Fully-Worked Solutions

SPM MODEL PAPER

Paper 1
1 f)=31-x|,-1sx=<2
(@ fl@=0
3l1-al=0
1-a=0
a=1

(b) f(x)=6
3l1-x| =6
[1-x|=2
l-x=-2 or 1-x=2
x=3 x=-1
(Not accepted)
sox=-—1

(c) Range:0<f(x)<6

(d) Relation: Many-to-one

2 fw=2 5L gw=5-2

(a) Let g'(1)=y
gy =1
5-2y=1

y=2

S ) =1(2)
221

2

| w

(b) gf(x)=-3
X -1 -3

g( 2 )‘
5-xX+1=-3
x=9

x=-3,x=3

3 (a -4p+DHy-4)-9>0
-4(*-3y-4)-9>0
-4y*+12y+16-9 >0

—4y*+ 12y+7 >0
4y - 12y-7<0
2y+1DH2y-7) <0

-

1 7
Sl y <=
2753

(b) 2x*+3kx+k=0
b*—4ac <0
Bk)*-42)(k)< 0
k> — 8k <0
k(9% —8) <0
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8
L 0<k<_—
9

4 f)=px+q)+r
(a) Maximum value = -3
Thus,p <0

(b) Axis of symmetry, x=-2
x+g=0
X=-q
=-2
Loq=2

(¢) Maximum value = -3
sor==3

5 (1) %:4-‘*”
ey oy
24x—4—3=26—4x
4x-7=6-4x
8x =13
E
B
1+E 2J2 +3
X
2[2 -3 2[2+3
_(1+5)(2E+3)
2)-3
2243420 +32
42)-9

=5/2 +7
-1

=—7—5/E

(c) 2loggp—log,g =0

(b)
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—-10.667 + 10
=-0.667

7 (a) a=27
S.=81

27

1 -

1-

1l
e}
—

~

<
1]

~
1l

W[ W |—

(b) 32,27,22
T, <0
32+(n—-1)-5) <0
32-5n+5 <0
—5n <-37
S5n > 37
n>74
.n=8

8 (a) 2AT=3TB
Let point 7' (x, y)

(r.y) = 0+6’—10+0
.y (—5 = )

5
T(%, —2)

(b) Areaof A= %

1(-12 h-1]_21
2‘2 52 2| 2
| (=5+4+2h)—(4+5h-2)|=21
|-1+2h—-2-5h=21

|-3-3n|=21
-3-3h=-21 or -3-3h =21
—-3h =-18 -3h =24
h =6 h =*8
(Not accpeted)
.h=6
> @ »=1a;
100xy =2w
2w
100

lgxy =lg 2
100
lgx+1gy =1g2w—Ig 10
lgy =-lgx+l1g2w-2
Gradient, m=-1
y-intercept, c =1g 2w —2

(b) c=lg2w-2
3=1g2w-2
lg2w =5
2w =10

_10°_
w=-=50000

2 FULLY-WORKED SOLUTIONS

10 (a) C

(i) CB =CA +AB
=-6b+4a
(ii) PC = PA +AC
=%§+E
2

= 5 (~4a) +6b

() 2m+g=2(§>+<§>

“(s)+(1)

=9£+(6+t)1

(i) |2m+n |=15

9+ (6+1)°=15
81+ (6+1)* =225
(6+1) =144
6+t==%12

6+t=-12 or O6+1r=12
r=-18 r=6

11

A 3 c
AC=]122+5°
=13cm
Thus, radius of circle = % =6.5cm
(a) LAOB=06
cos 6= 6.5 + 6.5 — 122
2(6.5)(6.5)
=-0.7041
0 =cos™ (-0.7041)
=2.352rad

(b) Area of shaded region
= Area of semicircle — Area of AABC

=%7r(6.5)2—%x12><5

=66.366 — 30
=36.37 cm?

12 (a) (i) °P,=360

Gy AL
’P,x*P,x3=T2
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(b () Z=035
x=25 _035
4

x =26.4cm

(i) P(20 < X < 28) f2)

20 — 25 28 - 25
=P— << —
P( 4 7<= )

=P (-1.25<Z<0.75)
=1-P(Z<-125)-P(Z>0.75)
=1-P(Z>1.25)-P(Z>0.75)
=1-0.1056—0.2266

=0.6678 EETEE)

13 (a) Sinis positive and cos is negative in quadrant I

y
5
3
0
[ 1 x
-4 o
y
V2
1
o
] x
-1 @)
i) cota=
M tan o

-1
L
-1

=-1

(i1) sin (6+ o) =sin Bcos o+ cos Bsin o

A

(b) 6sinx = %Sin 2x

6sinx = %(2 Sin x coS X)

6sinx—sinxcosx =0
sinx (6 —cosx) =0
sinx=0 cosx = 6 (Undefined)
x=0°,180°, 360°

14 (a) Stationary point, % =0atx=-1

i) 2+4ax =0
2+4a(-1) =0
da =2

a=L
"2
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0.75

15 (a)

(i) [242vdr=2x+ P+
Substitute x=-1,y=8,
8=2(-1)+ (-1 +c
c=9
Ly=xX+2x+9

(b) 12y+x=5
NP S NN
12 12 12
y=-3(x+2)(x-2)
=-3(x*-4)
=-3x"+12
dy _
dx__6x
1
—=m =12

(—— 12 tangent
dy_
dx o
12 =—6x
x=-2
y==3(=2*+12
=0
. -0 1
E f L= ==
quation of norma 12 B
12y =—x-2

sin 29° _ sin ZACB
83 14
sin ZACB =0.8178
ZACB =54.87°

(b) ZABC=180°—54.87°—29°
=96.13°
sin 29° _ sin 96.13°

8.3 AC
AC=17.02cm

10.3 6.8

D

10.3> + 6.8* = 17.02°
2(10.3)(6.8)
=-0.9805
ZADC =168.67°

Area of quadrilateral ABCD
= Area of AABC + Area of AADC

= %(17.02)(14) ¢in 29° +%(10.3)(6.8) sin 168.67°

cos ZADC =

=57.76 + 6.88
= 64.64 cm®

Paper 2
1 3x-5Sy+4z=—-12....... @)

2x—6y+8z=-20.......... @)
4x—-y—8z=06...... ©)
@+Q:6x—Ty=-14......... @
Dx2:6x—10y+8z=-24.......... ®
®+@:10x-11y=-18 .......... ®
5X@):30x—=35y==70 ooo..... ©
3%(®): 30x—33y=-54.........
D-®: -2y=-16

y=38

FULLY-WORKED SOLUTIONS



Substitute y =8 into @),
6x-7(8)=-14
6x =42
x=7

Substitute x="7,y =8 into (3,
47)-8-8z=6
8z =14
1

4

2 fx)=t-Tx—2x

(a) f(0) =4
t=7(0)-2(0)* =4
t=4
fx) ==2x*-Tx+4
=—(2+7x—4)
=—2x-1D(x+4)
. b
Axis of symmetry, x = — 2
&)
2(-2)
-7
T4
7 7 7\?
A -0
_81
8
.. Coordinates of point P = (— % %)

(®) (@) f)==2x-Dx+4)

1
>np,om=—>-n=—-4
m n m B n

(ii) The range if f(x) > 0is —4 < x < %

3 (a) cos(60°+A)+sin(30°+A)

=cos 60° cos A — sin 60° sin A + sin 30° cos A + cos 30° sin A

3
COs A —TSinA +%COSA +TsinA

N[ —

0s A

(b) tanx=/3
sin x _ 3
CoS X
sinx:./?cosx

soy=sinx

1l
o

1
I
1
I
0 900 18Q° 0> 360°
I
I
I

14
VR

Number of solutions =2

4 FULLY-WORKED SOLUTIONS

=

4 (a) Areaof AABC =%(AB)(BC)
1
235 =E<4B +1)(BC)

47 =%<4/§ + 1>(BC)

2
BC =41
43 +1
_ 4143 -1)
(43 +1)(4f3 -1)
47043 - 1)
T163) - 1
=(4/§_1)cm

(b) AC = [AB*+ BC*
= [@f3 41)+ (a3 1)
=/48+8/?+1+48—8/§+1
= /98
- [50
=7/2 em

5 (@ p+5,p,p-4
_p _p-4
p+5 P
Pr=p-4Hp+3)
pP=p*+p-20
p =20

(b) 9,9x%,9x°

a=9r=—"5=x

ox®
S =1
9

1-—x =1
1-x=9
X =-8
X =(=2)

x==-2

3

6 D =midpoint of AB
_(—8+2—3+5)
U2 2
=(=3,1)

7-16 -1-6
E=(—7—"—"—
( 3 3 )

o)

Rt
()
()

= -10i+2)
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(b) DE = DO+ OE

|
|
|
W
=
+
|
Wi,
-

= — unit
3 un1 s

7@ p 80-2¢  p 2 c
50 —x

50 ¢

X

A 80 D

Area of AAPQ

=(50)(80) - %(50)(80 -2x)— %(80)(}6) - %(Zx)(SO -X)

=4000 -2 000 + 50x — 40x — 50x + x*
=2000 — 40x + x* (Shown)

Minimum area, da =0
dx

% =-40+2x
—-40+2x=0
2x =40
x =20
Minimum area = 20° — 40(20) + 2 000
=1600 cm?

®) [ 30 -260) -7 ds
=jl 3f(x)dx—jl 2g(x)abc-j1 7 dx

[ F(x)dx— 2] g(0) dx— J 7 dx

=3(6)-2(-3)-[7x],
=18+6-[7-7(=2)]
=24-21

=3

8 (a) y=x'p
logloy = loglo (xkp)
= log,, x* +log,,p
= k(log,,x) +1log,, p

log,x | 03 | 06 | 078 | 09 | 1

log,,y 023 | 098 | 142 | 1.74 | 1.98
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log, Graph of log, y against log, x

2.0

0.8

0.6

0.4

0.2 7

0 . log,, x

0.4

—0.52

(b) k=m=gradient
k= 1.74 - 0.23
09 -0.3
=2.52

log,, p = y-intercept
log,,p =-0.52
p= 1070.52
=0.302

(© @ x=7,
log,,x =log,,7
=0.85
log,,y=1.6
y= 101.6
=39.8

(ii) y=1,log,,y=log,,1=0
log,,x =0.21
x = 100.21
=1.62

9 (a) AB=2BC
BC=[(12-27+(=2+7)
=[100+25
s
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AB = [(k—12)*+ (18 + 2)
Jt=127 +(18+2) =2[125

(k—12)2+20 = 4(125)
(k- 12)2+ 400 = 500

(k-12)* =100
k=12=-10 or k-12=10
k=2 k=22

Based on the diagram, k=22

(b) Let the coordinates of D = (x, y)
My XMy ==1
y+7 ., 2= _ 4

x=2 12-2
y+7S __
=2 10"
u__z
x-2
y+7=-2x+4
y=-2x-3 ... D
My =Ny
y-18 _1
x=-22"7 2
y—18=%(x—22)
y=%x+7 ....... )
O=x
—2x—3=%x+7
—4dx-6=x+14
-5x =20
x=-4
- D(-4,5)

(c) Areaof ABCD
_ 122 12 2 -4 22
2018 =2 =7 5 18

= %|(—44—84+ 10-72)— (216 — 4+ 28 + 110)

1
= 5|—190—350\

= 270 units®

(d) Given P(x,y)
AP =5
Ja-227+(-187 =5
(x=220+(y— 18} =5°
X*—44x + 484 +y* — 36y +324 =25
X +y*—44x-36y+783 =0

10 (a) X =number of defective switches, p =0.04, n =20

(i) PX=1)=1-PX=0)
=1-"C,(0.04)° (0.96)*
=1-0.442
=0.558

(ii) Probability = (0.558)° =0.0541

23—26<Z<30—26
2 2

(b) (i) P23 <X<30)= P(

= P(-15<Z<2)
=1-P(Z<-15)-P(Z>?2)
=1-P(Z>1.5)-P(Z>?2)
=1-0.0668 — 0.0228
=0.9104

=91.04%

6 FULLY-WORKED SOLUTIONS

(i) P(X>25) = 0.25
P(Z > 25—2‘:%) =025

25—2“‘i = 0.674
25—y =1348
U =123.65
11 y=(x-2)°+5

(@ x=0,y=(0-2)*+5
=9
sr=9
Minimum point is P(2, 5)

(b) ——2(x 2)
x= 1,42:2(1 -2)==-2
dx
Equation of tangent: % =-2
y+4=-2x+2
y=—2x-2

(c) Area=] (x—2)+5dx

!
[ es]
1

0- [( s) +50- 1)}

=24 units®

(d) Wheny=9,
=(x-27+5
x-2)7=4
x=2=-2 or x-2=2
x=0 x=4
[

Volume = 7' 9*dv— . [(x—2)* + 5] dx

= 7[81x] O-nf;(x-z)u 10(x—2)* +25 dx
(=2’ 10 (x-2)
5 3

4
=347 7[[ + 254

0
~ 32 .80 32 80
_324_;{<5 : 100) ( : 5)]

2 492
=347
3247-=13

T

= 2368 7 units’
TS

12 a=2t-6
(@ v=[2r-6ds
=f-6t+c
=0,v=0=c¢=0
Lv=£—6t
The object stops instantaneously, v =0
r£-6t=0
H(t-6)=0
t = 6 seconds

(b) Minimum velocity, a = % =0

% =2t-6
2t—6=0
t=3
t=3,v=3-6(3)
=-9ms!
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©) s =jt2—6tdt
£
=?—3t2+c
0,s=0=¢=0

£
3—3t

t

Sos=

Object returns to the origin. s =0
13

?—312 =0
£-97=0
£(t-9)=0
t =9 seconds
(d) t=0,5s=0
63
t=6,s=?—3(6)=—36m
3
t= 10,s=%—3(10)=33.3m
f > or =10
(=6 o < o1=0
36 0 333

Total distance =2(36) + 33.3=105.3 m

(e) Velocity decreases means the object decelerates.
a <0
2t-6 <0
r<3

2150 ~
13 (@) () x=5 2 x100=1075

(ii) 98 =Ly99>< 100

y =2039.80

Z
3200
z=3840

(iii) 120 = % 100

(b) Composite index =110

s (m)

110 = 107.5(8) + 98(5) + 120(6) + 120¢

8+5+6+1¢

2 070 + 120z

1M0=———

19 + ¢
2090+ 1107=2 070+ 120¢
20r=10
=2
© SR 100 =110

P =RM2545.45
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Lo _ Dos
(D Lgioporr = )i X x100
2018 2017

120 116
=100 100 > 100

=139.2

sin 60°  sin x

(a) () 35 T~ 4
sinx =0.9897
x =81.77°
(i cosy = 83+ 83 =35
YETT283)(83)
~09111
y=24.34°
(®) .
D
A B

(c) Area of quadrilateral

= Area of AABD + Area of ABCD

= %(3.5)(4) sin 38.23° + %(8‘3)(8.3) sin 24.34°
=433+14.2

=18.53cm’?

15 (a) x=5
y>5
3x+6y<60=>x+2y=<20
6x+3y=60=2x+y=<20

FULLY-WORKED SOLUTIONS

7



8

(0). (0) ()

y

20

18

16

14

12

10

(c) (i) y=6,5<x<7

(iii) Sales revenue, P =4x + 3y
P is maximum at point (7, 6)
x=7,y=6,P=4(7)+3(6)

=RM46

FULLY-WORKED SOLUTIONS

12

14

16

18

20
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