
Math Hawker Digest Secondary 3
ElementaryMathematics – Geometry part II
1. Circle Measurements 2. Circle Geometry 3. Other Shapes

Example 1:
In △𝐴𝐵ઞ, ઞ𝐴 = 8 m, ∠ઞ𝐴𝐵 = 20∘, and ∠𝐴𝐵ઞ = 90∘. Given thatઞ𝐴 ∶ 2ઞફ , ~nd angle ൑ in radians.

𝐴 𝐵
ઞ

ફ8 m20∘ ൑
a) − ∠ઞ𝐴𝐵 = 20∘ × ൙180∘ = 0.349 rad− sin(0.349) = 𝐵ઞ8𝐵ઞ = 2.74 m− ઞફ = 82 = 4 m− sin(൑) = 2.744൑ = 0.755 rad

Example 2:
In the ~gure below, a circle with center પ has a radius of 6 m. It is di-
vided into sectors with minor angle ∠𝐴પ𝐵 = ൙3 rad.

a) Find the length of minor arc 𝐴𝐵.
b) Find the area of minor sector 𝐴પ𝐵.
c) Find the major angle in degrees.

પ ൙3𝐴 𝐵6 m

a) − Arc length = ૆൑ = 6 × ൙3 = 2൙ m

b) − Sector area = 12 ૆2൑ = 12 × 62 × ൙3 = 6൙ m2
c) − Major ∠𝐴પ𝐵 = (2൙ − ൙3 ) × 180∘൙ = 300∘

Example 3:
In the ~gure below, a circle with center પ has a radius of 3 m. It is di-
vided into sectors with minor angle ∠𝐴પ𝐵 = 4൙9 rad. A tangent બફ
touches the circle at point ફ , the chord 𝐴𝐵 forms a minor segment with
the arc 𝐴ફ𝐵, and પફ bisects ∠𝐴પ𝐵.
a) Find the perimeter of region 𝐴બફ .
b) Find the area of shaded region 𝐴બફ𝐵.

પ
𝐴
𝐵ફ

બ 3 m4൙9
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Secondary 3 - Elementary Mathematics Geometry

a) − ∠𝐴પફ = 4൙9 × 2 = 2൙9 rad− બફ = 3 tan (2൙9 ) = 2.52 m− 𝐴બ = 3
cos (2൙9 ) − 3 = 0.916 m− Arc 𝐴ફ = 3 × 2൙9 = 2൙3 m− Perimeter𝐴બફ = 2.52 + 0.916 + 2൙3= 5.53 m

b) − Let ન be the midpoint of chord 𝐴𝐵.− નપ = 3 cos 2൙9 = 2.30 m− 𝐴ન = 3 sin 2൙9 = 1.93 m− Area△નપ𝐴 = 12 × 2.30 × 1.93 = 2.22 m2− Area𝐴બફ𝐵 = Area𝐴બફન + Areaફન𝐵= (12 × 3 × 2.52 − 2.22)+ (12 × 32 × 2൙9 − 2.22)= 2.49 m2
Example 4:
In the ~gure below, three circles with centers 𝐴, 𝐵, and ઞ have radii 6 m,5 m, and 4 m, respectively. The circle with center 𝐴 touches two other
circles with centers 𝐵 and ઞ at points ફ and ભ, respectively. The circles
with centers 𝐵 and ઞ also touch at point બ.
a) Find the perimeter of the shaded region ફબભ.
b) Find the area of the shaded region ફબભ.

𝐴 𝐵
ઞ

ફ બભ6 m 5 m

4 m

a) − 92 = 102 + 112 − 2 × 10 × 11 × sin(∠ઞ𝐴𝐵)∠ઞ𝐴𝐵 = 0.881 rad− Arc lengthફભ = 6 × 0.881 = 5.29 m− 102 = 92 + 112 − 2 × 9 × 11 × sin(∠𝐴𝐵ઞ)∠𝐴𝐵ઞ = 1.03 rad− Arc lengthબફ = 5 × 1.03 = 5.15 m− ∠𝐵ઞ𝐴 = ൙ − 0.881 − 1.03 = 1.23 rad− Arc lengthભબ = 4 × 1.23 = 4.92 m− Perimeterફબભ = 5.29 + 5.15 + 4.92 = 15.36 m

b) − Sector Area𝐴ફભ = 12 × 62 × 0.881 = 15.9 m2− Sector Area𝐵બફ = 12 × 52 × 1.03 = 12.9 m2− Sector Areaઞભબ = 12 × 42 × 1.23 = 9.85 m2− Area△𝐴𝐵ઞ = 12 × 10 × 11 × sin(0.881) = 42.4 m2− Shaded Areaફબભ = 42.4 − 15.9 − 12.9 − 9.85= 3.85 m2

Example 1:
In the ~gure below, a circle with center પ is divided into segments.
Chord 𝐴𝐵 = 7.7 m and line પબ = 3.2 m.
a) Find ઞબ.
b) Find the radius ૆ .
c) Find the area of the shaded region 𝐴𝐵ઞટ.

પ
𝐴 𝐵

ઞ
ટ ફ

બ
7.7 m

3.2 m

a) − ઞટ = 𝐴𝐵 = 7.7 m (equal chords)− ઞબ = 12ઞટ = 3.85 m (⟂ bisector of chord)

b) − ૆2 = 3.852 + 3.22૆ = 5.0 m

c) − ∠ઞપબ = cos−1 (3.25 ) = 0.876 rad− ∠ઞપટ = 2 × 0.876 = 1.752 rad (⟂ bisector)− Segment Area = 12 × 52 × 1.752 − 12 × 7.7 × 3.2= 9.59 m2− Shaded Area𝐴𝐵ઞટ = ൙ × 52 − 2 × 9.59= 59.4 m2
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Example 2:
In the ~gure below, 𝐴ફ and 𝐵ફ are tangent to a circle with center પ
at points 𝐴 and 𝐵, respectively. 𝐵ફ = 15 m, બફ = 10 m, and પબફ is a
straight line.
a) Find the radius ૆ of the circle.
b) Find the ∠𝐵પફ .
c) Find the area of the shaded region બફ𝐵.
d) Find the major arc length 𝐵ભ𝐴.

પ
𝐴

𝐵
ફબભ 10 m

15 m

a) − ∠ફપ𝐵 = ൙2 (tangent ⟂ radius)− 152 + ૆2 = (10 + ૆)2૆ = 6.25 m

b) − ∠𝐵પફ = sin−1 ( 1510 + 6.25) = 1.176 rad

c) − Shaded Areaબફ𝐵 = Area△પફ𝐵 − Sector Area𝐵પબ= (12 × 15 × 6.25)− (12 × 6.252 × 1.176)= 23.9 m2
d) − ∠બપ𝐴 = ∠𝐵પબ (tangent from ext. point)

Arc Length𝐵ભ𝐴 = 6.25 × (2൙ − 2 × 1.176)= 24.6 m

Example 1:
In the ~gure below, a circle with center પ has a radius of 5 m. Given
that 𝐵ફ = 6.5 m and obtuse ∠𝐴પ𝐵 = 4൙3 rad, ~nd the area of the
quadrilateral 𝐴પ𝐵ફ .

પ𝐴 𝐵ફ 6.5 m5 m 4൙3
− Acute ∠𝐴પ𝐵 = 2൙ − 4൙3 = 2൙3 rad− Area△𝐴પ𝐵 = 12 × 5 × 5 × sin (2൙3 ) = 10.8 m2− ∠𝐴ફ𝐵 = 12 × 4൙3 = 2൙3 rad (half of center ∠)− 𝐴𝐵2 = 52 + 52 − 2 × 5 × 5 × cos 2൙3𝐴𝐵 = 8.66 m− 8.66

sin (2൙3 ) = 6.5
sin(∠ફ𝐴𝐵)∠ફ𝐴𝐵 = 0.708 rad− ∠𝐴𝐵ફ = ൙ − 2൙3 − 0.708 = 0.340 rad− Area△𝐴𝐵ફ = 12 × 6.5 × 8.66 × sin(0.340) = 9.38 m2− Area𝐴પ𝐵ફ = 10.8 + 9.38 = 20.2 m2

Example 2:
In the ~gure below, a circle with center પ has points 𝐴, 𝐵, ઞ, ટ,
and ઠ on its circumference. 𝐴પઞ, 𝐴𝐵ફ , and ફઞટ are straight lines,∠ઞટ𝐵 = 50∘, and ∠𝐵ફઞ = 17.5∘.
a) Find ∠𝐴ઞ𝐵. b) Find ∠ઞ𝐵ટ. c) Find ∠ટઠ𝐴.

પ
𝐴 𝐵

ઞટઠ ફ50∘ 17.5∘
a) − ∠ઞ𝐴𝐵 = ∠ઞટ𝐵 = 50∘ (∠s in same segment)− ∠𝐴𝐵ઞ = 90∘ (rt. ∠ in semicircle)− ∠𝐴ઞ𝐵 = 180 − 90 − 50 = 40∘
b) − ∠ફ𝐵ઞ = 180 − 90 = 90∘− ∠𝐵ઞફ = 180 − 90 − 17.5 = 72.5∘− ∠𝐴ઞટ = 180 − 40 − 72.5 = 67.5∘− ∠ઞ𝐵ટ = 180 − 50 − (67.5 + 40) = 22.5∘
c) − 𝐴ઞટઠ is a cyclic quadrilateral.⇒ ∠ટઠ𝐴 = 180 − 67.5 (opp. ∠s in cyc. quad.)= 112.5∘

Example 3:
Prove the tangent-chord theorem by showing that ൑ = ൧.

પ
𝐴

𝐵ઞ
ય൑

൧
− પ𝐴 = પ𝐵 (radii)⇒ 𝐴𝐵પ is an isos. △.⇒ ∠𝐴પ𝐵 = 180∘ − ∠પ𝐴𝐵 − ∠𝐴𝐵પ= 180∘ − 2∠પ𝐴𝐵
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Secondary 3 - Elementary Mathematics Geometry− ∠પ𝐴ય = 90∘ (tangent ⟂ radius)⇒ ∠પ𝐴𝐵 = 90∘ − ൑⇒ ∠𝐴પ𝐵 = 180∘ − 2(90∘ − ൑) = 2൑− ∠𝐵ઞ𝐴 = 2൑2 = ൑ (half of center ∠)⇒ ൑ = ൧

Example 1:
A company produces gift boxes in the shape of cuboids. The original
design has dimensions 30 cm × 20 cm × 10 cm. Due to customer demand
for a smaller version, the company wants to create a scaled-down ver-
sion of the box where all dimensions are reduced in the same ratio.
a) If the new box is half the height of the original, calculate the vol-
ume of the smaller box.
b) If the company now wants to double the surface area of the smaller
box to make a more visually appealing design, by what factor should
they scale up its dimensions?

a) − Let ઱1 = Original Volume઱2 = New Volume− ઱1 = 30 × 20 × 10 = 6000 cm3− ઱2઱1 = (12)3઱2 = 60008 = 750 cm3
b) − Let 𝐴1 = Original Surface Area𝐴2 = New Surface Area− 𝐴2𝐴1 = 2 = (√2)2∴ They should scale up by a factor of √2.

Example 2:
Bartender Anton serves martinis in 8-ounce conical glasses. The cost of
ingredients is $1 per ounce, and he sells each drink for $15. He ~lls each
glass to 80% of its full height.
a) What percentage of the total cocktail volume is saved by not ~lling
to the brim?
b) If Anton ~lls the glasses to 90% instead of 80%, how much money
does he lose per glass due to this change?

a) − Let ઱1 = Full Volume઱2 = Served Volume− ઱2઱1 = ( 80100)3 = 0.512− Percentage Saved = 1 − 0.512 = 0.488 = 48.8%
b) − Cost Increase = [( 90100)3 − ( 80100)3] × 8 × 1 = $1.74
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