[Terry Lee]

Extension 1, 2022

Multiple Choice
10) 00523—” =cos 1
12 12°
—1 \/g + \/5 —1 T T
cos | ——— |=cos” | cos— |=—
4 12) 12

2A)f (|x|) retains the graph of f(x) for x > 0 and flips it
about the y-axis.

3 D) The degree of the divisor must be higher than the
degree of the remainder, .. it could be 2 or higher.

4 A) Only the graph in (A) satisfies the positive
x-intercept of f(x) + g(x).

5B)t=x-2,.y=-2(x-2) +3...

upside down parabola with maximum at (2,3).

Its graph is an

6 B) The projections on i + j,—i + j,—i —
Aj and Bi —

jandi-j
must be 4i + Aj, —Bi+ Bj,—Ai—
respectively. Only (B) satisfies this.

7 C) Number of triangles = number of combinations

using 3 points — number of 3 collinear points

CHHrmreone

8D) |a+b/<1=>|a+b <.
|g|2 +|lg|2 + 2|g||lg|c0519 <1
Since |g| =|b|=1, 2+2cosf <],

C.cosf < —l.
2

2%[ <0< T Only (D) satisfies this range.

9 D) The graphs of f(x)=0.3—x" and f ' (x) =3/0.3—x
prove that (A) and (B) are wrong as points of
intersection can be on or off the line y = x.

Tangents to the 2 graphs at points of intersection are
parallel if the 2 graphs touch each other at the line

- ,f"l(x)zln(x+m).

X

y=x, eg f(x) ==

. (C) is wrong.
Note: The above curves are chosen so that their
derivatives exist for all real numbers x.

.. By elimination, (D) is correct.

Note: The diagrams above are displayed to illustrate

my points in this question only.

10 B)J de
l+siny

1+sin 1+cos| —— 2 cos? r_y .
& (2 yj (4 2)

.'.%—%—tan 1(—)c+C)
y 2(——tan'1(—x+C))
=—+2tan’1(x C)
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Question 11

(i) wy =(i-j)(2i+j)=2-1=1.
(b) Let u = x> + 4, du = 2xdkx.

Whenx =0,u =4; whenx=1u=35.

J‘l X J‘5 du
o/x?+4 4 2\u
5
]
4
=5-2.
. (8 1Y
(¢) The coefficient of x" is -
r
8
.. The coefficient of x* is l = E =7
4(2 4

g} _
and the coefficient of x* is —l[ j _o6_ 7.

83 8
al\(a-7
(d)uyv=0,.. (2].(4a_1] =0.

a(a—7)+2(4a-1)=0.
a’*+a-2=0.
(a+2)(a-1)=0.
s==2orl.

(e) V3sinx—3cosx :\/g(sinx— 3cosx)
=2x/§(lsinx—£cosx]
2 2
= Zﬁ[sin xcosz— cosxsinﬁj
3 3
:2x/§sin(x—§j.

X

2—-x
¥(2-x)=52-x)",x#2
2x—x> 220-20x+5x>
6x* —22x+20<0

3x* -11x+10<0
Bx-5(x-2)<0

&) 25

2Sx<2.
3

W | U]

Question 12

dy -1-2 3
a) At P(-1,1).—=——=——.
(@ ( )dx 1+1 2
dy 1-2 1
AtQO(Ll).—=——=——.
2 )dx 1+1 2
At R(2,1).ﬂ = 2-2 =
dx  4+1
yi
\ 14 - -
P=1\ 1) oL, R(2, 1)
T R

(b) 41=13x3+2,.". by the Pigeonhole Principle, at least 1
team has at least 4 players above the age limit.
.. At least 1 team will be penalised.

(c)y=xtan"' x

Yy =tan” x+——.
I+x

at[1LE | m=" L
4 4 2
Equation of the tangent is

o5t

. dT
(d) () - = kd.

1
Id—T:kIdt
T-T,
In(T-T,) =kt +C. )
Whent -0, T=12°<T =12

Whent=0,7=92°<1n80=C
When ¢t =5,T =76° < In64 =5t +1n 80

Stzlnﬁzlni.

80 5
.'.t:llni.
5 5

(1) becomes In(7—12) :%In%t+ln80.

T-12

1—:

1, 4
—In—¢
80 55

ST=12+ 806[&!%}_

Page 2



[Terry Lee]

Extension 1, 2022

1 4
(i) 57 =12+ soe(?ngj’.

45— soeGl"gj’.
Jimsh _45_9

80 16
llni tzlni
55 16
ln2
St=5 16:13 minutes.
4
In—

(e) The expected score of selecting 1 ball is

3 10+ Lx(-5=2= 05,
10 10 10

.. When 4 balls are selected, the expected score is
4x(-0.5) = 2.
(f) Let n=0,15" +6' = 7, which is divisible by 7. .". true for

n=0.
Assume 3n so that 15" + 6> =7M, where M € J, i.e.
15" =7M — 6>,
Required to prove that 15" +6>"*"*! is divisible by 7.
1571 467" =15x15" +6° x 67!

=15(7M -6 ) +36x 6"

=7x15M +21x6™"

= 7(15M +3x6>"! ) which is divisible
by 7.
-.15" +6°"" is divisible by 7 for all n > 0 by the
Principle of Mathematical Induction.

Question 13
(a) BH.CA=(h=b)(a~0)
=(@+9)(a-9¢)
=lal" ~[el
=0, as |g| = |g| = radius of the circle

. BH and CA are perpendicular.

bV =r I * (k41 sin? (o)

= 2(k+1) ';‘—dl_cozsycx x

J0
_aGk+[sin m}fk

2 7 2k

_7r(k+1)2_7r
) E}
7t (k+1)
T4k
”2(k+1)2 2 2
If <= = then (k+1)" = 4k.
K +2k+1=4k.
K> -2k +1=0.
(k—1)> =0.
k=1

(c) If f(x) = sin x, Vx then f'(x) is not monotonic (or 1 to 1),
. f7'(x) does not exist.
.. g(x) is not the inverse of f(x).
(d) Let P(x) = x* +bx* +cx +d.
P'(x) =3x" +2bx +c.
By data, P'(a)+ P'(f)+ P'(y) =87,
23+ B4y )+2b(a+ Bry)+3c =87
3><85+2b(—b)+3c =87
2b* =3¢ =168. )
But b* = (-b)’
=(a+p+y)
=a’+ B+ +2(af+ay+ py)
=85+2c.
= (1) becomes 2(85+2¢)—3c¢ =168.
Se=168-170=-2.
saf+ay+ Py =-2.
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(d) 1) xu=np=16x0.2=3.2, where p is the probability
that a chocolate bar weighs less than 150 g.
ol =npg =16x0.2x0.8 =2.56
8-3.2

Pr(x>8) = Pr[z > \/ﬁj

= Pr(z 2 3)

=1-0.9987, using the table on page 18 of the
question booklet, Pr(z <3)=0.9987

=0.0013.
(i1) npq = 2.56 is too small. As a rule of thumb, the size n

must satisfy npg > 10.

Question 14
d
@ (x=2) "=
X

al dx

1
—dy =
yy x=2

=(l— 2 de
2—x
Iny=x+2In(2-x)+C
Substituting (0,1) gives In1=0+2In2+C,..C=-1n4.
Sny =x+2In(2-x)-In4
=Ine* +In(2-x)* —In4

4

(@2~ x)e'
Sy —
(b) The projection of ¥ on y has magnitude %
v
uy u.y
p=r3Vv= AV, Ay = =
¥ v

=2y = (= Av).(u = 2v)
= |\3|2 A7 =2uyA+ |L~l|2 .
The RHS is a quadratic in terms of A, .". it is minimum

b .
whenl:—zzﬁ: 0

|1/~{ - /101/|2 < |1/~{ —/11~/|2 .

|z¢ - /’Loy| < |g - /11~/|.

() 2utsin 9—§t2 =0 givest =0 or 4usin 0 ... The player
g
. 4usin @
hits the target when ¢ = usm s
g
8u’sinfcos@ 4u’sin20
Xp =2utcosf = = .
g g

4’ . .
- Max(x,) = L, which occurs when sin26 =1.
g

4y’ sin @
g
For the player to hit the target, x, <x,

X, =d+ut=d+

4y sin@ _ 4u*sin20
+ <
g g

2
d <2 (sin20-sin).
4

d

Let (6) = sin 26 —sin 6.
1'(0)=2c0s20—cos
=0 when 2co0s260 —cos 8 =0.
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2<2cos2 9—1)—cos0=0.
4cos*@—cosf—-2=0.

11432
8

cos@ 0.84 or —0.59.

Given 0 <6 < %, clearly cos @ = 0.84 corresponds

to the maximum possible range of the projectile.

When cos@ = 0.84,sin 8 = v1-0.84% =0.54 and
sin26 = 2sinfcos @ =0.91,
£(6)=0.91-0.54=037.

4u?

~.d £0.37

=0.37 Max(x,).

(d) £ =np =0.95n, where p is Pr(not missing a flight)
o’ =npq=0.05x0.951=0.0475n
350-0.95n

+0.0475n

JZ 0.99

Pr(X>350)=Pr(z> jso.m.

, Pr[z _350-0.95n
B ~ J0.0475n
From the table on page 18 of the question booklet,
Pr(z £2.33)=0.99,
- 350-0.95n 13

CJ0.04750

350 -0.95n = 2.33:/0.0475n
(350-0.95n)" =2.33* x0.0475n

0.9025n* —665.258n +122500 = 0

n =358 or 379.

Noting that, from (1), 350—-0.95r > 0 for n = 358,

but <0 forn =379... We reject 379 and take only 358.
.. The maximum number of tickets that can be sold

is 358.

M
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