2022 C1 Block Test Revision Package Solutions
Chapter 5 Differentiation and its Applications

1() | AJC13/CIMid-year/Q1 |

dv 1 ( Jx [ -1 J eV Refer to MF26 for the derivative
—_— - g = . =

of sin"'x, and use chain rule.
dv I {E-\E}E 21"'_; ) #1'\/1 E—E\If.?

1(ii) [1+lnx
y=In -
|

T T
—=—2 _Jly—tlnx| =———-1-Inx
dv l+Inx X x[]+lnx}

2(a) | DHS13/ C1Mid-ycar/Q8
% (rsinz 3x] =(2smn3x)(cos 3x)(3) =3sin 6x

(b) %(m[(smx){ms*xm

= %[In (sin r)] + %[In (t:m: ! x}]

J = In (1 +In x] —xlnx Split expression into 2 terms

before differentiating individually

_cosx 1 -1
sinx  cos x| \f1—
1

[c-::s ‘x] 1—x

=coty—

2

(€) | Tet y=x"~

I ?
ie. Iny=(log, x}anc:("—I) . } :

In3 Simphfy equation by taking In on both
ldy 2 Inx sides, then apply implicit differentiation
ydx In3 x

v 2 X% Inx 2 Lo |
dr In3 «x In3

3a) | MIC13/CIMid-year/Q7

oy

r=In—
Y x +1

y= In(c"-' ]—In[r"’ +])

y:fy—ln{xlﬂ}

& v A+

Eﬂ_f}zﬂx}‘(x‘;l)—ﬂx
x +1

$=13%+2 .
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dy 2x'yv+2xy-2x EI(IE,FJF}’—I)
— A or -
dx 1-x 1-x
(M) | x=3 —u, v=tan'u
dx dy 1 - dv  dv_ du - .
i =6u-1, 4 1aa? Always use chain rule 5= 5=+ to differentiate
. d i sk equations in parametric form. There is no need to
dv d—} | find Cartesian equation before differentiating.
i
de dx  (140®)(6u-1)
{,lu
For the curve to be strictly increasing, ji >0
1
_ =)
(l+u'](ﬁu—l)
Since 1+u” >0 forall ue 2, [ﬁu—l}}{]:}u}é
4(a) | PIC13/C1Mid-year/Q2
d 5
sec(In(3x” -6
dx{beu[ n(3x )))
= see(In(3x" — 6)) tan(In(3x* — 15})( ﬁ}
= sce(In(3x* -6) ) tan (In (32" - a}] 2x
1.2
® 1 2 RUESS =i[e Y ax+207]
dx dx
1 o
N0 =x7)* (-2x)} :
2 _04142y* +4p Y
-Jl—[xf’l—xz ) dx
dy
=1 +41:],=—+ 2}
Ji-x? tJ_ )
dy x N
L AP S—" ., ¥
de ¥ (1-x)
d_]r I. X 3 ]. X 3
= —1-2y%=—{ —-1-2)%}
de 4wy [ (-2 45 o] J1-x*) }
Mote: J-'F:|I|
5(a) | RII3/CIMid-year/Q7
x =20-sin 26, y=3-2cos’ O
%:E—ECUSEH, =—deosO—sin@)=4dsinBcosd
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dy
dy _dp _4sinbBeosB

dv dx  2-2co0s20
do
_ 4sinBcosd
~ 2-2(1-2sin’ @)
_ 4sinBcosH
~ 4sin’0
_ cos0 — cot @

sin 0
) | e y=aInz=c""(In7)
By Implicit Differentiation, we have

Exc.r-'y +c_|-*' d.i _ {]_n .?!'](].ﬂ lHr::l{'::_u,ln._.'r} — x;{ln .-"T]l

dy _a"(Inx)’ - 2xe” y _a(lnx) -2x(z" Inx)
dr o a 7 Inz
y
_m(nm)|lnzT-2x]
- " Ing
y
= y{Inx - 2x]

{.‘. E'-\"I }I — .?I-T '|_n ﬂ-}

Alternate method
e"yv=a"Inx
In{c:r'y] =In{7" In7)

¥ +Iny=xlnz+In(nm)
Differentiate wr.tx,

2x+1—ﬁ=lnﬁ

y
lg=In;':r—2:1r
v dx

dr_ v(lnz-2x) (shown)
dx

6(a) | VIC13/C1Mid-Year/Q3
yzsin‘l[xz), -l<x<l.

@ _ 2x _ 2x
dx J]_(xzf .,f]_x‘*
dy

3«:[! = 2x<0and —1<x<1 +— For y/l-x" to be valid,

B . —lcx<
l'aking intersection, — 1< x < (. we must have —T<x<l.

Setof values={xeK:-1<x<0}
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(b) | y=In[tan(x+ y)]

e’ =tan(x+y)
Differentiating wrt x :

dy 3 dy
g —=sec (x+y)| 1+—
( y)[ i )
Since sec’(x+y)=1+tan’(x + y)=14+e"",

e % . (1+c3-")[l + di] (shown)

Ha) | Iny=xIn[f(x)]

Differentiate both sides wrt. x, ]—% = [ ! (x)} +In[f(x)]

¥ f(x)
dv )
o xy[r( J+}rh1[f[.r]]

Using result from above, % = A}'[ ]+ (1+2x)" In{1+ 2x)

1+2x
(b) | y=tan"'(x+y)
(i)
- 2o (1.2
dx 1+ (x+y) dx

dy

= [I+(x+y]1] _I+dx

> )Lt

[et y=(14+2x)". Then we have In y = xIn(l+2x) where f(x)=1+2x.

(ii) | Drfferentiate (¥) wort x,

(x+y) d—}+2(~.ﬁ:+ }[1+d~”jd} 0
dx’ dx ) dx

dy
= TP TR +2(x+y)—=0
(x .1] 0 (x Jl[d\{] (x J}]

¥

sd7y
2

(L] s 2607 L0

1d ..}J d..]" 2 D"""' (**]
dx

At (1-4.9), —-1 using (*)

= (x+y

dy )
and —= =—4 using (**
& using (**)
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8(i)

(ii)

(iii)

9(i)

AJC14/C2Mid-year/Q11

Distance he rowed = BR = /45" + x*
Distance he walked=RC =80 —x

. 2025+ x° N 80—x distance

[as time =

2 5 constan tspeed
dae . x 1
dx  242025+x* 3

dt
When — =0

en dx .

_x 1
242025+ x5

Sx=2+/2025+x"
= 25x" =4(2025 4+ x7)

. 4x2025
X =
21
9 3
L, 290 _30¥21
J21 7

Exact distance from A to B = ﬂ
21

2025+ x°

2

Time for John to reach R from B =

Time for Alex to reach R from A = %

P 1
V2025 +x IEN PN V2025 +x IE
2 1.5 2 1.5
: V2025 + x°
Using GC, sketch graph of y = %—% -5.

For v=0,wehave 355=x=698 .
MJC14/C2Mid-year/Q3

denote the area of the inscribed rectangle.

L

A

35

2
= y= BH — Hx and B are constants.

1 l 1
—BH =—Hx+ 5 By «—— Expressy interms of x using
: = area of triangles. Note that I/

B

Let the base length and the height of the rectangle be x and y respectively, and let 4

i
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SA=xy
Bl 1)

.\ B
_ BHx- Hx’

B

H
=Hx —x°
B

For maximum area .,
H N
A=Hx——x"
i)

.
d—A—H-ﬁ.\-—u
dx B
B
.

2

oy
BH—HLE “_o

.

2) _ gy

B 2
Arca is a maximum, since
! 2

d—{:i = —ﬁf 0 ~" H,B are lengths >0
dx B
(ii) | The two unshaded triangles are congruent. (or the two unshaded trangles have the
same arca.)
10 | SRJIC16/C2 MYE/Il/4
(a) | To find the basc arca of the prism:

y=

2 cosf

Area of the base =4[%25in .2 cos 6']= 8sin#cos ) = 4sin 26

OR Area of the base = 2[12(2}(2]5in 2&] =45in2¢

Let x be the height of the prism. Since surface area involves height which is not
Volume = 4sin26(x)=100  (given) | known, we need to find another equation
25 ) involving height and @ so that we can eliminate
Tsing T this unknown in the surface area equation.
200

Total surface area, S = 8sin 28 +8x =8sin28+

sin 26
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45 _ 16cos 26 _Lﬂz{z cos20) =0 for turning points
de (sin 26)
16cos 26 I—i, =0
(sin26)"
cos 200 =0 since ]—L}_ £ 0
(sin20)
Fra T
20=—, .. @==
2 4
T P
0 z - =
4 4 4
&S | MO= | 0 | OO =+
dg - Ve

Therefore § 15 minimum when & :%

(b)

1
(i)

1
cmséﬂA(.“:E

SBAC =

R

-

let BE=y.
=x"+25-5x -

y=+x"—5x+25

dy 2x-35

de 2xP—5x+25

Whenx =35,
dy 2(5)-5 1
dx 2[5 -5(5)+25 2
dy _dydv 1
d dedr 20

Express y in terms of x using cosine rule;
BE® = AE" + AB® —2( AE)( AB)cos BAE

cm/s

TIC16/C2 MYE/4

C= n(3r]2 k+ 21(3_,,)3 (Ek)+2nrh[2k) Note that k, h are constants

, and r 1s the vanable.
= 45wk + dnrhk

C—-45mk
= h=—
dark

V= %n[i‘rrf —qr’h

b
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T

=18 —nrz{ = —Er)
dark 4

117 ., Cr
= qr ——
4 4k

4k

R dV

When }* is minimum, — =)
dr

dr 4

d*V 351

Since — = ?nr =0 since r=0, Vis minimum.

. 2 C C
it of ¢ ng the flat surfaces = "k =589 k=%—
Cost of anodizing the flat surfaces = $n(3r) k =8 “(351?|:k) $39

12 TIC2017/C1 Mid-vear/7

(a) 1 2

. d , _ _ 2

® E]nLtan (2%)] 'tan'l{ix)wllﬂz,rf] (1+4x" )[ tan ' (2x)
(i) dv

- = cosec x(—cosec’x )+ cot x(—cosec xcot x)

=—cosec’x +cotx(—y)

= —(cosccsx + ycot x)

X

® 1 g (x)=2 - 4mxs Din(2xe)

2
I 4 15
f1[I) = —t
2 x 2(2x+1)
B x(2x+l]—4{2](1x+l]+15x
N 2x(2x+1)
P4
=2 7% (shown)
x(2x+1)
At stationary points, {'(x)=0
x4
x(2x+1)
—=x'—4=0
= x=2 or -2 (reject, since x>0 for Inxand In (2x+1) to be defined)
Hence the graph has exactly one stationary pointat x=2 .

Method 1 - 1°* Derivative Test Method 2 — 2™ Derivative Test

X 2 2 2! f"{x]=i— 15
fl(_x] {l} [} ::'{] x: (2x+]]3
Shape \ _ / At x=2,

b
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Hence the point 1s a minimum point.

13 | TICI8/C1BT/S
L [ A L
are
C=3(2rrh)+k {E:rrz )
. V
= Er;?rr[ - ]+2km‘2
o
= ok (Shown)
r
@ | dc :—i+4ﬁcm‘
dr r
dc : 3
— =0 = 6FV=4kxr
dr
- 2 3 ] 3“';
=  6mrh=4kmxr or F=—
2k
r 3
o —_——
h 2k
2 r
g {5 = 125 +4kz =0 smce V,rand k=0,
S r 3
Hence 15 mimimum when —=— (shown)
ho 2k
(iii) | Sincc the costs of producing the curved and flat surfaces remain unchanged,
N : 3 ..
from (11), the ratio %: oK is mdependent of the volume of the can.
Henee the worker’s suggestion 1s incorrect.
14 | PICIS/CIBT/T -
B C Bp . C
D
h h
E d D
(h—3)
(h—3)
A A 4
AABC = AAED (RHS), +— Tests for similar triangles (A A, 888, SAS, RHS)
ED A4E are useful in solving maxima/minima questions
" BC AB involving triangles.
n Page | 9
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? h

E _ h* —6h

7 h

F= ?h (shown)
h™ —6h

For minimum volume, E =0,

Alternatively,
Using second derivative test,

dv  (h—6)(6xh)—(37h°) _3ah(h-1 z) From 9V _37h(h-12)
e 3 - . .1
(o) (h=6) i (h-6)
3zh(h-12)=0 it can be scen that it is
. . . casicr to do first derivative
. h=0 (rejectsincch=0) or h=12 test. The factor that
Using first derivative test, distinguishes positive or
. _.d£ . o~
j2 12 12 12+ negative for 127 and
dr N 12-is (h —12).
dir -
\ - /
Hence, Fis minimum when s =12,

d'v  (h—-6) [37h+3x(h-12)]-37h(h-12)2(h-6)

di’ (h-6)'
When h=12,

2 (12-6)[37(12

v _(2-6)[32(2)]__ o .
dh (12-6)

Hence, Vis minimum when i = 12.
Minimum volume of container,
p_ 3r02)?

B
=226.19 or 72w

OR: Using GC to find second

denvatives,
NORHAL FLOAT AUTO REAL RADIAN HP N

:h'. [ ]IH-H
.3:141592828

SHH{H 12}
(R-6)°

=226 (3s.f) or 727

&

Hwa Chong Institution
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15 | VIC14/C2Mid-year/Q9 (modified)
() | x=t'—t, y=t'+4+8 fortek

E=.7:1‘—I; d—y:2r+4
dr dr
Thus, d—} =_2r+4
dx  2r-1
dy

Formm. pt., —=0=1=-2
dx
Hence coordmates of the min. pt. is (6, 4).
For tangent to be vertical line, % 15 undefined.

, 1

—f=——

2.!‘—12[!:.}:1:l Sx=t .
2 4

Distance of this tangent from the y- axis is — unit.

(i) ¥
(0,13)
I
K (0,8
L 5
(6.4) x
G :s 10 15 1 -

(iii) | The equation of tangent at P is

y=(p’ +4p+8]: if;i‘:(_r—pz +p]

p-Ny-Q2p-D(p’ +4p+8)=(2p+4)(x-p*+p)

(iv) | Since the tangent passes through (0,0),

—2p*+7p* +12p-8) = (2p+4)(-p’ + p)

S5p*+16p-8=0

p=-3.6396 or 0.43961

Hence the possible coordinates of P are (—{}.246,9.952) and (16.886,6.688)

b

Hwa Chong Institution
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16 CJC16/Prelim/11/3 ( modified )
(a)
L
y=1 1 i
y=fx)
U X
p=al '
(b) | Given x =tand, y =secd, where —F <<%
(i)
= =sec’d, L =secOtan0
dv _ dv fdre
dv ~ da/ do
_ scc{?tani? _ land _ —gin@
sec’ @ secd
) . 1
At point P, gradient of normal = = 5.
FEquation of the normal to the curve at 7 :
- S Y SV
y—sect =——-(x—tand),
_ I I I
Y cosfl sinf?  cosi?
¥y =—x cosect + 2secd (shown)
(-b] Vk
(if)
Curve C: y=1fi(x) —
}==x
Plsind, sech)
1 \/ -
Locus of M
2 'l'..l
o - &
Normal r:; Car P
x-intercept of the normal at P : When asked to find
0=-x cosectl + 2secd coordinates of midpoint of
— secd —
x =220 =2tand. h"ulntt_:nns}ll:rf Efr'_:dwe_aref
. Point N is (2tan @, 0). cx;r}rcssmgt ¢ midpoint o
_ PN parametrically, as &
Mid-point of PN is M(% %) = [%tan 6, %secﬁ') varies. The locus of M is
the curve where M moves
as (varies.
g

LZL  Hwa Chong Institution
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(b)
(iii)

Curve C: v = fix) ;
y=x

Piidnt, secH)

AOPN M 2tané, 0)

0 ¥
Normal to C ar P

A area of AOPN = 3(ON) (5#150)

= 1(2tan#d) (secf) = tan Hsccd

(ON =2tan @, from (b){11)
assuming & = 0.)

j—; = [secz {‘})sect‘? +tan @ (secOtan 0)

=scc’ @ +seccftan” @
Rate of change of area of AOPN |

da_ dd do
s dd " ode

= {sc-:3 # +sccdtan” )= cosd

~sce’ H+tan’ @

Alternatively,

Differentiating 4= tan@secd implicitly with respeet to time ¢,

- [(s.u::r::2 E)sccﬂ +tané(sccHtan E}J x 42

= (sec” @ +secHtan” @) x cos @

17
(i)

1 2

—sec’ @ +tan” @

When 0==Z, S@Cﬂzﬁ‘ﬁ’ tan

-

dd _ a2 2_4,1_

Sl=sec’f+tan"f=5+5=3,
rate of change of the

area of AOPN when =2

HCI 16/Prelim/1/7
dy (kb +x-2)=(x=2)2kx+1) _ —hx’ +4kx

dx (ke +x—2) (ke +x-2)

When _r:l:lﬁ %:(_%f:ﬂ and I}rz:—izl

Hence required equation of tangent 1s y=1 .

b

Hwa Chong Institution
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(ii)

For axial intercepts, when y=0, x=2.
when x=0, y=1.

For vertical asymptotes, kv’ +x-2=0

_—1x41+8%
2k
For turming points, & ={
dx
—kx? +d4kx =0
—kx(x—4)=0
“x=0or x=4
-1-+/1+Rk VA 1+TE8E
2k .,,/ * SF To get rough shape of
\ ; . eraph, substitute any & =1
; | 4 ! J into cquation and plot
; . Bk+1 graph in GC.
y=0 Yoy L T
ol i~ s ————
: ’ Ecmember to cxpress
 ymX=2 features in terms of k,
I e
(iii) At x—2 dy _ —4k+8k _ 4k 1
“dy (4K l6kT 4k
- gradient of normal = —4k
Hence required equation of normal is y—0=—4k(x-2)
iv -1
) | When y=1, 1=—4kv+8k = XZ%T .
. required arca
1 (8k-1 N\ = —dkx+ 8k
== =="421]m ~
20 4k
16k -1 —— y=1
8k \ R
1 115 AN ]
=2e— > 2——=—  (sincek>1
8k B8 ( )
18 | RI 16/Prelim/1/9
(i) Aa
> x
i

Hwa Chong Institution
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(ii)

x=p =% _o =1+ =P _2
dr : dt
dy_dyfdx 2 1

dv dr dr 2t 1
Equation of tangent at P( pz A+2p).

I )
y=(+2p)=—(x-p7)
P
y—bip=lx—p
P

y=—x+l+p
P

Equation of normal at P(p*,1+2p):
y=(1+2p)=-p(x—p’)
y=l1-2p=—px+p’

y=—px+p £142p

I

Subs. x=0 into y=—x+1+p,wehave y=1+p
P
~Tis (0,1+ p)

Subs. x=0 into y=—px+p +1+2p y=p +1+2p
~Nis (0, p' +1+2p)
Given that P is {p2,1+2p]
PT =(p* -0y +(1+2p—1- p)’
=p'+p’
IN =|(p* +1+2p)—(1+ p)|
=|p‘+p|
=p’+p (pz0)
PT: p*+p’ p(p +1)
IN p+p p(pel)

D (shown)

19 VJCI18/C1 Mid-year/8
(i) . dx
= - = 1=
x=fF-sm# :-dﬁ" cosfd
v=1-cos# —:-ﬁ:sinﬁ
da
251’n1‘5r|:+:r5.‘5I cuse
dv _ _sinfl _ 22 _ 2=mlﬂ {shown)
de  1-coséd - 1-2si . sing 2
2sin 3 3
At =7, x=x, y=2 %:cot%:ﬂ.Hence, the equation of' the tangent at &= 1s
y=2
a2

Hwa Chong Institution
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% = cntg .As #—0 and # — 2x , the tangent lines become steeper.

Additionally, the coordinates that correspond to #=0and #=2~are(0,0)and (2z,0)
respectively. Hence, the tangent line at (0,0)and (2+,0) are both vertical lines that are
parallel to the y-axis.

(i) (%.2)

f

[2x.0)

(iii)

L J

T

The gradient of the line perpendicular to curve C is —tan } 0.

This linc also passcs through [%’T,ﬂ) and (#-sinf,1-cosd). Thus,

(1-cost/)-0  _ 1
- P an50.

((8-sing)-3£)

To solve the above equation for 8, we can consider two methods,

Method A (Aloebra):

I-cos @ =—tan10(6—sino— 3%
oo 1

. —5in =& ) )
2sin* 16 = Z (9—%—251n£—9cn5%9)

1 2
cos 56
Since the interception happened in mid-air, @+ 0 and @+ 2, thussin ; i #0 . Therefore,

. 1 .
2sinld=—— (B-32 _2sinlocosle
2 mslzﬁ{ 2 2 2 ]

2sin %Hc@s %8 = —[E"— 3Tj"r—s.in 1‘?]

sinf = -0+ 3% +sin @

_3
0%
Coordinate of interception: (37"’ - sinI—T’_T,] - ms-‘—f): {%’" +1,1)
Method B (Using GC)
Solve i(1—cosd)—-0

: =—tan+# . Using a GC, we have
({ﬂ—smﬂ}—j‘z"} 2

#=47124, 0 =00r ¢ =2 Since interception is in mid-air, ¢ =4.7124 .
Coordinate of interception:

(4.7124 -sin4.7124,1 - cos4.7124) = (5.71,1.00) (3 s.f)
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(iv) | Equation of the path of the missile:

2k
y=—lan| = (| x——
2 2

}’zx—f%ﬁ (or y=1.00x-4.71)

Range of values of x:

’T e [3—” £x£3£+1j|
F1LL 2 2 or

3—3 =x=571
2
(0,0 E;T.n' (27,0) X
20 DHS18/BT/Y
(a) ‘3—?: T5cos(L L) Note:

(i)

¥Ya
:;? ==T5(=sin(g5 7)) (5 ) = TS sin( g5 785 7)

o @ TSt
T %’f_—  T5cos(L )L x)
Atpoint P, t=p:

x =T5sin({L7p)+120,

y=—T5co0s(; T p)+163,

= tan(;s i)

Thus % =tan &

Gradient of tangent = % = tan(s 7 p) ]

Equation of tangent at J*:

y—(-T5cos(Ltap)+165) =tan(Ltap)(x—(T5sm(Lzp) +120)) <4 Y-y, =m(x—x)

sy =tan(ssrp)x—(75sin(E T p)+120)) - 75cos(E T p)+ 165

(ii) | Meihod 1: Using equation of tangeni from pari (i)
¥

X

Ferris Wheel

To find largest angle of elevation, consider tangents that pass through origin.
Substitute (0,0) into equation of tangent:

0= tan(;L 7 p)0—(75sin(L 7 p)+120)) = T5cos(L 7 p) +165

-ﬂ- Hwa Chong Institution
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S = T5tan(5; rp)sin(s rp)—120tan( wp) —75cos(ap)+165=0
Using GC,
cosap=05656 or ap=4460 (since 0= p=<30, ..0=7ap<27)

e

There are 2 possible tangents to curve that pass through
origin (see diagram), hence two values of -7 p.

When - 7p=0.5656,
Gradient of tangent at that point

= tan(; T p) Using GC to solve for &:
= tan(0.5656) Mot Plotz  Plots
. . INY 1B -75tan{¥)sin(X)-120t
S Hsﬁ that point !}:':;' SR ES S
= tan" (tan(0.5656)) 32 4" is smallest Adjust WINDOW to see x-intercepts:
=(.5656 rad
. value @ can take HINDOM

324 (see diagram above). Xmavt. 283185307
When Lz p=4.460, Xscl=1

i . : : i ¥min=-1
E‘ mridu:*]nl of tangent at that pomt Vaavmi
= tan(js 7 p) Find first x-intercept:
= tan(4.460) Vas-7EtanthisintnI-1281anthl 760
. & at that point Note that & is acutc,

= tan '(tan(4.460)) | thus basic angle in
=1.318 rad «—— radian, ic. 1.318 rad -
- 755 is tound.
Hence largest 0 =75.5 _
E‘.‘!I;.}Siiiiii Y=l

Method 2: Consider solution type between
line y = kx and cartesian equation of circle
y=hiwems(1)
(x—lZﬂ]: +{y—165): = 75 = 5625 -—(2) Sce par‘t (b}(i) below n:_-n hmiv to
Substitute (1) into (2): obtain cartesian cquation of C
(x—=120) + (kx —165)" = 5625

x° = 240x + 14400 + k7 x* —330kx +27225 = 5625

(14 &% )x" —(240+330k)x+36000 =0

For y=kx to intersect C at one point, quadratic equation above should have only one
solution:

-, Discriminant = (240+330k)" —4(1+ k7)(36000) = 0

57600+ 158400k + 10890047 — 144000144000k =0

35100k* — 158400k + 86400 =0

k=06347 or k=38781

For the two lines with above k-values, angles that they make with positive x-axis are:
tan '(0.6347)=32.4°
tan '(3.8781)=75.5°
. Largest 8 =75.5°

(b) | Method 1:
(i) For C,

Note that £ is also gradient of ¥ =kx
dy _
and that - =tané.
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x =T5sin({ 7)) +120,

y=—T5c0s(:: 71)+165.

J.ocartesian eqn 1s:

(x—120)" +(y —165)" = 75" sin’ (L ) + 75" cos” (L )
(x—120)" +(y—165)" =75°

m(x=120)% + (v —165)* =5625

Graphs of C and of path travelled by projected object:

Yaz1e5+ ("Ll M (5B25=-(X=12001) Yaz1e5+("1.1 3T (5625=(X=120)2)

B

T A ¥=97.038588 A Y=124.08133
Using GC, intersection points are (98.9, 93.0) and (183, 124)

Metihod 2: Solving simultaneous equations using parametric form of circle
x =T5sin(371)+120, y =—T5cos(Ex1)+165 (1)

¥ =—==(x=200)" +125 _(2)

Substitute (1) into (2):

—T75cos(Emt)+165 = =L ((75sin(E 1) + 120)-200)" +125

~T5cos(k 1)+ 40 = — 5k (75sin(L ar) - 80)°

~75c0s(:L 1)+ 40+ - (75sin(L 1) - 80)” =0

Since 0= <30, solutions arc:
t=4745 or 1=28.636 +—
Using (1),

When « =4.745,

These two values of ¢ indicate the times at which P
reaches the intersection points between the cirele
and the parabolic path of projected object.

x=T5s(L£at)+120=182.86 (5 s.f)
y==T5cos(mt)+165=124.09 (5 5.f)

When 1 = 28.636,

x =T5sin(7 1) +120 =98.865 (5 5.f)

¥ ==T5c0s(£ 1) +165=93.040 (5 5.f)

Intersection points are (98.9, 93.0) and (183, 124).

(ii) | Method 1 (if Method 1 is used in part (i))

For projected object, since x =¥/, the time taken to reach these points

(98.9, 93.0) and (183, 124) are:

r,=28865 212358 (5s.f) and 1, = 18286 =22 858 (5s.f) respectively.
The horizontal displacements of P at these times ¢ are:

x, =T75sin(L 7(12.358)) +120=159.41 = 98.865 and

x, = 75sin(; m(22.858)) +120=45211=182.86

Thus, the object will not hit P.
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Method 2 (if Method 2 is used in part (i))

Finding the horizontal displacements of projected object at the two times -
When t = 4.745,

8r =37.96 # 182.86
When 1 = 28.636,

8t =229 088 =98 .865
Since the projected object is at different positions when P reaches the two intersection
points, the object will not hit P.

21 ACJIC14/C2Mid-year/(Q3
{1} [EJI + rz — 2{_’,2
2
4+ h =2704
Method 1:
- ﬁ_ﬁxﬁ_[_d‘_f](_l]_ﬂ_ﬂcml
de dr dt \ n)\2) 20 7
Method 2:
Imphicit diff,
4‘_-:.*‘£+21*&ﬁ =10
dt dt
1 dh
B(24)| —— |+ 2(20)— =0
(-3 )+ 200%
dh _ 2 4cms™
dt
(i) .
A=2xrh=27r(2704- 47" )
1
Efrr( ]{—Sr)
1
;ﬂ =27(2704— 477 )2 4 E—J =0
" (2704 - 477 )
r=+J338 =18 4cm
22, | NYJC 16/Prelim/1/5
Let siné =
ifferentiate wrt y : msﬁ%%z} = %=m
' _ dm _ 2 add 1
Som=tanf = dy —sec HT_rmsw
e - : > a
*dy 2_.2 "}_ _ i)
(f 2 ) (v =»%)
d r r r r ’
dm _ dm , Q¥ _ % = = (shown)
di d._}" dt {j"z—}.-j]% ]Dﬂﬂ lu_"-{ f"z—_}": ).'" []ﬂ ||r1_-}}3 ]
dri

13 is the rate of change of the gradient of the line OP.

-ﬂ- Hwa Chong Institution Page | 20




23 | TJC 16/Prelim/1/5
Attime 1, AB = 31, AP = 500 - 4¢

AB 3t
tanfd=—=
AP 500-4¢
H—l:m"r( ) (shown)
~ L S00—4) "
i | de I (500-4r)(3)-3t(-4)
dt 1+( 3t ] (500—4r)°
500 —4¢
_ (s0-4r) 1s00 1500

~(500-4¢) +(3t) (500-4¢) 9 +(500-4¢)°

[_ 1500 B 60 J
25¢* — 40007 + 250000 £ — 1601 +10000

(i) | g (dg}_ 4?6 ~1500(18¢+2(500-4¢)(~4))  ~1500(50¢ —4000)

de\dt ) dr (90 +(500-4r)’) (9 +(500-40)’)
s
%:U = —1500(30¢ —4000) =0 = =80
i 20° 80 RO°
i
d "? +ve 0 -V
ar
slope / e \

Using first derivative test, rate of change of @ is maximum at ¢ = 80

24 | Let A be the depth of the water in the conical tank and r be the radius of the surface of
(a) | the water.

tan % =47 = h= 3

Volume of water in the tank, I = %r.rrzh = ;%;?rr‘
ETR

Volume of water in the tank after 25 minutes

= 50007 —(0.97 % 25x 60)

=3650x

3650 = %mﬁ

r=3/36503 =18.4906 after 25 minutes
Adter 25 minutes,

. . - ] i
dr _ dr . dV _ — <« dF i
dr - dr 4 - 7 {{[3{,5{} 3 x—097x %{,—{ﬂ since volume
I 15 decreasing.

=-0.001520 cm s’
The radius of the water surface is decreasing at the rate of 0.001520 cm s™'.
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h 2
Ei}) V :2.r3}’+%[§] (2.1‘)

3

, WX
V- ,
4 VFooax
}' = = = T
2x° 2x° 8

Arca of the walls = 2xy+2(2xy) = 6xy

2
Surface area of theroof =7 [g] + %;:'rx( EI) = %rr_rz

C =k(6xy)+4k (%m’- ]+u_5k(2x1)

I #xx

PN A
2x b

= +§kﬁx2 +#kx*  (shown)

X
(i) | dC 3KV 17

—= ——j+—k;r.r+2kx
dx X 2

|| 6l
xr=7
177 +4

I '
i (‘ :ﬁk: +Eﬁur+2k
dx™  x 2
- L)
When x = & ,dE'}U
17r+4  dx”
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