UPSKILL 2.1a

1(a) 6x2 —7x—3=0
6x2 —7x=3

_r_,u
12 12
_r.n _1ru
12 12 12 12
3 1
X== X=-=
2 3
(b) 2p?-10p+3=0
2p2-10p=-3
2 3
—5p=-=
p™-5p=—2
2 2
) 5 3 (5
“5p+|—-=| =—=+|-=
P [ 2) 2 ( 2]
2 25 3 25
-S5p+—=—-+—
PP Ty
,_5) 10
2 4
5 _[19
4 ==
P73 4
5 [19 5 [19
p==+,— or == |=
2 V4 2 V4
p=4.679 p=0.321
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1

2(a sZ4l=——s
(@) 3

352 13+10s =0
352 +10s+3=0
_ ~10+102 - 4(3)(3)
- 2(3)

,_—10+/64
6

s=—1 or -3
3

1v-2
v+3 -
1lv—2=2v% +6v
2v2 _5v+2=0

,_ 555’ -@)

2(2)

(b) 2v

V= % or2
(c) 8+x(2x+35)=10x(2x-1)
8-+2x2 +35x = 20x% —10x
18x% —45x-8=0
L (452 4(18)(-8)

2(18)
45+51
X =
36
1
X=— or —=
6

3@ (x-D(4x-9)=10x-5
4x% —13x+9=10x—-5
4x% ~13x—10x+9+5=0

4x% —23x+14=0
EE: V(-23)% - 4(4)(14)
2(4)

. 23++/305
8
X =5.058 or 0.692
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Z 2
b —+4=1z
(b) )

7+12 =372
372 -7-12=0
L 1++/(-1)? - 4(3)(-12)
- 2(3)

1+ 145
6
z=2.174 or -1.840

=

2
©) y2+3y 1:2
y"-y-1
2 _9y2
yc+3y-1=2y°-2y-2
y2 —5y-1=0

_ 514/(-5)%-4(-1)
Y= 2
5+429
2
y=-0.193 or —0.193

4
i 39 -2x I
X ' X
X 1 I_X_-
24 — 2x
X__I :_X__
X X

Total area of the four pieces of wood
= 39%x24 — (39 -2x)(24 -2x)

— 936036 78x — 48x + 4x2)

= 126X —4x?

It is given that the total area of the four
pieces of wood =180 cm?

—4x% 1126x= 180
4x% —126x + 180 =0

| 126+/(-126)2 - 4(4)(180)
o 2(4)

‘= 126+,/12 996

- 8
x=150r30
x = 30 is not accepted.
x=15
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UPSKILL 2.1b

1() S.OR.= g+1 i
3 4 12
1
6
The quadratic equation is
X2 e x+l =0
12 6

12x%2 ~11x+2=0

PO.R. = g><— =
3

FNQE

(b) SO.R. = -5+4=-1
P.OR.= 5x4=-20
The quadratic equation is

X2 +x-20=0

(c)SO.R.= -3-3=-6
P.O.R.= (-3)(-3)=9
The quadratic equation is
X2 +6x+9=0
@)SsOR=2-2_4
3 5 15
P.OR.= z>< 2 __4
3 5 15
The quadratic equation is

15x% —4x—-4=0

(€) SOR. = —3_% __71

POR=-3-1]=2
2) 2

The quadratic equation is
X2 + ! X+ 3 =0

2 2
2x% +7x+3=0

2(a) 2x2 +4x-7=0

SOR=-2__%__

pOR=S-_1
a

(b) 3h2 —10h+5=0

SOR.= E P.O.R. = >
3 3
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3(a) 2p®+2p-3=0
Therootsare ¢ and S.

Sum of roots = —E
a

2
+fB=—"=-1
a+p >

Product of roots =

oo

The new rootsare a+2 and S+2.
SOR. =(a+2)+(f+2)
=a+pf+4
=-1+4
=3

POR.=(a+2)(B+2)
=af+2(a+p)+4

3
-—+2(-1)+4
52D
1
2
The new quadratic equation is
2 1
-3p+==0
p p 5

2p2-6p+1=0

(b)  The new roots are 2 and 3.
(24

SOR.= 3+E
a p

_2Aa+p)

N
X

AN

P.O.R.

I
|4> Q

|~ %
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The new quadratic equation is

, 4 8
——p-==0

P3P

3p%2-4p-8=0

4(a) 2t°-5t+1=0

The roots are oz and 5.

Sum of roots = —E
a

5
+p48==
a+p >

c
Product of roots = —
a

s

The new roots are % and 5'

IR ol wn o

X

w |

P.O.R.

|H‘°W‘ch§bw

-
0]

The new quadratic equation is

2-21 L g
6 18

18t2 —15t+1=0

(b) The new roots are 3—« and 3— 4.

SOR.=3-a+3-5
=6—(a+.3)
5

=6——
2

7
2
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P.OR.=(3-a)(3-5)
=9—(a+p)+af
=0 —4+=

2 2
=7

The new quadratic equation is

2-Tii7-0
2

22 - 7t+14=0

5 x2 +9x+9=0
The roots are o and 2« .
b

SOR.=——
a

a+2a=-9
3a=-9
a=-3

POR =S
a

ax2a=(

q=2(-3)*=18

6 5x° + px+1=0
The roots are o and 5« .

S.OR.= —E
a
a+5a:—£
5

6o =2

5

a=-FL

30
POR.= &
a

0(><50:=l
5

50(2=1

5

2

5[_£j L
30 5
1
900 25
2_ 900

P ="
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4

2 900

)
p? =36
p=16

7 2x° —([d+3)x+d =0
The roots are o and 4« .

SOR.= _b
a

a+da =m
2

2(a+4a)=d+3
10 =d+3 ... (1)
d+3
oa=——
10

N o
x O
> Pyl
1
| o

R
I

EaN
]

)
Il

aZ

d+3)° 3
10
d+3?%
100
d+3?%
25
2(d +3)? = 25d
22 +6d +9)=25d
2d2 +12d +18—25d =0

2d? -13d +18=0
(d-2)(2d-9)=0

00|Q- N|Q_ l\)|Q- o

d:20rg
2

8 2x%2 +hx—4=0
The roots are 4 and k.

S.O.R.==—E

a
k+4:—D
2
2k+8=-h

h=-2k-8 ... (1)
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UPSKILL 2.1c

(@]

POR.= =
a

.. 1(a) x2-3x>0

2 X(x—3)>0
k=1
2

From (1) : h =—2(—%j—8= -7

o\__3

9 8x%+26x+k=0 _ _
The required range of values of x is

The roots are —g and m. x<0or x>3.
b (b) 4x2-9<0
SOR.= Py (2x+3)(2x-3) <0
26
——tm=——
2 8
M- 26+5
===, - x
3 2 2
m= —Z
The required range of values of x is
3 3
POR.= < TpEXEy
a
5 k
-3M=3 () x*>-3x—28>0
X x+4)(x-7)>0
5

S-3- h\ /A
B8 8 A X

The required range of values of x is
X<—4 or x>7.

(d) x?+17x-18<0
(x+18)(x-1) <0

The required range of values of x is
-18<x<1.
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(€) 6-11x—10x% >0 The required range of values of x is
2
10x? +11x—-6<0 —ESXSE.
(2x+3)(5x-2) <0

Q) X(x—2)<8

x2 -2x-8<0
(x+2)(x-4)<0

\

The required range of values of x is

Sex<2

2 5

X

The range of values of x is —2<x<4,
(f)12+11x—15x° >0

15x? ~11x—12<0 () (2x-17>9
(5x+3)(3x-4)<0 4x2 —Ax+1-9>0
4x% —4x-8>0
x2-x-2>0
(x+D)(x-2)>0

b \_ 4

The range of values of x is —g <x< 4 .

\
>

) 3 The required range of values of x is
)} 10x“ >13x -4 x<-1or x>2.
10x? —13x+4>0
(2x-1)(5x—4) >0 (K)  (x+1)(x-5)=16
x2 —4x-5-16>0
x2 —4x-21>0
(x+3)(x=7)>0
= X
1 4
2 5
- X
The required range of values of x is

a1

1 4

X<—0r X>—.
2 5

The required range of values of x is
X<=3or x=7.
(h) 11x+10 > 6x°

6x% —11x-10<0
(3x+2)(2x-5)<0
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2 1<x®4+3x+1<1.

The first inequality is
~1<x%+3x+1
X% +3x+1+1>0

X2 +3x+2>0
(x+1)(x+2)>0

A _A

The range of values of x is
x<=2or x>-1...(1)

The second inequality is
x? +3x+1<1

x% +3x<0
X(x+3)<0

The range of values of x is
-3<x<0 ...(2)

Combining (1) and (2) :

The required range of values of x is

-3<x<-2or -1<x<0.
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UPSKILL 2.2a

1(a) 2x%>-8x+3=0
b? —4ac = (-8)% — 4(2)(3) = 40

Since b? —4ac > 0, then the quadratic
equation has real and distinct roots.

(b) 3x%> -2x+9=0
b? —4ac = (-2)% — 4(3)(9) = -104

Since b2 —4ac <0, then the quadratic
equation does not have real roots.

(©) x2 +10x+25=0
b? —4ac =102 — 4(1)(25) =0

Since b? —4ac =0, then the quadratic
equation has real and equal roots.

(d) —2x% +6x+3=0
b? —4ac =62 —4(-2)(3) =60

Since b2 —4ac > 0, then the quadratic
equation has real and distinct roots.

(e) 3x*>—6x+4=0
b? —4ac = (-6)% — 4(3)(4) = —12

Since b2 —4ac <0, then the quadratic
equation does not have real roots.

(f) 4x? -12x+9=0
b2 —4ac = (-12)> - 4(4)(9) =0

Since b2 —4ac =0, then the quadratic
equation has real and equal roots.

UPSKILL 2.2b

1 (a) x2—2hx+3h+4=0

a=1b=-2hc=3h+4
b? —4ac =0
(-2h)? —4(1)(3h+4) =0
4h?-12h-16=0
h? -3h—-4=0
(h+1)(h—-4)=0

h=-1or4
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(b) x> —2(3+h)x—h-1=0
a=1b=-2(3+h),c=-h-1
b? —4ac =0
[(-2@+n) -4@)(-h-1)=0
4(3+h)% +4h+4=0
(B+h)? +h+1=0
h? +6h+9+h+1=0

hZ+7h+10=0
(h+2)(h+5)=0
h=-2 or -5

(©) hx2 +8x = 8hx—36
hx? +8x —8hx+36 =0
a=h,b=8-8h,c=36

b2—4ac=0

(8—8h)2 —4h(36) =0
64—128h+64h% —144=0
64h% —128n—80=0

4h? -8h-5=0
(2h+1)(2h-5) =0
h:—1 or 5
2 2

d) B-h)x%?+h+1=2(h+1)x
B-h)x% —2(h+Dx+h+1=0
a=3-hb=-2(h+1),c=h+1

b2 —4ac=0
[-2(h+1)]? -4@-h)(h+1)=0
4h+1)%-43@h+3-h%-h)=0
(h+1)? —(-h?+2h+3)=0
h? +2h+1+h?-2h-3=0
2h?-2=0
h?-1=0
h=x+1
2 x2+2kx=5p-1
x? +2kx+1-5p=0
a=1b=-2k,c=-5p+1
b? —4ac=0
(-2k)? —4(1)(-5p+1) =0
4k% +20p-4=0
k?+5p-1=0
5p=1-k?
_1-k?2
5

p
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3 3mx+q=2—2x2
2x2 +3mx+gq-2=0
a=2b=3mc=q-2

b? —4ac=0
(3m)? -4(2)(q-2) =0
9m? -8q+16=0
8q =9m® +16
_9m?+16
8

4(a) x%+k=kx-3

X2 —kx+k+3=0
a=1b=-k k+3

b2 —4ac>0
(k)2 =41 (k+3) >0

k2 _4k-12>0
(k+2)(k-6)>0

NV

Hence, the required range of values of k is
k<-2ork>6.

(b) kx? +k =6—8x
kx? +8x+k—6=0
a=k,b=8c=k-6

b2 —4ac >0

8% —4k(k—6) >0
16 —k(k—6) >0

16-k2 +6k >0

k?-6k-16<0

(k+2)(k—8)<0

N

The required range of values of k is
-2<k<8.
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x? + 2k = (2k —3)x
x? —(2k —3)x+2k =0
a=1b=-(2k-3),c=2k
b% —4ac >0

(©

[~ (2k-3)] —4@)(2k) >0
4k% 12k +9-8k >0

4k%2 -20k+9>0
(2k —9)(2k -1) > 0

N =
r| o

The required range of values of k is

k<l ork>g.
2 2

5 () x? —dx+d+3=0
a=1lb=-d,c=d+3
b? —4ac <0
(-d)? —4(@)(d +3) <0

d?-4d-12<0
(d+2)(d-6)<0

6

The required range of values of d is
-2<d<6.

dx? +4dx = -9 x2
(d +1)x2 —4dx+9=0
a=d+1,b=-4d,c=9
b? —4ac <0
(—4d)? —4(d +1)(9) <0
16d2 —36(d +1) <0
4d%-9(d +1) <0

4d2%-9d-9<0
(d-3)(4d +3) <0

(b)
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ESIS)

The required range of values of d is

—§<d <3.
4

(©) (2-3d)x? +2=(d —4)x
a=(2-3d),b=—(d-4),c=2
b? —4ac <0
[-(d-4)P-4(2-3d)(2) <0
d?—8d +16—16+24d <0

d?+16d <0

d(d +16) <0
AN

/

The required range of values of d is
-16<d <0.

2x% —tx+1=2x-1
2x% —tx—2x+2=0
a=2b=-t-2c¢c=2
b? —4ac >0
(-t-2)2-4(2)(2) =0
t? +4t+4-16>0

t24+4t-12>0
(t+6)(t—2)>0

NV

The required range of values of k is
t<6ort=>2.
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UPSKILL 2.3a

1(a) f(x)=9x>—-12x+8

Since a> 0, then the graph has the shape
of L.

(b) g(x) =—2x> —5x+3
Since a <0, then the graph has the shape
of M.

(© h(x) = (x+1)> -4
Since a >0, then the graph has the shape
of U.

(d) m(x) =1-(2-x)?
Since a <0, then the graph has the shape
of M.

UPSKILL 2.3b

1 (a) The shape of the graph is w and it
touches the x-axis at only a point.

Its function is d(x) = 4x2 —20x+25
because (—20)2 —4(4)(25) =0

(b) The shape of the graph is U and it
intersects the x-axis at two different

points.
Its function is p(Xx) = x? —6X+8
because (—6)? —4(1)(8) =4 (> 0).

(c) The shape of the graph is m and it does
not intersect the x-axis.

Its function is q(x) = —2x% -3x-4

because (-3)2 —4(—2)(-4) =23 (< 0).

(d) The shape of the graph is m and it
intersects the x-axis at two different

points.

Its function is h(x) = 5X—6-—x° =
—x2 +5x—6 because

52 _4(-1)(-6) =1 (> 0).

(e) The shape of the graph is W and it does
not intersect the x-axis.

Its function is k(x) = X2 —2x+4
because (—2)2 —4(1)(4) =-12.
(f) The shape of the graph is m and it

touches the x-axis at only a point.
Its function is

m(x) =8x—16— x? =—x% +8x-16
because (8)° —4(~1)(~16)=0.

© EPH Publishing (M) Sdn. Bhd. (473626-T) 2021

2 (a) No real roots
(b) Real and distinct roots
(c) Real and equal roots
(d) No real roots
(e) Real and equal roots
(f) Real and distinct roots

3() f(x)=-2x>+3x-4
b? —4ac = 3% —4(-2)(—4) = 23 (< 0)
The graph of f(x) will not intersect the x-
axis.

(b) g(x)=4x>-3x-5
b? —4ac = (-3)® — 4(4)(-5) =89 (>0)
The graph of f(x) will intersect the x-
axis.

©) m(x)=(x-2)>+3
=x?—4x+4+3
=x2 —4x+7
b? —4ac = (—4)% - 4(1)(7) =12 (< 0)
The graph of f(x) will not intersect the x-
axis.

(d) n(x) =5-(2x+1)2
= 5—(4x2 +4x+1)
=—4x% —4x+4
b® - 4ac = (-4)% - 4(~4)(4) = 80 (> 0)

The graph of f(x) will intersect the x-
axis.

4(@@) f(x)=x2—(w+4)x+1
b? —4ac=0
[ (w+a)F -4@)@ =0
w2 +8w+16—4=0
w2 +8w+12=0
(w+2)(w+6)=0

w=-2 or -6

(b) g(x) = X2 —WX+W+3
b? —4ac =0
(~w)% -4 (w+3) =0
w2 —4w-12=0
(w+2)(w—6)=0

w=-2 or6
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(c) h(x)= (4—2W)x2 +3wx—2w-1

b? —4ac =0

(3w)? — 4(4 - 2w)(—2w—1) = 0
ow? —4(—6w+4w2 —4):0
ow? + 24w —16w? +16 =0
—7W? +24w+16=0

(©) m(x)=x2+(2—2p)x+2p+1
b? —4ac>0
(2-2p)% —4W)(2p+1) >0
4-8p+4p?—-8p-4>0
4p?-16p>0
p2—4p>0

w2 —24w-16=0 p(p-4)>0
(w=4)(7Tw+4)=0

w=4 or _4
7
p
5(@) f(x) =3x° + px+3 6\/"1
b? —4ac >0
? g The required range of values of p is
p=-4(3)(3)>0 p<0or p>4.
p?-36>0
(p+6)(p—6)>0 6(a) f(x)=0x*+6x+q-8
b? —4ac<0
62 —4q(q—8) <0
P 36-4q% +32q<0
—M 2
—4q° +329+36<0
The required range of values of p is qz ~89-9>0
p<—6or p>6.

(9-9)(g+1)>0

(b) g(x) = px2 +(p+)x+p+1
b% —4ac >0 N‘ A
(p+1)%-4p(p+1) >0 \/ q
-1 9

p2+2p+1—4p2—4p>0

2
-3p°-2p+1>0 The required range of values of q is
3p2+2p-1<0 g<-lorqg>9.

(p+D)@Bp-<0
(b) g(x) =4x% +4(3-q)x+1

b2 —4ac <0
[4(3-a)]* - 4@ <0

-p 16(3-0)2 -16<0
1
'W (3-q)%-1<0

The required range of values of p is 9—6q+q2 _1<0
1
-1< p<§. 9% -6q+8<0

(d-2)(q-4)<0
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The required range of values of q is (©) q(x) = %2 1 8x—1

2<q<4.
= 2(x2+4x—lj
2

(c) m(x) = x2 +(Q-Dx+q+2

2 2
b? _4ac <0 _ Z{M{f) _[EJ _1]
(a-1)% - 4()(q+2) <0 2) \2) 2
9% -2q+1-4q-8<0 = 2[x2+4x+4—4—%j
q2—6q—7<0
(q+1(@-7)<0 - [(Hz)z_g}

=2(x+2)*-9
\ / Minimum value = -9 when x = -2
- (d) m(x) =5-4x—2x°
V7 5
= —Z(XZ +2X ——j
2

The required range of values of q is ) N2 ()2 5
-1<q<7. =-2| X“ +2X+ 573 3

- —z(x2 +2X +1—1—gj

=—2[(x+1)2 —ﬂ

UPSKILL 2.3c
) =-2(x+1)%+7
1(a) f(x)=x"-2x+3 Maximum value = 7 when x =-1
2 2
2 (-2) (-2)
=X _ZXJ{ 5 } { 5 +3 (€) n(x) =5x%+8x-10
=x%-2x+1-1+3 :5(x2+§x—2j
= (x—1)2+2
Minimum value = 2 when x = 1. 5,2, 8,,(1.8 2_[1X§ 2_2
5 2 5 2 5
(b) g(x)=2+6x—x2 , 8 16 16
= _[x2 =5 X +=X+——-—-2
——(X —GX—Z) ( 5725 25 j
2 2 - A
_ _ 2
=— x2—6x+(—6j —(—GJ -2 5[y 2 86
2 2 5) 25
(2 —6x+9-9-2) N2 68
— l 2 J =5 X+—| ——
——(X—3) -11 5 25
=—(x-3)2+11 i 2 66'
Maximum value = 11 when x = 3. = (x+gj 5
Minimum value = —— when
4
X=——.
5
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()] p(x)=6x—9—4x2 4 g(x):4—3x—dx2

2 2
:—4(x2—§x+gj k2 3(3) (34
2 2d 2d) d
2 2
= 4| XZ—EX _g — _E +g d 2 3 9 9 4
2 4 4 4 =0 X+ =t | 5 |7
4d 4d d
2
:_4(X2_§X+g_i+gj =—d x+i + S +4
2 16 16 4 d d
2
=—4 x—gj +£ Maximumvalue:A'—1
4 16 8
9 41
2 — 44=——"
=4 _3)y LA 4d 8
4 4 9 9
Maximum value = —— when 4d 8
d=2
3
X=—. 5
4 5 f(x)=-3x"+ px+18
2 f(x)=x2+6x+k =—3( Z—EX—G)
2 2
2 6 6 I 2 2
= —| -|= k
X +6X+(2] [2) i =-3 X2—£X+(—£ —(—E -6
3 6 6
=x% +6x+9-9+k -

2 2
=(x+3)*-9+k -3 x2—£x+[—J—(p—]—6
Minimum value = -2 L 3 36 36

—O+k=-2 r 2 9
k=7 :_3(_£j _p__6
6 36
3 m(x)=3x(2-x)+q - )
2 P p2 18
=6X— =3 X——| +|— |+
6X—-3x"+0 5 12
= —z(xz —ZX—%j Maximum value = g when x = -2
2
_9\2 (o2 Maximum value = [p—}rw when
=3 x2-2x+| 2| | == 4 !
2 2 3 0
=%
=—3(x2—2x+1—1—3j
3 By comparison, gz—z

—aA(x_pn2_1_9 -
= 3[(x 1% -1 3} p=-12

= —3(x-1)% +3+q 2
_ 12
Maximum value =5
3+g=5 q:[ﬁj+18=12+18=30
q=2 2
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6 f(x)=tx?>—12x+20

L1212 (122 20
| G B e el
t 2t 2t t
[, 12 (36) (36) 20
=t X ——+| = || = |+—
| t t2 t2 t
( 6)2 (36] 20]
t t2 t

f(x) has a maximum value when x :g .

But it is given that f(x) has a maximum
value when x=-2.

By comparison, % =-2

t=-3

Maximum value = —?ﬁtzo

:—§+20
-3

=12+20
=32

© EPH Publishing (M) Sdn. Bhd. (473626-T) 2021

UPSKILL 2.3d

1(@) g(x)=a(x—h)2+k
From the graph,
g(x)=a(x-3)% -2
By comparison, h=3 and k =-2

(b) g(x) =a(x-3)* -2
When x=0, y=-6

g(0)=a(0-3)2-2=-6
9a=-4
4

a=——
9

(c) The equation of the axis of symmetry is
x=3.

2 (a) Equation of axis of symmetry is
-1+3
X =
2

x=1

(b) f(x)=a(x—h)?+k
But it is given that
f(x)=a(x-1)%-5
Hence, h=1 and k =-5

(c) Whenx=3,y=0.
f(3)=a@3-1)%-5
0=4a-5
5
a=—
4
3 (a) The equation of the axis of symmetry is
(o 1r3

2
X=2

(b) f(x)=a(x—k)%>-4
X=K
It is found in (a) that x=2.
By comparison, k = 2.

© f(x)=a(x-2)>-4
The coordinates of the minimum point
are (2, 4).

(d) Whenx=1,y=0
f(x)=a(x—k)% -4

0=a(l-2)°-4
a=4
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(e) When the curve is reflected in the x-axis,
each term will change, i.e.

f(x)=—-4(x-2)% +4

(f) When the curve is reflected in the y-axis,
the value of h will change, i.e.

f(x)=4(x+2)> -4
UPSKILL 2.3¢

1@ f(xX)=(2x-3)(x+2)

=2x2 4 x—6

= Z(X2 +§—3j
2

2 2
, ng{LJ [L] _3}
21 2(2) 2(2)

The minimum point is —1,—6l )
4 8

The y-intercept is —6.

. 1
The x-intercepts are 15 and 2.

The equation of the axis of symmetry is
1

X=—-=.
4

© EPH Publishing (M) Sdn. Bhd. (473626-T) 2021

(b) 9(x) = @+ x)(3-2x)

2
:_Z[X_E\J +§

The maximum point is i 3l .
4 8
The y-intercept is 3.

The x-intercepts are —1 and 1% .

y
)
(

ISIN

hH o 11;

The equation of the axis of

symmetry is x :% .

(c) h(x) = 3x% +12x-4

ot
vt
Aol 8 (4]

:3(X2 +4x+4—4—%)

—3l(x+2)2 -16]
= 3(x+2)°-16
The minimum point is (-2, —16) .

y-intercept = 4
On the x-axis (y = 0),

3x2 +12x—4=0

15 EXCEL Additional Mathematics SPM



e E V122 —4(3)(-4)

(&) n(x) =1-2x— X2

2(3) =—x%-2x+1
1244102 ——x?+2x-1)

6 ) 2V (2
x=-4.31 or0.72 =~ X“+2X+ 5 713
The curve intersects the x-axis at
(-4.31,0.72). :_(Xz +2X+1_1_1)

y :—[(x+1)2—2l
=—(x +1)2 +2
The maximum point is (-1, 2).
\ / > -intercept = 1
-4.31 ol op1 y P
On the x-axis,y =0
-4 —x%-2x+1=0
2 _
(-2, -16) X“+2x-1=0
. — 24422 —4(1)(-1)
The equation of the axis of 2(1)
symmetry is x=-2. _2+.8
2 20
(d) m(x) =2x"+7x+11 x=0.21 or 0.41

=2 x2+Zx+l—1
2 2
=2 x2+1x+(lxz)2—(lx1]2+
2 2 2 2 2

7. 49 (49

16

11

)

=2(x2 +

A
2l

2
:

The minimum point is
)

1= 4=
y-intercept = 11

7
X+—
4

39
+_
16

39
+_
8

4" '8

¥

3 7
12,41
(0]

The equation of the axis of

. 7
symmetry is x = 7

© EPH Publishing (M) Sdn. Bhd. (473626-T) 2021

)

The curve intersects the x-ax
(-2.41, 0) and (0.41, 0).

4

is at

E] /
2
1.2
\
2241 ol o4

The equation of the axis of

symmetry is x=-1.

() p(x)=2x—3-2x>
=-2x% +2x-3

= —ZEXZ —x+§)
2

16
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The maximum point is E—E .
2 2

y-intercept = -3

The equation of the axis of

symmetry is x = % .

2(a) f(x)=(x—2)%-(2x-3)2
:x2—4x+4—(4x2—12x+9)
= X2 —AX+4-4x% +12x -9
~3x% +8x-5

—3(X2 —§x++§
3 3

=—3(x2—§x+16—16—5J

- de 8 (8 Y ( 8 Y.s
3 (23 (A©)] 3

=-3 x? —§X+E—§+§
9 9 3

The maximum point is ﬂl .
33

y-intercept = -5

At the x-axis (y = 0),

—3x2 +8x-5=0

3x% —8x+5=0

(3x-5)(x-1) =0

x=E orl
3

The curve will intersect the x-axis at

5
(1, 0) and [5 Oj

© EPH Publishing (M) Sdn. Bhd. (473626-T) 2021 17

(b)

(b)

(13.3)

w| =

w| =

T

3 (a) g(x):%[(x+5)2+(x—3)2]

:%(xz +10x+25+x2—6x+9)

=1(2x2+4x+34)
2
=x2 £ 2x+17

2 2
=x? +2x+(3) —(EJ +17
2 2

=x2 4 2x+1-1+17
=(x+1)?+16

The minimum point of the curve is

(-1, 16).

y-intercept = 17

17
(-1,16)
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4 (a) f(x)=x2+px+5 5() g(x):—x2+hx—4
2 2 2
=—|x“—hx+4
e piof 2 (2] s -t 4)
2 2 2 ()2
2 2 = - x2—hx+[—j —[—j +4
x2+px+pT—p—+5 2 2
h

4

2 2 =
:(X+EJ —p—+5
2 4

) —_
Minimum point is [—g,—p—+5J [

4
hjz h?
. . (1 = X=o | t— 4
Given minimum point is (q, Zj 2 4
. p? 11 h R
By comparison, —T+5=I Maximum pointis | —, ——4 |.
2 4
2 _
—pT+20=11 Given maximum point is (k, —3).
p2 =9 h2
p=3 By comparison, 7—4:—3
h? =4
__p__3 h=2
f 2 2
(b) f(x):(x+§] -2 45 2 2
2 h)? h?
—(x+§j L (b) —(x——) L
2 2
Minimum point is —§, 1—1 i.e. = —[x—zJ +2——4
2 4 2 4
2
(_]i,zﬁj_ =—(x-1)*-3
2 4 Maximum point is (1, —3).
y-intercept = 5 y-intercept = -4
y y
A A
» X
o
(1,-3)
5
-4
g |
(0]

© EPH Publishing (M) Sdn. Bhd. (473626-T) 2021 18 EXCEL Additional Mathematics SPM



6 (3) f(X)=2x>—7x+5 y

A
= Z(XZ —%x+g
2 2 5
[[ . )g]
2 2x2 2x2 2

+ [
16 16 2) 0 -

'H)
=<
N
|
=
+
| &
|
| &
| o

—r
~ =

—_
-
Sl
|
—
| —

- (7 9) . (b)
Minimum pointis | —, —= |, i.e.
4 8
(12,_11 .
4 8
y-intercept =5

On the x-axis, y=0

2x2 —7x+5=0
(x=1(2x-5)=0

3
x=1 or S 23
2
Hence, the curve intersects the x-axis at

(,0) and (2% oj
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7(a) f(x)=-10+7x—x> (b)

= —x2+7x-10 y
= —(x2 —7x+10) A
2 2 10
S OV VO L I (4
~pe-mel-3) -(-3] ”o} ©,4)
2o %§+10]

GL]

Maximum point is G %), ie.

[31, ZEJ .
2 4
y-intercept = -10
At the x-axis, y=0
~x%24+7x-10=0
X2 —7x+10=0
(x=2)(x-5)=0
x=2o0rb5
Hence, the curve will intersect the
x-axis at the points (2, 0) and (5, 0).

X 0 6
f(x) 10 4
Yy
R

6, -4)

-10
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UPSKILL 2.3f

1 y=m(x-3)-1...(1)
y:x2—3x .. (2

Substitute (2) into (1) :
X2 —3x = m(x—3)-1
x? —3x =mx—3m-1
x2 —3x—mx+3m+1=0
a=1,b=-3-mc=3m+1
b? —4ac=0
(-3-m)? —41)(3m+1) =0
9+6m+m?—12m-4=0
m? —6m+5=0
(m-5)(m-1)=0
m=5orl

2y=nx-2 ...(1)
y=2x2-X ... (2)
Substitute (2) into (1) :

2x% — X =nx—2

2x2 —x—nx+2=0
a=2,b=-1-n,c=2
(-1-n)% - 4(2)(2) >0
b?-16>0
1+2n+n°-16>0

n?+2n-15>0
(n=3)(n+5)>0

_

The range of values of n is
n<-5orn>3.

© EPH Publishing (M) Sdn. Bhd. (473626-T) 2021
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3 y=k(x=-)-1...(D)
y= X2 —Kkx+1 ... )
Substitute (2) into (1) :
x2 —kx+1=k(x-1) -1
x2 —kx+1=kx—k—-1
x2 —2kx+k+2=0
a=1b=-2k, k+2

b? —4ac <0
(=2k)? —4()(k +2) <0
4k® -4k -8<0
k?-k-2<0

(k-2)(k+1) <0

\ /.

The range of values of k is
-1<k<?2.

4 f(x)=2x%—2tx—3t+20
a=2,b=-2t, c=-3t+20
b? —4ac <0
(-2t)% —4(2)(20-3t) <0

4t? —8(20-3t) <0
t2 —2(20-3t) <0
t2-40+6t <0

t2 +6t—40<0
(t-4)(t+10)<0

>

The range of values of t is
-10<t<4.
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5 g(x)=—2x2 +(U+6)x—2u—6 (b) When, h(x):521,
2

a=-2,b=u+6,c=-2u-6
52%:—%x2+%x
b2 —4ac <0
(u+6)* —4(-2)(-2u) <0 18 900 = —7x? + 840x2
2
u :12u+36+8(—2u—6)<0 7x2 —840x+18900 =0
uc+12u +362—16U—48<0 X2 —120x+2700=0
u®—4u-12<0 (x—3)(x—90) =0
(U+2)(u-6)<0 x=30 or x=90

Hence, when the height of the parabolic
curve is 52% m, the distance from P is 30
u m or 90 m.

The range of values of u is
—2<U<6.

6 (@ When x-0,h(x)=0, thusc=0.
When x =120, h(120) =0.

Thus, h(120) = a(120)? +b(120) =0
120a+b=0 ... (1)

When x =60, h(60) = 70.

Thus, h(60) =a(60)? +b(60) =70
3600 a+60b = 70
360a+6b=7 ... (2)

360a+3b=0 ...(1) x 3

() 360a+6b=7
—3b=—7

Substitute b :g into (1) :

120a+Z =0
3
120a = !
3
__ 1
360
Hence, h(x) = T X2 +Z X
360 3
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Summative Practice 2 (b) X% —5x+50=44.75

4x% —20x+200=179

4x% —20x+21=0
(2x-7)(2x-3)=0

1 X(3x—2) =7-5x%
3x% —2x+5x-7=0

3x%+3x-7=0 x=35o0r x=15

3+ /32 _4(3)(=7) X= 3.&? is not accepted because it does
X= 20) not satisfy AQ > QB.

Hence, x=1.5
L _—3+4/03
6 4 2x% -8x—3=0
x=1.107 or —-2.107 Therootsare « and S .
2 (k —30)(2k +50) —1400 =1.61x10 000 SOR.=a+p = 224

2k2 10k —1500-1400—16 100 =0
2k2 10k —19 000 =0
k%2 -5x-9500=0

POR.=affi= —%

The new roots are a(1— ) and p(l-«).
SOR=a(l-p) + p(l-a)

. —(-5) £ y/(=5)% — 4(1)(-9 500) —a-af+f-pa
- 2(1) —a+f-2ap
5+./38025 _4_of_3
5+195 =4+3
k = 2 - 7
k =95 is not accepted. =ap[(1- Bl-a)]
k =100 = apfLl-(a+ ) +ap]
3 :_3{1_4{_2]}
A (10 - 2x) cm Q 2xcm B 2 2
_Z
4
The new quadratic equation is
(10-x)cm 27
1oem X2 —7x+5-=0
4
4x% —28x+27=0
P
xem 5 x? +k =15x
E 10 cm C X2—15X+k=0

1 1 The roots are 2« and 3« .
(@) A(x)=10(10) - E(10)(x) - 5(10)(10 -2x)

1 SOR.=15
—E(ZX)(lo— X) 2a+3a =15
5o =15

2
=100-5x-50+10x—10x + X a=3

= x2 —5x+50 [Shown]
P.O.R. =k

(20)(3a)=k
k =6a?
k =6(3)2
k =54
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6 (a) hx2 + kx+ 2K =8x + 4
hx? +kx—8x+2k—4=0
hx2 +(k —8)x+2k —4 =0
a=hb=k-8c=2k—4

The roots are k and %

S.OR.= b
a

kel (k-8
h h
hk+1_ (k—8)
h ~ h
hk +1=-k +8
hk+k=7 ... (1)

(b) New roots are 2h = 2(%) :% and

k=-4.

3 5
Sh(-4)=-2
"=

POR.= %(—4) =6

S.O.R.

The new quadratic equation is

x2+§x—6:0
2

2x% +5x-12=0

© EPH Publishing (M) Sdn. Bhd. (473626-T) 2021

24

7 X2 +2x-5=0
The rootsare o and g .

a+pf=—

aff=-5

2

x2+4x+q=0

p

The roots are — and B.

a

SOR.= £+£
s

(2

_pla+p)

ap

_p(=2)

-5

2,
5

b

SOR.=-——=-+4

a

By comparison, % p=-4

5
p =E(_4)

POR.= S=q
a

By comparison,

o
-5

q -5

100
Q—_—5
g=-20

_(-10°
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8 x%+2mx+1=0
The rootsare « and g .
a+pf=-2m

af=1

X2 +4x-n=0
The roots are 2 and 25.

200+2f = b
a
2(a+p)=—4
2(-2m) =4
—Am=-4
m= _—4 =1
—4
(20)(28) =<
a
dafi=-n
4() =—n
n=-4
(x+m)? =kx

x2 + 2mx+m?Z —kx=0
x2+(2m—k)x+ m? =0
The roots are 1 and 16.

SOR.= b
a

1+16 = —(2m —k)
17 =-2m+k ... (1)

POR =S
a

1x16 = m?
m=+4

From (1) :

When m = 4,

17 =-2(4) +k
k=17 +8
k=25

From (1) :

When m=-4,

17 =-2(-4) +k

17 =8+k
k=9

© EPH Publishing (M) Sdn. Bhd. (473626-T) 2021

25

10 x? +15 = 8x
x% —8x+15=0
The roots are (h+1) and (k-2).

SOR.= _b
a

(h+1)+(k-2)=8

h+k-1=8

h+k=9
h=9-k ... (1)

P.O.R.

C
a

(h+1) (k-2)=15
hk—2h+k—2=15
hk—2h+k =17 ... (2)

Substitute (1) into (2) :
k(9-k)—2(9-K)+k =17
9k —k? —18+ 2k +k =17
—k?+12k-35=0
k?-12k +35=0
(k-7)(k-5)=0
k=7 or5

From (1) :

Whenk =7,
h=9-k=9-7=2
When k =5,
h=9-5=4

Hence, k=7, h=2o0ork=5.h=4

11 y=2(x-2) +3q
y:2(x2—4x+4)+3q
y:2x2 —-8x+8+3q
SOR.= —_?8=4 .. (D

P.OR.= . ()

8+3q
—
y:x2+x— px—5

y:x2+(l— p)x—5

S.OR.= —(1_—1'0)= p—1...(3)

P.O.R.= -5 ... (4)

Equating (1) and (3) :
p-1=4
p=5
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Equating (2) and (4) :

8+3q _
il
3q0+8=-10
39=-10-8
390=-18
qg=-6
12 —X(x—-4)<x-4

X% 4 4x—Xx+4<0
—x2+3x+4<0

X2 -3x—4>0
(x=4)(x+1) >0

The range of values of x is
x<-=1lor x>4.

13(@) x(x-4)=2

X2 —4x—2=0

m)SOR;:—E:-{:ij:4
a 1

(©) b2 —4ac
= (-4)*-4(-2)

=16+8
=24 (>0)

Hence, the roots are real and distinct.

14 3x2—2mx:5—4p
3x% —2mx+4p-5=0
a=3,b=-2m,c=4p-5

b2 —4ac=0

(-2m)* —4(3)(4p—5) =0

4m? —48p+60=0

m?-12p+15=0
12p=m?+15

~m?+15
12
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15 9x% + qx+1=4x
9x2+qx—4x+1=0
a=9,b=qg-4,c=1

b? —4ac=0
(@-4)>-4(9)®) =0
q% -8q+16-36=0

92 -89-20=0

(9+2)(9-10)=0
g=-2or10

16 f(x)=2x2— pX+p+6
b? —4ac=0
(-p)>-4(2)(p+6) =0
p?-8p-48=0

(p+4)(p-12)=0
p=—4 orl2

17 g(x):x2+2kx+2—k

a=1b=2k,c=2-k

b2 —4ac=0

(2k)? —4(1)(2-k) =0

4k? -8+ 4k =0

k?+k-2=0

(k+2)(k-1)=0
k=-2orl

18 (3) x> —2px+2p+3=0
a=1b=-2p,c=2p+3
b? —4ac <0
(-2p)* -4(W)(2p+3) <0
4p%-8p-12<0
p2—2p—3<0
(p-3)(p+)<0

The range of values of p is
1< p<3.
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(b) x2+2p2+3p+2=2px+4x
x2—2px—4x+2p2+3p+2=0
a=lb=-2p-4,c=2p%>+3p+2

b? —4ac >0

(-2p-4)? —4(1)(2p2+3p+2) >0
4p? +16p+16-8p° -12p-8>0
—4p% +4p+8>0

- p2+ p+2>0

p2— p-2<0

(P-2)(p+1) <0

~p

The range of values of p is
-l<p<?2.

19 (@) f(x)=(1-m)x®—4mx+9
b? —4ac <0
(-4m)% —4(1-m)(9) <0
16m? +36m—36 <0

4m? +9m-9<0
(4m-3)(m+3)<0

Y

The range of values of m is

—3<m<E
4
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(b) f(x)=4x*>—-(m+2)x+m-1
b? —4ac >0

[-m+2)P —4(4)(m-1)>0

m? +4m+4-16m+16 >0

m2 —12m+20>0
(m-2)(m-10) >0

b,

The range of values of m is
m<2 or m>10

20 3x2-3x+4+q(22-x-1) =0

3x? —3x+4+2qx2 -gx—q=0
(2q+3)x2 +(-3-g)x+4-q=0
b? —4ac<0

(-3-0)° -4(29+3)(4-q) <0

9+6q+q2—4(—2q2+5q +12)<0

9+6q+q2+8q2 —-200-48<0

9g% -14q-39<0
(9-3)(9q+13) <0

\_/ .

The range of values of g is

©lg

13
-—<(Qg<3
9 q
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21 (a) f(x)=—x%+4kx—5k? -1
(x) = —(x? — 4kx+5k? +1)
fu)=—x2—4kx+¢2kf-4—2m2+5k2+ﬂ
mnz—ﬂ—wwuw%—@ﬂwsﬂ+ﬂ
F(x) = -|(x- 2602 +K2 +1]
f(x) = —(x—2k)® -k?-1

The maximum value of f(x) is —k?-1
when x-2k =0= x=2k.

But it is given that the maximum value of
f(x) is —r? —2k .

By comparison,
—k?-1=-r?-2
r2=k?-2k+1
r? =(k-1>2
r=k -1 [Shown]

(b) The axis of symmetry is x = 2k .
But it is given that the axis of symmetry is
x=r?-1.

By comparison,

r2-1=2k ... (1)

Substitute r =k -1 into (1) :

(k-1)° —1=2k

k2 -2k +1-1-2k =0
k?-4k =0
k(k—4)=0

Giventhat k =0, thus k =4

Therefore r=k-1= 4-1=3

22 (a) f(x)=a(x-p)’+q
Since f(x) has a maximum value,
therefore a < 0.

(b) f(x)=a(x—2)2+3
But it is given that f(x) =a(x— p)? +q.
By comparison, p=2and q = 3.
(€) f(x)=—-2(x—2)>+3
:—2(x2—4x+4) +3
=-2x* +8x-5

. The sign of each

(ii) f(x)=-2x>-8x-5 «

[ The sign of the coefficient of x is changed ]
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23 () h(x) =—x? +8x—8
= —(xz —6x+8)

RGO
:—(x2 —6x+9—9+8)
~—x-32-1

=—(x=3)%2+1
Thus,p=1

(b) The maximum point is (3, 1).
y-intercept = -8
At the x-axis,y =0
—x%+8x—8=0
x?-8x+8=0
(x=2)(x-4)=0
X=2or4

Thus, the curve will intersect the x-
axis at (2, 0) and (4, 0).

24 (a) f(x)=2x-3-4x>

= —4x24+2x-3

= —4(x2 —£x+§]
2 4
=—4 xz—lx+(—L]z—[—L]2+§
2 () @) 4

=4 x2—1x+i—i+§
2 16 16 4

2
=-4 X—l +E
4 16
2
:_4()(_3) _E
4) 4

Maximum value = —% when x :%
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(b) y-intercept = -3

25 (a) f(x)=4-3x—x>
= —x%-3x+4
:—(x2+3x—4)

e 3] 37
SEy

(b) y-intercept =4
At the x-axis,y =0
—x2-3x+4=0
X2 +3x—4=0
x+4)(x-1)=0
X=—4orx=1
Thus, the curve will intersect the x-
axis at the points (-4, 0) and (1, 0).

y
A

\

+4 o| A

14,67)

\
x
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1
(© k=-12
26 (a) f(X)=x>—x—6
=(x+2)(x=3)

y-intercept = —6
x-intercept = -2 and 3

f(x):xz—x—6

S (5, 14)

(b) °
(5, 14)

27 () h(x) = —x? — 4kx-+5k
= —(x2 +4kx—5k)

(3 5]

— —{x® + akx+ 4K - ak? —5K
= J(x—2K)? - ak? -5k
Maximum value = 6
—4k? -5k =6
4k? +5k +6 =0
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(4k —3)(k+2) =0

k :E or -2
4
(b) h(x) =—x? —4(-2)x—10
=—x% +8x-10
= —(x2 —8x+10)

= —{xz —8x+[_—8j—(_—8j +10}
2) (2

= (x2—8x+16-16+10)

= (x-4)2-6

Maximum point is (4, —6).
y-intercept = -10

At the x-axis, y = 0.
~x2+8x-10=0
x2 —8x+10=0

XZSiJe@Z—«Dam

2(1)

X =6.45 or 1.55
Hence, the curve will intersect the x-
axis at (1.55, 0) and (6.45, 0).

-10

28 (a) f(x)=x°+hx+5

JESERER
{reif

Given h(x) = (x+k)2 +1Zl .
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By comparison,

h? 11
——+5=—

4 4
29

4 3

k="
2
k=2
2
(b) When h=—3,k=—§,
2
3 11
f(X)=| x—=| +=
00=[x-3] +4

Minimum point El—l ie. 11,2E
2 4 2 4

y-intercept =5

29 (@) The midpoint between (1, 0) and (5, 0)
is(1%§xﬂ,Le(aoy

The maximum value is 8.

Therefore, (3, 8) is the maximum point.
Hence, f(x)=-2(x-3)+8

But it is given that
f(x)=-2(x—h)-2k.

By comparison, h=3 and
—2k=8=k=-4.
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(b) y-intercept is 8 and the x-intercepts are
1land5.

-10 } (6,-10)

() f(x)= —2(x—3)2 +8
If the graph is reflected in the x-axis,
the sign of each term is changed.

f(x)=2(x—3)° -8

(d) f(x)=a(x-h)+k

If the graph is reflected in the x-axis,
the sign of h is changed.

f(x)=-2(x+3)° +8

30 y=px+4 ... (1)
y=x%—-4x+5 ... (2)
Substitute (2) into (1) :

X2 —4x+5= px+4
X2 —4x—px+1=0
a=1lb=-4-p,c=1
b?-4ac=0
(-p—4)?-4=0
p? +8x+16-4=0
p?+8x+12=0
(p+2)(p+6)=0
p=-2or —6

31 y=h-2x ...(1)
y2+xy+8:0 ...(2
Substitute (1) into (2) :
(h—2x)? +x(h—2x)+8=0
h% —4hx+4x% + hx—2x2+8=0
2x% —3hx+h?+8=0
a=2b=-3h,ch?+8
b% —4ac>0
(-3h)% —4(2)(h* +8) >0
9h? —8h? —64 >0
h? —64 >0
(h+8)(h—8)>0
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31

h

The range of values of hiis h <-8 or
h>8.

32 y=x+k ... (1)
y24+x2=2 ...(2)
Substitute (1) into (2) :

(x+k)?2+x%2=2

X2 +2kx+k? +x2-2=0

2x% +2kx+k?-2=0
a=2b=2k,c=k?*-2
b2 —4ac<0

(2k)? —4(2)(k?-2) <0
4k% -8k2+16<0
—4k?+16 <0
4k%-16 >0
k?-4>0
(k+2)(k-2)>0

) A

The range of values of k is
k<-2o0rk>2.

33 f(X)=x2+(k—2)x+16—2k
b%? —4ac<0
(k—2)% —4(1)(16 -2k <0
k?—4k +4-64+8k <0

k?+4k —60<0
(k—6)(k+10) <0

> k
_W

The range of values of k is
-10<k<6.

But itis giventhat m<k <n.
By comparison, m=-10 and n=6.
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