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Class 10th Chapter 07

Subject Mathematics Board Punjab

CHAPTER 07: TRIGNOMETRY

Exercise 7.1
Question 1: Find the signs of the following:
Quadrant Rules for Signs:

e 1st Quadrant (0° < 6 < 90°): All trigonometric functions are Positive (+).

e 2nd Quadrant (90° < 8 < 180°): sin and csc are Positive (+); others are Negative (-).
e 3rd Quadrant (180° < 8 < 270°): tan and cot are Positive (+); others are Negative (-).
e 4th Quadrant (270° < 8 < 360°): cos and sec are Positive (+); others are Negative (—).

(i) sin 55°

e Quadrant: 55° lies in the 1st Quadrant (0° < 55° < 90°).
e Sign: Since sine is positive in the 1st Quadrant:

Positive (+)
(ii) cos 145°

e Quadrant: 145° lies in the 2nd Quadrant (90° < 145° < 180°).
e Sign: Since cosine is negative in the 2nd Quadrant:

Negative (—)
(iii) tan 111°

e Quadrant: 111° lies in the 2nd Quadrant (90° < 111° < 180°).
» Sign: Since tangent is negative in the 2nd Quadrant:

Negative (—)
(iv) sec179°

e Quadrant: 179° lies in the 2nd Quadrant (90° < 179° < 180°).
e Sign: Since secant is negative in the 2nd Quadrant:

Negative (—)
(v) csc 88°

e Quadrant: 88° lies in the 1st Quadrant (0° < 88° < 90°).
e Sign: Since cosecant is positive in the 1st Quadrant:

Positive (+)
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(vi) cot 14°

e Quadrant: 14° lies in the 1st Quadrant (0° < 14° < 90°).
e Sign: Since cotangent is positive in the 1st Quadrant:

Positive (+)
Question 2: Fill in the blanks:
Using the reduction formulas for trigonometric functions:
(i) tan(180° — 0) = ---tan @

e (180° — 0) lies in the 2nd Quadrant where tangent is negative.
e tan(180°—0) = —tan®O
e Blank: —1 (or simply —)

(ii) sin(180° — @) = ---sin @

e (180° — 0) lies in the 2nd Quadrant where sine is positive.
e sin(180° —0) =sin0
e Blank: +1 (or simply +)

(iii) tan(90° + 0) = --- cot O

e (90° + @) lies in the 2nd Quadrant where tangent is negative, and due to co-function
identity at 90°, tangent changes to cotangent.

e tan(90°+ 0) = —cot0

e Blank: —1 (or simply —)

(iv) cos(90° + 0) = ---sin @

e (90° + @) lies in the 2nd Quadrant where cosine is negative, and due to co-function
identity at 90°, cosine changes to sine.

e c0s(90°+0) =—sin0

e Blank: —1 (or simply —)

(v) csc(180° — 0) = ---cscO

e (180° — 0) lies in the 2nd Quadrant where cosecant is positive.
e ¢sc(180°—0) =cscH
e Blank: +1 (or simply +)

(vi) sec(90° — 8) = ---csc O

e (90° — @) lies in the 1st Quadrant where all functions are positive, and due to co-function
identity at 90°, secant changes to cosecant.

e sec(90°—0) =cscH

e Blank: +1 (or simply +)

Question 3: Without using calculator, find the exact values of the following trigonometric
functions:

Angles with Reference Angle 30° (150° = 180° — 30°)

(i) sin150°

1
sin 150° = sin(180° — 30°) = sin30° = 3
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(ii) tan 150°
1
tan 150° = tan(180° — 30°) = —tan 30° = — —
( G
(iii) sec 150°
2
sec150° = sec(180° — 30°) = —sec30° = ——
( G
Angles with Reference Angle 60° (120° = 180° — 60°)
(iv) csc120°
2
csc120° = csc(180° — 60°) = csc60° = —
V3

(v) cos120°

1
cos 120° = cos(180° — 60°) = —cos 60° = -3

(vi) cot120°
1
cot 120° = cot(180° — 60°) = —cot60° = ——
V3
Angles with Reference Angle 45° (135° = 180° — 45°)
(vii) sin 135°

1
sin 135° = sin(180° — 45°) = sin45° = —
( ) b2

(viii) sec135°
sec 135° = sec(180° — 45°) = —sec45° = -2
(ix) cot 135°
cot135° = cot(180° — 45°) = —cot45° = -1
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Exercise 7.2.
Key Formulas Used

1. Law of Sines:

a b c

sinag sinf siny

2. Sum of Angles of a Triangle:

a+p+y=180°

3. Area Formulas for Triangle ABC:

o Two sides and included angle:

0t
Area =§absiny = Ebcsina = Eacsinﬁ

o One side and three angles:

a’sinfsiny b?sinasiny c?sinasinp

Y 2sina  2sinf  2siny
o Three sides (Heron's Formula):
T
S = T

Area = \/s(s —a)(s—b)(s—c)
Question 1: Solve the triangle ABC
(i)a=6.1cm,b =8.4cm,a = 42°

1. Find § using the Law of Sines:

sinf sina

b a
. bsina 84 xsin42" 8.4 x0.6691 S
RRAS =" 61 V61 e

f =sin"1(0.9214) =~ 67.13° or B’ =180°—67.13° = 112.87°

o Casel (f = 67.13°):

= Findy:
y =180° — (42° + 67.13°) = 70.87°
» Find c:
asiny 6.1 xXsin70.87° 6.1 X 0.9448
‘= e ST S Vi olem
o Case2 (B =~ 112.87°):
= Findy'":
y' =180° — (42° + 112.87°) = 25.13°
= Find ¢":
, asiny’ 6.1 xsin25.13° 6.1 x 0.4247
C = sna © sindz 06601 - >87em
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(ii)a=12.2cm,c =15.8 cm,y = 50°

1. Find a using the Law of Sines:

asiny 12.2xsin50° 12.2x0.7660

c ~ 158 158
a = sin"1(0.5915) ~ 36.26°
(Note: Since ¢ > a, the ambiguous case 180° — « is not possible because y > «.)

~ 0.5915

sina =

2. Find :

B = 180° — (36.26° + 50°) = 93.74°

3. Find b:

| _csinf_158xsin9374 158x09978 __ '
~Tsiny  sin50° 07660 < >om

(iii)b=5.2cm,c =5cm,y = 48°

1. Find S using the Law of Sines:

bsiny 5.2 Xsin48° 5.2 x0.7431
= c ~ z ~ 0.7729

p =sin"1(0.7729) ~ 50.62° or B’ =180°—50.62° = 129.38°

sinff =

o Casel (f = 50.62°):

= Find a:
a = 180° — (50.62° + 48°) = 81.38°
= Find a:
csina 5Xxsin81.38° 5 Xx0.9887
=y - simag 07431 oS em
o Case2 (B =~ 129.38°):
= Find a':
a' = 180° — (129.38° + 48°) = 2.62°
= Finda':
, csina’ 5xsin2.62° 5 x 0.0457
¢ =y e e 0o

ivyvb=4.8cma=4cm,f =71°

1. Find a using the Law of Sines:

asinff 4 Xxsin71° 4 x0.9455
2MUcCationY ™
a = sin"1(0.7879) ~ 51.99°
(Since b > a, B > a, so the obtuse angle option is invalid.)

~ (0.7879

sina =

2. Findy:

y =180° - (51.99° + 71°) = 57.01°

3. Find c:
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__bsiny 4.8Xsin57.01° _4.8x0.8388

=Smp . sm7lc © o0o9ass  h26em
V)L =70,b=8cm,a=100°
1. Findy:
y = 180° — (100° + 70°) = 10°
2. Find a:
bsina 8 Xsin100° 8 x 0.9848
= sinp ~  sm70° 09397 - o>38em
3. Findc:
bsiny 8Xsin10° 8x0.1736
= = = ~ 1.48 cm

" sinf sin70°  0.9397
(vija=6 cm,a = 55°,y = 60°

1. Find :
B = 180° — (55° + 60°) = 65°
2. Find b:
asinff 6 Xsin65° 6x0.9063
B sine _ sin55° 08192 -
3. Findc:
asiny 6Xsin60° 6 X 0.8660
T sina _ sin55° 08192 B
(vil)c=7cm,f =34°,y = 64°
1. Find a:
a = 180° — (34° + 64°) = 82°
2. Find a:
csina 7 Xsin82° 7 x0.9903
Sl o 05aaP™
3. Find b:
b= csinf ® 7 X sin 34° 4 7 X 0.5592 ~ 436 o
siny sin 64° 0.8988
(viii) b =12 cm,a =92°, 8 = 77°
1. Findy:
y =180° —(92° + 77°) = 11°
2. Find a:
bsina 12 Xsin92° 12 % 0.9994
C= g T sm7r  0974a - 1#3lem
3. Find c:
bsiny 12 xsin11® 12 x0.1908
c= = ~ ~ 2.35cm

sinf ~ sin77° 09744

WYLl LLi S



g.’)l‘j’)njhl ’;
Question 2: Calculate area of each triangle ABC
(i)a=7cm,b=8cm,y = 38°
Area = %ab siny = % X 7 X 8 xsin38° = 28 X 0.6157 ~ 17.24 cm?

(ii)a=11cm,c =14 cm, B = 51°

Area = %ac sinf = % X 11 x 14 X sin51° = 77 x 0.7771 ~ 59.84 cm?
(ii)b=3cm,c=9cm,a =78°

Area = %bc sina = % X 3 X9 xsin78° = 13.5 X 0.9781 ~ 13.20 cm?
(ivia=10cm,a = 62°, 8 = 69°

1. Findy:

y = 180° — (62° + 69°) = 49°

2. Calculate Area:

a?sinfBsiny 102 X sin 69° X sin 49°
Area = =

2sina 2 X sin 62°
vy = 100X 0.9336 X 0.7547 _ 7046 o0,
& 2 % 0.8829 PET S A
vVec=4cm,f =36°,y =80°
1. Find a:
a = 180° — (36° 4 80°) = 64°
2. Calculate Area:
c?sinasinf 42 X sin 64° X sin 36°
Area = - = -
2siny 2 X sin 80°
Areq - 16X 08988 % 05878 _ 8453
— 2 % 0.9848 = 19696 47 m
(vi)c=6.6 cm,a = 23°,y = 89°

1. Find f:

B =180° — (23° +89°) = 68°

2. Calculate Area:

c*sinasinfi _ (6.6)% X sin 23° X sin 68°

A = =
i 2siny 2 X sin 89°
A _ 43.56 X 0.3907 x 0.9272 . 15.78 7 89 )
rea = 2 % 0.9998 = 19996 7 CM
(vila=5.3cm,b=4.7cm,c =8.2 cm
1. Find s:
53+47+8.2 18.2
S = = =9.1cm

2 2

2. Calculate Area using Heron's Formula:

s—a=91-53=38

WYLl LLi S



TELIENS
ENT ing:
g /A

s—b=91-47=44
s—¢c=91-82=09
Area = V9.1 X 3.8 X 4.4 X 0.9 = V/136.9368 ~ 11.70 cm?
(vil)a =6.12cm,b = 8.34 cm,c = 7.12 cm
1. Find s:

6.12+8.34+7.12 21.58
S = =
2
2. Calculate Area using Heron's Formula:
s—a=10.79 — 6.12 = 4.67
s—b=10.79 — 8.34 = 2.45
s—c=10.79-7.12 = 3.67
Area = V10.79 X 4.67 X 2.45 X 3.67 = V452.88 ~ 21.28 cm”

=10.79 cm

NOTE:

This figure sheet includes diagrams for:

e Q1 (i): The complex ambiguous case (SSA), where we find two possible triangles based
on the initial constraints.

e Q1 (v): A standard triangle solution where all parameters define a single unique shape.
e Q2 (i): An area calculation illustrating the SAS (Side-Angle-Side) method.

e Q2 (vii): An area calculation illustrating the SSS (Side-Side-Side) method using Heron's

formula.
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EXERCISE 7.2 DIAGRAMS
Solve the triangle ABC. Calculate area of each triangle ABC.
Q1(i)a=6.1cm, b=84cm, ¢=42° Q2(i)a=7cm,b=8cm,y=38°
B

s
aBO)=T Area=5absm(y)

- 2
3 Area~17.24 cm
A b(AC)=8 C
Q2 (i) SAS Triangle Arca
Q2 (vii) a=5.3cm, b=4.7cm,c=8.2cm

Q1 (i) Ambiguous Case: Two Possible Triangles

Q1 (v) f=70° b=8cm, a=100° B
s=9.1
a=53m =4.Tcm A m
Area~11.70 cm?
A g~838m C A ¢=82m C
Q1 (v) Single Solution Q2 (vii) SSS Triangle Area (Heron’s Formula)
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EXERCISE 7.3

Question 1
Given:

o Right-angled triangular prism.

e mBC =3cm, mCE = 4 cm, mFE =5 cm.

o Base A CDE is right-angled at D (where mCD = 3 cm or corresponding side dimensions
apply). . .

e Inright-angled triangle A CDE: mCE = 4 cm, mDE = 3 cm (or CD 1 DE).

(i) Find the length CF
In the right-angled triangle A CFE (or using the base right triangle A CDE where FE = 5 cm is
the hypotenuse of the base): Using Pythagorean theorem in right triangle A CDE:
mCF =mCE +mFE
—2
mCF = 42 + 52
mCF =16+ 25 = 41
mCF = V41 ~ 6.40 cm (or 6.4 cm)
(ii) Find the length BF
In vertical right triangle A BCF (where ZBCF = 90° and mBC = 3 cm):
mBF =mBC +mCF.
—2
mBF = 3?4141
—2
mBF =9+ 41 =50
mBF =50 =5vV2 ~ 7.07cm  (or 7.1 cm)

(iii) Find the angle BFC, correct to 1 decimal place
In right-angled triangle A BCF:

Opposite mBC

tan(£BFC) = — =
i ) Adjacent m(CF
Opposite mBC
tar (LBt
Adjacent mCF
Opposite mBC
tan(4BFC) = PP =

Adjacent  mCF
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(1) Problem 1: Triangular Prism.

Q1 Sol (i): CF=y16 +25

Question 2
Given:

e Rectangular base PQRS with mPQ = 16 cm and mQR = 10 cm.
e M is the midpoint of diagonal PR.

e mMT = 15 cm (vertical height).

1. Find length of diagonal PR: Using Pythagorean theorem in right-angled triangle A
PQR:

—2 —2 —2
mPR =mPQ +mQR =162+ 102 = 256 + 100 = 356
mPR = V356 ~ 18.868 cm

2. Find length PM: Since M is the midpoint of PR:

__  mPR /356 356
mPM = T~ =/4 =+/89 ~ 9.434 cm

3. Find the angle between TP and base PQRS (i.e., angle 2T PM): In right-angled triangle
A TMP:

mTM 15

mPM /89 9.434
/TPM = tan‘1(1.590) ~ 57.8°

~ 1.590

tan(«TPM) =

Answer: 57.8°
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(2) Problem 2: Triangular Pyramid.
Q2 Sol: TPM = 57.8°
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Question 3
Given:

e Square base PQRS of side 10 cm.
e M is the center (intersection of diagonals) of the base.

e Height mVM = 12 cm.

1. Find length of diagonal PR:

mPR = /102 + 102 = V200 = 10v/2 cm

2. Find length PM:

— mPR 10v2
mPM=T=T=5\/§z7.071cm
3. Find angle 2VPM: In right triangle A VPM:
mVM 12
tan(2VPM) = ~ 1.697

mPM__ 5v2 7.071
£VPM = tan"1(1.697) =~ 59.5°
Answer: 59.5° (or 59°/60° depending on rounding requirement).

Question 4

Given:

 Square base ABCD with side mAB = 15 cm.
e Slant edges mAE = mBE = mCE = mDE = 12 cm.
e Need to find angle £DEB.

1. Find diagonal DB of the square base:

mDB = /152 + 152 = V225 + 225 = V450 = 15V2 ~ 21.213 cm

2. Use the Law of Cosines in triangle A DEB: In A DEB, sides are mDE = 12 cm,
mBE = 12 cm, and mDB = 152 cm.

— —) —2
mDE + mBE — mDB

cos(«£DEB) = —
2-mDE - mBE
A Il 20 (v450)
€08 4 21212
144 + 144 — 450 288 — 450 —162
cos(«DEB) = 588 =——88 ~ 288 _ —0.5625

2DEB = cos™1(—0.5625) ~ 124.23°
To the nearest whole degree: 124°.
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(3) Problem 4: Square Base Pyramid (DEB Angle). (4) Q4 Sol: £DEB = 124°
Question 5

Given:

e Base ABCD with mAB = 10 cm, mBC = 7 cm.
e M is the midpoint of AD. So mAM = % = 3.5 cm.

e« Height mTM = 6 cm.

1. Find length MB on the base: In right triangle A MAB (where ZMAB = 90°):

mMB. = mAM. + mAB. = (3.5)2 + 102 = 12.25 + 100 = 112.25
mMB =+v112.25 ~ 10.595 cm

2. Find angle between TB and the base (i.e., angle 2T BM): In right triangle A TMB:

tan(2TBM) = ul
= = MB_ 10.595

£TBM = tan"1(0.5663) ~ 29.5°

~ 0.5663

Answer: 29.5°

T T

\
A D A c
35 M Aol s?}M\ Ao
B % *B
(5) Problem 5: Triangular Prism on Rectangle.  (5) Problem 5: TriangulPism on Rectangle.
Question 6
Given:

e Distance horizontal (front) = 10 units.
o Distance vertical (above) = 10 units.

Formula:
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Direct line-of-sight distance = \/x2 + y?
Distance = /102 4+ 102 = v/100 + 100 = V200 = 10v2 =~ 14.14 units
Answer: 14.14 units (or 10v/2 units)

10 UNITS ABOVE

(6) Problem 6: Sight Distance (Isometric).

Q6 Sol: v10%+10% = 14.14 UNITS
Question 7

Given:

e Angle of elevation 8 = 28°.
e Distance from base = 60 m.

Formula:
Height h
28°) = = —
tan(28°) Distance 60
Height h
28°) = = ——
tan(28°) Distance 60
Height h
2 °) = = —
tan(28°) Distance 60
Answer: 31.9 m
”14 &' iy
N8
90°+
: L
j¢——— 60 METERS ——|

(7) Problem 7: Tower Elevation.
02 Sol: TPM = 57.8°
Question 8
Given:

e  Width of river (opposite side) = 80 m.

UYL o QuranEducationPoint.com & £/ f bJ J



e Angle to current = 60°.

Formula:
in(60°) = Width of river
s "~ Actual distance traveled
in(60°) = Width of river
s "~ Actual distance traveled
in(60°) = Width of river
P "~ Actual distance traveled
160
Answer: 92.38 m (or v m)
—_— e /-\:\_—-f/__v ]
/ e
Sege ACTOREANCE -
/ \le\—g"’—
7’ ‘R’A‘d'
80 M wms” N CURRENT ‘
/ ‘o"’
B RIVER

(8) Problem 8: Boat River Current.
Q3 Sol: £TPM = 128°

Question 9
Given:

e Speaker 1: 6 m directly ahead (0°).
e Speaker 2: 6 m away at an angle of 30°.

Using Law of Cosines:
In the triangle formed by listener and two speakers:
d? = a? + b? — 2ab cos(30°)
d? = a? + b? — 2ab cos(30°)
d? = a? + b? — 2ab cos(30°)
d? = 6% + 62 — 2(6)(6) cos(30°)

V3
d2=36+36—72<7>

Answer: 3.11 m
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Question 10
Given:

L S,
o-—ooo SMAHEAD
2N
BACAS
4 ’/’S‘\“:?Q‘“$
.~{30°

e 6 M AWAY -S.

2

(9) Problem 9: Speaker Distance.
Q4 Sol: ZDEB = 124°

o Length of ladder (hypotenuse) = 10 m.
e Angle with ground 8 = 75°.

Formula:

Answer: 9.66 m

Height
in(75°) =
sin( 10
Height
in(75°) =
sin( 10
Height
75) =
sin(75°) 10

10M
LADDER

GROUND “

(10) Problem 10: Ladder Angle.
Q6 Sol: V102 + 102 = 14 UNITS
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Exercise 7.4

Definition of Bearing
A three-figure bearing is an angle measured:

. Clockwise starting from the North (N) direction (000°).
2. Written as a 3-digit number (e.g., 045°, 120°, 300°).

Question 1: Find the bearing of point Pin each of the following:

(1)
Diagram analysis: Point Pis in the fourth quadrant (South-East direction). The angle
given is 40°measured clockwise from the South ray (180°).
Calculation:
Bearing = 180° — 40° = 140°
Bearing = 180° — 40° = 140°
Answer: 140°
(i) N
A
W<
(i)

Diagram analysis: Point Pis in the second quadrant (North-West direction). The angle
given is 20°above the West line (270°).
Calculation:

Bearing = 270° + 20° = 290°

Bearing = 270° + 20° = 290°

Answer: 290°
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290°

(iii)

o Diagram analysis: Point Pis in the third quadrant (South-West direction). The angle
given is 50°below the West line (270°).
o Calculation:

Bearing = 270° — 50° = 220°

Bearing = 270° — 50° = 220°

(iii) r;l 1

el >e

4
S

¢ Answer: 220° -

(iv)

o Diagram analysis: Point Pis in the first quadrant (North-East direction). The angle given
is 75°measured counter-clockwise from the East line (090°), which means it is measured
15°clockwise from North (90° — 75° = 15°).

e Calculation:

Bearing = 090° — 75° = 015°

Bearing = 090° — 75° = 015°
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e Answer: 015° S
Question 2
The diagram shows two ships Pand Q. The North line at Qmakes an angle of 60°interior to the
line segment PQ.
(i) What is the bearing of ship Pfrom ship Q?

e The bearing of Pfrom Qis measured clockwise from North at Qto the line QP.

e Since the line QPis inside the angle of 60°measured counter-clockwise from North at Q:

Bearing of P from Q = 360° — 60° = 300°

Bearing of P from Q = 360° — 60° = 300°

¢ Answer: 300°

2. SHIP POSITIONS N 3.
N 300°

P

(ii) What is the bearing of ship Qfrom ship P?
o Using alternate interior angles between two parallel North lines:
Angleat P = 180° — 60° = 120°

Angle at P = 180° — 60° = 120°
e The line PQgoes in the South-East direction relative to P:
Bearing of Q from P = 180° — 60° = 120°

Bearing of Q from P = 180° — 60° = 120°

e Answer: 120°

WYL LLL SIS



Question 3
Given 3 places 4, B, and C. At C, the angle to line CAfrom North is 50°(towards West), and to
line CBis 40°(towards East).

3. THREE PLACES N N

B

(i) Bearing of Afrom C:

e Measured clockwise from North at Cto line CA:

Bearing = 360° — 50° = 310°

Bearing = 360° — 50° = 310°

e Answer: 310°

(ii) Bearing of Cfrom A:

e By co-interior angles between parallel North lines at Aand C:

Angle at A = 180° — 50° = 130°

Angle at A = 180° — 50° = 130°

¢ Answer: 130°

(iii) Bearing of Cfrom B:
o The angle between North at Band line BCis 180° + 40° = 220°(or 360° — 140° =
220°).

¢ Answer: 220°

(iv) Bearing of Bfrom C:

e Measured clockwise from North at Cto line CB:

Bearing = 040°

Bearing = 040°

¢ Answer: 040°

Question 4

WYLl LLi S



w l’u u‘ s
ENT g
Abdul Hadi walks 100 mNorth and then 300 mEast.

A

Start (E) N (North)

100m

Re ~184°
Start (O) 300m End (E)

4. MOVEMENT TRIANGLE

(i) How far is he from his starting position?

o Using the Pythagorean theorem:

d = /1002 + 3002 = v/10000 + 90000 = v100000 =~ 316.23 m

d = /1002 + 3002 = v'10000 + 90000 = v100000 ~ 316.23 m

e Answer: 316.23 m

(ii) On what bearing should he walk to get back to his starting position?

e Angle inside the right triangle at the final position:

Opposite 100

tan(8) = Adjacent 300 -3

Opposite 100 1
tan(0) = = ==
i Adjacent 300 3

1
6 =tan~! (5) ~ 18.43°

1
0 =tan™?! (g) ~ 18.43°

e The direction to walk back (towards South-West):

Bearing = 180° + 90° — 18.43° = 270° — 18.43° = 251.57° = 252°

Bearing = 180° + 90° — 18.43° = 270° — 18.43° = 251.57° = 252°

e Answer: 251.6°(or 252°)

Question 5
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Three ships L, M, Nform a triangle with sides LM = 12 km, MN = 15 km, LN = 14 km. Ship
Mis North-East of ship N.

045° to 135°
12 14km 100 km d
61.3° - 90°
M 15 km N 120 km

5. SHIP TRIANGLE & COURSE CHANGE

o Find angle ZLMNusing the Law of Cosines:

LN? = LM? + MN? — 2(LM)(MN)cos(2LMN)

LN? = LM? + MN? = 2(LM)(MN) cos(2LMN)
142 = 122 4+ 152 — 2(12)(15)cos(2LMN)

142 = 122 + 152 — 2(12)(15) cos(2LMN)
196 = 144 + 225 — 360cos(£LMN)

196 = 144 + 225 — 360 cos(£LMN)
196 = 369 — 360cos(£LMN)

196 = 369 — 360 cos(2LMN)
360cos(2LMN) = 173

360 cos(2LMN) = 173
173
cos(«LMN) = 360 ~ 0.4806 = £LMN =~ 61.27°

173
cos(£LMN) = 360 ~ 0.4806 = £LMN =~ 61.27°

e The full circle around Mis 360°. The bearing of Lfrom Mis measured clockwise from
North at M:

Bearing of L from M = 360° — (60° + 61.27°) = 360° — 121.27° = 238.73° =~ 238.7°

Bearing of L from M = 360° — (60° + 61.27°) = 360° — 121.27° = 238.73° =~ 238.7°
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e Answer: 238.7°

Question 6
A ship sails 20 kmon a bearing of 120°. How far to the South has the ship moved from its
original position?

e Bearing of 120°is in the South-East quadrant, forming an angle of 120° — 90° = 30°with
East, or 180° — 120° = 60°with South.
» Distance South:

South distance = 20 X cos(60°) = 20 X 0.5 = 10 km

South distance = 20 X cos(60°) = 20 X 0.5 = 10 km

e Answer: 10 km

Question 7
Fatima walked South for 5.5 kmand then turned West for 1.3 km. Calculate Huria's bearing from
her starting point.

e Angle Owest of South:

West 1.3
L T
West 1.3
tan(6) = South r. 55
0 =tan?! (2) ~ 13.28°
5.5

1.3
6 =tan~! (E) ~ 13.28°

e Bearing measured clockwise from North (180° is South):

Bearing = 180° + 13.28° = 193.28° = 193.3°

Bearing = 180° + 13.28° = 193.28° = 193.3°

e Answer: 193.3°

Question 8
An aircraft flies 150 kmeast, then 100 kmnortheast (45° from East). What is the total
displacement?

1. Break into Components:

o East component (x):

x =150 + 100cos(45°) = 150 + 100(0.7071) = 150 + 70.71 = 220.71 km

x = 150 + 100 cos(45°) = 150 + 100(0.7071) = 150 + 70.71 = 220.71 km

o North component (y):
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y = 100sin(45°) = 100(0.7071) = 70.71 km

y = 100 sin(45°) = 100(0.7071) = 70.71 km

2. Total Magnitude:

D =/x2 +y2 =./(220.71)% + (70.71)% = V48712.9 + 4999.9 = V53712.8 ~ 231.76 km

D =/x% +y? =./(220.71)2 + (70.71)% = V48712.9 + 4999.9 = V53712.8 ~ 231.76 km

e Answer: 231.8 km

Question 9
A ship sails 100 kmon a bearing of 045°, then changes course and sails 120 kmon a bearing of
135°. Find the distance between the starting point and the final position.

e Angle Analysis:

o First direction: 045°(Northeast)

o Second direction: 135°(Southeast)

o Difference between headings: 135° — 45° = 90°

o Since the change in course forms a right-angled triangle (90° angle between the
two path segments):

e Calculation using Pythagorean Theorem:

d = /1002 + 1202 = V10000 + 14400 = V24400 ~ 156.2 km

d = /1002 + 1202 = V10000 + 14400 = V24400 ~ 156.2 km

e Answer: 156.2 km
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Review Exercise 7
1. Multiple Choice Questions
(i) What is the value of cot 60°?

o Options: ()0 ()1 (c)V3 (d) %

cos60° _ 1/2 1

sin60° ~ V3/2 V3

¢ Solution: cot60° =

e Correct Option: (d)

(i) All trigonometric ratios are positive in:

e Options: (a) [-quadrant  (b) II-quadrant  (c¢) [lI-quadrant  (d) IV-quadrant
e Solution: In the first quadrant, all standard trigonometric ratios

(sin, cos, tan, csc, sec, cot) are positive ("All Silver Tea Cups" rule).
e Correct Option: (a)

(iii) csc 0 is positive in:

e Options: (a) [ & IlI-quadrants  (b) IT & IV-quadrants  (c¢) I & [I-quadrants (d)I &

IV-quadrants
e Solution: Cosecant is the reciprocal of sine (csc 0 = m), so it 1s positive wherever

sin 6 is positive (Quadrants I and II).
e Correct Option: (c)

(iv) sin(90° + @) =

e Options: (a)sind (b)—sinf (c)cosf (d)—cosb

e Solution: Using allied angle formulas, sin(90° + ) = sin(90°) cos(6) +
cos(90°) sin(0) = (1) cos 8 + (0) sin@ = cos 6.

e Correct Option: (¢)

(v) tan(180° — @) =

e Options: (a)tan€ (b)cotfd (c) —cotd (d)—tanb
sin(180°-0) _  sin#

e Solution: tan(180° — 0) = T, T —tané.
e Correct Option: (d)
(vi) The law of sines is:

. . a G a ¢ b a b

° Optlons' (a) sina sin R siny (b) sina sin 8 = siny (C) sina sin 8 -
c d a Py, a y | a
siny ( )sina - sin 8 o siny

e Solution: The Law of Sines states that the ratio of the side lengths to the sines of their

. a b [
opposite angles are equal: = = .
pp g q sina sin 8 siny

e Correct Option: (c)

(vii) The law of cosines is:
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. b%+a?-c? c?+b?-a? a?+b%—c?
Options: (a) cosa = — (b)cosp = a0 (c)cosy = S (d)
__ca?+b?—c?
COSy = ————
Solution: The law of cosines for angle y is given by ¢? = a? + b? — 2ab cosy =
_a?+b?-c?
COSy = ———

Correct Option: (¢)

(viii) Area of AABC =

Options: (a) %ab sina (b) %bc sinf  (c) %sin y (d) %ac sin B

Solution: The area of a triangle given two sides and the included angle is %bc sina or
%ac sin § or % ab siny. Looking at the choices, option (b) gives %bc sin S (assuming
standard cyclical notation variations or options check, let's verify standard formulas: Area

= % bc sin a, %ac sin f3, %ab siny). Wait, let's look closely at option (b): %bc sin 8 has a
mismatch in standard texts unless it's %bc sin a. Let's re-verify option (b) from image:
%bc sinf oris it %bc sin a? Wait, let's re-check standard textbook options: usually Area =
%bc sina, %ac sin 3, or % ab siny. Let's check image text carefully for (b): it says

%bc sin £? Ah, wait, option (b) in the image displays %bc sin 8, but wait, let's check
standard formulas or alternative options. Let's look at option (b) closely: %bc sinf oris it
%ac sin £ in (d)? Let's check option (d): %ac sin 8. Wait, standard area formula using side
a, c and angle f is %ac sin . Thus, (d) is correct.

Correct Option: (d) (Note: Let's double check if (d) matches %ac sin ).

(ix) Bearing is measured from:

Options: (a) East  (b) West  (c) North  (d) South

Solution: Standard whole-circle bearings (or navigation bearings) are measured
clockwise from the North direction.

Correct Option: (¢)

(x) Bearing is written as a:

Options: (a) 1 figure  (b) 2 figures  (c) 3 figures  (d) 4 figures
Solution: Three-figure bearings are always written using 3 digits (e.g., 045°, 090°).
Correct Option: (¢)

2. Calculate the area of AABC:
()a=4cm, b=6cm, c =8cm

Step 1: Find the semi-perimeter (s):

_a+b+c_4+6+8_18_9
STT o TT g TopTowem
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e Step 2: Use Heron's Formula for the area:

Area = \/s(s—a)(s—b)(s—c)
Area = /9(9 — 4)(9 — 6)(9 — 8)
Area = VI X 5x 3 x1=+v135 = 11.62 cm?
(ii)p=2.1cm, c=5cm, y = 45°

o Correction/Note: Given sides b, ¢ and angle y, let's use the Sine Rule to find angle f first,
or use the area formula if side a or another combination is given. Wait, with sides b and ¢
and angle y, we can use the relation:

c b
siny sinf
5 2.1

sin45°  sinf
2.1 xsin45°  2.1x0.7071
5 i 5
f =sin~1(0.2970) ~ 17.27°

sinf = ~ 0.2970

o Step 2: Find angle a:

a = 180° — (45° + 17.27°) = 117.73°

o Step 3: Calculate Area using Area = %bc sina:

1
Area = = (2.1)(5) sin(117.73°) ~ 5.25 x 0.8851 ~ 4.65 cm’
(iii)c=3.1cm, y = 44°, a = 36°

e Step 1: Find angle S:

B =180° — (44° + 36°) = 180° — 80° = 100°

e Step 2: Use the Law of Sines to find side a:

a c a 3.1

= = =

sina siny sin36°  sin 44°
_ 31xsin36° 3.1x0.5878
~ sin44° 0.6947

=~ 2.62 cm

o Step 3: Calculate Area using Area = %ac sinf:

1
Area = 5(2.62)(3.1) sin(100°) ~ 4.061 x 0.9848 ~ 4.00 cm?

3. Solve the triangle AABC, in which:
(i)a=5.4cm, b=3.4cm, a =49°

e Step 1: Find angle 8 using the Law of Sines:

sinf sina sinf sin49°

b a 34 54
3.4 x 0.7547
sin f = ="~ 04751
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B = sin"1(0.4751) ~ 28.36°

e Step 2: Find angle y:

y = 180° — (49° + 28.36°) = 102.64°

o Step 3: Find side c using the Law of Sines:

c a 5.4 x sin(102.64°) 5.4 x 0.9757 6.98
_— = = = =~ 0.
siny sina ¢ sin 49° 0.7547 cm

e Solution Summary: f = 28.36°, y = 102.64°, c = 6.98 cm.

(i) a = 32°, y = 48°, c = 81 cm

o Step 1: Find angle S:

B =180° — (32° + 48°) = 180° — 80° = 100°

e Step 2: Find side a using the Law of Sines:

a c 81 xsin32° 81 x0.5299
sina siny =T Tginagr 07431 0
e Step 3: Find side b using the Law of Sines:
b c 81 X sin100° 81 x 0.9848
sin B - siny =b= sind8 07431 36 cm

e Solution Summary: f = 100°, a = 57.75 cm, b = 107.36 cm.

4. Cuboid ABCDEFGH with mAB = 5 cm, mBC = 7 cm, mAE = 3 cm
(i) Calculate the length of AG (correct to 3 significant figures)

o Step 1: Use the 3D diagonal formula for a cuboid (AG = VI? + w? + h?):

mAG = |(mAB)" + (mBC)’ + (mAE)
mAG =+/52+72+32=+25+49 + 9 =+/83 ~ 9.1104 cm

e Answer: 9.11 cm (to 3 sig. fig.)

(ii) Calculate the size of the angle between AG and the plane ABCD

e Step 1: The diagonal of the base AC is given by:

mAC = +/52 + 72 = /25 + 49 = V74 ~ 8.602 cm

« Step 2: In right-angled triangle AAGC, the angle 6 between AG and plane ABCD
satisfies:

mAC 74 74
—— =—— = |—~+08916 ~ 0.9442
mAG V83 83

0 = cos1(0.9442) ~ 19.19°

cosf =

e Answer: 19.2° (to 1 decimal place)

5. Triangular prism ABCDEF with mAB = 8 cm, mBF = 14 cm, mEF = 19 cm
(i) Calculate the distance between 4 and F
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o Step 1: In right-angled triangle AABF (where AB and BF form the right angle):

mAF = |(nAB)’ + (mBF)’

mAF = /82 + 142 =64 + 196 = V260 ~ 16.12 cm

e Answer: 16.12 cm

(ii) Calculate the angle between AF and the plane BCEF

e Step 1: The projection of point A onto the plane BCEF is point B. Therefore, the angle

between AF and plane BCEF is 2AFB.
o Step 2: Using right triangle AABF:

t (./_AFB)—mE—S—4 0.5714
an ~ o BF 14 777

£AFB = tan"1(0.5714) ~ 29.74°

¢ Answer: 29.7°

6. Hashim's Walk

e Problem: Hashim walks 4 km due North, then turns and walks 3 km due East. Find the
bearing from the starting point to his final position.
o Step 1: Let the starting point be origin (0,0).

o North movement: y; = 4
o FEast movement: x; = 3
o Final coordinates: (3,4)

o Step 2: Calculate the angle 8 east of North:

Opposite 3
——=-=0.75
Adjacent 4

6 = tan1(0.75) ~ 36.87°

tan g =

o Step 3: Express as a 3-figure bearing measured clockwise from North:

Bearing = 000° + 36.87° = 36.9° (or 037°)

e Answer: 037° (or 36.9°)

7. Pilot's Flight

e Problem: A pilot flies 200 km on a bearing of 045°, then turns and flies 150 km on a
bearing of 135°. How far is the plane from its original position?
e Step 1: Resolve the first leg (d; = 200 km at 045°):

o x; =200sin(45°) =200 %X 0.7071 = 141.42 km
o ¥; =200cos(45°) =200 x 0.7071 = 141.42 km

e Step 2: Resolve the second leg (d, = 150 km at 135°):

o x; =150sin(135°) = 150 X 0.7071 = 106.07 km
o ¥y, =150co0s(135°) = 150 X (—0.7071) = —106.07 km

o Step 3: Find total displacement coordinates (X, Y):
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o X=x +x, =141.42 + 106.07 = 247.49 km
o Y=y, +y, =141.42 — 106.07 = 35.35 km

o Step 4: Calculate total distance from origin:

Distance = \/X2 +Y2= \/(247.49)2 + (35.35)% = V61251.35 + 1249.62 = v62500.97
~ 250 km

¢ Answer: 250 km

NOTE: Reference graphs and diagrams are given below.
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