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Chapter 3

Exercise 3A
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 c 
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 b 

 c 

 d 

Exercise 3B

1 a x +( ) −2 42

 b x −( ) +3 12

 c x +( ) −4 172

 d x +( ) +1 42

 e 14 2 2− −( )x

 f 16 3 2− +( )x

 g 6 3 2− −( )x

 h 49
4

3
2

2
− +( )x

2 a 2 2 52x +( ) −

 b 2 1 132x −( ) +

 c 3 2 172x +( ) −

 d 5 3 92x −( ) −

 e 4 83
2

2
x −( ) −

 f 2 3
2

2 27
2x +( ) −

 g 3 5
2

2 47
4x +( ) −

 h 4 427
2

2
x +( ) −

3 a 17 2 1 2− +( )x

 b 36 6 2− −( )x

 c 7 4 1 2− −( )x

 d 4 3 2 2− −( )x

 e 11
2
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2

2
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4 a 49
8

1
4

2
2− −( )x

 b 6 7
12

2 1
24x +( ) −

 c 3 1 82x +( ) −

 d x +( ) +2 102

5 Completing the Square gives:

	 a x cb
a

b
a+( ) + −2

2
4

2

	

4 42
2

2 2

2
2 4

4

2

2

2

a x b ac

x

x
b b

b
a

b
a

b ac
a

+( ) = −

+( ) =

= − ±

−

−− 4
2

ac
a

Exercise 3C

1 a (3, 2), min

 b (‑3, ‑7), min

 c (‑4, 12), max

 d (5, 3), min

 e (5, 5), max

 f (‑5, 7), max

 g (2, 9), min

 h (‑7, 13) max

2 a

b 

c 

d 

e 

O

y

x–1 1

1

2

3

4

5

6

7

8

9
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2 3 4 5–2

(0, 7)
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O
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(–2, 5)

O
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x–1 1

1

2

3
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8
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2 3 4 5 6 7 8 9 10 11
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turning point
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O–2 2 4 6 8 10
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–24
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(0, –21)
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 f 
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 h 

3 a 3 1 72x +( ) +
 b 

x

y

O–1–2–3–4–5–6 1 2 3 4

10

20

30

40

50

60

70

80

4 a 17 2 1 2− +( )x

 b 

5

–10

–15

–5

42 xO–2–4–5

10

15

y

5 a y x= −( ) +2 12

 b y x= − −( )27 2 3 2

 c y x= +( ) +3 5 12

 d y x= −( ) +3 2 52

 e y x= − −( ) −2 3 12

 f y x= − −( )9 2 2 2

6 a y x= +( ) −3 1 52

 b (‑1, ‑5)

7 a y x= − −( )29
4

3
2

2

 b 3
2

29
4,( )

8 a y x= +( ) +3 2 422

 b (‑2, 42)

9 a y x= −( ) −4 161
2

2

 b 1
2 16,( )

10 x +( ) +2 52  has minimum value of 5

11 16 1 2− +( )x  is never greater than 16

12 2 3
2

2 13
2x +( ) +  is never less than 13

2

13 p x rq
p

q
p+( ) + −2

2

4

2
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q
p

q
p
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turning point
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Exercise 3D

1  a -> h see appropriate graph;

 a 

O 1 2–1–2

1

2

3

4

5

6

7

8

9

x

y

 b 

2

1.00.5 xO–0.5–1.0

4

6

8

10

y

 c 

5

1.00.5 xO–0.5–1.0–1.5 1.5 2.0

10

15

y

 d 

O 0.5 1.0–0.5–1.0

1

2

3

4

5

6

7

x

y

e 

O

0.5

1.0

1.5

2.0

0.5 1.0–0.5–1.0 1.5 2.0 x

y

f

 
O x

y

1

2

3

4

0.5 1 1.5 2–0.5–1

g

 
O x

y

0.5 1.0 1.5 2.0–0.5–1.0

0.5

1.0

1.5

h

 
O x

y

0.5

1

1.5

2

2.5

3

1 2–1–2–3

2 y ax= ; values of a follow:

 a 6
 b 3
 c 4
 d 2
 e 1

2

 f 1
3
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3  a -> h see appropriate graph; 

 

a

 

4

2

21 xO–1–2

6

8

y
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O x

y

–1 1

1

2

3

4

5

6

7

8

9
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c

 

4

2

1

3

0.5–0.5 1.0–1.0 xO–1.5–2.0

5

y

 

d

 

8

4

2

6

1–1 2–2 xO–3–4

10

12

y

 

e

 

2.0

1.0

0.5

1.5

1.51.0 2.00.5 xO–0.5–1.0

y

 

f

 

O x

y

–1 1

1

2

3

4

5

6

7

8

9

10

2 3 4 5 6–2–3

 

g

 

40

20

10

30

1.00.5 xO–0.5–1.0

50

60

y

 

h

 

20

10

5

15

1.0 1.5 2.00.5 xO–0.5–1.0–1.5–2.0

25

y
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4 See plot

  

20

10

30

64 82 xO–2

–10

y

 Cuts x axis at x =	5
5 See plot

  

10

5

15

21 x–2 –1

–5

–10

20

y

 Cuts x axis at x =	1
6 See plot

  

10

5

15

21 xO–1 3

20

25

30

y

	 	 y x= +3 2 so a =	3, b =	2.

Exercise 3E

1 For a -> d see graph

 

a

 

1.0

0.5

32 41 xO–1

–0.5

–1.0

–1.5

–2.0

–2.5

1.5

y

 

b

 

1.0

0.5

32 41 xO–1 5

–0.5

–1.0

–1.5

–2.0

–2.5

1.5

y

 

c

 

2

1

1.51.0 2.00.5 xO–0.5–1.0

–1

3

4

5

y
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d

 

2.0

1.0

0.5

1.5

321 xO–1

–0.5

–1.0

2.5

3.0

y

2 a y x= log6

 b y x= log10

 c y x= log 3
4

 d y x= log 1
5

3  For a -> h see appropriate graph;

 

a

 

1.0

0.5

642 xO–1

–0.5

–1.0

–1.5

–2.0

1.5

y

 

b

 

1.0

0.5

21 xO–1–2–3–4

–0.5

–1.0

–1.5

–2.0

1.5

y

 

c

 

2

1

642 xO–2

–1

–2

–3

3

y

 

d

 

1

–2

–3

–1

21 xO–1 3–2–3

2

3

y
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e

 

4

2

642 xO–2

–2

–4

–6

6

y

 

f

 

2

1

15105 xO–5

–2

3

4

5

y

 

g

 

1.0

0.5

321 xO–1

–0.5

–1.0

1.5

2.0

y

 

h

 

4

2

321 xO–1 5

–2

6

8

10

y

4

4  For a -> h see appropriate graph;

 

a

 

5

321 xO–1

–5

–10

–15

y

 

b

 

1

321 xO–1–2–3

–1

–2

–3

–4

–5

y
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c

 

1.0

0.5

321 xO–1

–0.5

–1.0

1.5

2.0

y

 

d

 

4

2

321 xO–1

–2

–4

–6

–8

–10

y

 

e

 

2

1

321 xO–1

–1

–2

3

4

5

y

 

f

 

2

1

1.00.5 xO–0.5–1.0

–1

3

4

5

y

 

g

 

1.0

0.5

632 xO–2

–0.5

1.5

2.0

y

 

h

 

1.0

0.5

302010 xO–10 40

–0.5

1.5

2.0

2.5

3.0

y

5 a

b

=
=

4

4
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Exercise 3F

1 a 

 b 

 c 

 d 

 e 

 f 

2  

3  

 34.5 max at t =	1 =>	January

 15.5 min at t =	7 =>	July

2

1

15010050 xO 200 250 300 350

–1

–2

–3

3

y

2

1

321 xO 4 5 6

–1

–2

y

4

2

15010050 xO 200

6

8

y

4

2

1.51.00.5 xO 2.0

–2

6

y

2

1

302010 xO 40 50 60 70

–1

3

y

2

1

1.51.00.5 xO 2.0 2.5 3.0 3.5

–1

–2

3

4

y

2

1

1.51.00.5 xO 2.0 2.5 3.0 3.5

–1

–2

–3

3

y

10

5

642 xO 8 10 12

15

20

25

30

35

y
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4  

 A =	2, b =	45, c =	‑1

5  p =	4, q = 30, r =	‑1

6  a =	2.2, b = ‑30, c =	3.6

7 a max (48, 4); min (228, ‑2)

 b max (120, 27); min (300, 13)

 c max π
4 25,( ); min 5

4 15π , −( )
 d max 5

6 35π ,( ); min 11
6 25π , −( )

 e max 126 11, ( ); min 36 3, −( )
 f max 30 6,( ); min 12 2, −( )
 g max 11 60,( ); min 5 40, −( )
 h max	 π

24 4, ( ); min π
8 6, −( )

8 40cm at 8am

9 a max =	120; min =	80

 b 80 bpm

10  a 5 36 87cos .x −( )
 b Max(36.87, 7); Min(216.87, 3)

 

4

2

15010050 xO 200 250 300 350

–2

6

8

y

11 a 13 67 38sin .x +( )
 b    

20

10

15010050 xO 200 250 300 350

–10

–20

–30

30

40

y

 c Min (22.62, ‑23); Max (202.62, 29)

12 a 2 2 30sin x +( )
  

–2

–3

–4

15010050 xO 200

–5

–6

–7

–1

y

 b Max(30, 1); Min(120, ‑11)

2

1

15010050 xO 200 250 300 350

–1

3

y
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13  a 5 12 53 13sin .x −( )
  b

 

4

2

642 xO 8 10 12 14

6

8

10

12

14

16

18

y

Exercise 3G

1 a 

O

y

2
–2

–4

–6

2

4

6

4 6 8–2–3 x

(5, 0)

 b 

O

y

2
–2

–4

–6

2

4

6

4 6 8–2–3 x

(7, 0)

(1, 0)

 c 

O

y

–8
–2

–4

–6

2

4

6

–6 –4 –2 42 6 8 x

 d 

O

y

2
–2

–4

–6

2

4

6

4 6 8 10 12–2–3 x

 e 

O

y

–8
–2

–4

–6

2

4

6

8

–6 –4 –2–10–12 x

 f 

O

y

–2

–4

1

2

3

4

1 2–1–4 –3 –2 x

2 a 

O

y

1
–1

–2

–3

–4

1

2

3

2 3 4–1–2–3 x
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 b 

O

y

1
–1

–2

–3

–4

1

2

3

2 3 4–1–2–3 x

 c 

O

y

2
–2

–4

–6

–8

2

4

6

4 6 8–2–4–6 x

 d 

O

y

2
–2

–4

–6

–8

2

4

6

4 6 8–2–4–6 x

 e 

O

y

2
–2

–4

–6

–8

2

4

6

4 6 8–2–4–6 x

 f 

O

y

1
–1

–2

–3

–4

1

2

3

2 3 4–1–2–3 x

3 a 

O

y

1

–1

–2

1

2 3 4–1–2–3 x

 b 

O

y

2
–0.5

–1.5

–1

–2

1

0.5

1.5

4 6 8–2–4–6 x

 c 

O

y

1

–2

–1

–4

–3

1

2

3

2 3 4–1–2–3 x
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 d 

O

y

2
–2

–6

–4

–8

4

2

6

4 6 8–2–4–6 x

 e 

O

y

1

–1

2 3 4–1–2–3 x

2
1–

2
1

 f 

O

y

2
–2

–6

–4

–8

4

2

6

4 6 8–2–4–6 x
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