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Form 4 Chapter 2 

Quadratic Functions 

Fully-Worked Solutions 

 

UPSKILL 2.1a 

 

1 (a) 0376 2 =−− xx  

       376 2 =− xx  

6

3

6

72 =− xx  

2

1

6

72 =− xx  

22
2

2

1

6

7

2

1

2

1

6

7

6

7








−+=








−+− xx  

144

49

2

1

144

49

6

72 +=+− xx  

       
144

121

12

7
2

=







−x  

             
12

11

12

7
=−x  

12

11

12

7
+=x      or 

12

11

12

7
−=x  

2

3
=x   

3

1
−=x  

 

(b) 03102 2 =+− pp  

3102 2 −=− pp  

  
2

3
52 −=− pp  

22
2

2

5

2

3

2

5
5 








−+−=








−+− pp  

        
4

25

2

3

4

25
52 +−=+− pp  

4

19

2

5
2

=







−p  

     
4

19

2

5
=−p  

4

19

2

5
+=p       or        

4

19

2

5
−=p  

679.4=p          321.0=p  

 

 

 

 

 

 

 

 

 

2 (a)            ss
3

10
12 −=+  

 01033 2 =++ ss  

 03103 2 =++ ss  

)3(2

)3)(3(41010 2 −−
=s  

6

6410−
=s  

3

1
−=s  or 3−  

 

(b)            v
v

v
2

3

211
=

+

−
 

          vvv 62211 2 +=−  

  0252 2 =+− vv  

)2(2

)2)(2()5(5 2 −−
=v  

2

1
=v  or 2 

 

(c)   )12(10)352(8 −=++ xxxx  

  xxxx 10203528 22 −=++  

084518 2 =−− xx  

)18(2

)8)(18(4)45(45 2 −−−
=x  

36

5145
=x  

3

8
=x  or 

6

1
−  

 

3 (a) 510)94)(1( −=−− xxx  

  5109134 2 −=+− xxx  

  05910134 2 =++−− xxx  

        014234 2 =+− xx  

 
)4(2

)14)(4(4)23(23 2 −−
=x  

8

30523
=x  

=x 5.058 or 0.692 
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(b)            24
3

z
z

=+  

         2312 zz =+  

0123 2 =−− zz  

)3(2

)12)(3(4)1(1 2 −−−
=z  

6

1451
=z  

174.2=z  or 840.1−  

 

(c) 2
1

13

2

2

=
−−

−+

yy

yy
 

  22213 22 −−=−+ yyyy  

 0152 =−− yy  

2

)1(4)5(5 2 −−−
=y  

2

295
=y  

193.0−=y  or 193.0−  

 

4  

 

 

 

 

 

 

 

 

 

 

 

Total area of the four pieces of wood 

= 2439  )224)(239( xx −−−  

( )244878936936 xxx +−−−=  

24126 xx −=  

 

It is given that the total area of the four 

pieces of wood 180=  cm2 

 

       xx 1264 2 +− = 180 

xx 1264 2 − + 180 = 0 

)4(2

)180)(4(4)126(126 2 −−
=x  

8

99612126
=x  

=x 1.5 or 30 

x = 30 is not accepted. 

=x 1.5 

UPSKILL 2.1b 

 

1 (a) S.O.R. = 
12

11

4

1

3

2
=+  

  P.O.R. = 
6

1

4

1

3

2
=  

The quadratic equation is 

0
6

1

12

112 =+− xx  

021112 2 =+− xx  

 

(b) S.O.R. = 145 −=+−  

P.O.R. = 2045 −=−  

The quadratic equation is 

0202 =−+ xx  

 

(c) S.O.R. = 633 −=−−  

  P.O.R. = 9)3)(3( =−−  

The quadratic equation is 

0962 =++ xx  

 

(d) S.O.R. = 
15

4

5

2

3

2
=−  

P.O.R. = 
15

4

5

2

3

2
−=








−  

The quadratic equation is 

0
15

4

15

42 =−− xx  

04415 2 =−− xx  

 

(e) S.O.R. = 
2

7

2

1
3 −=−−  

P.O.R. = 
2

3

2

1
3 =








−−  

The quadratic equation is 

0
2

3

2

72 =++ xx  

0372 2 =++ xx  

 

2 (a) 0742 2 =−+ xx  

S.O.R. = 2
2

4
−=−=−

a

b
 

P.O.R. = 
2

7
−=

a

c
 

 

(b) 05103 2 =+− hh  

S.O.R. = 
3

10
,   P.O.R. = 

3

5
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3 (a) 0322 2 =−+ pp  

The roots are  and  . 

Sum of roots = 
a

b
−  

1
2

2
−=−=+   

Product of roots = 
a

c
 

2

3
−=  

 

The new roots are 2+  and 2+ . 

S.O.R. = ( 2+ ) + ( 2+ ) 

4++=   

41+−=  
= 3 

 

P.O.R. = ( 2+ ) ( 2+ ) 

4)(2 +++=   

= 4)1(2
2

3
+−+−  

= 
2

1
 

 

The new quadratic equation is 

0
2

1
32 =+− pp  

0162 2 =+− pp  

 

(b)      The new roots are 


2
 and 



2
. 

S.O.R. = 


22
+  



 )(2 +
=  

2

3

)1(2

−

−
=  

= 
3

4
 

 

P.O.R. = 


22
  



4
=  

= 

2

3

4

−

 

= 
3

8
−  

 

The new quadratic equation is 

0
3

8

3

42 =−− pp  

0843 2 =−− pp  

 

4 (a)   0152 2 =+− tt  

The roots are  and  . 

Sum of roots = 
a

b
−  

2

5
=+   

Product of roots = 
a

c
 

2

1
=  

 

The new roots are 
3


 and 

3


. 

S.O.R. = 
33


+  

3

 +
=  

3

2

5

=  

6

5
=  

P.O.R. = 
33


  

9


=  

= 
9

2

1

 

= 
18

1
 

The new quadratic equation is 

0
18

1

6

52 =+− tt  

011518 2 =+− tt  

 

(b) The new roots are −3  and −3 . 

 

S.O.R. =  −+− 33  

)(6  +−=  

= 
2

5
6 −  

2

7
=  
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P.O.R. = ( −3 )( −3 ) 

 ++−= )(9  

2

1

2

5
9 +−=  

= 7 

 

The new quadratic equation is 

 07
2

72 =+− tt  

01472 2 =+− tt  

 

5 092 =++ qxx  

The roots are   and 2 . 

S.O.R. = 
a

b
−  

92 −=+   

93 −=  

  3−=  

 

P.O.R. = 
a

c
 

q=  2  

( ) 1832
2
=−=q  

 

6 015 2 =++ pxx  

The roots are   and 5 . 

 

S.O.R. = 
a

b
−  

5
5

p
−=+   

     
5

6
p

−=  

30

p
−=  

 

     P.O.R. = 
a

c
 

     
5

1
5 =   

         
5

1
5 2 =  

5

1

30
5

2

=







−

p
 

25

1

900

2

=
p

 

25

9002 =p  

 

25

9002 =p  

362 =p  

   6=p  

 

7 0)3(2 2 =++− dxdx  

The roots are   and 4 . 

S.O.R. = 
a

b
−  

2

3
4

+
=+

d
  

( ) 342 +=+ d  

         10 = 3+d  … (1) 

  
10

3+
=

d
  

                P.O.R. = 
a

c
 

                 4  = 
2

d
 

                     =24
2

d
 

                       
8

2 d
=  

               
810

3
2

dd
=







 +
 

                
8100

)3( 2 dd
=

+
 

                 
225

)3( 2 dd
=

+
 

                dd 25)3(2 2 =+  

          ( ) ddd 25962 2 =++  

02518122 2 =−++ ddd  

         018132 2 =+− dd  

         ( ) 0)92(2 =−− dd  

                             2=d  or 
2

9
 

 

8  042 2 =−+ hxx  

 The roots are 4 and k. 

S.O.R. = 
a

b
−  

2
4

h
k −=+  

hk −=+82  

        82 −−= kh  … (1) 

 

 

 



 

5 

 

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

P.O.R. = 
a

c
 

     
2

4
4 −=k  

       
2

1
−=k  

From (1) : 8
2

1
2 −








−−=h = 7−  

 

9  0268 2 =++ kxx  

The roots are 
2

5
−  and m. 

 

  S.O.R. = 
a

b
−  

8

26

2

5
−=+− m  

         
2

5

8

26
+−=m   

          m = 
4

3
−  

 

    P.O.R. = 
a

c
 

      
82

5 k
m =−  

84

3

2

5 k
=








−−  

          
88

15 k
=  

           15=k  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

UPSKILL 2.1c 

 

1 (a) 032 − xx  

 0)3( −xx  

  

 

 

 

 

 

 

The required range of values of x is 

0x  or 3x . 

 

(b)             094 2 −x  

0)32)(32( −+ xx  

 

 

 

 

 

 

 

The required range of values of x is 

2

3

2

3
− x . 

 

(c)  02832 −− xx  

0)7)(4( −+ xx  

 

 

 

 

 

 

The required range of values of x is 

4−x  or 7x . 

 

(d)  018172 −+ xx  

 0)1)(18( −+ xx  

 

 

 

 

 

 

 

The required range of values of x is 

118 − x . 
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(e) 010116 2 −− xx  

  061110 2 −+ xx  

  0)25)(32( −+ xx  

 

 

 

 

 

 

 

 

 

The required range of values of x is 

5

2

2

3
− x . 

 

(f) 0151112 2 −+ xx  

0121115 2 −− xx  

0)43)(35( −+ xx  

 

 

 

 

 

 

 

 

The range of values of x is 
3

4

5

3
− x . 

(g)               41310 2 − xx  

041310 2 +− xx  

0)45)(12( −− xx  

 

 

 

 

 

 

 

 

The required range of values of x is 

2

1
x  or 

5

4
x . 

 

(h)                   261011 xx +  

   010116 2 −− xx  

 0)52)(23( −+ xx  

 

 

 

 

 

 

 

 

The required range of values of x is 

2

5

3

2
− x . 

 

(i)         8)2( −xx  

   0822 −− xx  

0)4)(2( −+ xx  

 

 

 

 

 

 

 

 

The range of values of x is 42 − x . 

 

(j)            ( ) 912
2
−x  

09144 2 −+− xx  

     0844 2 −− xx  

         022 −− xx  

0)2)(1( −+ xx  

 

 

 

 

 

 

The required range of values of x is 

1−x  or 2x . 

 

(k)       16)5)(1( −+ xx  

016542 −−− xx  

 02142 −− xx  

        0)7)(3( −+ xx  

 

 

 

 

 

 

 

The required range of values of x is 

3−x  or 7x . 
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2    1131 2 ++− xx . 

 

The first inequality is 

                 131 2 ++− xx  

01132 +++ xx  

0232 ++ xx  

 0)2)(1( ++ xx  

 

 

 

 

 

 

 

 

The range of values of x is 

2−x  or 1−x  … (1) 

 

The second inequality is  

1132 ++ xx  

     032 + xx  

0)3( +xx  

 

 

 

 

 

 

 

 

 

The range of values of x is 

03 − x  … (2) 

 

Combining (1) and (2) : 

 

 

 

 

 

 

 

 

 

The required range of values of x is 

23 −− x  or 01 − x . 

 

 

 

 

 

 

 

 

 

 

 

UPSKILL 2.2a 

 

1 (a)   0382 2 =+− xx  

40)3)(2(4)8(4 22 =−−=− acb  

Since 042 − acb , then the quadratic 

equation has real and distinct roots. 

 

(b) 0923 2 =+− xx  

104)9)(3(4)2(4 22 −=−−=− acb  

Since 042 − acb , then the quadratic 

equation does not have real roots. 

 

(c) 025102 =++ xx  

0)25)(1(4104 22 =−=− acb  

Since 042 =− acb , then the quadratic 

equation has real and equal roots. 

 

(d) 0362 2 =++− xx  

60)3)(2(464 22 =−−=− acb  

Since 042 − acb , then the quadratic 

equation has real and distinct roots. 

 

(e)  0463 2 =+− xx  

12)4)(3(4)6(4 22 −=−−=− acb  

Since 042 − acb , then the quadratic 

equation does not have real roots. 

 

(f) 09124 2 =+− xx  

( ) 0)9)(4(4124
22 =−−=− acb  

Since 042 =− acb , then the quadratic 

equation has real and equal roots. 

 

UPSKILL 2.2b 

 

1  (a) 04322 =++− hhxx  

43,2,1 +=−== hchba  

                   042 =− acb  

0)43)(1(4)2( 2 =+−− hh  

          016124 2 =−− hh  

               0432 =−− hh  

             0)4)(1( =−+ hh  

                               1−=h  or 4 
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(b) 01)3(22 =−−+− hxhx  

1),3(2,1 −−=+−== hchba  

                            042 =− acb  

  0)1)(1(4)3(2(
2

=−−−+− hh  

             044)3(4 2 =+++ hh  

                  01)3( 2 =+++ hh  

             01962 =++++ hhh  

                      01072 =++ hh  

                     0)5)(2( =++ hh  

                                       2−=h  or 5−  

 

(c)                    36882 −=+ hxxhx  

036882 =+−+ hxxhx  

36,88, =−== chbha  

                      042 =− acb  

       0)36(4)88( 2 =−− hh  

01446412864 2 =−+− hh  

         08012864 2 =−− hh  

                0584 2 =−− hh  

           0)52)(12( =−+ hh  

                                 
2

1
−=h  or 

2

5
 

(d)   xhhxh )1(21)3( 2 +=++−  

01)1(2)3( 2 =+++−− hxhxh  

1),1(2,3 +=+−=−= hchbha  

                              042 =− acb  

  0)1)(3(4)1(2
2

=+−−+− hhh  

0)33(4)1(4 22 =−−+−+ hhhh  

       0)32()1( 22 =++−−+ hhh  

       03212 22 =−−+++ hhhh  

                                 022 2 =−h  

                                    012 =−h  

                                           1=h  

2 1522 −=+ pkxx  

05122 =−++ pkxx  

15,2,1 +−=−== pckba  

                     042 =− acb  

0)15)(1(4)2( 2 =+−−− pk  

             04204 2 =−+ pk  

               0152 =−+ pk  

                             
215 kp −=  

                               
5

1 2k
p

−
=  

3                 
2223 xqmx −=+  

0232 2 =−++ qmxx  

2,3,2 −=== qcmba  

                 042 =− acb  

0)2)(2(4)3( 2 =−− qm  

         01689 2 =+− qm  

                           1698 2 += mq  

                             
8

169 2 +
=

m
q  

 

4 (a) 32 −=+ kxkx  

  032 =++− kkxx  

3,,1 +−== kkba  

               042 − acb  

0)3)(1(4)( 2 +−− kk  

          01242 −− kk  

         0)6)(2( −+ kk  

 

 

 

 

 

 

 

Hence, the required range of values of k is 

2−k  or 6k . 

 

(b)               xkkx 862 −=+  

0682 =−++ kxkx  

6,8, −=== kcbka  

        042 − acb  

0)6(482 −− kk  

   0)6(16 −− kk  

   0616 2 +− kk  

   01662 −− kk  

  0)8)(2( −+ kk  

 

 

 

 

 

 

 

 

The required range of values of k is 

82 − k . 
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(c)                     xkkx )32(22 −=+  

02)32(2 =+−− kxkx  

kckba 2),32(,1 =−−==  

042 − acb  

  )2)(1(4)32(
2

kk −−−  > 0 

089124 2 −+− kkk  

       09204 2 +− kk  

     0)12)(92( −− kk  

     

 

 

 

 

 

 

 

 

The required range of values of k is 

2

1
k  or 

2

9
k . 

 

5 (a) 032 =++− ddxx  

3,,1 +=−== dcdba  

                042 − acb  

( ) 0)3)(1(4
2

+−− dd  

         01242 −− dd  

        0)6)(2( −+ dd  

 

 

 

 

 

 

 

 

The required range of values of d is 

62 − d . 

 

(b)                22 94 xdxdx −−=+  

094)1( 2 =+−+ dxxd  

9,4,1 =−=+= cdbda  

                  042 − acb  

0)9)(1(4)4( 2 +−− dd  

      0)1(3616 2 +− dd  

          0)1(94 2 +− dd  

            0994 2 −− dd  

  0)34)(3( +− dd  

 

 

 

 

 

 

 

 

 

 

 

 

 

The required range of values of d is 

3
4

3
− d . 

(c) xdxd )4(2)32( 2 −=+−  

  2),4(),32( =−−=−= cdbda  

                          042 − acb  

  )2)(32(4)4(
2

dd −−−− < 0 

     024161682 +−+− ddd  

                            0162 + dd  

0)16( +dd  

 

 

 

 

 

 

 

 

 

 

The required range of values of d is 

016 − d . 

 

6         1212 2 −=+− xtxx  

0222 2 =+−− xtxx  

2,2,2 =−−== ctba  

               042 − acb  

0)2)(2(4)2( 2 −−−t  

       016442 −++ tt  

             01242 −+ tt  

0)2)(6( −+ tt  

 

 

 

 

 

 

 

 

 

 

The required range of values of k is 

6−t  or 2t . 
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UPSKILL 2.3a 

 

1 (a) 8129)( 2 +−= xxxf  

 Since 0a , then the graph has the shape 

of  . 

(b) 352)( 2 +−−= xxxg  

Since 0a , then the graph has the shape 

of  . 

(c) 4)1()( 2 −+= xxh  

Since 0a , then the graph has the shape 

of  . 

(d) 2)2(1)( xxm −−=  

Since 0a , then the graph has the shape 

of  . 

 

UPSKILL 2.3b 

 

1 (a) The shape of the graph is   and it 

touches the x-axis at only a point. 

Its function is 25204)( 2 +−= xxxd  

because 0)25)(4(4)20( 2 =−− . 

 

(b) The shape of the graph is   and it 

intersects the x-axis at two different 

points. 

Its function is 86)( 2 +−= xxxp  

because 4)8)(1(4)6( 2 =−−  (> 0). 

(c) The shape of the graph is   and it does 

not intersect the x-axis. 

Its function is 432)( 2 −−−= xxxq  

because 23)4)(2(4)3( 2 −=−−−−  (< 0). 

(d) The shape of the graph is   and it 

intersects the x-axis at two different 

points. 

Its function is 
265)( xxxh −−=  = 

652 −+− xx because 

1)6)(1(452 =−−−  (> 0). 

(e) The shape of the graph is   and it does 

not intersect the x-axis. 

Its function is 42)( 2 +−= xxxk  

because 12)4)(1(4)2( 2 −=−− . 

(f) The shape of the graph is   and it 

touches the x-axis at only a point. 

Its function is 

168168)( 22 −+−=−−= xxxxxm  

because 0)16)(1(4)8( 2 =−−− . 

 

 

 

 

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 (a)  432)( 2 −+−= xxxf  

23)4)(2(434 22 −=−−−=− acb  (< 0) 

The graph of f(x) will not intersect the x-

axis. 

 (b) 534)( 2 −−= xxxg  

89)5)(4(4)3(4 22 =−−−=− acb  (> 0) 

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

axis. 

(c) 3)2()( 2 +−= xxm  

3442 ++−= xx  

742 +−= xx  

12)7)(1(4)4(4 22 −=−−=− acb  (< 0) 

The graph of f(x) will not intersect the x-

axis. 

(d) 
2)12(5)( +−= xxn  

( )1445 2 ++−= xx  

444 2 +−−= xx  

=−−−=− )4)(4(4)4(4 22 acb 80 (> 0) 

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

axis. 

 

4 (a) 1)4()( 2 ++−= xwxxf  

                  042 =− acb  

  0)1)(1(4)4(
2

=−+− w  

      041682 =−++ ww  

            01282 =++ ww  

          0)6)(2( =++ ww  

                              2−=w  or 6−  

 

(b) 3)( 2 ++−= wwxxxg  

                  042 =− acb  

 0)3)(1(4)( 2 =+−− ww  

           01242 =−− ww  

          0)6)(2( =−+ ww  

                              2−=w  or 6 
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(c) 123)24()( 2 −−+−= wwxxwxh  

                             042 =− acb  

0)12)(24(4)3( 2 =−−−− www  

( ) 044649 22 =−+−− www  

  01616249 22 =+−+ www  

           016247 2 =++− ww  

              016247 2 =−− ww  

                  0)47)(4( =+− ww  

                           4=w  or 
7

4
−  

 

5 (a) 33)( 2 ++= pxxxf  

         042 − acb  

   0)3)(3(42 −p  

          0362 −p  

)6)(6( −+ pp > 0 

 

 

 

 

 

 

The required range of values of p is 

6−p  or 6p . 

 

(b) 1)1()( 2 ++++= pxppxxg  

                       042 − acb  

      0)1(4)1( 2 +−+ ppp  

04412 22 −−++ pppp  

              0123 2 +−− pp  

                0123 2 −+ pp  

               )13)(1( −+ pp < 0 

 

 

 

 

 

 

 

The required range of values of p is 

3

1
1 − p . 

 

 

 

 

 

 

 

 

(c) 12)22()( 2 ++−+= pxpxxm  

                        042 − acb  

0)12)(1(4)22( 2 +−− pp  

   048484 2 −−+− ppp  

                    0164 2 − pp  

                        042 − pp  

                        0)4( −pp  

 

 

 

 

 

 

 

The required range of values of p is  

0p  or 4p . 

 

6 (a) 86)( 2 −++= qxqxxf  

         042 − acb  

0)8(462 −− qq  

032436 2 +− qq  

036324 2 ++− qq  

          0982 −− qq  

        0)1)(9( +− qq  

 

 

 

 

 

 

 

The required range of values of q is  

1−q  or 9q . 

 

(b) 1)3(44)( 2 +−+= xqxxg  

                  042 − acb  

  0)1)(4(4)3(4
2

−− q  

        016)3(16 2 −− q  

              01)3( 2 −− q  

         0169 2 −+− qq  

              0862 +− qq  

           0)4)(2( −− qq  
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The required range of values of q is  

42  q . 

 

(c) 2)1()( 2 ++−+= qxqxxm  

    042 − acb  

0)2)(1(4)1( 2 +−− qq  

 084122 −−+− qqq  

             0762 −− qq  

          0)7)(1( −+ qq  

 

 

 

 

 

 

 

 

 

The required range of values of q is  

71 − q . 

 

 

 

 

 

UPSKILL 2.3c 

 

1 (a) 32)( 2 +−= xxxf  

  3
2

)2(

2

)2(
2

22
2 +







 −
−







 −
+−= xx  

  31122 +−+−= xx  

  = 2)1( 2 +−x  

Minimum value = 2 when x = 1. 

 

(b) 
262)( xxxg −+=  

( )262 −−−= xx  














−







 −
−







 −
+−−= 2

2

6

2

6
6

22
2 xx

( )29962 −−+−−= xx  

 11)3( 2 −−−= x  

11)3( 2 +−−= x  

Maximum value = 11 when x = 3. 

 

 

 

 

 

 

 

(c) 182)( 2 −+= xxxq  

  = 







−+

2

1
42 2 xx  

  = 













−








−








++

2

1

2

4

2

4
42

22
2 xx  

  = 







−−++

2

1
4442 2 xx  

  = ( ) 







−+

2

9
22

2
x  

  = ( ) 922
2
−+x  

  Minimum value = –9 when x = –2 

 

(d) 2245)( xxxm −−=  









−+−=

2

5
22 2 xx  














−








−








++−=

2

5

2

2

2

2
22

22
2 xx  









−−++−=

2

5
1122 2 xx  









−+−=

2

7
)1(2 2x  

7)1(2 2 ++−= x  

Maximum value = 7 when 1−=x  

 

(e) 1085)( 2 −+= xxxn  









−+= 2

5

8
5 2 xx  














−








−








++= 2

5

8

2

1

5

8

2

1

5

8
5

22
2 xx









−−++= 2

25

16

25

16

5

8
5 2 xx  














−








+=

25

66

5

4
5

2

x  














−








+=

25

66

5

4
5

2

x  

= 5
5

66

5

4
2

−







+x  

Minimum value = 
5

66
−  when 

5

4
−=x . 
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(f) 2496)( xxxp −−=  









+−−=

4

9

4

6
4 2 xx  









+−−=

4

9

2

3
4 2 xx  














+








−−








−+−−=

4

9

4

3

4

3

2

3
4

22
2 xx









+−+−−=

4

9

16

9

16

9

2

3
4 2 xx  














+








−−=

16

27

4

3
4

2

x  

4

27

4

3
4

2

−







−−= x  

Maximum value = 
4

27
−  when 

4

3
=x . 

 

2 kxxxf ++= 6)( 2
 

kxx +







−








++=

22
2

2

6

2

6
6  

kxx +−++= 9962  

kx +−+= 9)3( 2
 

Minimum value = –2 

               29 −=+− k  

                       k = 7 

 

3 qxxxm +−= )2(3)(  

qxx +−= 236  









−−−=

3
23 2 q

xx  














−







 −
−







 −
+−−=

32

2

2

2
23

22
2 q

xx  









−−+−−=

3
1123 2 q

xx  









−−−−=

3
1)1(3 2 q

x  

= qx ++−− 3)1(3 2  

 
Maximum value = 5 
                  53 =+ q  

                        2=q  

 

 

 

4 234)( dxxxg −−=  









−+−=

dd
xd

432  














−








−








++−=

dddd
xd

4

2

3

2

33
22

2  









−







−







++−=

dddd
xd

4

4

9

4

93

22

2  

4
4

9

2

3
2

+







+








+−=

dd
xd  

Maximum value = 
8

41
 

8

41
4

4

9
=+

d
 

8

9

4

9
=

d
 

   2=d  

 

5 183)( 2 ++−= pxxxf  









−−−= 6

3
3 2 x

p
x  














−








−−








−+−−= 6

663
3

22
2 pp

x
p

x  














−













−













+−−= 6

36363
3

22
2 pp

x
p

x  














−













−








−−= 6

366
3

22
pp

x  

= –3 18
126

22

+













+








−

pp
x  

Maximum value = q when x = –2 

Maximum value = 18
12

2

+












 p
 when 

6

p
x =  

By comparison, 2
6

−=
p

 

                          12−=p  

 

18
12

2

+













=

p
q  

30181218
12

144
=+=+








=q  
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6 2012)( 2 +−= xtxxf  









+−=

tt
xt

20122  














+








−−








−+−=

tttt
xt

20

2

12

2

1212
22

2  









+







−







+−=

tttt
xt

20363612

22

2  














+







−








−=

ttt
xt

20366

2

2

 

20
366

2

+−







−=

tt
xt  

f(x) has a maximum value when 
t

x
6

= . 

But it is given that f(x) has a maximum 

value when 2−=x . 

By comparison, 2
6

−=
t

 

                          3−=t  

 

Maximum value = 20
36

+−
t

 

 20
3

36
+

−
−=  

 = 12 + 20 

 = 32 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

UPSKILL 2.3d 

 

1 (a)  khxaxg +−= 2)()(  

From the graph, 

2)3()( 2 −−= xaxg  

By comparison, 3=h  and 2−=k  

 

(b) 2)3()( 2 −−= xaxg  

When ,0=x  6−=y  

62)30()0( 2 −=−−= ag  

49 −=a  

  
9

4
−=a  

(c) The equation of the axis of symmetry is 

3=x . 

 

2  (a) Equation of axis of symmetry is 

2

31+−
=x  

1=x  

(b) khxaxf +−= 2)()(  

But it is given that 

5)1()( 2 −−= xaxf  

Hence, 1=h  and 5−=k  

 

(c) When x = 3, y = 0. 

5)13()3( 2 −−= af  

     540 −= a  

     
4

5
=a  

 

3 (a) The equation of the axis of symmetry is 

2

31+
=x  

2=x  

 

(b) 4)()( 2 −−= kxaxf  

kx =  

It is found in (a) that 2=x . 

By comparison, k = 2. 

 

(c) 4)2()( 2 −−= xaxf  

The coordinates of the minimum point 

are (2, –4). 

 

(d) When x = 1, y = 0 

4)()( 2 −−= kxaxf  

      4)21(0 2 −−= a  

      a = 4 
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(e) When the curve is reflected in the x-axis, 

each term will change, i.e.  

4)2(4)( 2 +−−= xxf  

 

(f) When the curve is reflected in the y-axis, 

the value of h will change, i.e.  

4)2(4)( 2 −+= xxf  

 

UPSKILL 2.3e 

 

1 (a) )2)(32()( +−= xxxf  

62 2 −+= xx  









−+= 3

2
2 2 x

x  














−








−








++= 3

)2(2

1

)2(2

1

2
2

22
2 x

x









−







−







++= 3

16

1

16

1

2
2 2 x

x  














−








+=

16

49

4

1
2

2

x  

8

49

4

1
2

2

−







+= x  

 

The minimum point is 







−−

8

1
6,

4

1
. 

The y-intercept is –6. 

 

The x-intercepts are 
2

1
1  and –2. 

 

 

 

 

 

 

 

 

 

 

 

The equation of the axis of symmetry is 

4

1
−=x . 

 

 

 

 

 

 

 

 

 (b) )23)(1()( xxxg −+=  

32 2 ++−= xx  









−−−=

2

3

2

1
2 2 xx  














−











−
−











−
+−−=

2

3

22

1

22

1

2

1
2

22
2 xx









−







−







+−−=

2

3

16

1

16

1

2

1
2 2 xx  






















−








−−=

16

25

4

1
2

2

x  

8

25

4

1
2

2

+







−−= x  

The maximum point is 








8

1
3,

4

1
. 

The y-intercept is 3. 

The x-intercepts are –1 and 
2

1
1 . 

 

 

 

 

 

 

 

 

 
The equation of the axis of 

symmetry is 
4

1
=x . 

 

(c) 4123)( 2 −+= xxxh  









−+=

3

4
43 2 xx  









−+=

3

4
43 2 xx  














−








−








++=

3

4

2

4

2

4
43

22
2 xx  









−−++=

3

4
4443 2 xx  

 16)2(3 2 −+= x  

= 16)2(3 2 −+x  

The minimum point is )16,2( −− . 

y-intercept = –4 

On the x-axis (y = 0), 

04123 2 =−+ xx  

 

 



 

16 

 

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

)3(2

)4)(3(41212 2 −−−
=x  

6

19212−
=x  

31.4−=x  or 0.72 

The curve intersects the x-axis at 

(–4.31, 0.72). 

 

 

 

 

 

 

 

 

 

 

 

 

 

The equation of the axis of 

symmetry is 2−=x . 

 

(d) 1172)( 2 ++= xxxm  









++=

2

11

2

7
2 2 xx  














+








−








++=

2

11

2

7

2

1

2

7

2

1

2

7
2

22
2 xx









+







−++=

2

11

16

49

16

49

2

7
2 2 xx  














+








+=

16

39

4

7
2

2

x  

2=
8

39

2

7
2

+







+x  

The minimum point is 









−

8

7
4,

4

3
1  

y-intercept = 11 

 

 

 

 

 

 

 

 

 

 

 

The equation of the axis of 

symmetry is 
4

7
−=x . 

 (e) 221)( xxxn −−=  

122 +−−= xx  

( )122 −+−= xx  














−








−








++−= 1

2

2

2

2
2

22
2 xx  

( )11122 −−++−= xx  

 2)1( 2 −+−= x  

2)1( 2 ++−= x  

The maximum point is )2,1(− . 

y-intercept = 1 

 

On the x-axis, y = 0 

0122 =+−− xx  

   0122 =−+ xx  

)1(2

)1)(1(422 2 −−−
=x  

)1(2

82−
=x  

21.0=x  or 0.41 

The curve intersects the x-axis at  

(–2.41, 0) and (0.41, 0). 

 

 

 

 

 

 

 

 

 

 

The equation of the axis of 

symmetry is 1−=x . 

 

(f) 
2232)( xxxp −−=  

322 2 −+−= xx  









+−−=

2

3
2 2 xx  














+








−−








−+−−=

2

3

2

1

2

1
2

22
2 xx  









+−+−−=

2

3

4

1

4

1
2 2 xx  














+








−−=

4

5

2

1
2

2

x  

2

5

2

1
2

2

−







−−= x  
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The maximum point is 







−

2

5
,

2

1
. 

y-intercept = –3 

 

 

 

 

 

 

 

 

 

 

 

 

The equation of the axis of 

symmetry is 
2

1
=x . 

 

2 (a) 
22 )32()2()( −−−= xxxf  

 ( )912444 22 +−−+−= xxxx  

 912444 22 −+−+−= xxxx  

 583 2 −+−= xx  

 







++−−=

3

5

3

8
3 2 xx  

 







−−+−−= 51616

3

8
3 2 xx  

 = 













+










−−










−+−−

3

5

)3)(2(

8

)3)(2(

8

3

8
3

22

2 xx  

= 







+−+−−

3

5

9

16

9

16

3

8
3 2 xx  

 













−








−−=

9

1

3

4
3

2

x  

 
3

1

3

4
3

2

+







−−= x  

The maximum point is 








3

1
,

3

4
. 

y-intercept = –5 

 

At the x-axis (y = 0),  

0583 2 =−+− xx  

   0583 2 =+− xx  

0)1)(53( =−− xx  

3

5
=x  or 1 

The curve will intersect the x-axis at 

(1, 0) and 







0,

3

5
 

 

 (b) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3 (a)  22 )3()5(
2

1
)( −++= xxxg  

( )962510
2

1 22 +−+++= xxxx  

( )3442
2

1 2 ++= xx  

1722 ++= xx  

17
2

2

2

2
2

22
2 +








−








++= xx  

171122 +−++= xx  

16)1( 2 ++= x  

The minimum point of the curve is 

(–1, 16). 

y-intercept = 17 

 

(b)  
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4 (a) 5)( 2 ++= pxxxf  

= 5
22

22
2 +








−








++

pp
pxx  

= 5
44

22
2 +−++

pp
pxx  

5
42

22

+−







+=

pp
x  

 

Minimum point is 













+−− 5

4
,

2

2pp
 

Given minimum point is 








4

11
,q  

By comparison, 
4

11
5

4

2

=+−
p

 

 11202 =+− p  

92 =p  

  3=p   

 

2

3

2
−=−=

p
q  

 

(b) 5
4

3

2

3
)(

22

+−







+= xxf  

= 
4

11

2

3
2

+







+x  

Minimum point is 







−

4

11
,

2

3
 i.e. 









−

4

3
2,

2

1
1 . 

y-intercept = 5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5 (a) 4)( 2 −+−= hxxxg  

 ( )42 +−−= hxx  

 = 













+








−








+−− 4

22

22
2 hh

hxx  














+−+−−= 4

44

22
2 hh

hxx  














+−








−−= 4

42

22
hh

x  

4
42

22

−+







−−=

hh
x  

 

Maximum point is 













− 4

4
,

2

2hh
. 

Given maximum point is ( )3, −k . 

By comparison, 34
4

2

−=−
h

 

42 =h  

  2=h  

 

2

h
k = = 1

2

2
=  

 

(b) 4
42

22

−+







−−

hh
x  

     = 4
4

2

2

2 22

−+







−− x  

    ( ) 31
2
−−−= x  

Maximum point is )3,1( − . 

y-intercept = –4 
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6  (a) 572)( 2 +−= xxxf  









+−=

2

5

2

7
2 2 xx  

= 













+










−−










−+−

2

5

22

7

22

7

2

7
2

22
2 xx  

= 







+−+−

2

5

16

49

16

49

2

7
2 2 xx  














−








−=

16

9

4

7
2

2

x  

8

9

4

7
2

2

−







−= x  

 

Minimum point is 







−

8

9
,

4

7
, i.e. 









−

8

1
1,

4

3
1 . 

y-intercept = 5 

 

On the x-axis, 0=y  

      0572 2 =+− xx  

   0)52)(1( =−− xx  

                       1=x  or 
2

5
 

Hence, the curve intersects the x-axis at 

( )0,1  and 







0,

2

1
2  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b)  
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7 (a) 2710)( xxxf −+−=  

= 1072 −+− xx  

( )1072 +−−= xx  














+








−−








−+−−= 10

2

7

2

7
7

22
2 xx  









+−+−−= 10

4

49

4

49
72 xx  














+−








−−= 10

4

49

4

7
2

x  














−








−−=

4

9

4

7
2

x  

4

9

4

7
2

+







−−= x  

Maximum point is 








4

9
,

4

7
, i.e. 










4

1
2,

2

1
3 . 

y-intercept = –10 

At the x-axis, 0=y  

1072 −+− xx = 0 

     01072 =+− xx  

0)5)(2( =−− xx  

2=x  or 5 

Hence, the curve will intersect the 

x-axis at the points (2, 0) and (5, 0). 

 

x 0 6 

f(x) –10 –4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b)  
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UPSKILL 2.3f 

 

1  1)3( −−= xmy  … (1) 

 xxy 32 −=  … (2) 

 

Substitute (2) into (1) : 

                     1)3(32 −−=− xmxx  

                      1332 −−=− mmxxx  

01332 =++−− mmxxx  

13,3,1 +=−−== mcmba  

                        042 =− acb  

0)13)(1(4)3( 2 =+−−− mm  

041269 2 =−−++ mmm  

                0562 =+− mm  

              0)1)(5( =−− mm  

                                 m = 5 or 1 

 

2 2−= nxy     … (1) 

xxy −= 22  … (2) 

Substitute (2) into (1) : 

             22 2 −=− nxxx  

022 2 =+−− nxxx  

2,1,2 =−−== cnba  

0)2)(2(4)1( 2 −−− n  

0162 −b  

01621 2 −++ nn  

    01522 −+ nn  

   0)5)(3( +− nn  

 

 

 

 

 

 

 

 

The range of values of n is 

5−n  or 3n . 

 

 

 

 

 

 

 

 

 

 

 

 

 

3  1)1( −−= xky  … (1) 

 12 +−= kxxy  … (2) 

Substitute (2) into (1) : 

1)1(12 −−=+− xkkxx  

112 −−=+− kkxkxx  

0222 =++− kkxx  

2,2,1 +−== kkba  

042 − acb  

0)2)(1(4)2( 2 +−− kk  

            0844 2 −− kk  

                022 −− kk  

            0)1)(2( +− kk  

 

 

 

 

 

 

 

The range of values of k is 

21 − k . 

 

4  20322)( 2 +−−= ttxxxf  

tba 2,2 −== , 203 +−= tc  

042 − acb  

0)320)(2(4)2( 2 −−− tt  

          0)320(84 2 −− tt  

            0)320(22 −− tt  

                 06402 +− tt  

                  04062 −+ tt  

                0)10)(4( +− tt  

 

 

 

 

 

 

 

The range of values of t is 

410 − t . 
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5 62)6(2)( 2 −−++−= uxuxxg  

62,6,2 −−=+=−= ucuba  

 

                     042 − acb  

0)2)(2(4)6( 2 −−−+ uu  

0)62(836122 −−+++ uuu  

   0481636122 −−++ uuu  

   01242 −− uu  

  0)6)(2( −+ uu  

 

 

 

 

 

 

 

 

The range of values of u is 

62 − u . 

 

6  (a) When 0)(,0 =− xhx , thus c = 0. 

When 0)120(,120 == hx . 

Thus, 0)120()120()120( 2 =+= bah  

          0120 =+ ba  … (1) 

 

When 70)60(,60 == hx . 

Thus, 70)60()60()60( 2 =+= bah  

     70603600 =+ ba  

        76360 =+ ba  … (2) 

 

         03360 =+ ba  … (1)   3 

 (– )  76360 =+ ba  

                  73 −=− b  

                      
3

7

−

−
=b  

                      
3

7
=b  

Substitute 
3

7
=b  into (1) : 

0
3

7
120 =+a  

        
3

7
120 −=a  

              
360

7
−=a  

Hence, xxxh
3

7

360

7
)( 2 +−=  

 

 

(b)  When, 
2

1
52)( =xh , 

xx
3

7

360

7

2

1
52 2 +−=  

 

              22 840790018 xx +−=  

0900188407 2 =+− xx  

027001202 =+− xx  

     0)90)(3( =−− xx  

        30=x  or 90=x  

 

Hence, when the height of the parabolic 

curve is 
2

1
52  m, the distance from P is 30 

m or 90 m. 
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Summative Practice 2 

 

1              xxx 57)23( −=−  

07523 2 =−+− xxx  

       0733 2 =−+ xx  

)3(2

)7)(3(433 2 −−−
=x  

6

933−
=x  

107.1=x  or 107.2−  

 

2 0001061.11400)502)(30( =−+− kk  

01001614001500102 2 =−−−− kk  

                      000019102 2 =−− kk  

  0500952 =−− xk  

)1(2

)5009)(1(4)5()5( 2 −−−−−
=k  

2

025385
=k  

2

1955
=k  

95−=k  or 100 

95−=k  is not accepted. 

100=k  

 

3 

 

 

 

 

 

 

 

 

 

 

 

 

(a) )210)(10(
2

1
))(10(

2

1
)10(10)( xxxA −−−=  

)10)(2(
2

1
xx −−  

21010505100 xxxx +−+−−=  

5052 +−= xx  [Shown] 

 

 

 

 

 

 

 

(b)         75.445052 =+− xx  

179200204 2 =+− xx  

   021204 2 =+− xx  

  0)32)(72( =−− xx  

       5.3=x  or 5.1=x  

5.3=x  is not accepted because it does 

not satisfy AQ > QB. 

Hence, 5.1=x  

 

4 0382 2 =−− xx  

The roots are   and  . 

S.O.R. =  +  = 4
2

8
=  

P.O.R. = 
2

3
−=  

The new roots are )1(  −  and )1( −p . 

S.O.R = )1(  −  + )1(  −  

 −+−=  

 2−+=  









−−=

2

3
24  

34+=  

= 7 

P.O.R. = ( ) )1(1  −−  

  )1)(1(  −−=  

  ++−= )(1  

















−+−−=

2

3
41

2

3
 

4

27
=  

The new quadratic equation is  

   0
4

27
72 =+− xx  

027284 2 =+− xx  

 

5          xkx 152 =+  

0152 =+− kxx  

The roots are 2  and 3 . 

 

S.O.R. = 15 
1532 =+   

         155 =  

3=  

 

   P.O.R. = k  

( )( ) k= 32  

             26=k  

             
2)3(6=k  

              54=k  
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6 (a)          4822 +=++ xkkxhx  

 04282 =−+−+ kxkxhx  

042)8(2 =−+−+ kxkhx  

42,8, −=−== kckbha  

The roots are k  and 
h

1
. 

S.O.R. = 
a

b
−  

h

k

h
k

)8(1 −
−=+  

h

hk 1+
=

h

k )8( −
−  

81 +−=+ khk  

7=+ khk  … (1) 

 

P.O.R. = 
a

c
 

h

k

h

k 42 −
=  

42 −= kk  

4=k  

 

From (1) : 

744 =+h  

     34 =h  

      
4

3
=h  

 

(b) New roots are 2h = 








4

3
2 =

2

3
 and 

4−=−k . 

 

S.O.R. = 
2

5
)4(

2

3
−=−+  

P.O.R. = 6)4(
2

3
−=−  

The new quadratic equation is 

06
2

52 =−+ xx  

01252 2 =−+ xx  

 

 

 

 

 

 

 

 

 

 

 

 

7 0522 =−+ xx  

The roots are   and  . 

2−=+   

5−=  

 

042 =++ qxx  

The roots are 


p
 and 



p
. 

S.O.R. = 


pp
+  



 )( +
=

p
 

5

)2(

−

−
=

p
 

p
5

2
=   

S.O.R. = 4−=−
a

b
 

By comparison, 4
5

2
−=p  

)4(
2

5
−=p  

10−=p  

P.O.R. = 


















pp
 



2p
=  

5

2

−
=

p
 

P.O.R. = q
a

c
=  

By comparison, 

5

2

−
=

p
q  

5

)10( 2

−

−
=q  

5

100

−
=q  

20−=q  
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8  0122 =++ mxx  

The roots are   and  . 

m2−=+   

1=  

 

042 =−+ nxx  

The roots are 2  and 2 . 

a

b
−=+  22  

( ) 42 −=+   

4)2(2 −=− m  

     44 −=− m  

1
4

4
=

−

−
=m  

 

a

c
=)2)(2(   

       n−=4  

        n−=)1(4  

            4−=n  

 

9                   ( ) kxmx =+
2

 

02 22 =−++ kxmmxx  

0)2( 22 =+−+ mxkmx  

The roots are 1 and 16. 

S.O.R. = 
a

b
−  

)2(161 km −−=+  

km+−= 217  … (1) 

 

P.O.R. = 
a

c
 

2161 m=  

     4=m  

 

From (1) : 

When m = 4, 

k+−= )4(217  

  817 +=k  

  25=k  

 

From (1) : 

When 4−=m , 

k+−−= )4(217  

k+= 817  

  9=k  

 

 

 

 

 

 

10          xx 8152 =+  

01582 =+− xx  

The roots are )1( +h  and )2( −k . 

             S.O.R. = 
a

b
−  

)1( +h + )2( −k = 8 

           81=−+ kh  

                9=+ kh  

                      kh −= 9  … (1) 

 

            P.O.R. = 
a

c
 

 )1( +h )2( −k = 15 

1522 =−+− khhk  

      172 =+− khhk  … (2) 

 

Substitute (1) into (2) : 

17)9(2)9( =+−−− kkkk  

 172189 2 =++−− kkkk  

          035122 =−+− kk  

             035122 =+− kk  

             0)5)(7( =−− kk  

                                7=k  or 5 

 

From (1) : 

When k = 7, 

2799 =−=−= kh  

When k = 5, 

459 =−=h  

 

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

 

11 qxy 3)2(2 2 +−=  

 ( ) qxxy 3442 2 ++−=  

 qxxy 3882 2 ++−=  

 S.O.R. = 4
2

8
=

−
−  … (1) 

 P.O.R. = 
2

38 q+
 … (2) 

 

52 −−+= pxxxy  

5)1(2 −−+= xpxy  

S.O.R. = 1
1

)1(
−=

−
− p

p
 … (3) 

P.O.R. = 5−  … (4) 

 

Equating (1) and (3) : 
41=−p  

      5=p  
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Equating (2) and (4) : 

2

38 q+
= 5−  

1083 −=+q  

      8103 −−=q  

      183 −=q  

        6−=q  

 

12            4)4( −−− xxx  

 0442 +−+− xxx  

       0432 ++− xx  

   0432 −− xx  

0)1)(4( +− xx  

 

 

 

 

 

 

 

 

 

The range of values of x is 

1−x  or 4x . 

 

13 (a)      2)4( =−xx  

0242 =−− xx  

 

 (b) S.O.R. = 
a

b
− = 4

1

4
=







 −
−  

 (c) acb 42 −  

)2(4)4( 2 −−−=  

816+=  

= 24  (> 0) 

Hence, the roots are real and distinct. 

 

14                 pmxx 4523 2 −=−  

05423 2 =−+− pmxx  

54,2,3 −=−== pcmba  

                     042 =− acb  

0)54)(3(4)2( 2 =−−− pm  

          060484 2 =+− pm  

             015122 =+− pm  

                             1512 2 += mp  

                                 
12

152 +
=

m
p  

 

 

 

 

15           xqxx 419 2 =++  

0149 2 =+−+ xqxx  

1,4,9 =−== cqba  

             042 =− acb  

0)1)(9(4)4( 2 =−−q  

0361682 =−+− qq  

      02082 =−− qq  

0)10)(2( =−+ qq  

                    2−=q  or 10 

 

16  62)( 2 ++−= ppxxxf  

                 042 =− acb  

0)6)(2(4)( 2 =+−− pp  

           04882 =−− pp  

           0)12)(4( =−+ pp  

                               4−=p  or 12 

 

17  kkxxxg −++= 22)( 2  

kckba −=== 2,2,1  

               042 =− acb  

0)2)(1(4)2( 2 =−− kk  

          0484 2 =+− kk  

              022 =−+ kk  

          0)1)(2( =−+ kk  

                             2−=k  or 1 

 

18  (a) 03222 =++− ppxx  

32,2,1 +=−== pcpba  

                     042 − acb  

0)32)(1(4)2( 2 +−− pp  

             01284 2 −− pp  

                 0322 −− pp  

               0)1)(3( +− pp  

 

 

 

 

 

 

 

 

 

The range of values of p is 

31 − p . 
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(b) xpxppx 42232 22 +=+++  

023242 22 =+++−− ppxpxx  

232,42,1 2 ++=−−== ppcpba  

                                     042 − acb  

( ) 0232)1(4)42( 22 ++−−− ppp  

0812816164 22 −−−++ pppp  

                          0844 2 ++− pp  

                              022 ++− pp  

                                 022 −− pp  

                             0)1)(2( +− pp  

 

 

 

 

 

 

 

 

 

 

 

 

The range of values of p is 

21 − p . 

 

19 (a) 94)1()( 2 +−−= mxxmxf  

                   042 − acb  

0)9)(1(4)4( 2 −−− mm  

      0363616 2 −+ mm  

           0994 2 −+ mm  

         0)3)(34( +− mm  

 

 

 

 

 

 

 

 

 

 

 

The range of values of m is 

4

3
3 − m  

 

 

 

 

 

 

 

(b) 1)2(4)( 2 −++−= mxmxxf  

                         042 − acb  

  0)1)(4(4)2(
2

−−+− mm  

   01616442 +−++ mmm  

                 020122 +− mm  

                0)10)(2( −− mm  

 

 

 

 

 

 

 

 

The range of values of m is 

2m  or 10m  

 

20    ( )12433 22 −−++− xxqxx  = 0 

  02433 22 =−−++− qqxqxxx  

04)3()32( 2 =−+−−++ qxqxq  

                            042 − acb  

0)4)(32(4)3( 2 −+−−− qqq  

( ) 01252469 22 ++−−++ qqqq  

04820869 22 −−+++ qqqq  

                        039149 2 −− qq  

                        0)139)(3( +− qq  

 

 

 

 

 

 

 

 

 

 

The range of values of q is 

13
3

9
q−    
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21 (a) 154)( 22 −−+−= kkxxxf  

( )154)( 22 ++−−= kkxxxf  

 15)2()2(4)( 2222 ++−−−+−−= kkkkxxxf

 15)4()4(4)( 2222 ++−+−−= kkkkxxxf  

 1)2()( 22 ++−−= kkxxf  

1)2()( 22 −−−−= kkxxf  

The maximum value of  f(x) is 12 −− k  

when kxkx 202 ==− . 

 

But it is given that the maximum value of 

f(x) is kr 22 −− . 

 

By comparison, 

12 −− k  = kr 22 −−  

        1222 +−= kkr  

        
22 )1( −= kr  

          1−= kr  [Shown] 

 

(b) The axis of symmetry is kx 2= . 

But it is given that the axis of symmetry is 

12 −= rx . 

By comparison, 

kr 212 =−  … (1)  

Substitute 1−= kr  into (1) : 

            kk 21)1( 2 =−−  

021122 =−−+− kkk  

                 042 =− kk  

  0)4( =−kk  

Given that 0k , thus 4=k  

Therefore 1−= kr = 314 =−  

 

22 (a) qpxaxf +−= 2)()(  

Since f(x) has a maximum value, 

therefore a < 0. 

(b) 3)2()( 2 +−= xaxf  

But it is given that qpxaxf +−= 2)()( . 

By comparison, p = 2 and q = 3. 

(c) 3)2(2)( 2 +−−= xxf  

( ) 3442 2 ++−−= xx  

582 2 −+−= xx  

 

(d) (i) 582)( 2 +−= xxxf  

     (ii) 582)( 2 −−−= xxxf  

 

 

 

 

 

 

23 (a) 88)( 2 −+−= xxxh  

        ( )862 +−−= xx  

        













+







 −
−







 −
+−−= 8

2

6

2

6
6

22
2 xx  

( )89962 +−+−−= xx  

 1)3( 2 −−−= x  

1)3( 2 +−−= x  

Thus, p = 1 

 

(b) The maximum point is (3, 1). 

y-intercept = –8 

At the x-axis, y = 0 

0882 =−+− xx  

0882 =+− xx  

0)4)(2( =−− xx  

                   2=x  or 4 

Thus, the curve will intersect the x-

axis at (2, 0) and (4, 0). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

24 (a) 
2432)( xxxf −−=  

       = 324 2 −+− xx  

       = 







+−−

4

3

2

1
4 2 xx  

     













+










−−










−+−−=

4

3

)2)(2(

1

)2)(2(

1

2

1
4

22

2 xx  









+−+−−=

4

3

16

1

16

1

2

1
4 2 xx  














+








−−=

16

11

4

1
4

2

x  

4

11

4

1
4

2

−







−−= x  

Maximum value = 
4

11
−  when 

4

1
=x  

 

 

 

 

The sign of each 

term is changed. 

The sign of the coefficient of x is changed 
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(b) y-intercept = –3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

25 (a) 
234)( xxxf −−=  

 = 432 +−− xx  

 ( )432 −+−= xx  

 













−








−








++−= 4

2

3

2

3
3

22
2 xx  

 







−−++−= 4

4

9

4

9
32 xx  

 













−








+−=

4

25

2

3
2

x  

4

25

2

3
2

+







+−= x  

Hence, the maximum point is 









−

4

25
,

2

3
, i.e. 








−

4

1
6,

2

1
1 . 

 

 

(b) y-intercept = 4 

At the x-axis, y = 0 

   432 +−− xx = 0 

      0432 =−+ xx  

   0)1)(4( =−+ xx  

     4−=x  or x = 1 

Thus, the curve will intersect the x-

axis at the points (–4, 0) and (1, 0). 

 

 

 

 

 

 

 

 

 

 

 

 

(c) 
2

1
1−=k  

26 (a) 6)( 2 −−= xxxf  

 )3)(2( −+= xx  

y-intercept = –6 

x-intercept = –2 and 3 

 

6)( 2 −−= xxxf  

 6
2

1

2

1
22

2 −







−−








−+−= xx  

 6
4

1

4

12 −−+−= xx  

 
4

25

2

1
2

−







−= x  

 

x –3 5 

f(x) 6 14 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b)  

 

 

 

 

 

 

 

 

 

27 (a) kkxxxh 54)( 2 +−−=  

    = ( )kkxx 542 −+−  

   













−








−








++−= k

kk
kxx 5

2

4

2

4
4

22
2  

   ( )kkkkxx 5444 222 −−++−=  

   ( ) kkkx 542 22
−−−−=  

Maximum value = 6 

      654 2 =−− kk  

   0654 2 =++ kk  

 

 

 

 



 

30 

 

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

0)2)(34( =+− kk  

4

3
=k  or 2−  

(b) )(xh 10)2(42 −−−−= xx  

       1082 −+−= xx  

       ( )1082 +−−= xx  

       







+






 −
−






 −
+−−= 10

2

8

2

8
82 xx  

        = ( )10161682 +−+− xx  

        = 6)4( 2 −−x  

 

Maximum point is ( )6,4 − . 

y-intercept = –10 

 

At the x-axis, y = 0. 

1082 −+− xx = 0 

   01082 =+− xx  

)1(2

)10)(1(4)8(8 2 −−
=x  

2

248
=x  

45.6=x  or 1.55 

Hence, the curve will intersect the x-

axis at (1.55, 0) and (6.45, 0). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

28 (a) 5)( 2 ++= hxxxf  

= 













+








−








++ 5

22

22
hh

hxx  

5
42

22

+−







+=

hh
x  

Given 
4

11
)()( 2 ++= kxxh . 

 

 

 

By comparison, 

4

11
5

4

2

=+−
h

 

3

9

4

2

−=−
h

 

     3−=h   [Given h < 0] 

 

 

2

h
k =  

2

3
−=k  

 

(b)  When 3−=h , 
2

3
−=k , 

4

11

2

3
)(

2

+







−= xxf  

Minimum point 








4

11
,

2

3
 i.e. 









4

3
2,

2

1
1  

y-intercept = 5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

29  (a) The midpoint between (1, 0) and (5, 0) 

is 






 +
0,

2

51
, i.e. ( )0,3 . 

The maximum value is 8. 

Therefore, (3, 8) is the maximum point. 

Hence, 8)3(2)( +−−= xxf  

But it is given that 

khxxf 2)(2)( −−−= . 

By comparison, 3=h  and 

482 −==− kk . 
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(b) y-intercept is 8 and the x-intercepts are 

1 and 5. 

 

 

 

 

 

 

 

 

 

 

 

(c) 8)3(2)( 2 +−−= xxf  

If the graph is reflected in the x-axis, 

the sign of each term is changed. 

8)3(2)( 2 −−= xxf  

 

(d) khxaxf +−= )()(  

If the graph is reflected in the x-axis, 

the sign of h is changed. 

8)3(2)( 2 ++−= xxf  

 

30 4+= pxy  … (1) 

  542 +−= xxy  … (2) 

Substitute (2) into (1) : 

        4542 +=+− pxxx  

0142 =+−− pxxx  

1,4,1 =−−== cpba  

            042 =− acb  

    04)4( 2 =−−−p  

041682 =−++ xp  

     01282 =++ xp  

  0)6)(2( =++ pp  

2−=p  or 6−  

 

31  xhy 2−=  … (1) 

082 =++ xyy  … (2) 

Substitute (1) into (2) : 

        08)2()2( 2 =+−+− xhxxh  

08244 222 =+−++− xhxxhxh  

                 0832 22 =++− hhxx  

8,3,2 2 +−== chhba  

                    042 − acb  

0)8)(2(4)3( 22 +−− hh  

          06489 22 −− hh  

                     0642 −h  

             0)8)(8( −+ hh  

 

 

 

 

 

 

 

 

 

 

The range of values of h is 8−h  or 

8h . 

 

32  kxy +=  … (1) 

222 =+ xy  … (2) 

Substitute (1) into (2) : 

              2)( 22 =++ xkx  

022 222 =−+++ xkkxx  

     0222 22 =−++ kkxx  

2,2,2 2 −=== kckba  

                 042 − acb  

0)2)(2(4)2( 22 −− kk  

       01684 22 +− kk  

              0164 2 +− k  

                 0164 2 −k  

                     042 −k  

          0)2)(2( −+ kk  

 

 

 

 

 

 

The range of values of k is 

2−k  or 2k . 

 

33  kxkxxf 216)2()( 2 −+−+=  

042 − acb  

0216)(1(4)2( 2 −−− kk  

  0864442 +−+− kkk  

                06042 −+ kk  

             0)10)(6( +− kk  

 

 

 

 

 

 

 

 

 

The range of values of k is 

610 − k . 

But it is given that nkm  . 

By comparison, 10−=m  and 6=n . 

 

 

 

 


