
Math Hawker Digest Secondary 4
ElementaryMathematics – Vectors
1. Vectors 2. Matrices 3. Sets

Example 1:
Evaluate the expression ( −351 ) + 4( 2−11 ).

− ⎛⎜⎜⎝ −351 ⎞⎟⎟⎠ + 4 ⎛⎜⎜⎝ 2−11 ⎞⎟⎟⎠ = ⎛⎜⎜⎝ −351 ⎞⎟⎟⎠ + ⎛⎜⎜⎝ 8−44 ⎞⎟⎟⎠ = ⎛⎜⎜⎝ 515 ⎞⎟⎟⎠
Example 2:
Li Yun is in charge of managing the inventory at her school’s co-op. She
decides to represent the stock using a vector, where the entries corre-
spond to the number of pens, notebooks, and rulers, in that order.
1. The co-op receives an order of 100 pens, 50 notebooks, and 30 rulers.
2. After a large sale, 82 pens, 24 notebooks, and 18 rulers are sold.
3. A ~re damages the store, destroying half of the remaining stock.
4. To prepare for the new school year, a second order double the size of
the initial order is placed.

− ⎛⎜⎜⎝ pens
notebooks

rulers

⎞⎟⎟⎠ = ⎡⎢⎢⎣⎛⎜⎜⎝ 1005030 ⎞⎟⎟⎠ − ⎛⎜⎜⎝ 822418 ⎞⎟⎟⎠⎤⎥⎥⎦ × 12 + 2 ⎛⎜⎜⎝ 1005030 ⎞⎟⎟⎠ = ⎛⎜⎜⎝ 20911366 ⎞⎟⎟⎠
Example 3:
Find the value of િ so that ( 3−9 ) = િ ( −13 ).− ( 3−9 ) = િ ( −13 )− 3 ( −13 ) = િ ( −13 )િ = −3

Example 4:
Solve the equation ૌ ( 23 ) + ્ ( 1−1 ) = ( 73 ).− ૌ ( 23 ) + ્ ( 1−1 ) = ( 73 )( 2ૌ + ્ − 73ૌ − ્ − 3 ) = ( 00 )

— (1)2ૌ + ્ − 7 = 0
— (2)3ૌ − ્ − 3 = 0− (1) + (2):5ૌ − 10 = 0ૌ = 2− Sub ૌ = 2 into (1):2(2) + ્ − 7 = 0્ = 3

Example 5:
Solve the equation ( 3્ − 2ૌ + 1 ) + ( 2ૌ − 45 − ્ ) = ( 117 ).− ( 3્ − 2ૌ + 1 ) + ( 2ૌ − 45 − ્ ) = ( 117 )( 3્ + 2ૌ − 17ૌ − ્ − 1 ) = ( 00 )

— (1)3્ + 2ૌ − 17 = 0
— (2)ૌ − ્ − 1 = 0− (1) + 3(2):5ૌ − 20 = 0ૌ = 4− Sub ૌ = 4 into (2):4 − ્ − 1 = 0્ = 3
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Secondary 4 - Elementary Mathematics Vectors

Example 1:
It is given that vectors p = ( 724 ), q = ( −3−4 ), and r = ( 1520 ).

a) Find the vectors (if any) that are equal in magnitude.
b) Find the vectors (if any) that are equal in direction, and justify it
using scalar multiples.

a) − |p| = √72 + 242 = 25|r| = √152 + 202 = 25− |p| = |r|⇒ Vectors p and r have the same magnitude.

b) − q = ( −3−4 ) = −1 × ( 34 )
r = ( 1520 ) = 5 × ( 34 )− 1−1q = 15 r⇒ Vectors q and r have the same direction.

Example 2:
Vector q is parallel to vector p = ( 2−1 ), point in the same direction,
and has a magnitude of 10.
a) Find the magnitude of p.
b) Determine the scalar િ such that p = િq.
c) Find vector q.

a) − |p| = √22 + (−1)2 = √5
b) − q ∥ p⇒ q = િp− |q| = |િp| = |િ||p|10 = |િ|√5|િ| = 2√5િ = 2√5 or િ = −2√5

− q points in the same direction as p.⇒ િ = 2√5
c) − q = િp = 2√5 ( 2−1 ) = ( 4√5−2√5 )

Example 1:
Given points ફ(−1, 2) and બ(6, 3), write down position vectors ⃖⃖ ⃖⃖ ⃗પફ and⃖⃖ ⃖⃖ ⃗પબ. Hence, ~nd ⃖⃖ ⃖⃖ ⃗ફબ.− ⃖⃖ ⃖⃖ ⃗પફ = ( −12 ) − ⃖⃖ ⃖⃖ ⃗પબ = ( 63 )− ⃖⃖ ⃖⃖ ⃗ફબ = ⃖⃖ ⃖⃖ ⃗ફપ + ⃖⃖ ⃖⃖ ⃗પબ = −⃖⃖ ⃖⃖ ⃗પફ + ⃖⃖ ⃖⃖ ⃗પબ = −( −12 ) + ( 63 ) = ( 71 )

Example 2:
Given ⃖⃖ ⃖⃖ ⃗જઞ = ( 34 ), ⃖⃖ ⃖⃖ ⃗ઞઝ = ( 1−2 ), and ⃖⃖ ⃖⃖ ⃗ટઝ = ( 61 ), ~nd ⃖⃖ ⃖⃖ ⃖⃗જટ.

જ ઝ
ઞટ

− ⃖⃖ ⃖⃖ ⃖⃗જટ = ⃖⃖ ⃖⃖ ⃗જઞ + ⃖⃖ ⃖⃖ ⃗ઞઝ + ⃖⃖ ⃖⃖ ⃗ઝટ= ⃖⃖ ⃖⃖ ⃗જઞ + ⃖⃖ ⃖⃖ ⃗ઞઝ − ⃖⃖ ⃖⃖ ⃗ટઝ= ( 34 ) + ( 1−2 ) − ( 61 )= ( −21 )
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Secondary 4 - Elementary Mathematics Vectors

Example 1:
For each of the following ~gures, ~nd x in terms of p and q.
a)જ ઝ

ઞ
x

q
p

b)જ ઝ
ઞ

x

q
p

c)જ ઝ
ઞ

x

q
p

d)જ ઝ
ઞ ટ

q

x
p

e)જ ઝ
ઞ ટ

q

x
p

a) − x = p + q
b) − x = −p − q
c) − x = q − p

d) − x = q − p
e) − x = p + q

Example 1:
Vector p = ( 64 ) can be written as a combination of u = ( 10 ) and

v = ( 01 ). Write p = શu + ષv where શ and ષ are real numbers to be

found. − ( 64 ) = 6 ( 10 ) + 4 ( 01 )
Example 2:
A drone starts at the origin and follows these moves:

1. 3 units in the direction of u = ( 21 ).

2. 2 units in the direction of v = ( −12 ).

a) Calculate the drone’s total movement p.
b) Is p a position vector or a displacement vector?

c) Could p be composed from x = ( 11 ) and y = ( 22 )?

a) − p = 3u + 2v = 3( 21 ) + 2 ( −12 ) = ( 47 )
b) − Position vector.

c) − No. There is no શ and ષ such that p = શx + ષy.

Example 3:
In △જઝઞ, points ટ and ઠ are the midpoints of જઞ and ઝઞ, respectively.
Let p = ⃖⃖ ⃖⃖ ⃗ઞટ and q = ⃖⃖ ⃖⃖ ⃗ઞઠ.
a) Show that ⃖⃖ ⃖⃖ ⃗ટઠ = q − p. b) Show that ⃖⃖ ⃖⃖ ⃗ટઠ ∥ ⃖⃖ ⃖⃖ ⃗જઝ.
c) Prove that △જઝઞ is similar to △ટઠઞ.

d) Find
Area△ટઠઞ
Area△જઝઞ . e) Find

Area△જઝટ
Area△જઝઞ .

જ ઝ
ઞ

ટ ઠp q

a) − ⃖⃖ ⃖⃖ ⃗ટઠ = ⃖⃖ ⃖⃖ ⃗ટઞ + ⃖⃖ ⃖⃖ ⃗ઞઠ = q − p

b) − ⃖⃖ ⃖⃖ ⃗જઝ = ⃖⃖ ⃖⃖ ⃗જઞ + ⃖⃖ ⃖⃖ ⃗ઞઝ= −2p + 2q= 2(q − p)= 2⃖⃖ ⃖⃖ ⃗ટઠ⇒ ⃖⃖ ⃖⃖ ⃗ટઠ ∥ ⃖⃖ ⃖⃖ ⃗જઝ
c) − ⃖⃖ ⃖⃖ ⃗ઞટ⃖⃖ ⃖⃖ ⃗ઞજ = ⃖⃖ ⃖⃖ ⃗ઞઠ⃖⃖ ⃖⃖ ⃗ઞઝ = 12− ∠જઞઝ = ∠ટઞઠ (common angle)∴ △જઝઞ ∼ △ટઠઞ (SAS similarity test)

d) − Area△ટઠઞ
Area△જઝઞ = (ટઠજઝ )2 = (12)2 = 14

e) − Area△જઝટ
Area△જઝઞ = 12 × ⃖⃖ ⃖⃖ ⃖⃗ટજ × ℎ12 × ⃖⃖ ⃖⃖ ⃗ઞજ × ℎ = ⃖⃖ ⃖⃖ ⃖⃗ટજ⃖⃖ ⃖⃖ ⃗ઞજ = p2p = 12
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Secondary 4 - Elementary Mathematics Vectors

Example 4:
In the quadrilateral જઝઞટ, points ફ , બ, ભ, and મ are the midpoints ofજઝ, ઝઞ, ઞટ, and ટજ, respectively.
a) Show that ઝટ = 2ફમ.
b) Show that ફબભમ is a parallelogram.

જ ઝ
ઞટ

ફ
બ

ભ
મ

a) − Let ⃖⃖ ⃖⃖ ⃗જફ = a⃖⃖ ⃖⃖ ⃗જમ = b− ⃖⃖ ⃖⃗ફમ = ⃖⃖ ⃖⃖ ⃗ફજ + ⃖⃖ ⃖⃖ ⃗જમ = −a + b = b − a− ⃖⃖ ⃖⃖ ⃗ઝટ = ⃖⃖ ⃖⃖ ⃗ઝજ + ⃖⃖ ⃖⃖ ⃖⃗જટ = −2a + 2b = 2(b − a) = 2⃖⃖ ⃖⃗ફમ− |⃖⃖ ⃖⃖ ⃗ઝટ| = |2⃖⃖ ⃖⃗ફમ||⃖⃖ ⃖⃖ ⃗ઝટ| = |2||⃖⃖ ⃖⃗ફમ|ઝટ = 2ફમ
b) − Let ⃖⃖ ⃖⃖ ⃗ઞભ = c⃖⃖ ⃖⃖ ⃗ઞબ = d− ⃖⃖ ⃖⃖ ⃗બભ = ⃖⃖ ⃖⃖ ⃗બઞ + ⃖⃖ ⃖⃖ ⃗ઞભ = −d + c = c − d− ⃖⃖ ⃖⃖ ⃗ઝટ = ⃖⃖ ⃖⃖ ⃗ઝજ + ⃖⃖ ⃖⃖ ⃖⃗જટ = −2d + 2c = 2(c − d) = 2⃖⃖ ⃖⃖ ⃗બભ− ⃖⃖ ⃖⃖ ⃗ઝટ = 2⃖⃖ ⃖⃗ફમ = 2⃖⃖ ⃖⃖ ⃗બભ⃖⃖ ⃖⃗ફમ = ⃖⃖ ⃖⃖ ⃗બભ⇒ ફમ and બભ are parallel and have the same length.⇒ ફબભમ is a parallelogram.

Example 1:
The table below shows Li Yun’s record of sales at the school co-op over
one week.

Item Mon Tue Wed Thu Fri

Pens 120 135 140 130 125
Notebooks 80 75 90 85 95

Rulers 50 60 55 52 58
a) Represent the data using a matrix M.
b) State the order of M.
c) Find the total number of pens sold that week.
d) Find the total number items sold on Tuesday.

a) − M = ⎛⎜⎜⎝ 120 135 140 130 12580 75 90 85 9550 60 55 52 58 ⎞⎟⎟⎠
b) − The order M is 3 × 5.
c) − Pens Sold = 120 + 135 + 140 + 130 + 125 = 650
d) − Items Sold = 135 + 75 + 60 = 270

Example 2:
Given matrices M = ( 2શ −25 + સ −ષ ) and N = ( 14 ષશ − 3સ શ − 5 ), ~nd

the values of શ, ષ, and સ such that M = N.− ( 2શ −25 + સ −ષ ) = ( 14 ષશ − 3સ શ − 5 )− 2શ = 14શ = 7− ષ = −2 − 5 + સ = શ − 3સ4સ = 7 − 5સ = 12

Example 1:
The tables below shows Li Yun’s record of sales at the school co-op over
two weeks. Week 1

Item Mon Tue Wed Thu Fri

Pens 120 135 140 130 125
Notebooks 80 75 90 85 95

Rulers 50 60 55 52 58
Week 2

Item Mon Tue Wed Thu Fri

Pens 110 140 135 120 130
Notebooks 89 71 91 78 88

Rulers 48 62 50 55 60
a) Represent the data using M and N for weeks 1 and 2, respectively.
b) Find X = M + N.
c) Find Y = N − M.
d) Describe what matrices X and Y represent.
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Secondary 4 - Elementary Mathematics Vectors

a) − M = ⎛⎜⎜⎝ 120 135 140 130 12580 75 90 85 9550 60 55 52 58 ⎞⎟⎟⎠− N = ⎛⎜⎜⎝ 110 140 135 120 13089 71 91 78 8848 62 50 55 60 ⎞⎟⎟⎠
b) − X = M + N= ⎛⎜⎜⎝ 120 135 140 130 12580 75 90 85 9550 60 55 52 58 ⎞⎟⎟⎠+ ⎛⎜⎜⎝ 110 140 135 120 13089 71 91 78 8848 62 50 55 60 ⎞⎟⎟⎠= ⎛⎜⎜⎝ 230 275 275 250 255169 146 181 163 18398 122 105 107 118 ⎞⎟⎟⎠
c) − Y = N − M= ⎛⎜⎜⎝ 110 140 135 120 13089 71 91 78 8848 62 50 55 60 ⎞⎟⎟⎠− ⎛⎜⎜⎝ 120 135 140 130 12580 75 90 85 9550 60 55 52 58 ⎞⎟⎟⎠= ⎛⎜⎜⎝ −10 5 −5 −10 59 −4 1 5 −7−2 2 −5 3 2 ⎞⎟⎟⎠
d) − X represents the total number of each item sold

each day across the two weeks. Y represents the
increase in sales from week 1 to week 2.

Example 1:
It is given that matrices A = ( 7 −32 5 ) and B = ( 4 6−1 8 ).
a) Evaluate AB.
b) Evaluate BA.

a) − AB = ( 7 −32 5 ) ( 4 6−1 8 )= ( 7 × 4 + −3 × −1 7 × 6 + −3 × 82 × 4 + 5 × −1 2 × 6 + 5 × 8 )= ( 31 183 52 )

b) − BA = ( 4 6−1 8 ) ( 7 −32 5 )= ( 4 × 7 + 6 × 2 4 × −3 + 6 × 5−1 × 7 + 8 × 2 −1 × −3 + 8 × 5 )= ( 40 189 43 )
Example 2:
The tables below shows Li Yun’s record of sales at the school co-op over
one week as well as the respective prices of the items.

Item Mon Tue Wed Thu Fri

Pens 120 135 140 130 125
Notebooks 80 75 90 85 95

Rulers 50 60 55 52 58
Pen Notebook Ruler

Prices ($) 1.50 2.50 0.80
a) Represent the data using matrices M and P of orders 3 × 5 and1 × 3, respectively.
b) Find R = PM.
c) Describe what matrix R represents. Hence, determine which day
had the best sales.
d) Find a matrix O such that ૆ = RO, where ૆ is a scalar that repre-
sents the total revenue of the week. Hence, ~nd ૆ .

a) − M = ⎛⎜⎜⎝ 120 135 140 130 12580 75 90 85 9550 60 55 52 58 ⎞⎟⎟⎠− P = ( 1.50 2.50 0.80 )
b) − R = PM= ( 1.50 2.50 0.80 ) ⎛⎜⎜⎝ 120 135 140 130 12580 75 90 85 9550 60 55 52 58 ⎞⎟⎟⎠= ( 420.0 438.0 479.0 449.1 471.4 )
c) − R represents the daily revenue of the co-op.− Wednesday had the best sales at $479.00.
d) − Let O = ⎛⎜⎜⎜⎜⎝

11111
⎞⎟⎟⎟⎟⎠− ૆ = RO= ( 420.0 438.0 479.0 449.1 471.4 ) ⎛⎜⎜⎜⎜⎝

11111
⎞⎟⎟⎟⎟⎠= $2257.50
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Example 1:
It is given ℰ = {ૌ ∣ ૌ is an integer between 0 and 10 inclusively},જ = {ૌ ∣ ૌ is odd}, and ઝ = {ૌ ∣ ૌ is a perfect square}, where ℰ containsજ and ઝ.
a) Express ℰ , જ, and ઝ in roster notation.
b) Draw a Venn diagram to represent ℰ , જ, and ઝ.

a) − ℰ = {0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10}જ = {1, 3, 5, 7, 9}ઝ = {0, 1, 4, 9}
b) ℰ જ ઝ35 7 041926 8 10

Example 1:
It is given that જ = {ૌ ∈ ℤ ∣ ૌ = 2િ + 1, 0 ≤ િ ≤ 2},ઝ = {ૌ ∈ ℤ ∣ ૌ is in the Fibonacci sequence and 1 < ૌ ≤ 5},ઞ = {ૌ ∈ ℤ ∣ ૌ is a prime number and ૌ ≤ 10}.
a) Express જ, ઝ, and ઞ in roster notation.
b) State ૂ(જ), ૂ(ઝ), and ૂ(ઞ).
c) State any proper subsets that exist among જ, ઝ, and C.

a) − જ = {1, 3, 5}ઝ = {2, 3, 5}ઞ = {2, 3, 5, 7} b) − ૂ(જ) = 3ૂ(ઝ) = 3ૂ(ઞ) = 4
c) − ઝ ⊂ ઞ

Example 2:
It is given that ℰ is the set of letters used to form the word ‘MATH
HAWKER’, ઱ is the set of vowels in ℰ , ઞ is the set of consonants inℰ , and ળ is the set of letters used to form the word ‘HEART’.
a) Express ℰ , ઱ , ઞ, and ળ in roster notation.
b) State ૂ(ℰ), ૂ(઱ ), ૂ(ઞ), and ૂ(ળ).
c) Draw a Venn diagram to represent ℰ , ઱ , ઞ, and ળ .

a) − ℰ = {M,A,T,H,W,K,E,R}઱ = {A,E}ઞ = {M,T,H,W,K,R}ળ = {H,E,A,R,T}
b) − ૂ(ℰ) = 8ૂ(઱ ) = 2ૂ(ઞ) = 6ૂ(ળ) = 5

c) ℰ ઞ઱ ળAE
H
R

T

M

W

K

Example 1:
It is given that ℰ = {ૌ ∈ ℤ ∣ 1 ≤ ૌ ≤ 15},જ = {ૌ ∈ ℰ ∣ ૌ is even},ઝ = {ૌ ∈ ℰ ∣ ૌ is a factor of 12},ઞ = {ૌ ∈ ℰ ∣ ૌ is a prime number}.
a) Express ℰ , જ, ઝ, and ઞ in roster notation.
b) Draw a Venn diagram to represent ℰ , જ, ઝ, and ઞ.
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c) Express the following expressions in roster notation and a shaded
Venn diagram.

i. જ ∩ ઝ
iv. (જ ∩ ઞ) ∩ ઝ′ ii. (જ ∪ ઝ ∪ ઞ)′

v. [(જ ∩ ઝ) ∪ (ઝ ∩ ઞ)] ∩ (જ ∩ ઝ ∩ ઞ)′iii. (જ ∪ ઝ) ∩ ઞ′
a) − ℰ = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15}જ = {2, 4, 6, 8, 10, 12, 14}ઝ = {1, 2, 3, 4, 6, 12}ઞ = {2, 3, 5, 7, 11, 13}
b) ℰ જ ઝ

ઞ24612 3810 14
1 5 7111315

c) i. − જ ∩ ઝ = {2, 4, 6, 12}ℰ જ ઝ
ઞ

ii. − (જ ∪ ઝ ∪ ઞ)′ = {15}ℰ જ ઝ
ઞ

iii. − (જ ∪ ઞ)′ ∩ ઝ = {1}ℰ જ ઝ
ઞ

iv. − (જ ∩ ઞ) ∩ ઝ′ = ∅ℰ જ ઝ
ઞ

v. − [(જ ∩ ઝ) ∪ (ઝ ∩ ઞ)] ∩ (જ ∩ ઝ ∩ ઞ)′ = {3, 4, 6, 12}ℰ જ ઝ
ઞ

Example 2:
Describe the shaded region of the Venn diagram in set notation.ℰ જ ઝ ઞ− (જ ∪ ઞ)′ ∪ ઝ

Example 3:
It is given that જ = {(ૌ, ્) ∣ ્ = ૌ2 − 4ૌ + 3, ૌ, ્ ∈ ℝ}ઝ = {(ૌ, ્) ∣ ્ = 0, ૌ, ્ ∈ ℝ}
Express જ ∩ ઝ in roster notation.− — (1)્ = ૌ2 − 4ૌ + 3

— (2)્ = 0− Sub (1) into (2):ૌ2 − 4ૌ + 3 = 0(ૌ − 3)(ૌ − 1) = 0ૌ = 3 or ૌ = 1− જ ∩ ઝ = {(3, 0), (1, 0)}

Example 4:
It is given that જ = {(ૌ, ્) ∣ (ૌ, ્) is a point on the curve ્ = ૌ2 − 2ૌ + 4}ઝ = {(ૌ, ્) ∣ (ૌ, ્) is a point on the curve ્ = ૌ − 1}
Express જ ∩ ઝ in roster notation.− — (1)્ = ૌ2 − 2ૌ + 4

— (2)્ = 3ૌ − 1− Sub (1) into (2):ૌ2 − 2ૌ + 4 = ૌ − 1ૌ2 − 3ૌ + 5 = 0− (−3)2 − 4(1)(5) = −11 < 0⇒ There are no real roots.− જ ∩ ઝ = ∅
Example 5:
It is given ૂ(ℰ) = 30, ૂ(જ) = 12, and ૂ(ઝ) = 20.
a) Find the maximum value of ૂ(જ ∩ ઝ).
b) Find the minimum value of ૂ(જ ∩ ઝ).
c) Find the maximum value of ૂ(જ ∪ ઝ).
d) Find the maximum value of ૂ(જ ∪ ઝ)′.
e) Find the maximum value of ૂ(જ ∩ ઝ)′.
f) Find the maximum number of elements only in જ.

a) − ૂ(જ ∩ ઝ) is largest when the larger set contains the smaller.⇒ જ ⊆ ઝ⇒ જ ∩ ઝ = જૂ(જ ∩ ઝ) = ૂ(જ) = 12
b) − ૂ(જ ∩ ઝ) is smallest when જ ∪ ઝ = ℰ .ૂ(જ ∩ ઝ) = ૂ(જ) + ૂ(ઝ) − ૂ(ℰ)= 12 + 20 − 30= 2
c) − ૂ(જ ∪ ઝ) is largest when જ ∪ ઝ = ℰ .⇒ ૂ(જ ∪ ઝ) = ૂ(ℰ) = 30
d) − ૂ(જ ∪ ઝ)′ is largest when ૂ(જ ∪ ઝ) is smallest.ૂ(જ ∪ ઝ) is smallest when the larger set contains the smaller.⇒ જ ⊆ ઝ⇒ જ ∪ ઝ = ઝૂ(જ ∪ ઝ)′ = ૂ(ઝ)′= ૂ(ℰ) − ૂ(ઝ)= 30 − 20= 10
e) − ૂ(જ ∩ ઝ)′ is largest when ૂ(જ ∩ ઝ) is smallest.ૂ(જ ∩ ઝ) is smallest when જ ∪ ઝ = ℰ .ૂ(જ ∪ ઝ) = ૂ(જ) + ૂ(ઝ) − ૂ(જ ∩ ઝ) (inclusion-exclusion principle)ૂ(ℰ) = ૂ(જ) + ૂ(ઝ) − ૂ(જ ∩ ઝ)ૂ(જ ∩ ઝ) = ૂ(જ) + ૂ(ઝ) − ૂ(ℰ)= 12 + 20 − 30= 2− ૂ(જ ∩ ઝ)′ = ૂ(ℰ) − ૂ(જ ∩ ઝ)= 30 − 2= 28
f) − Number of elements only in જ can be represented by ૂ(જ ∩ ઝ′).ૂ(જ ∩ ઝ′) is largest when ૂ(જ ∩ ઝ) is smallest.ૂ(જ ∩ ઝ) is smallest when જ ∪ ઝ = ℰ .ૂ(જ ∩ ઝ) = ૂ(જ) + ૂ(ઝ) − ૂ(ℰ)= 12 + 20 − 30= 2− ૂ(જ ∩ ઝ′) = ૂ(જ) − ૂ(જ ∩ ઝ)= 12 − 2= 10
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Example 7:
A survey was conducted among 50 o|ce employees about their lunch
habits. 20 employees usually eat at the company canteen, 35 employees
usually bring their own lunch, and 10 employees do neither. How many
employees use only one of the two lunch options but not both?− Let ℰ represent all the employees in the o|ce,ઞ the employees that eat at the canteen, andપ the employees that bring their own lunch.− ૂ(ઞ ∪ પ) = ૂ(ℰ) − ૂ(ઞ ∪ પ)′= 50 − 10= 40− ૂ(ઞ ∪ પ) = ૂ(ઞ) + ૂ(પ) − ૂ(ઞ ∩ પ)ૂ(ઞ ∩ પ) = ૂ(ઞ) + ૂ(પ) − ૂ(ઞ ∪ પ)= 20 + 35 − 40= 15− The number of employees that use only one of the two lunch

options but not both can be represented by ૂ(ઞ ∪ પ) − ૂ(ઞ ∩ પ).ૂ(ઞ ∪ પ) − ૂ(ઞ ∩ પ) = 40 − 15 = 25
Example 8:
In a class of 40 students, 34 students take mathematics and 28 students
take science.
a) Find the smallest possible number of students who take both math-
ematics and science.
b) Find the largest possible number of students who take neither
mathematics nor science.

a) − Let ℰ represent all the students in the class,ન the students taking mathematics, andમ the students taking science.− ૂ(ન ∩ મ) is smallest when ન ∪ મ = ℰ .ૂ(ન ∪ મ) = ૂ(ન) + ૂ(મ) − ૂ(ન ∩ મ)ૂ(ન ∩ મ) = ૂ(ન) + ૂ(મ) − ૂ(ℰ)= 34 + 28 − 40= 22
b) − ૂ(ન ∪ મ)′ is largest when ૂ(ન ∪ મ) is smallest.ૂ(ન ∪ મ) is smallest when the larger set contains the smaller.⇒ મ ⊆ ન⇒ મ ∪ ન = નૂ(ન ∪ મ)′ = ૂ(ન)′= ૂ(ℰ) − ૂ(ન)= 40 − 34= 6
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