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sin36'+cos39_l_(sin9+cose)(sin26'—5in6'cos€+00529)_l
sin@ + cosé (sin@ + coso)

= (sin? 0 - sin@cosd + cos® §)-1=(1-sindcosd) -1

=-sin@dcosl = —%sin 20 .

Qe y=x, %ZSXZ:H, . x=%2 and y=+8.
X

y=12x+b, 8=12(2)+b, b=-16
-8=12(-2)+b, b=16.
Q2ai f(x)=sin*(x+5) isdefined for ~1< x+5<1,

i.e. 6 < x<-4.Domain: [-6,-4], range: [—%%}

Q2aii f'(x)= —:1.
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Q2bii Let x=2,
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Q2ci Given y=%(p+r)x—apr .AtpointU, x=0,
-y =—apr , hence U(0,~apr).

Q2cii Given the tangent at P(Zap, apz) is y= px—ap?, by
symmetry the tangent at Q(Zaq,aqz) is y=ox—ag?.

px—ox=ap’ -aq’,
~x=a(p+q),where p=q.

Atpoint T, px—ap? = gx—aq?, ..
(p-ajx=a(p-a)p+a),
w.y=px-ap’ = pa(p+0)-ap’ =apq.
Hence T(a(p+q),apq).

Q2ciii Since Q(Zaq,aqz) and R(Zar,arz) aretwo different
points having the same y-coordinate, . > =r? and q=r ,
Q=T

U(0,~apr) and T(a(p+q),apq) are two different points

having the same y-coordinate, .. TU isahorizontal line
perpendicular to the vertical axis of the parabola.
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(1- cos2x)dx = B(x— sin ZXH:
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Q3bi f(x)=3log, x—x, f(1.5)=3log,15-1.5=-0.2836,

f(2)=3log,2-2=0.0794. .. f(x) hasazeroat 1.5< x< 2,
- x-coordinateof Pis1.5< x< 2.
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3bii f'(x)=>-1, x, =15, f'(L5)=-——-1=1.
Q@bii 1/(x)=>-1, %, L5)-

f(x,) _,5_ 02836

=X — = =1.78.
= f,(xl)

Q3ci Threeblocks high: 5x 4x 3 =60

Q3cii Total number of 2, 3, 4 and 5-block towers:
5x4+5x4x3+5x4x3x2+5x4x3x2x1=320

Q3di Since ZQKT +ZQMT =180°,
quadrilateral.

.. QKTM isacyclic

Q3dii ZKMT and ZKQT are subtended by the same arc KT ,
.~.they areequal.

Q3diii ZPTN = ZPQT (The angle between achord and a

tangent at an end of the chord equals the angle in the alternate

segment).
ZPTN = ZPQT = ZKQT = ZKMT ,i.e. ZPTN and ZKMT

are equal corresponding angles, .. MK // TP .
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Q4ai and Q4aii P(x)=x* +rx® + sx+t = (x—1fx—a)\x+ )
=X’ -x*—a’x+a’.

Comparing coefficients: r = -1, s=—-a?, t=a?.
.. s+t=0.

Q4bi T=2—”,5=2—”,.'.n=2—”..'.x:18co 2—”t .
n 5 5

Q4bii A rest position is at one of the extreme positions.
Firsttimeat x=9, 9= 1800{%%] y co{z?ﬂtj =0.5,

2,

E, t:ES RequiredtimeisES
5 3 6 6

Q4ci % =18x>+27x* +9x. At t=0, x=-2, v=-6.
div?) oo oo
d—:18x +27x° +9x,

X

4 2
L :J‘(18x3+27x2 +9x)dx, N SN . S ,
2 2 2 2

SvP=0x* +18x° +9x° +C.
Using x=-2, v=-6, cisO.
VP = OX* +18x° + 9x2 = 9X? (X® + 2x+1) = 9x? (x + 1)

Q4cii Att=0, x=-2,v=-6, X=-54, ..v remains
negative and x < —2 astime progresses.

V= 9% (x+2)? = -3x(1+x), i.e. % =-3x(1+x).

dt 1 1 1 1
H — == X—F, t:__ d l
e 3" x(1+ x) 3-[ x(1+ x) X

1

Sl ————dx=-3.

J‘x(1+x)

1
Q4ciii Ioge(1+—)=3t+c.Att=0, X=-2,

X
1 1

~log,|1-=|=c, c=log,=—=-log, 2.

ge( 2) 962 Je

Ioge(1+ lj =3t-log, 2, Ioge(1+ 1]+ log,2=3t,
X X

- log, 2(1+ 1] =3, 2(1+ 1) =e*, 14105 ,
X X X

E LS P p—
X 0.5e* -1
Q5a y=10e"" +3, % =070 °" )= -07(y-3).

Q5b All functions (relations) have an inverse. Does the question
mean to show that f (x) = log, (1+€*) has an inverse function?

eX
fix)=
(9=

eX

>0 forall x, .. f(x) isan increasing function for

al x, . f(x) isaone-to-one function and hence f *(x) exists.
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Qsci V=£x2(3r—x):7zrx2—£x3,d—V:27zrx—7zx2.
3 3 dx
dv
& dv dx dx @k K
dt  dx dt'dt AV 2mx-m3  ax(2r-x)’
dx

Q5cii Sincetherateisconstant, V =kt , t =V? .

When X:Er,ti :8—”r3.
3 81k
When X=Er,tf _ 28,
3 81k
t
o2 35
t 8
Q5di tan(a_lg):w,
l+tanatan g
.'.1+tanatanﬂzw.
tan(a - )

Let a:(n+1)9 and 4 =né.
1+ tan(n+1)9tannd = tan(n+ 1) — tannd |

tanéd
.1+ tan(n+1)¢ tann@ = cot H(tan(n +1)0 — tannd),

~ 1+ tann@tan(n +1)0 = cotO(tan(n +1)9 - tannd).

Q5dii Given 1+ tann@ tan(n +1)9 = cot 8(tan(n +1)0 — tanné),
prove by induction that for n>1,
tan @ tan 26 + tan 20 tan 36 + ... + tannd tan(n + 1)9

=—(n+1)+ cotftan(n+1)9

Itistruefor n=1: 1+ tan & tan 26 = cot &(tan 260 — tan 9),

1+tan@tan 20 = cot ftan 20 — cot ftan G,
s tanf@tan20 = -2+ cot@tan 26 .

Assumethat itistruefor n=k,itisasotruefor n=k+1:
tan Otan 20 + tan 20tan 30 + ... + tan kO tan(k + 1)0

= —(k+12)+cot @ tan(k +1)¢

then tanotan20 + tan20tan30 + ... + tank@tan(k + 1) + tan(k + 1)@ tan(k + 2)0
= —(k +2)+ cot@tan(k + 1) + tan(k + 1)@ tan(k + 2)¢

= —(k +1)+ cot O tan(k +1)0 + cot O(tan(k + 2)0 — tan(k +1)9) -1
=—((k+2)+1)+ cot & tan((k +1)+2)6 .

~itistrueforal nx>1.

Q6al L* = (Xz - X1)2 + (yz - y1)2

= (a—-Vtoosd) + (Vt —Vitsing)

=a®-2avtcosd +V?2t?cos’ O +ViZ - 2/%t*sin@+V3i2isin® 6

=V428n? @ +V342cos? @ +V34% -2V %2 sin6 — 2aVvt cosd + a?
=V2t2(sin2c9+cos2 6’)+V2t2 - 2V?t?siné@ - 2avtcosd + a®

= V*t?(1-sin@)- 2aVt cosd + a*
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Q6aii Smallest distance occurs at where ﬂdlz_) =0,
acosd
A(L-sing)’
L = J2V??(1-sing)- 2aVtcosd+a’ ,

2
L - 2 acos.e (1—sin 0)—2aV acos_@
A/(1-sing) A(1-sing)

AV2(1-sind)-2aVcosd =0, ..t =

cosé + a>

a’cos’® a’cos’ld
= - +a
21-sng) (1-sing)

cos® 6 1-sin’é
=al-———=a,l-———
2(1-sing) 2(1-sing)
4 1_(1—s1‘n0)(1+s1in9)=aL\/ _1+sing =a\/1—s‘n9
2(1-sing) 2 2

dy

Q6aiii Particle 1 is ascending when its o >0,

i.e.Vsing—-gt>0, t<Vsm9 .
g
acosd Vsing 2 ag cosd
- < y >\
A(-sng) g 2sing(1-sing)
ag cosé

2sinf(1-sing)’
Q6bi  Four-member team: Let Y be the number of competitors
not completing the course.
4
Pr(Y >3)=Pr(Y =3)+ Pr(Y = 4)= [3} pa® +q* = 4pg® +q*.

Q6bhii Four-member team. Let X be the number of competitors
completing the course.

Pr(X >2)= @ p°q’ +@ p°q+ p*
6(1-a)*g® +4(1-q)’q+(1-q)*
(

1-q)?(69” + 49(L- )+ (1- a)?)
1-q) (1+ 20+ 3q2).

Q6biii Two-member team: Pr(X >1)=1-Pr(X =0)=1-¢°.

Q6biv 1-q° > (- q)°(L+ 29+ 392),
@-qgfi+q)>@1-q) (1+ 2q+ 3q2),
1+q> (- q)fi+29+39°), - 9° -39 <0, g°(1-39)< 0.

A

v

g*(1-3q9) < 0 when q>%, .'.%<q<1.
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Q7a A:%rz(ze)—%rzsjnze = rze—%rz(zsnecosﬁ)

=r?(@-sinfcosh).

w w?

7b w=r(20), r=—, .. A=
Q7o w=r(20), r 26 40?

2 2
%:_2W3 (0-sin6cosd)+ ~—
46 40 40
_aw w?

=0 (0-sin 9cos¢9)+r02(1— cos? 0 +1-cos 6)

(9 -sin@cosb).

(L cos? 0+ sin? 49)

2 2
= —%(e—sin Hcose)+%(1— cos? 0)

2
= 2\/\/7’3(sjnﬁcosé’—ﬁcos2 6)

_ W’ cos6(sind — 6 cosh)
26°

Q7c Let g(9)=sind-Hcosh,

9'(0) = cos® —cosf + Osing = Osing .

For 0<@<7, g'(¢)=0sné >0,

- 9(0)=sin@ - HcosP isanincreasing functionin 0< 0 < 7,
and g(0)=0, hence g(#)=sind -G cosd > 0for 0< O < 7.

o7d dA _, w? cosé(sing — 6 cosb)
do 26°

Since w> 0 and sind —6cosé >0,

=0,where 0<0<r.

..cosé =0 and 9:% isthe only solutionin 0< @< .

Q7e
0 1 z 2
2
% + 0 —
do

- A ismaximum when 9:%.

2
:1';2 (9 -sin@cosb),

A, W ﬁ_gnﬁcosﬁj—w—z square units,
= 4(zp\2 2 2) 2z '

Please inform mathline@itute.com re conceptual,
mathematical and/or typing errors.
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