Chapter 4

Practise, Apply, Solve 4.1, page 306
1. (@) 2x? - 6x= A X% - 3

2
(b) 3x?+2x= %xz +2 %

(©
—AX2 + 2x = —4h2 +_£4 %

O
_ 02 10
= 4§< 2XD
(d)
O O
1, .,_10, 5
EX 5X—EDX I%
H > H
1 >
==(x“-10x
5 (< ~10%)

-1.2
= -1.2(x*> +5.5%)
U]
O 50
§x2+—X—§gxz+%%
H 3 H
_20,,05,300
_39 +[BX2§<H
_202.,5 .0
—§§ 270
(9)
O O
4 5 _ 40, 2
_§X -2X _§DX —j%
H ~3H
__40,,12, 300
= 3g< +Dl><4§<E
__40..3.0
= 5% 2
(h)
2 _ 2_09
2.7x 0.9><—ng 2_7%
_ 2 1 0
—2.7§< 3XD

Part 2: Functions

(i)

B H

_ 0. 25 _
== -
_ 0.45(f

(e) d

(f) d= === =(0.229% = Q 050 625

02 0O
0 22.4cf

- —(_ 2 _
(@) =0 =(-119? =12544

3. (@
f(x)=(x* -4x +3

=(x> —4x+4-4) +3
=(x? —4x+4) -4+3
=(x-2)? -1

(b)
f(x)=(x* +6X) -8

=(x*+6x+9-9 -8
=(x*+6x+9) -9-8
=(x+3)% -17

(c)
f(x)=3x% —6x+1

=3(x? -2x) +1
=3(x2-2x+1-9 +1
=3(x? -2x+1) -3+1
=3(x -1 -2

(-1.25° = 15625
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(d)
f(x) = x* - x

2 0 if _o if

- X lez[l 0 20

(e)
f(x) = x* +3x+5

D O
= S( +3X+E§g2 E’;g[ﬂ-5

=§<2 +3x+20_9, 5
40 4

-0.,30 9,20

20 4 4
0 3f 11
_%+§D +
(orf(x) = (x + 1.5} + 2.75)
®
f(x) = —x% +5x -2

= —(x? -5%) -2
82 ¢, ,05f 0508,
5‘ 020 O 2DE
= —%(2 —Bx +2_5 —2_5D_2
4 40
= —§<2 _sx+ 20 2,
40 4
__§_§D2+2_5_§
20 "4 4
- - s, 17
20 " 4

(orf(x) = —(x — 2.5¥ + 4.25)
©))
f(x)

X2 -2.6x-27
(x2-26x+1F-13)-27
=(x*-2.6x+169-169 27
=(x-1.3%> -4.39

(h)
f(x)= x* +5.4x-18

= (x> +5.4x+2F7 -27)-18
=(x* +5.4x+7.29- 729 18
=(x+2.7)% -9.09
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0]

f(x)=x* -3.4x-28
=(x? -3.4x+(-17? -(-179%) - 28
=(x*-3.4x+289-289 28
=(x-1.7)% - 569

4. 9(X) =2 +5x+ 4
Step 1. Factor 2 out of first two terms:

g(x) = ngz +g %+ 4
Step 2: Add and subtract the square of hal-gof

B mﬁ%4

909 = 2@<2+E S0 "mof

Step 3: Move—Dsljz outside bracket and remember to

O
250 _ EQSD
multiply by 2: g(x) =2 +—x— -2=—"+4
ply by 2: 90 =20+ x+=21-252

Step 4: Factor the perfect square and simplify the last term:

o, 50F 25, 32
X)=2 x+ =
WI=20" 90 "8 T8

_2% 552 7

(org(x) = 2 + 1.25)2 +0.875)

5. (@
f(x) = x> =3x+2

_ 0, 0 3cf 0 3rfO
—%( 3X+D_2D D2DE+2

:%( 3x+g|:| g+§
a0 4 4

:%_Eﬁ_i
20 14
(b)

f(x) =2x* +5x- 4

_2% +— X+ ZSD—ZE@D_4

160 Thel

_2% 552 25 32

_2% 5cf 57

(orf(x) = 2 + 1.25)2 —7.125)
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(c) ®
f(x) =3x% —4x+1 f(x):—4x2—7x—2

_2_4.0 - _ _
_3% S XL = 4% +L x 2
_ah2 4 D 2f o ZDZE}Jrl _ 482 +_ Lo ol
273" 030 "o 30k D‘ "og0 TeOE
_qe 4, L A0_gMA0, 490 sz
_3§< 3x o0 DgD +1 45( +— x+alm (4)
=3§2_£X+ED_£+1 _ 0, 70, 4932
39U 3 ~ 080 "6 16
2if 1
o 201 7@2 17
3% 30 3 ‘4%
(d) e o (or f(x) = =4 + 0.875§+ 1.0625)
f(x)=5x° - x-5 )
:5%2_1 0_g¢ f(X)=1.4x° —4.9x- 27
5°0 =1.4(% - 35¢) - 27
=5B(2 1,010 DlDZD . =14x% -3 +178 - 178)- 27
0
o 5 fiod Ciom =1.4(x® - 35x+ 30625~ 14 30625~ .27
1 lg . 01lno _ 2
—sle 2y, 20 5010 g =1.4(x-1759 - 42875 27
% 5" 1000 “CLood A ?

=1.4(x-179% - 6 9875

:55%_&52_ 5 _500 (h)
100 100 100 f(x) = -3.6x% +5.4x~ 1 67
:5% 1 _505 = -3.6(x2 -15) - 1 67
100 100 ,
= 3.6x*-15+078 - 078)- 167
:%_iﬂz_&l
100 20 =—3.6(x2—15x+o7§)—(—3o(07;?— 167
EZ; (4 = 56+ 0.1f + 5.05) - 3.6(x - 0.797 + 2025 1 67
f(x) = -2x% +3x+5 = -3.6(x - 0.79° + 0 355
__o02_3.0 ()
- 2% XD+5 f(x):%x2—4x+1
_ 0.3cf _o 3525 _1(0
1
_ D9D ==(x*-8x+16-14+ 1
1o
- ol 3|]2+9+£) :2(x -8x+16) - 316
40 "8 8 )
— 2
3|j2 49 —E(X—4) -8+1
S
_1 2
(or f(x) = —2( + 0.75)2+6.125) =5 (x4 -7
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0)
f(x)=3x2—5x—2
3
_202_ 15 O
—§§< 2XD 2
0 0
_202 15 05 (150
3@ 2 D4[| D4DE
:2%2 15, +2250_[20P2e0_
3 2 16 U [B16 0
-20, 157 _75_16
3 40 8 8
_20, 150 _91
3 40 8
(k)
f(X):—EXZ Tl
2 8 2
=_30e2,7,0,1
2 120 2

__882,7 070 071

o+ >
20 127 a0 40 2

:_E%z L+ 20 03mapn, 1

2 12" 5760 O 2006760 2
"‘§§< 7f, 49 192
24D " 384" 384
__g( 241
4D " 384
0
f(x)= _fXZ +3 X_i
57 37 10
__400_5,0 3
5 6 0 10
O O
L _5,,0.50_0 552D 3
55 6 0120 01207 10
:_ﬂ%zﬁ ,250.0,4mM250_ 3
5 6 1440 O 51440 10

3
:__% 2D 36 10

__% _54
12D 180 180

_% 12D 180

6. (a) i.
f(x) = x* +10x+ 24

= (x% +10x + 25— 25 + 24
= (x? +10x + 25 - 25+ 24

=(x+5)% -1
Vertex is at (-5, —1).

122

ii. Domain is & | x O R} Rangeis { |y=-1,yOR}

y =x2+ 10x + 24

f(X)=4x% +8x+7

=4(x*+2x) + 7

= 4(x® +2x+1-9 +7
=42 +2x+) - 4+7
= 4(x+1)* +3

Vertex is at (-1, 3).
ii. Domain is & |x O R} Rangeis {y |y=3,yOR}

y=4x2+8x+7

y

:...%:X

f(x) = —2x% +5x —%
_ 2.5 01
= 2%( 2XD 3
_ o5 5,,050 05001
8 2 040 0O 4['@ 8
5 250 (P50 1
= 2% - x+=
o+ 3 X Ten Do s
_ 50f 25 1
= 2%20*5 5

- -5

® 0

Vertex is at —,3

g O

ii. Domain is & |x O R} Rangeis { |y<3,yOR}
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iii.
1
y=-2x2 + 5x——8

@) i
f(x)==x* -3x+4

=—(x2 —6x)+4

X2 —6Xx+9 - 9)+4

I\)ll—‘NII—‘NHI\)HI\)H

=5l
(x2 —6x+9) g +4
(x-3)° —%

Vertex is ath,——

ii. Domain is & | x O R} Range is{”yz—%,yﬂ R}

.
1

y:EX2—3X+4

y
6
4
2
X
1 ] ] L1 |
T IO T NLA 1 T T
-2 j; 2 4 6
(e) i.
f(x) = —2x% +7x-12
:—2%(2—
D
R 7,070 070
0 2 O 4D 0 4DD
7 490 490
= 2x% -~ x+——— (-2 12
% 2 165( )EtLGD
_2§< i, 49 96
:—2%(—Zﬁ—4_7
40 8
a7 47D
Vertex is at — .
b 8O

ii. Domain is & |x 0 R} Range is{”ys—%?,yﬂ R}

Part 2: Functions

iii.
y=-2x2+7x-12
y

l
T T T T T T T
Q 10

f
-6

-10

M i
f(x) = —2x° +7x

St

2
_ z_z 49 490
- 2% .

16 160

_ o2 1,490, 490
= 2§< X+16D (Z)D;LGD

_ _2% T, 49

a7 495
4’ 8O

ii. Domain is & | x 0 R}

Vertex is at —

Rangeis §|y< %a,yD R}
iii.
y = -2x2 + 7x

y
-6
X
e
-Gﬁ 10
-1

Note that this curve is a vertical translation (12 units up) of
the curve in 6(e).

7. ()
d(x) =55 - 3x+1

_5% =x0 Oyq

3rf g 3rfO
=5 2——X+ —— 1
5T o0
3 90 090
=5%% -2 x+———5=—"+1
5( 5 1000 |:HOOD

_ 3rf,

_5% 100 100

03,1

_5% 100 " 20
(ord(x) = 5k — 0.3 + 0.55)
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(b) Axis of symmetry is linex = 1%

03 11
(o’ 200
(d) Sincea > 0,d(x) has a minimum value. This minimum

(c) Vertexis at=—

value isE or 0.55.
100
(e) Domain is & | x O R}.
(f) Rangeisy|y=0.55y0R}
©))

y=5x2-3x+1

8. ()
h(t) = -4.9t2 +248 + 1

= —4.9%2 +%g’§ +1

:—4.9(t2 —a)+1
:_4_9(t2—a+252 —2§)+ 1
=—4.9(t2—a+252)— —4Y( 2%+ 1

= -4.9t -2.5° + 30625+ 1

=-4.9t-29°+ 31625
Maximum height reached by the ball is approximately 31.63
m (to 2 decimal places).
(b) The ball reaches this maximum height wher2.5, ie.
after 2.5 seconds.

9. ()
f(x) = 2% —g X —

1

2
5 01
=2 2—_)( S
% 120 2
_2D2_5 D_5D2_D_5DZD 1
= D( — X+ —_ _ D__
B 127 0240 02407 2

5 250 ,0250_ 1

=2%% -~ x+ -2===
% 12 57GD CB?GD 2

25 144
24D
= 2%( -

288 288
5(f _169
. 5
Vertex has coordinate 2 -

240 288

1690
2880
(or approximately (0.2, —0.6))
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F(x) = 358 -2 x4
4
_ 2.2 0,3
= 3%( + XI]+_
32,2, 00 _oufE, 3
= D( + - X+ s
9" ol o0 4
0l 3
=-3 —x+— -3)=——+—
% 810 = )E81D 4
= -3 +_+_
% 27 4
4 81
_3 -
% 108 108
_3% if, 85
108
Vertex has coordinateg— l , ED.
9'1080

(or approximately coordinates (-0.1, 0.8))
(c)

f(x)— X2 +4x-8

=%(x2 +8x)—8
:%(x2 +8x+16-19- 8

:%(x2 +8x +16)—%(16)— 8

1 2
==(x+4)°-16
L(x+a)

Vertex has coordinates (-4, —16).

(d)

f(x) = —6x° +8,-3
7 7
0 O
:_69(2_3“5_3@2_5_3@2[,3
0 42" 0 420 D42DD 7
= 6§<—3D2+6D—1D2—E
42D O 420 7
0lo. 3
6 —_——
% 14D (hoed 7
:%% 1ﬁ 3 _42
140 98 98
- oL 20
140
Vertex has coordinate 1 ’_§D
98l

(or approximately (0.1, —0.4))

10. y=0.4¢ - X+ 3.5
Step 1: Factor 0.4 from the first two terms
y=0.4(x* -5%) +35
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Step 2: Add and subtract the square of half of -5 inside the  (b)

bracket. h(x) = —2>% +5x-1

y = 0.4)% - 5 + (-2.5f— (-2.5%] + 3.5

Step 3: Group the terms that form the complete square, and = —2%2 -—— xg 1

move the subtracted value ouside the brackets, remembering

to multiply by 0.4. 2D 0. 5cf 0 5070
y = 0.4p¢ — 5 + (—2.5f] — 0.4(-2.5} + 3.5 o 5‘ 2 020 O a0 5‘
Step 4: Factor the completed square and simplify the last

term. 2% 552 [255 1
y=0.4k—-25f-25+35 D16D
y=04k—-25F+1

The transformations which have been applieg£oé to —2% 552 25

obtain this equation are:

(i) a vertical stretch (compression) with factor 0.4 5D2 17

(ii) a horizontal shift 2.5 units to the right 2%

(i) a vertical shift 1 unit up 17
OD={x|xOR} R={yly< E,yD R}

11,
5 ) (©)
y=-446x7 + 3345~ 1478 1,2 .3
3345 R=5X 73"
= 446 ~= 21478
:E%Z_EXDJFE
= —44gx* —7.5x)—1478 20 304
o oA _10, 4 o2f o 2rf0 3
= —44x* - 75+ 378 - 378~ 1478 T2 3% aE0 oy
- _ 2 _ — (- -
= —446(x* - 7.5+ 378) - (- 44 378~ 1478 :1§<_EDZ_EDED+§
= —446(x - 379 + 6271875 1478 207 30 2060 4
= -446(x - 3.757 + 4793 875 :1%_352 ~2,3
200 30 9 a4

According to this model, the yield (represented/plas a
maximum value wher = 3.75. 0 3.75 metres of water / 1 % 2[% 8 27

hectare will produce the greatest yield. 300 36 36
12. I < 12— 20 :1% 2f , 19
theri? —12+20<0 30 36

(B—12+36—36)+20<0

_ _ 19
(—12+36)—36+20<0 0D ={x|x0OR} R—{ylyz%.yDR}

t(—6f—16 <0 (d)
tE 65 <16 k(x)=0.1¥¢ - 0.5x+ Q3
—-4&-6<4 _ 9
2t<<10 —0.1(X _5X)+ 0.3
O t can be any number between 2 and 10. .o, D_5EF 0 SDZD
=0.1x? 5x+D 0050 +0.3
13. (a) g8 2 2-g8
g(X) = +3x-4
=0. 1§< . E25D+ 0.3
= x? +3x+EEDZ —E§D2—4
2y e 0.1k 50 _0625+0.3
=0.1x-——- —-0.625+0.
_ % 3f_9_ 20
20 4 =0.1(x-25%- 0325
:%+§D2_E_E OD={x|xOR} R={y|y=2-0.325y0R}
20 4 4
14. Each of the various forms of the equation of a quadratic
= % 3EF _2 function provides a different set of information about the
20 4 function. All quadratic functions have parabolic graphs and
OD={x|xOR} R={yly> 25 ,yOR} the general shape and even the direction of opening is clear

from any of the equation forms. Further to this, the standard
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form, f(x) = ax + bx + ¢, provides the-intercept (0¢).

However, if information about the maximum or minimum
value of a quadratic function if required, the vertex form of its
equation will provide this. In vertex forrf(x) =a(x—p) +q,

the coordinates of the vertey, () locate the position of the
maximum or minimum point on the parabola.

The equation of a quadratic function in standard form may be
transformed to vertex form by the method of “completing the
square.” The steps are as follows.

Givenf(x) =ax + bx+c:

1. Factor ‘a’ out of the first two terms.

_O2.b.0O
f(x) = an2 toXghe
2. Add and subtract the square of hke)tlﬁnside the bracket.

ob f DbﬁD

f -a + + c

3. Group the perfect square terms and move the subtracted
value outside the brackets, remembering to multiply by ‘a’.

O,,b, ,0bf8 obcf,
f(x)=ax +—x+
(9 =a0¢ + X+ o A *
4. Factor the perfect square.

bf _obcf, .

f(x)= an+ a0l DZaD

Practise, Apply, Solve 4.2, page 314
1. (a) i
f(x)= x* -5x-8

=0 -5+ 22204

4 40
_0e x4 2902532
40 4 4
:§_Eﬁ_ﬂ
20 4
Vertex has coordinate% , —5775

ii. Function has a minimum value sirce 0.

5 .
iii. x= > produces this minimum value.

iv. The minimum value is %7 (or —14.25).

(b) i.
f(x) = —2x% +16x-17

= —2(x2 —8x)—
= 2(x? -8x +16-14- 17
= 2(x* -8x+16 - (-)(- 14 - 17

= -2(x - 4)* +15
Vertex has coordinates (4, 15).
ii. Function has a maximum value sirece 0.
iii. Maximum occurs wher= 4,
iv. Maximum value is 15.
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© i
f(x) = -4x° -6x-5

:4% =X U g

90
=—4 +— — -5
% 16 160

_B90_
4§< += X+1_6D (4)Etl._GD 5

__4% 3 _ 11

Vertex is atD—§ 11D
04’

ii The function has a maximum value siace 0.

(or (-0.75, =2.75)).

iii. Maximum value occurs whexre= —% (or =0.75).

iv. Maximum value of the function islz1 (or =2.75).

@) i
f(x)= —% x* +2x-9

—%(x2 —4x)—9

= —%(x2 —4x+4-4-9

:—;( 4x+4 ——%4
—%(x—z)z—

Vertex is at (2, -7).

ii. Function has a maximum value sirece 0.
iii. Maximum value occurs where= 2.

iv. Maximum value of the function is —7.

2. (a) f(¥) = (x— 3) — 8) hast-intercepts at (3, 0) and (8, 0).
The vertex is halfway between these intercepts and so its

+
x-coordinate is%3 or 5.5. The correspondirygcoordinate

is found by substituting 5.5 forin the function equation.
f(5.5) = (6.5-3)(5.5-8)

= (2.5)(-2.5)

=-6.25
Vertex has coordinates (5.5, —6.25). Siace0, the parabola
opens up.

(b) f(x) = -2 — 1) + 2) hasc-intercepts at (1, 0) and
(-2, 0). Thex-coordinate of the vertex %# or-0.5.

They-coordinate i$(-0.5).
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