#2021 HCI C1 H2 MATHEMATICS BLOCK TEST SUGGESTED SOLUTIONS

On | Solution

@) | x*43x+1
x-2 Algebraic Method. Do not use graph
y(x=2)=x"+3x+1 or differentiation.

xw-2y=x"+3x+1
X +x(3-y)+(1+2y)=0

For no real roots,

(3-y) -4(1)(1+2y)<0

¥ =1dy+5<0

(y-7) +5-49<0
[(y=7)-a4 ][ (y-7)—44 | <0
+M
7-2411 - T+
?—l-u'rl_l{y{?'+2-u|"ﬁ
{yeﬂa:?—zJﬁ{y{?+2Jﬁ} of
[T—EJI_LT+2J1_1)

2 |-y

{I+l]2

X -y :x(x+l}z

Dillerentiate w.r.l. x:

dv dy 2 S .
+x——=2yv—=—=({x+1) +2x(x+1 Apply implicit differentiation
Y dr 7 d (x+1) (x+1)

%{x—?y}=3x2 +4x+1l-y

dy _3x7 +dx+1-y
dx x—2y

Method 1

) ) Tangent parallel to y-axis, gradient is undefined
When tangent 1s parallel to y-axis, x—2y =0

re x =2y and we substitute into equation of C' obtaining

(3-6)
(x+ ])2

¥ =4y +8x7 +4x
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x(4x' +Tx+4)=0
x=0or4x* +7x+4=0
D20, 4x"+Tx+4>0

SLx=10
Method 2
When tangent is parallel to y-axis, x-2y =0
22
1.e x =2y and we substitute into equation of C obtaining (2'}—'};2 =2
2y+1

87 +71" +2y=0
y[3y1+?y+2)=[]
y=00r8y +7y+2=0
D=0, 8y +T7y+2>0
When y=0, .. x=0
3(i) | Stationary points:

dv b

a——-7F
dx (ax+b)

When dl:ﬂ,a—a—bl =1
dx (ax+b)
(m:+b}2 =h
b -b
1=
i

(ii) | Method 1
Since O<h<1,

0<b’ <b (ie. multiply throughout by b)

OD<h’<bh

iets (Y
Since b= 10

b{JE

Jb-b>0

Method 2

Jb-b

=JEU—JE)

Sinceb::-[},q@}[)
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0<+b<1

—Jb =—1

I—\.l'r!;}[]

2B -b=\b(1-Vb)>0
(iii) | a<0<b<l

Asymptotes:
y=ax+b (necgative gradient)

Obligue asymptote
__b
x= a . Vertica asymptote

: h
Note that the two asymptotes intersect at [— -, ﬂ}
[

Intercepts:
Whenx=0,y=h+1=0

When v =0, (a;:-:+b]2 =-h

x:L\f—_b—b
o

Since b = (), +/—b 1s undefined
Theretore curve does not cut the x-axis,

Stationary points:

_“.'E_b

=0

xX=
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4i) | a,, =a, +ka_,
a, =a, +ka,
1=7+k(2)
k=12

() | g =4(2)+B(-1) +C
2=4A+B+C
T=24A-B+C

Solve System of
Equations
=44+ 8+C .

A=3, B=-1, C=0

(iii) | Method 1

a, =3(2")-(-1)

Method 2
When n 15 odd,

2,

=6(2"-1)+1 or =6(2")-5
When n 15 even,
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3(i)

Must indicate clearly all
the end points

f(10)=f(4)=3¢" “=3e

f{—4]=f{2)=5cns[g—g]—l

=3 cus(—i) -2
3]

_5B
2

(i) | Let

T T
=5¢cos] —x——|-2
Y (ﬁ 2)
Since 0= x < 3,

2 06 2

G (23]
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i—3= 6 cos”™ (‘P—H)
T 5

x=3- Ecus'{y—ﬁ]
T 5

Since 3= x<6.

y - 3ep'_.t| B 3E‘=_3 _
x=3

y=3e

3—£¢03_l[%) . where —2<x<3,

3+ln= . where 3<x<3¢’.

6() y=x" +(4 —x}*

; Any g smaller than 2,
By observation, g =2 L

fis not one-to-one

(i) 5

Take note:

domain of hh* = domain of b
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(iii) | h™'h and hh™' have the same rule but different domain.
h'h(x)=x,D_, =D, =(2,4]

hh'(x)=x, D, =D, = R, =[2.22)

o
1
T

Y
:IERZE{I{EJE} or (E,Exﬁ]

Take note of round
bracket

£

(iv)

N=giT)

. } 1
Stationary point al [e,—]
€

R, =[2,242)
D, =R
R, =D,

. gh exists. (shown)
Restricl IJ;[Z, 24’5)

g(?}:%lnz and g(z«ﬁ}:

1 1
aa RE'h = I:Eh"l 2,;]

3
——In2
42
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T(a)
(i)
|
I
I
I
|
|
|
|
|
i '
H(3.0) ¥
|
|
|
|
I
lx=2
(a)
(i)
(1) Translate by 2 wnits in the
negative x-direction
(2) Reflection in the y-axis
— | — |
®) Y= a3 (x+2)2 -1
—dtd _a 1
Y=g T3 e
J} = 1 4 J} = 1
{(x+2y -1 Replace ¢ . x|
—_— = e N
B T = R
Wi ¥
3y y_3=—_L_ =31
iplece y-3 xi=] = y=3 xi-]
Method 1 with y-
Hence
1. Translate 2 units in positive x-direction.
2. Reflect in x-axis. (or Scale parallel to y-axis with factor -1
3. Translate 3 units in positive y-direction.
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1 L
Y= A Remmx VT3

with x—-2
= R |
s h_!ff_fl y+3= = ) 3+_t3_]
1 |
5 —y=3+ = =3
Heplce 3 — —
Method 2 il oy w-l wi-l

Hence
I. Translate 2 units in positive x-direction.
2. Translate 3 units in negative y-direction.

3. Reflect in x-axis. (or Scale parallel to y-axis with factor =1

() 6 4 B_C

(r—i){r}{r+1}_ F—3+ ror+l
6= A()(r+1)+ B(r=2)(r+1)+ C(r=2)(r)

Sub r=24=1
Sub r=0,=-3
Sub r=1LC=2

r—2}{r)(r+l)_r—2 roor+l
£

(i) | & B
Z r 2 {r-l—l -

r=i-

Hence,

(r=2)(r)(r+1)

[ 1 3 2 )
__+_
-2 r r+l

4 14

I
6
l <
3
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f 1

+

+
N e B i o N

+

N S PPN S
36 6(N-1) 6N 3(N+1)
(i) Ash’%m,[— ! —L+ 2 J—HZI,
6N—6 6N 6N +6

.3 1 N
e (r=2)(r)(r+1) 36
the series 1s convergent.

.&iﬂ[i(r—zi(i)(r“)} g

r=3

fel=2N ]

(iv) | & i j
2, (r=3)(r=1)(r) 12:1, (i+1=3)(i+1-1)(i+1)

r=10
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i=2N-1 ]

é (i=2)(i)(i+1)

i=IN-1 I
Z =06
251 l

é(f—i] (i+1) 23:!— {1 (i+1)

=

LR S S
36 6(2N-1-1) 6(2N-1) 6(2N-1+1)
- 5 1 1 2
—_—— | -
36 6(8-1) 6(8) 6(8+1)
T D S S
36 6(2N-1-1) 6(2N-1) 6(2N-1+1) 3024
23 1 1 1

“3024 12(N-1) 6(2N-1) 6N

91
® sinr+cnsr=ﬁsin[r+§]

for 0=t <2m, —ﬁiﬁsin(:-l—%]iﬁ
[yef{:—ﬁ*_iyiﬁ]

(i) when x =0, Lﬂbf—ﬂﬁ!—%ﬂf %ﬁ

.‘.y:singﬂ}:lor}=:sin3§+ﬂ:—1

y-intercepts - (0.11)

3 7
when y = {]Slnr+CDSI—{]:>tanI——|:>I—TT[G Tﬂ
In n 2 Tx n \H{E
S X =008 =—C08— =——— O X = 0§ — = C0§ — = —
4 4 2 4 4 2

2
x-intercepts : [i%,ﬂ}
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(iii) | y=sin/+x

sint=y-x

cosl=x

sin“t+cos =1

{y—x]z +x =1

y =2xyp+2x" =1

Cartesian Equation of C, : y* —2xy+2x" =1

(iv)

(v) | To find centre of hyperbola, equate the two asymptotes:

y=+2x
V= —2x+242
= 2x=-2x+242

x=1

-

- Centre (],Jl_’ ]
h=1, k=2
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Since vertex (H, -».E} 15 1 umit away from centre (I\E)

we must have g =1.
. b
Gradient of asymptote: — = V2= b=+ 2a
[

bh=42

(vi) | The number of distinct x-coordinates values of the points of intersections between ', and C,

10
(i)

could be used to solve for the distinct solutions for { where 0 <7< 2m.
[b{cusf - h}]z —[a{sin r+ cusr—k]]z = {ab]z

(cost —h}j (sint +cost— k}z -

L 2

S, =1300 0001300 000(0.9)"
a, =| 13000001300 000(0.9)" |

- 13000001300 000(0.9)"" |

=130000(0.9)""
a,,, _ 130000(0.9)"
a, 130000(0.9)""
=09
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. a . . . .
Since —“L isa constant, {a, } isa GP with common ratio 0.9,

i

L

(i) 130 000

Sum to infinity = 00 - 1300 000

Alternative
As m— a0, 09" =0,

So, 5 — 1300000

(iii) | Number of nurses= 60 +(n—1)(8)=8n+52

No. of citizens vaccinated by Butua in the nth week
b, =24x5x(8n+52)

=960n + 6240
No. of citizens vaccinated by Butua in the 20™ week
by, =960(20)+ 6240

= 25440
Total number of citizens Butua vaccinated by the 20™ week
=b +by +b, +---+ by,
20
= 5 [hl +’5'2|:]

=10[7200+ 25440]
= 326400

(iv) | Solving a, <bh,
1300 000
9
M{n&)" —960n—6240 < 0

1300 000
}':—g

(0.9)" <960n+6240

Let (0.9)" —960n - 6240

] ¥

17 15293 ()

15 —1839.7 =10

19 —4967.7<0
n=18

Alternatively,
n a b

a "

17 | 24089 | 22560
18 | 21680 | 23520
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11 P

(a)

% §
sin{r—ﬂ}=£:} PR = ?'2 (1)
PR sin 7
Time,, = Distance _ 0.2 _ 1 G)
Speed  sin@(2.4) 12sind
tan{fr—f}}:E:;- R.ﬁ':ﬂ{z}
RS —tand
OR =8—-RS =S+£
tan
B+ 0.2
Timﬂw _ Distance N tanf) _ 74 | )
Speed 4 20tan &

Total time taken to travel from P to (J in hours,
1 1
= +24
12siné 20tan &

1 1
=—¢osecl+ —cotd +2
20

12
| |
oF == =—. =2
12 F 20 B
o T -I 'l N
(ii) d—=——r.:ust:l:t‘?l:utf}——m$¢¢'ﬂ
d# 20
E:—1—L'ust:::::|!f} cusi?+§
dé# 12 5
T .
Iet d—:{] ,Le.
dé

—imsccﬂmt & —Lcmjﬂ =10
12 20
| , 3
——cosec @ cos@+=|=0
12 5

Since cosec @ >0

= cosd :—E
5

= § = T —Cos '[§]=2.2143 rad
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Using First Order Derivative Test:
lms" ['ﬂJ- eos ™ [—EH [005" [— iﬂ
E 3 ) '."'IJ LA
221 221 2217
dr -ve 0 +ve
da
Using Second Order Derivative Test:
T
dé
= i[—Lmsﬁc’H[ms 4+ EH
di| 12 5
= —lijmnec’t?[—sin a)+ [cm 0+ %J[—%cns&cﬂ}[—cmcﬂmt 0]
=L cosec’msing+ l(cusﬁw iJmsm’ﬁ'um &
12 6 5
3 .
cosf =——<»sind =—
5 5
d'r 1(5 5
bl =—| Z|+0="=0.10416T7=0.1 Jsf)=
det |, .l-_;t] 11[4]+ 48 0 6 MGst)>0
l- l
= +2+ =2.07 hour h & minut
12sm () 20tan ol
= 2 hour 4 min
Hence earliest arrival time 15 10.24 am
(a) | Assume that
(ii) » The speed of paddling & walking remain constant despile the worker [eeling tired aller
some lime.
* The current in the canal 1s neghigible and hence will not have any effect on the speed of the
A\ ) paddling.
(b) | Using Similar Triangles,
(i) w A Ah
—=— = W= —
h B B
V:%xﬁ%xh@Mxh@m
= l ® ﬁ * Jr = 400
2 B
=200 2
B
® 147 _ 4 400k
() | darn B
Given ﬂ =10
dt
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dh _dh_dr
@ ard

= L =10
4004h

When ¢ = 30 min = 1800 sec,

Remember to change

7 = 1800 %10 = ﬂxzﬂ{]xﬁ?‘ minutes to seconds
B

%08
A

h= '% ,since b =0

dh 108 | B

d 4004, ’ 2us 4[“"_

12{}.!_

k=10

W=
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