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1. ALGEBRA
Quadratic Equation
For the equation ax? + bx + ¢ = 0,
« = —b++/b? - 4ac
2a

Binomial Expansion

n n n
(a+b)n :an +(1jan—lb+(2jan—2b2 +“.+[rjan—rbr +“.+bn’

_ L n n! n(n-1)...(n—r+1)
where n is a positive integer and = =
r) ri(n-r)! r!

2. TRIGONOMETRY

Identities
sinA+cos?A=1
sec?A=1+tan’A
cosec? A =1+ cot? A
sin(A+B) =sin AcosB+cos Asin B
cos(A+B) =cos AcosBFxsinAsinB

tanA+tanB

tan(AtB)=—— ——
1F tan AtanB

sin 2A=2sin Acos A

cos 2A = cos? A —sin? A=2cos? A—1=1-2sin A

tan 2A:%
1-tan“ A

Formulae for AABC

a b C

SinA _ sinB _ sinC

a? = b?+c?—2bccos A

AzlbcsinA
2
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1  xisthe principal value of tan‘l(—zj . Without using a calculator, find the value of

(i)  cosx, [1]

(ii) sing. 2]

[Turn over
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2 Solve the equation 3% — 28(3"**) +243 = 0. [4]
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3 Find the set of values of the constant m for which the line  y=mx+1 does not meet the

2
curve y= i);l . Express your answer in exact form. [5]

[Turn over
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The diagram shows a circle passing through the points B, D, E and F. The straight line ABC is
a tangent to the circle. CDE is a straight line and FD is parallel to AC. Prove that EB bisects
angle DEF. [4]
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5  The surface area of a spherical balloon is decreasing at the rate of 24 cm?/s.

(i)  If the radius of the balloon at time t seconds is r cm, find an expression, in terms of r,
for the rate of change of the radius. [3]

(if)  Find the rate of decrease in the volume of the balloon when the radius is 10 cm. [3]

[Turn over
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6 A town has a population of 95 000. During a pandemic, the total number of people, N, infected

t days after the virus has begun, is modelled by N = LO(_)O&
2+498e™
(i)  Find the number of people who were initially infected by the virus. [2]

(i)  The authority decided to issue home quarantine orders when 8% of the population are
infected. After how many days will the authority issue the order? [3]
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Continuation of working space for question 6(ii).

(iii)  Explain based on the model whether all 95 000 people will become infected after a long
period of time. [2]

[Turn over
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7 (@ (i)  Write down and simplify the first four terms in the expansion, in ascending
powers of x, of (2-3x)’. [2]

(i) Hence find the coefficient of x® in the expansion of (1+ 2x2)(2—3x)5. [2]
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(b)  Every term in the expansion of (x—%) is dependent on x.
X

By considering the general term in the binomial expansion of (x—z—lzj , give two
X

comments on the possible values of n. [4]

[Turn over
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Megan runs back and forth along a straight line as she trains for her physical fitness test. Her
velocity, v m/s, t seconds after passing a fixed point A, is given by v =9.2sin0.02t, where
0<t<300.

(i)  State Megan’s maximum speed. [1]

(i) Find the time when Megan makes a turn after passing A. [2]

(iii)  Find the total distance Megan covered for her entire run. [3]
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Continuation of working space for question 8(iii).

(iv) Find Megan’s acceleration when t = 200. [2]

[Turn over
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9  Theequation of acurveis y=x +4i.
X

(i)  Find the values of x for which y is increasing. [4]
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(i) Find the x-coordinates of each of the stationary points of the curve. [2]

(iif)  Using the first derivative test, find the nature of each stationary point. [3]

[Turn over
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10 (@)  State the values between which the principal value of cos™x lie. [1]

(b) Itisgiventhat f(x)=sin2x and g(x)=%cosx.

(i)  State the period of f(X). [1]

(i)  State the period of g(x). [1]

(iif)  Sketch, on the same axes, the graphs of y=f(x) and y=g(x) for 0<x<2z. [4]

v
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(iv)  Hence, state the number of solutions of the equation 4sin2x=2cosx for
0<x<2r. [1]

(v)  The number of solutions of the equation sin2x = %cosx— m, where mis a

constant, for 0<x <2z isexactly 5. Find the value of m. [1]

[Turn over
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11 The diagram shows a container in the form of a sphere, radius 8 cm. A right cylinder with base
radius r cm, is inscribed in the sphere. The circumferences of the circular ends of the cylinder are in
contact with the inner surface of the sphere. The curved surface area of the cylinder is A cm?.

(i)  Show the height of the cylinder is  2v/64—r? cm. [2]
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87(32—r?
(ii)  Show that d—A=M [4]

dr  64—r?

[Turn over
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(iii)  Given that r can vary, show that the curved surface area of the cylinder is maximum
when the height of the cylinder is equal to its diameter. [3]
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12 Giventhat f'(x)=e? +sin4x and f(O):%,showthat f"(x) — 4f (x) —1=—10sin* 2x .. [8]

[Turn over
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13

C(7,5)

B(5, 1)

0 A@2,0)

The diagram shows a quadrilateral ABCD with vertices A(2, 0), B(5, 1) and C(7, 5).
Angle BAD = angle ADC = 90°.

(i)  Find the coordinates of D. [5]
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(i) A point E lies on CD such that ABED is a square. Find the coordinates of E. [2]
(iif)  Find the area of the quadrilateral ABCD. [2]
(iv) A point X on the x-axis is such that angle BAX = angle BXA. Find the equation of BX. [1]

End of Paper
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Qn No Working
1(i) 4
COSX=—
5 y
T 4 X
oNa >
N_ 3
ALTERNATIVE
sec? x =1+tan’ x
2
secX=,[1+ (—§)
4
_ [
16
_>5
4
4
S.COSX =—
5
1 sin—= 1
J10
2 X=12 or X=11
3
\ /.
N3 3
2 AT
) —ﬁ <b< —3
2
5(i) dr -3
—=—cm/s
dt  xr
=i
(i av =-120 cm®/s
dt
. Rate of decrease in volume is 120 cm?/s.
6(i) When t=0,
N =190

Initially, there are 190 people who were infected by the virus.

6(ii)

When N = 0.08(95 000) = 7600,

t >6.432041366

[Turn over
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The authority will issue home quarantine orders after 7 days.

6(ii) When t is very large, e > approaches 0,
Hence, all 95 000 people will never be infected after a long
period of time.
7(a)(i) (2 = 3x)°> =32+ 5(16)(—3x) + 10(8)(9x?2) + 10(4)(—27x3) + ---
= 32 — 240x + 720x% — 1080x3 + ...
7(a)(ii) coefficient of x3=— 1560
7(b) n is any positive integer which is not a multiple of 3.
8(i) Maximum speed is 9.2 m/s
8(ii) Megan made a turn at 50 = 157 seconds. (3.s.f)
8(iii) Megan only made 1 turn in her run at 50% s and completed her run at 300s.
t=300s
@ R \
® - R [}
(=0 t=157s
Total dist = 1820 m
8(iv) When t=200s, a=-0.120 m/s®> (3s.f)
9(i) y=x+ 1
4x
1
&, 1
dx 4x
. . . dy
For y to an increasing function, d—> 0.
X
X<—= or X>—
(i
W For any stationary points, % =0
X
x=+1
2
9(iii)

[Turn over
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X 05|05 | 05 X -05 | -05 | -0.5*
Sign of dy - 0 + Sign of dy + 0 -
dx dx
Slope \ — / Slope / - \

g_y changes from —to + as x
X

increases through 0.5, hence

X =% is a minimum point.

:_y changes from + to — as x
X

increases through — 0.5, hence

1. . .
X=—§ IS & maximum point.

10(a) 0<cos*x<7z
10(b)(i) period of g(x)= = or 180°
10(b)(ii) | period of f(x) =2nr or 360°
10(b)(iii)
y
A
A e
: : ¥=—CO5X
0.5 M pacr--\-----------f-- e
O EI i Bﬁ_ 1 ir_ 7_71::- 27‘5— X >
_05 | A 2\ /. A 2N
N )\ J
y=sin2x
10(b)(iv) | From the sketch,
No. of solutions = 4
10(b)(v) |m=05
11(ii) Curved surface area of cylinder,
A=2xrh
A= 27rr(2x/64— r2 )
A=4xr\64-r?
1
?j_A - (47:)(\/64— r )+(47zr)B(64— r’) 2 (—2r)}
r
1) when  2v64-r° =2r
r=+32 =42 cm
r 42" M2 42+
dA + 0 -
Signof —
dr

[Turn over
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Slope | / | - | \

d_ changes from — to + as r increases through 4\/5 , hence
r

r =442 isamaximum point.

Therefore, maximum curved surface area of the cylinder,
A cm? is obtained when the height of the cylinder is equal to its diameter. (shown)

12 f"(x) = —2e ** + 4cos 4x
1
f(x)=- ——cos4x+1
) 2e?* 4
13(i
® equation of line DC isy =1x+§. ....... (1)
equation of line AD is  y=-3x+6. ....... (2)
~.D(,3)
13(ii) Let E(x,y)
X+2 Yy
32)=| —,=
ea-(*2Y)
- E(4,4)
13(ii) 12 57 12
P20 15 30
=15 units®
13(iv) 8

equation of line BX isy :—Ex+§.
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