 30
=70°
AB = \/15.22 +12.12 — 2 x 15.2 x 12.1 cos 70°
= 15.9km
13.

ZPQL =150 — 130

=20°

ZPLQ =130-170
= 60°

ZLPQ =180 — 20 — 60
= 100°
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LQ B LP
sin /ZLPQ  sin ZPQL
LPsin ZLPQ
Q= ————
Q sin ZPQL
~ 7.3sin100°
~ sin20°

= 21.0km

14.
/ZHBT =90 — 30
= 60°
/BTH = 180 — 60 — 52
= 68°
ho 25
sin52°  sin 68°
_ 25sin 52°
" sin68°
=21m
T
40m
15. A

40
AB
40
"~ tan20°
= 109.9m
40
AC
40
" tan12°
= 188.2m
/BAC =30+18
= 48°

BC? = AB? + AC? — 2AB x AC cos ZBAC

tan 20° =

tan 12° =

BC = 1/109.92 + 188.22 — 2 x 109.9 x 188.2 cos 48°
= 141m

10

D
_ 7]
// 4
// 7
-7,
-7 4
-7 4
-~ /
].6 //’/ /’
_ ,
P e
P /
200 ~35°
A -2 B,
< 40m > C

ZADB =35-20

=15°
BD 40
sin20°  sin 15°
BD — 40.sin 20°
sin 15°
= 52.9m
. DC
sin /ZDBC = D
DC = BDsin Z/DBC
= 52.9sin 35
= 30m

17. There are a couple of ways you could approach
this problem. You could use the cosine rule to
determine an angle, then use the formula Area=
%ab sin C'. Alternatively you could use Heron’s
formula:

A=/s(s—a)(s—b)(s—c)

where s = and determine the area without
resort to trigonometry at all. T’ll use trigonom-
etry for the first block, and Heron’s formula for
the second.

First block—TI’ll start by finding the largest angle:

a+b+tc
2

0 — cos— 252 4 482 — 532
N 2 x 25 x 48
=87.1°

1
Area = iab sin 6

= % x 25 x 48 sin 87.1
= 599.2m?

Second block:

oo 33+ 38445
- 2
=58
Area = 1/58(58 — 33)(58 — 38)(58 — 45)
= 614.0m?

The second block is larger by 15m?.



Exercise 2C

~
37m \\ AN

18. \\\1727\\\

BC? = AB? + AC? — 2 x AB x AC cos 30°

BC = /121.02 + 174.02 — 2 x 121.0 x 174.0 cos 30°
= 92.0m

19.

(a) ZBCD = 180 — 100
= 80°
(b) BD? = 6.1 +7.22 =2 x 6.1 x 7.2 cos 100°
=104.3

BD = 10.2cm
sin ZADB __sin 100°

7.2 T 102

JADB — sin-1 7.2 sin 100°
a 10.2

=44.0°
sin Z/CDB _ sin80°
8.2 T10.2

8.2sin 100°
/CDB = gin~—! 2250 2
St 10.2

= 52.3°
ZADC = 44.0 + 52.3
= 96°

(c) BD? =BC? 4+ CD? — 2 x BC x CD cos 80°
104.3 = 8.2 + CD? — 2 x 8.2 x CD cos 80°

CD = 7.7cm
P=72+82+77+6.1
= 29.2cm

1
(d) Apapp = 5 6.1 x 7.2 x sin 100°
= 21.6cm?

1
AACBD = 5 X 8.2 x 7.7 x sin 80°

= 31.1cm?
Aapep =21.6+31.1
= 52.7cm?

20.

(a) 22 =10%+12% —2 x 10 x 12cos @
=100 + 144 — 240 cos 0
= 244 — 240 cos 6

(b) 2% =142+ 9% =2 x 14 x 9cos ¢
= 196 4 81 — 252 cos ¢
= 277 — 252 cos ¢

(c) ¢ =180° — 46
cos ¢ = cos(180° — 0)
= —cosf
244 — 240 cos ) = 277 — 252 cos ¢
= 277 4 252 cos 0
—240cos 6 = 33 + 252 cosf
—492 cos ) = 33
33
cosf = ~192
0 = 94°
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Exercise 2D

Questions 1-15 are single step problems. No 34. V2xvV3=v2x3=6
worked solutions necessary.

Note: My exact values are given With rational de- | 35. VB x /3 =416 x3=+15

nominators. I write f rather than 7 Your answers
2

may appear different w1thout being wrong. 36. V5 x V5= (v/5)?2=5

16. 120° makes an angle of 60° with the z-axis 37. VIb x V3 =I5 x3 =9 x5 =v0/5 = 3v5

and is in quadrant II (Where sine is positive) so

\%

sin 120° = sin 60° = 38. V8xvV6=+v8x6=+16 x 3=+16vV3 =43
17. 135° makes an angle of 45° with the z-axis and 9

is in quadrant II (where cosine is negative) so 39. 32 x 4v2 = 12v2V2 = 12(v2)* = 12 x 2 = 24

o _ __ o _ _@

cos 1357 = —cos 45 2 40. (5v2)(3vR8) = 15v2v/8 = 152 x 8 = 15V/16 =
18. 150° makes an angle of 30° with the z-axis and 15 x4 =60

is in quadrant II (where cosine is negative) so

cos150° = — cos30° — — Y3 41. (6v/3)(vV12) = 6v/3 x 12 = 6v/36 = 6 x 6 = 36

2

19. 120° makes an angle of 60° with the z-axis and | 42. (3v/5)(7v2) = 215 x 2 = 21/10
is in quadrant II (where cosine is negative) so
cos 120° = — cos60° = —%. 43. (5v2) = (V8) = 5vV2 + V4 x 2 = 52+ (2V2) =

5+2=25
20. 180° makes an angle of 0° with the x-axis and is

on the negative x-axis (where cosine is negative)
so cos 180° = —cos0° = —1.

44. (5v/3)2 =52 x (V/3)2 =25 x3 =75
3v2)2 =32 x (vV2)2=9x2=18

—~

21. 135° makes an angle of 45° with the z-axis and 45.
is in quadrant IT (where tangent is negative) so

°=— °=— Al V22
tan 135 tan 45 1. 46. = XB=Y
22. 120° makes an angle of 60° with the z-axis and i3
is in quadrant IT (where tangent is negative) so | 47. % = % x 7% =¥
tan 120° = — tan 60° = —/3.
. . 48, L — 1 V5 _ V5
23. 150° makes an angle of 30° with the z-axis and Vs VBT VB 5
is in quadrant II (where tangent is negative) so
o — CRVE] B3 V2 _ 3V2
tan 150° = —tan 30° = %=. 49. BT BT Y
24. ’1800 lies on the noegative z-axis (where tangent K0, 2 _ 2 o VI _ 2/
is zero) so tan 180° = 0. Y. . A A
25. 180° lies on the negative z-axis (where sine is 6 _ 6 V3 _ 6/3 _
zero) so sin 180° = 0. Y S R Ov: i 2v3
26. 150° makes an angle of 30° with the z-axis 59, 1 1 3-V5_3-V6 _ 345
and is in quadrant H (where sine is positive) so 3HV5 - 3+V5 T 3-VE 95 4
sin 150° = sin 30 —5 5 . | 34vE _ 34V _ 343
©3C 9-2 7
27. 135° makes an angle of 45° with the z-axis 3=VE T 3-VE 3V
and is in quadrant IT (where sine is positive) so Bi L _ 1 3-V3_3-V3_ 33
sin 135° = sin45° = Y2, T332 312 N 3v2 | 92 7
/90 — /4 - - V32 _ 2(\/ f) _
2. V20 = VX5 = VA5 =2V5 55 Jievs = VEVE X Vievs = 2v3
29. V45 = /I x5 =95 =35 2v2
30. V32 =+/16 X 2 = v/16v2 = 4/2 3 V3+v2 _ 3(V3+V2) _
v2=av2 6. 5s = Vavs X Vsnvs = az = aV3H
31. V72 = /36 x 2 = V/36v2 = 612 3v2
32. /60 = /25 x 2 = /252 = 5V/2 6 _ VE-VZ . 6(/5-v2) _
T s = VEeB X Vs 52
33. v/200 = /100 x 2 = vI00v2 = 10v/2 SEVD) _ 9\/5—2/2

12
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58. sin60° = 2
X
V3 _9
2
V3z =18
18
r=—=
V3
_18 ¥
V3 V3
18V
3
—=6v3
59. x? +32 =77
22 4+9=49
2 =40
=40
=4 x 10
=V4x 10
=2V10
60. Label the vertical in the diagram as y, then
. o Yy
45° = =
Sin 10
V2 _y
2 10
Yy = 5V2
sin60° = =
Yy
V3 _ @
2 5/2
5v/2 V3
T=—X —
1 2
_5V3V2
2
G
2

61. Use the cosine rule:

2% =42 + (2V3)% — 2 x 4 x 2V/3 x cos 150°
=16+ 2% x (V/3)? — 16V/3 x (— cos 30°)

=16+4x3—16V3 x (-?)

— 16412+ 716‘/35 V3

=28 +8x 3
=52

x =52
=V4x13
=2V13

13

62. Label the diagonal in the diagram as y, then

y 10
sin60°  sin45°
10 sin 60°
~ sin4b°
=10 x @ = 1
2 V2
53 V2
1 1
=5v3v2

=5V6

tan 30° = z
Yy

x = ytan 30°

1
:5\/(73><%

_5V3v2

V3
=5V2

63.

cos30° = £
a
V3 oz
2 a
V3a =2z
_2x
TV
D e O
sm60=6
V3
2 b
V3b=2a
2x
_2><\/g
_433
V3
e 1
VERRRVE
_4ac
3
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y b
sinf ~ sin45°

y = b X sinf + sin45°

1
=bsinf +~ —

V2
=bsinf x —2
1
= /2bsin 6
4
=2 x g X sin 6

B 44/2xsin 0

64.

w? = 4% 4 (2v/2)?
=164+4x2
=24

w =24
=v4x6
=2V6

Exercise 2E

1. 43 —-19=24°

24
=_—x2
d 360 X 2w X 6350

= 2660km

2. 32-21=11°

11
d:%x27r><6350

= 1219km

3. 39— (—32)=T71°

1
d:%x%rxﬁ%()

= 7869km

14

T w

sinf  sin60°
wsin 6

sin 60°
2/6sin 6
V3

2
2v/6sinf 2
= « %
44/3v/2sin 0
V3
= 4v2sin6
y x
sin45°  sin¢
x sin 45°
v= sin ¢

- sing

B 44/2sin 6 x %
sin ¢

_ 4sind

~ sing

4. 51.5—5=46.5°
46.5
=—x2
d 360 x 21 X 6350

= 5154km

5. 41 -4 =37°

37
d—%x27X6350

= 4101km

6. 134 —114 = 20°

20 o
d= 360 X 21 X 6350 cos 25

= 2009km
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7. 119 — 77 = 42°
d= 42 X 27 x 6350 39°
= 360 s cos
= 3617km
8. 105 —75=30°
d= % x 27 % 6350 cos 40°
= 2547km
9. 122 —117=5°

d= i x 21 % 6350 cos 34°

360
= 459km
10. 175 — (—73) = 248°
Longitude difference is greater than 180° so it is
shorter to go the other way and cross the date
line.
360 — 248 = 112°
112
d= 360 x 27 x 6350 cos 40°
= 9509km
11. i = 7555
360 27 x 6350
555
= 2r <6350 < °0
= 50
latitude =29+ 5
= 34°S
Augusta: 34°S, 115°E
12 v 3300
' 360 27 x 6350 cos 34°
3300
= 2r x 6350 cos 30 < 0
= 36°
longitude = 115 + 36
= 151°E
Sydney: 34°S, 151°E
13. 0 _ 7870
360 27 x 6350
7870
= 2r 6350 <%
=T71°
latitude = 71 — 36
= 35°S
Adelaide: 35°S, 138°E
14 0 9600
' 360 27 x 6350 cos 35°
9600
= 2r x 6350008350 < O
= 106°
longitude = 135 + 106
= 241°E
=360 — 241
=119°W

Bakersfield: 35°N, 119°W

15

15. i = 820
360 27 x 6350 cos 35°
820
= 27 x 6350 cos 350 < 200
=9°
longitude = 135 — 9
= 126°W
Q 2000
360 27 x 6350
2000
= 2 x 6350 < 00
=18°
latitude = 35 + 18
= 53°S
New position: 53°S, 126°W
If the ship first heads south, the new latitude re-
mains 53°S.
0 820
360 27 x 6350 cos 53°
820
= 27 x 6350 cos53e < 200
=12°
longitude = 135 — 12
= 123°W
New position: 53°S, 123°W
16. First find the length of the chord LS from Los

Angeles to Shimoneski through the earth using
the angle subtended at the middle of the latitude
circle:

r = 6350 cos 34°

— 5264km
0 = 360 — (131 + 118)
=111°
6  05LS
T T

0.5LS = 5264 sin 55.5°
LS = 2 x 5264 sin 55.5°
= 8677km
Now consider the angle that same chord sub-
tends at the centre of the earth (i.e. the centre of

the great circle passing through the two points).
Let’s call this angle a.

o 0.5LS
WY T TR
0.5 x 8677
6350
« o
5= 43
a = 86°

Now use this angle to determine the arc length
along this great circle:

d ﬁ><27r><6350

~ 360
— 9553km
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Miscellaneous Exercise 2

1. See the answer in Sadler.

15
2. tan 20° = —
(a) tan20 IG

_ 15
" tan20°
=41.2m

1
(b) tan30° é

15
"~ tan 30°
= 26.0m

(¢c) BC? = AC? 4+ AB?

BC = v/41.22 + 26.02

= 48.7Tm
AC
d) tan ZABC = —
(d) tan C NG
41.2
ZABC =tan™' —= =58°
C =tan 26.0 58
bearing = 270 4 58
= 328°

AB = v/6.22 + 10.82 — 2 x 6.2 x 10.8 x cos 60°

= 9.4km

sin ZLBA __sin 60°

6.2 94
JLBA — sin-1 6.2 sin 60°
9.4
= 35°
bearing = (100 + 180) + 35
= 315°

4. Let [ be the length of the ladder.

cos75° = %
a

cos 75°
5a

4

l:

5a 1
= — X —

4 l

5a  cos75°
= — X

4 a
_ 5cos 75°
4

16

3-6

5 cos 75°
0 — —1
cos 1
=T71°
3—v6 5-2V6

= X
5+2V6 5+2V6 5-2V6

(a)

(3—+v6)(5 —2V6)
(5+2v6)(5 — 2v/6)
15 — 616 — 5v/6 4 12

25 — 24
_27-11V6

B 1
=27-11V6

Read the question as “distance from 3 is less
than distance from —11”. The midpoint be-
tween —11 and 3 is —4, so the solution is
T > —4.

Read the question as “distance from 0 is less
than distance from 6”. The midpoint be-
tween 0 and 6 is 3, so the solution is x < 3.

First solve the equation |3z — 17| = |z — 3|

3x—17T=2—-3 or 3z—17=—(zx—3)
2¢x = 14 3r—17T=—x+3
=717 4x = 20
r =25
Now test a value for x, say x = 6, to deter-

mine whether the inequality holds at that

point.
Is it true that  |3(6) — 17| > |(6) — 3|

1#3 :mo.

Conclude that the solution lies outside the
interval 5-7:

{reR:z2<b5}U{zeR:xz>T}

This is the complementary case to the pre-
vious question, so it will have the comple-
mentary solution:

{reR:5<e<T}

y = |2z — al

e
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8.

10.

From the graph it appears that |2z — a| < |z — a|
istruefor 0 <z < %“ (You should confirm that
these are the interval endpoints by substitution.)

(a) AH = VAG?+ GH?

12-6)\2
(%)

=5m

EH = VAE? — AH?
A /82 _ 52
= /39m

~ 6.2m

AH
/EAH = —
cos AR

5

8
/EAH =51°

EH
tan /ZEGH = —
an ZEG GH

6.2

T3

ZEGH = 64°
EH
GB
6.2
T4
6 =57°

0 440

360 27 x 6350 cos 37°
440

T 27 x 635008 37°
= 5°
longitude = 126 + 5
= 131°E
o 330

360 27 x 6350
330

"~ 27 x 6350
= 3°
latitude = 37 — 3
= 34°S
New position: 34°S, 131°W

tanf =

360

x 360

For the triangle to have an obtuse angle, the
longest side must be longer than the hypotenuse
if it were right-angled, i.e. ¢ > a? + b2. This
yields two possibilities.

If x is the longest side, then
z? > 5% + 97
x> V106

17

Since it must also satisfy the triangle inequality =
must be less than the sum of the other two sides.
The solution in this case is v106 < = < 14.

If x is not the longest side, then

9% > 5% + 2

T < Vo6

r<2v14
Since it must also satisfy the triangle inequality
x must be greater than the difference between

the other two sides. The solution in this case is
4 <x<2v14.

11.

(a) y = —f(z) represents a reflection in the z-
axis.

y = f(—x) represents a reflection in the y-
axis.

y = |f(x)| signifies that any part of f(x) that
falls below the z-axis will be reflected to in-
stead lie :’;}gbove the axis.

y = f(|x|) signifies that any part of f(x) that
falls left of the y-axis will be discarded and
replaced with a mirror image of the part of
the functizn that lies to the right of the axis.
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