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1. A quadratic curve is given by the equation f(x)=6x—-13-3x".
By expressing f (x) in the form a(x —h)* + k , explain why the curve has no real roots. [4]
f(x)=6x-13-3x"
=-3| x> —2x+ Ej
3
=3[ (x-1) —1+9}
L 3
[ 10
=3l (x=1) +=
(x-1) 4
=-3(x—1)"~10
Since the curve has a maximum point of (1, —10)
which is below the x-axis, the curve doesn’t cut
the x-axis and thus it has no real roots.
Alternative Method
Since (x—1)">10, -3(x~1)" <0
~3(x-1)"-10<-10
S f(x)£-10, f(x) =0 for all values of x
Hence, the curve has no real roots.
n+l
2. (a) Without the use of a calculator, find the value of 6", given that2""” —2" = 39’1 . [3]
(b) The value of an antique is estimated to increase by k % per year. Given that its value at
the beginning of 2017 was $20 000. The value V, after ¢ years, can be modelled by
V=A1.11)".
(i) State the value of 4 and of k. [2]
(ii) Calculate the year when its estimated value will first reach $190 000. [2]
(a) n+l
2n+3 _ 2n — 3
9’1
3
2" (2 -1)==
(2-1)=%
6 =>
7

(b) (i)
(ii)

A=20000,k=11

190000 =20000(1.11)’

1.11"=9.5

. 1g9.5
Igl.11

t=21.6

The year 2038
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The term containing the highest power of x in the polynomial f (x) is 3x*. Two of the roots of
the equation f (x) = 0 are x =—1 and x = k, where k in an integer.

Given that x* —2x+6 is a quadratic factor of f(x) and f(x) leaves a remainder of — 36 when

divided by x,

(a) show that k=2. [3]
Hence,

(b) determine the number of real roots of the equation f (x) = 0. [3]

(a)

(b)

f(x)=3(x" =2x+6)(x+1)(x—k)
f(0)=-36

3(6)(=1)(k) =-36

k=2 (shown)

X’ =2x+6=0
Discriminant = (—2)2 —4(6)<0

.. no real roots

When f (x) = 0, there are 2 real roots.

Given that cos20° =%, where £ > 0, find an expression, in terms of k, for the following

trigonometric ratios.

(@) sec(—20°), [1]

(b) sin160°, (2]

(¢) tanll10°. [1]
(a) sec(—20°) =k

(b)

(c)

sin160° =sin20°
f k
kz—l k2_1

k

tan110° = —tan 70°
1

k* -1

[Turn over
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The concentration of a drug, C(¢), in a patient’s bloodstream, ¢ hours after an injection of the
3

1
drug, can be modelled by C(¢) = —t—+ ﬁ
75 5
Find the length of time in which the drug concentration in the bloodstream is increasing after
an injection [4]
2
t© 16
Ct)y=——=+—
© 25 5
2
= 16
C't)y>0= —+—>0
25 5
801> >0
*~80<0
(t +~/80)(t —/80) < 0
—/80 <1 <+/80
Since £ > 0, 0<t<+/80 or 0<t<45
Duration = 4y/5h or 8.94 h

Al n2
(a) Express % in partial fractions. [5]
x(l+2x)

2 2

(b) Find the value of I M [4]
1 x(1+2x)

AL A2
Letl 3x-2x" _ 4 B C

=—+ +
x(1+2x)*  x  1+2x (1+2x)°
= 1-3x-2x" = A(1+2x)* + B(x)(1+2x) + C(x)

Whenx:—%, 1+§_lzc(_1j

2 2 2
L C=-4
When x =0, 1=A()
L A=1
When x =1, 1-3-2=109)+B(1)(3)—-4(1)
S.B=-3
Or Comparing coefficient of x?, 44A+2B=-2
SB=-3

1-3x-2x* 1 3 4

Cx(1+2x)  x 1+2x (1+2x)




(b)

]

21 _3x—2x2
x(1+2x)2

2
J‘l_ RN N P
1lx 1+2x  (1+2x)

_ \ ) 5
Inx—= ln(1+2x) }
2 (=D(2)A+2x) |,

dx

r 2
In x—é In(1+2x)+ 2 }
2 1+2x |,

ln2—§1115+E - lnl—éln3+z
L 2 5 2 3

—1.321009 +0.98125

=-0.340

[Turn over




B
(=3,3)

» X

O|A(1, 0)

The diagram shows a rectangle ABCD. The vertices of the rectangle are A(1, 0), B(-3, 3),
C and D. The area of the rectangle is 50 square units.

(a) Show that x-coordinate of C satisfies the equation x° +6x—27=0. [6]
(b) Find the coordinates of C and D. [3]
3-0 3
a m,,=——=——
(a) ==y
4
Mye = 3

(b)

Equation of BC, y-3 :é(x+3)

4x
=—+7
Y 3
AB = \4*+3°
= 5 units
.. BC =10 units

BC? =100 unit?
, [ 4x ?
(x+3)" + ?+7—3 =100

(4x+12)°

x> +6x+9+ =100

9x% +54x+81+16x* +96x +144 =900
25x* +150x—675=0
X’ +6x-27=0

(x-3)(x+9)=0
x=3, =9 (NA)

y=2) on

~.C(3, 11)




Let D(x, y)

x+(=3) 1+3
2 2
y+3=11+0:>y=8
2 2
=.D(7, 8)

=>x=7

Midpoint of 4C = Midpoint of BD

8.

The diagram shows the vertical cross-section of a piece of solid conical wood. The solid cone
has base radius 13.5 cm and height 36 cm. A solid cylinder of radius » cm and height # cm was

to be carved out of the solid cone.

(a) Show that the total surface area of the solid cylinder, 4 cm?, is given by
A= 727zr—¥7zr2. [4]
(b) Given that r can vary, find the stationary value of 4 and determine its nature. [5]

(a)

By similar triangles,

r 135
36-h 36
8 =108-3Ah
h:108_8r or 36—83—r

A =271 427k

= 27rr2 + 271'1{

108—81’)

21677 167r?

= 27zr2 +
3 3

=T2nr —?ﬂ'l"z (Shown)

[Turn over




(b)

d4 20

—=72r——rr
dr 3
When%ZO, 7277—&7””:0
dr
r=10.8

2
A 2
d_2 = ——072' <0 = 4 is maximum
dr
10 2
A= 727:(10.8)—?%(10.8)

= 1221.45
.. A=1220 or

1944,
cm
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9.  The diagram shows a circle, centre O, with diameter AB. The point C lies on the circle. The
tangent to the circle at 4 meets BC extended at D and CO is perpendicular to AB.

B
g 0
b A
(a) Prove that C is the midpoint of BD. (4]
(b) Prove that triangle ADC is isosceles. [3]
(a) Z BAD =90° (tan L radius)
= /BOC (CO L 4B)

ZCBO = ZDBA (common angle)

ABOC and ABAD are similar. (AA)
_BO_BC_1

B4 BD 2
Hence, C is the midpoint of BD.
Alternative Method
£ BAD = 90° (tan L radius)

= /BOC (CO L 4B)

. CO 1s parallel to DA.
ZCBA = ZDBA (common angle)
ZBOC = ZBAD (alternate angles)

ABOC and ABAD are similar. (AA)
_Bo_BC_1

""BA BD 2
Hence, C is the midpoint of BD.

(b) /DAC = ZCBA (alternate segment theorem)
/ZBCO = ZCBA (base angles of an isosceles A)
ZBCO = ZCDA (corresponding angles of similar A)
. ZCDA = £ZDAC
Hence, triangle ADC is isosceles.

[Turn over
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1 _ 2cosx

(a) Show that =—.
secx+1 secx—1 sin“x

(b) Hence find, for —g <x< % , the exact solutions of the equation

1 1

[3]

+ =4cosx [4]
secx+1 secx—1
(a) 1 N 1
secx+1 secx-—1
B 2secx
sec’ x—1
_ 2secx
tan® x
2 (cos’x
cosx | sin® x
= 2 'cozs al (shown)
sin” x
2
(b) F()zsx =4cosx
sin” x
2cos x = 4sin” xcos x
2cosx(1—2sin2x):0
2cosx=0 or 1-2sin*x=0
T ) 1
x=x— sinx=+—
2 V2
x=i£
4
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Given the equation —;
sin

=7+cotf where 0° <8 < 360°, find the values of €.

[6]

=7+cotd

sin’ @
6cosec’d =7+cotb
6(1+cot2 6):7+c0t0
6cot’@—cotd—1=0
(3cot@+1)(2cotf—1)=0

1
2
tan @ = -3 or tan@ =2
Basic £ = 71.565° Basic £ = 63.434°

cotﬁz—é or cot@ =

0=108.4°, 288.4° 0=63.4°,243.4°
OR

. 62 s 0956’
sin” @ sin@

6 =7sin’ 6 +cos@sin &

6(sin2 6 + cos? 6’) =7sin’> @+ cos Hsin O
sin® @+sin@cos@—6c¢co0s* =0
(sin@+3cos@)(sind—2cosf)=0

sin@ =-3cos@ or sin@ =2cosf
tan @ = -3 or tan@ =2

[Turn over
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12. Itis given that f(x) =c—3cos (%) and g(x)=2sinx for 0° <x<540°.

f (x) has a period of 1080° and a minimum value of —4.

(a) State the value of b and of c.

2]

(b) Sketch, on the same axes, the graphs of y =f(x) and y=g(x). (4]
(¢) Write down the smallest integer value of & for which f(x) = g(x)+ k has exactly two
solutions. [1]
(a) b=3
c=-1
21 y=1x)
P y =glx)
0 90° 180° 27Q° ~360° 450° 540°
24
4t
(c) k=-4
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13. The diagram shows part of the curve y =+/1—4x passing though the point P(p, \/1-4p),
where p is a negative constant. The curve meets the x-axis at the point R. The normal and
tangent to the curve meet the x-axis at the points Q(—4, 0) and S.

y=41—-4x +

(a) Show thatp = 2. [5]
(b) Find the equation of the tangent at P. [2]
(¢) Find the area of the shaded region POR. [4]

1
Y _(Dglan 2o
(a) " (J(l 4x) 2(-4)

&<

1-4p
p+4
Gradient of normal x Gradient of tangent = —1

2 ><1/1—4p _ 1
JI-4p p+4
2

1

Gradient of normal =

p+4:
p+4=2
p=-2

Alternative Method

Ji-4p  J1-4p
p+4 2
p+4=2

p=-2

Gradient of normal,

[Turn over



(b)

(c)

Equation of tangent,

Area of shaded region

i 1
=%x(2)(3)+jf2(1—4x)2dx

=

3
(1-4x)2

3
I EX (-4 >,

=3+

A=

3

1 _
=3+4|——(1-4x)2
6( )

L -2
- ;
=3+ 0+ {1-42)2

= E or 7lor 7.5 unit?
2 2

y—3=—§(x+2)
_ 202
YTy

1

End of Paper 1




