2022 C1 Block Test Revision Package
MOCK PAPER SUGGESTED SOLUTIONS

1. Using an algebraic method, solve the inequality liiﬁx2+?'.x+5 leaving your
-x
answers 1n exact form. [3]

On | Suggested Solution

1 5
T=x)(6x" +Tx+5)-5
( ,x}( X' +7x+5) >0

l-x
-1 2
by +x —2.1:20
-1
x{zx_l](gﬁz}:—"ﬂ
x=1

Do not use
“comma”

2 A function is defined as f(x)=3x" —6x—1. By completing the square, describe a
sequence of transformations that transforms the graph of y=x" onto the graph of

¥ = f(x). 13]
On Sugoested Solution
2| f(x) =32 —6x-1=3(x-1)" -4
y=x

¢ Scaling with factor 3 parallel to the y-axis

b
3

s op=3a7
v Vranslating T umt in the positive x-axis direction
v Translating 4 units in the negative y-axis direction
[y +4=f(x)=30x-1)°
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3 A telecommunication company, StarPub charges their mobile prepaid card users based
on the usage for local calls, text messaging and data. Local calls are charged per minute,
while text messaging is charged per SMS sent and data usage is charged per megabytes
(MB) used or part thereof. For instance, a data usage in the interval of (1000,1001] MB

will be charged the amount for the usage of 1001 MB of data.

Below are the monthly mobile prepaid card bill statements for Mr Wee from May to

August 2020.
StarPub Mobile Bill (May) StarPub Mobile Bill (June)
Mi Wee Mr Wee
Hock Guan Biscuit Mansion. .. Hock Guan Biscuit Mansion. ..
Current month charges Current month charges
Local calls 124 mins ** *# Local calls 156 mins ****
sSMS 1R SMS  ¥= = SMS 12 8MS  ** *»
Data 62343 MB % Data S8I05MB = e
Total S48.16 Total $52.04
=z Z_
StarPub Mobile Bill { July) StarPub Mobile Bill (August)
Mr Wee Mr Wee
Hock Guan Biscuit Mansion... Hock Guan Biscuit Mansion ...
Current month charges Current month charges
Local calls 108 mins ** *#* Local calls 88 mins (%% %*
SMS 10 SMS % *= SMS I55MS *= ==
Data B625.0 MB ** ** Data MME
Total $57.30 Total $47.10
4 | 4

It 1s known that the unit cost for local calls and text messaging remained unchanged from
May to August 2020. The unit cost for data usage remained unchanged for May and June
2020 but was increased by 8% with effect from 1 July 2020,

(i) Find the unit cost for local calls, text messaging and data usage for June 2020 in
dollars, giving your answers correct to the nearest 3 decimal places. [2]

(ii) The data usage for August 2020 printed on the bill has faded away. Using your
answers in part (i), find the data usage for August 2020 to the nearest MB. [2]
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On Suggested Solution
3(i) |Let$L.$T and $D be the unit cost of local calls,

text messaging and data, respectively.
1241, + 18T + 6235D =48.16
1561 + 12T + 58400 = 52.04
108L  + 10T + 8625(1.08)D =57.30
Using G.C,
L=0.17954=0.180, T =0.04620 = 0.046, D =0.00402 =0.004

(ii) It o be the data usage for August 2020,

0.180(88) + 0.046(15) + 0.004(1.08)d =47.10
0.004324 = 30.57
d = 7076 (nearest MB)

4

The diagram below shows the curve y=1f(x). The curve cuts the x axis at
A(-1.5,0), D(3, 0) and F(5, 0) as well as the y—axis at B(0, 2.5). It has a
maximum point at E'(l, 3) and a mimimum point at E[4, —1_5}.

}:
F 3

= y=f@

7 0 n\/p >

Sketch, on separate diagrams, the following graphs, State clearly the equations of any
asymptotes and the coordinates of the points corresponding to 4, B, C, D, Eand F (if
any).

i y=f(x), [2]
(i) y=r(|x). [2]
1

EE §— . 3

(iii) y ) [3]
i 1

(iv) Deduce the number of distinct positive solutions for the equation of | (|x|) = m
X

[1]
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On Suggested Solution
4(i) A

¥ =f'{x) \

£'(4.0)
A(ii) ,
¥ = 1T{]x])
[0 i
VAN -
F D' o ﬂ\/f‘ e

B(0, 25), C(1, 3), D(3,0), £(4, -1.5), F(5, 0),
C'(-1, 3), D'(-3,0), E'(—4, -1.5), F'(-5,0)

(iii) . Y. : :
y=0 L gl !
i : : > X
0 LB
x=-15 x=3 x=35




2022 C1 Block Test Revision Package
MOCK PAPER SUGGESTED SOLUTIONS

(iv)

(ii)

y=1(Jx)

For the cquation of ¢ [ x]) = =l . there arc 4 positive distinct solutions.

fix)

Using the method of differences, show that

. 1 1 B C D
D= A+—+—+
(r—1(r+2) 3 n n+l n+2

r=2

where A, 5, C and D are constants to be determined.

Using the result in part (i), deduce the exact value of Y

Hence show that l+I—+L_+...:—~I—3__
4 9 16 36

r=2 r(r+3) I
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On Suggested Solution

S(i) i: 1

r=2 {!" - ].;“;f'+2}

Thely ;]
Il 2 3 n n+l n+2
111 11 1 }
3

{ii} L 1 rl=n 1 |
= | hr—l
Zr(rﬂ} S (r=D(r—1+3) (replace r with r—1)
n+l l
_Z[?’—]}{r+2}

S -)r+2) (2-D(2+2)

_lu_l_l_l _I_
36 w1l n+2 n+3| 4
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— = +—+ —_
4 9 16 Zr
r < r(r+3)
Since r =0,

1 1

— >
- rir+3)

Z Z =—— (shnwn}

p(r+3) 3&

6 Do not use a calculator in answering this question.

a— — — 2_
Show that ——~—+——2=2¢ _ (=0 —2x+7)
¥ =2x+3 2x—x"+1 (" —2x4+3)x"-2x-1)
Solve the inequality — b A

o =2x+3 2x-x"+1
Hence solve the following exactly.
2x-1 | 2-4x
4" —4x+3  dx—4dxT+1
i) —2nX o AEnr o T op<ZX
tan"x+2 Z2-tan" x

(i)

[3]

[1]

On Sugrested Solution
[ x—1 2-2x

P —2x+3 22—+l

(x—1)(2x—x" +1)—(2-2x)(x* - 2x+3)
- (xj ~2x+ 3){2x—x"’ +1)
27 X =24 % —1-2%" +4x—6+2x —4x" +6x

(x* —2x4+3)(2x—x" +1)

X432 - 9x+7

(xF =2x4+3)x"* —2x-1)
- (I—x}(f—?xﬁa')

(x* = 2x+3)(x" —2x—1)

x—1 > 2-2x

¥ =2x+3 2x-x*+1

(1-x)(x* —2x+7)
(x* —2x+3)x" —2x-1)
=243 =(x-1) +2>0& 2* -2x+7=(x-1) +6>0 VxeR
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l—x
— =0
¥ =2x-1 .,t-

(x= (1 V2))(x-(1-+2)) S
y<l-2 orlsx<1+42
(i) Substitute x by 2x:
2x—1 . 2-2(2x)

(2x)" -2(2x)+3  2(2x)—(2x)" +1

2x-1 S 2—4x
4x' —4x+3  dx—4dx’ +1
2x<1-42 or 1< 2x <1442

x{l_ﬁ or lix{H"E
2 2 2
(ii) x-1 22«

X' =2x+3 2x-x"+1
Substitute xby tanx +1:
tan x N ~2tanx
tan"x+2 2-tan’x
mn:x:+lc:1—-.|"5 urlitanx+lc:l+ﬁ
tanx«:—u@ orﬂﬁtanxf-:-.ﬁ

) T T
Smee ——<x<—,
2 2

—%{x{—ta_n'l 2 or0<x<tan '2

. 1
7 The diagram shows the graph of y = {(x). It has asymptotes x =§ and y=2x-1 and
it passes through the points (0, a), (-5, 0) and (c,0), where a, b and ¢ are positive

constants.

(0.a
(-bﬁn})

Observe from graph

of y=tanx
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Function g is defined by
g(x)=f(x), x>k

3

where k15 a constant,
(i) State the minimum value of & for the function g ' to exist. [1]
In the rest of the question, let & be the value stated in (i).

(i)  On the same diagram, sketch the graphs of g and g”', stating, in terms of a, b
and/or ¢, the coordinates of the points of intersection with the axes, and the

equations of the asymptotes. [3]
(iii) By considering the respective ranges, show that it is not possible for the range of
gg ™' and the range of g'g to be the same. 2]
Given that fis defined by
f:xl—}w, IER,Iil,
2x—1 2
(iv) Find, in terms of a, the value(s) of x when g(x) = g'lu{x} . |3]
(v) Itis given that h(x)=g(x). For @ =0, statc a possible domain of h such that the
range of hh™' is the same as the range of h™'h. [1]
76) Minimum valuc of k = %
(ii)
Graphofgandg™' are
symmetrical about the
line y=x
(@) R ., =D.=D. =R =R
Rg,g = Dg.,g =D, =(0.5,2)
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Hence, it 15 not possible for range of gg'and range of g”'g to be the same.

Alternatively,
R.,:D,—E R =D —=23R =R
g E B E E
R, D —E3R=D,—E£ 3R =D =(05»)
EEB # & E E B

Hence, it 1s not possible for range of gg”'and range of g'g to be the same,

) [g)=g'(x» = ex=x
45 —4dx—qg Graphsofgandg™
= 2x—1 =X intersect at the line y = x
= 4y’ —4x—a=2x"-x
=  2x'-3x-a=0
- ~3+,/9-8(-a) 3+9+8a
- 22) 4
. . 1 +
Since the graphs intersect at x > 30 X" w
(v) When a =0, we have x =1.5.
Possible domain of h= [1.5,90) or {1.5} or (1.5,90)
(a) Find J-sin prsingx dx, where p and ¢ arc rcal constants. 2]
Ix
(b) Find the exact value of j [ = = I] dx, giving your answer as a single logarithm,
e’
12]
E—2x—x
ood 3
(d) Find a(tan x). M
Hence find _ll-:;i:?u;:4 xdxy. [2]
(8 [Solution]
(a) _[sin pxsin gx dx
= —%Ima(p+q]x—cns(p —g)x dx
l[sin(p+g)x _5in{p—q]x}+c
2l p+q p-q
(b)

L&) eales)

10
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(c)

(d)

1r 1 0
=E_]n(u“' +|):|_M

Ir i ~2In3
=E_]n(e 1) = (e 1)
- mz—m(lHD

2\ 4

1, 8
==In-

2 5

dx

I; dr——lji dx—-[;
V8 —2x—x° 20 Jg-2x -+ V8- 2x—x*
=48 2x—x? —I; dx
4.||!-J'—{.74:+1}2
= —8-2x—x" —sin"{%ﬂ}ﬂ?
i(L'amq ,x] =3tan’ x sec’x
dx
J.sc:scdx dv= jscczx(l +tan’ ,x) dr
=j(sec2x+sm1xtm2 x) dx

1
=tanx + Etan}x+r::

The function f'is defined by

x> —4;vc+e:"1 x=a

where a 1s a positive integer.

(i)

(i)

(iif)

State the least value of a for the inverse function of [to exist. Hence find the value
of £ 7(1). You may leave your answer correct to 3 decimal places. [3]

Use the least value of @ found in part (i) for the remaining parts of the question.

Sketch, on the same diagram, the graphs of y =f{x) and y={ "'(x), showing the
graphical relationship between the two graphs. [3]

Explain why the solution(s) to the equation f(x)=f"(x) can be obtained by

[1]

solving the equation x” —5x+e* =0.

11
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(iv) It is given that the gradient of the tangent to the curve with equation y=f "'(x) is
% at the point with x = m. Find the value of m, giving your answer correct to 3
decimal places. [3]

On_ | Suggested Solution

9(i) | From GC, least valucofa =1
Let p=f (1),

f(p)=1
p—4p+e’ =1
From GC, p=1572

(ii)

Graphs of fand f~* are

symmetrical about y = x

s |(.e-3)

(iii) | The graphs of y=f{x), y=f '(x) and y = x interscct at the same point. .. The
solution can be found by finding the intersection point between the graphs of
v = fix) and y = x, thus solving the equation :

fix)=x

X —4x+e"=x

x’ =5x+e" =0 (shown)

(iv) | Since gradient of tangent to y = f '(x) is 1? at x =m and we let m=1(b),

gradient of tangentat y=f{x)is3 atx =,
Given that f(x)=x"—4x+e¢",
fix)=2x—4+¢"

2b—4+e" =3

From GC, h=1.4237

m=>5h"—4b+e" = 0485 (3 dp)

12



2022 C1 Block Test Revision Package
MOCK PAPER SUGGESTED SOLUTIONS

10

A curve C has parametric equations

(ii)

(iii)

(iv)

On

x=sin2t, y=cos't+l, 0<¢<

3|

Sketch C, showing clearly the axial-intercepts and the vertex.

dy

13]

Express o in the form atan bt, where @ and b are constants to be determined. |2 ]

The tangents to the points 7 and @ on C are such that these two tangents meet at the
point (2%) Find the coordinates of P and (), giving your answers correct to

3 decimal places.
Find the Cartesian cquation of €.

Suggested Solution

[4]
EJ

10(i)

=
[
—
I,
]

(ii)

(iii)

L =2cos 21, . =-—2costsint
dr dr

dy  —2cosrsint
dx  2cost
_—sin2t
2cos 2t

l 1
=——tan2t (wherea=-—, b=2)
) 2

Equation of tangent at any point on (-

'—(cos® £+1
yo(cost+l) 1o
x —sin(2r) 2

(2.4) must satisfy the equations of the tangents at P and Q.

13
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E—(lms2 I+ I) I
2 ) Loy
2—sin(2r) 2

From GC,
(=026180 or 1.30900

Coordinates of P and O are (0.500, 1.933) and (0.500.1.067) (3 dp).

11

(iv) | x=sm2t———(1)
y:cﬂszr+l=%{mszf+l}+l
3
2[}’—5] =cos2i———(2)
Using sin” 2¢ +cos™ 2r =1,
sing sin : 1Lm 0<i<™
x2+4{y—'5) =1, =x=1
(a) Given that [/, is a linear polynomial in terms of n, explain why {U_} is an
arithmetic sequence. |12]
(b) Edward plans to take up a study loan of $30000 with a local bank. For this type of

loan, the bank will only start to compound the interest the year afier Edward’s
graduation. The bank compounds interest on 1 Jan, at a rate of 3% per annum on
the outstanding amount on 31 Dec of the preceding year.

Edward is going to graduatc in 2024. He plans to make a repayment of $200 at the
end of every month, starting from Jan 2025,

(i) Show that the outstanding loan amount 15 $28155 on 31 Dec 2026, [1]
(i)  Taking 2025 as the first year, show that the outstanding loan amount at the
end of the nth year is 6000[ 8-3(1.05)" |. 3]
(iii)  Find the year and the month in which Edward will finish servicing his loan.
Hence determine the total interest he paid, giving your answer to the nearest
cent. [4]
(iv) Edward intends to fimish servicing the loan in at most 60 monthly

repayments. Find the minimum monthly repayment needed, correct to the
nearest dollar. [2]

14
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On | Suggested Solution
11(a) | For U, =an+b.
then U, U, , =(an+b)~[a(n—1)+b]=a, which is a constant.
Thus {U,} is an arithmetic sequence.
11 Year | Amt at the Start Amt at the End
(b) @ || 1 1.05(30000) 1.05(30000) —12(200)
(2025)
?zﬂzr) | _ni[l.ﬂﬁ(auﬂnﬁ)— |2;2m}] 1.05%(30000) —1.05(2400) - 2400
b
=1.05°(30000)-1.05 (2400) | = 28155
n 1.05"(30000)-1.05" ' {Eiml}] 1.057(30000)-1.05" ' (2400)
~1.05" *(2400)-...—(1.05)2400 | —1.05"*(2400)-...(1.05)2400 - 2400
Outstanding loan amount on 31 Dec 2026
=1.05[1.05(30000)—12(200) |-12(200)
=$28155 (shown)

(ii) | Outstanding loan amount at the end of the nth year
=1.05"(30000)-1.05"" (24&[!)—1.&5""1 {24&&]—...{1_{}5)24{}{}—24%
=1.05"(30000)—2400(1+1.05+...+1.05"")
= 1.05"(30000) — 24{1&( 105"~ IJ

1.05-1
=1.05"(30000)—48000(1.05" -1)
= 48000-18000(1.05)"
= 6000 8—3(1.05)" | (shown)
(i) | Solving 6000[8-3(1.05)" |<0
8
I . 5 ] =
(1.05) 3
nin(1.05) = In [%]
Inl.05
[Mote : Yr 1 =2025 — Yr 20 =2044]
Outstanding amount at the end of 20" year = 6000 [E -3(1 .DS]ID] =%240.64
Thus Edward will finish servicing his loan in Feb 2045,
Total interest paid = 20{2400)+1.05(240.6413) —30000 = $18252.67
(iv) | Let the monthly repayment be $m. 60 months = 5 years.

15




2022 C1 Block Test Revision Package
MOCK PAPER SUGGESTED SOLUTIONS

1.05°(30000) —12m| =02 =1 1<
1.05—1

66.308m = 1.057(30000)

m=577.43
Minimum monthly repayment needed = $578 (nearest dollar)

12 |lt is given that the volume of a circular cone with base radius » and vertical height £ is
| ..z
smroh.]

hopper

A hopper consists of an open cylinder of height # m joined to an open cone of radius » m
and height £ m (sce Fig.1). The slant edge of the cone has a fixed length of 2 m.

(i) As r and h vary, use differentiation to find the exact maximum volume of the
hopper. [6]

A coftee manufacturer uses such a hopper that has a conc of radius 1.2 m. For cach batch,
the coffee drink 1s imitially filled to the brim of the hopper and mixed thoroughly before
it is transferred to the packing chamber at a constant rate of 0.2 m¥/s.

16
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coffee drink

hopper

to packing chamber Fig.2

(ii) At a particular pomnt in time, the height of the coffee drink 1n the cyhindrical section
15 2.4 m from the bottom of the cone (see Fig.2 shaded region). Find the rate at
which the height of the coffec drink is changing at this instant. |2]

coffee drink [

hopper

to packing chamber Fig.3

(iii) After some time has passed in the transfer process, there remains some coffee drink
in the conical section with radius p m and height ¢ m (see Fig.3 shaded region).
Find p in terms of ¢ and hence calculate the rate of decrease of ¢ when g =0.5. [4]

17
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On Suggested Solution

12(i) | Method 1

W+t =2

r=4-i

Volume of hopper,
|

V= Efrr'ﬁ +ar’h

= 4—frr2h = 4—rrh{4—h2}
3 3

=%:r{4ﬁ—h1}

d—F:i;r(zl—W}
dh 3

At stationary valucs,

ﬁ:ig[q._y,l):u
dh 3

4_2 .
h—\/;—ﬁ (o h>0)

X
4 2 6hy=—87h
a3
2w

B oar

Maximum volume of the hopper,

. L{i_iJ 64
3703 33 93

Method 2

ﬁl +r2 — 22

h=+4-1

Volume of hopper,

When h = 0

V= I—.?rrz}r +arth= ierﬁ
3 3

V =%m*2«|l'4—r1

Must express V in terms of 1 variable
only, either in terms of r or h

18
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L

gy =i;?r_{2r)~ql'4—r2 +r2(%(4—r3 ]_ ’
4 [ r
“2alna—r
rr_l[ r) 4_"2}

4 _(zr)[xl—rz)—ﬁ}

=—r
3 Va—r

=ER_SF—3.I"1:|
37| Ja—r?
_4 |83 ]

At stationary valucs,
r(8—3r")

o]

ﬁ—is’r =0
dr 3 R __
r8-3r7)=0
8
= —_ o {}
r J;{ r=0)
. 8) 8 8)
3 3 3
Sign of L +ve 0 —ve
dr
Tangent / = i

Maximum volume of the hopper,

4 64
V=—nrid—rl=——
3,?{!" r Qﬁn

(ii)

15 constant at 1.2 m,

Since the coffee mixture is transferred at a constant rate of' 0.2 m?/s and the radius

-0.2
. rate of change of height = = - =—0.0442 pys
z(12)
(i) | height=v4-1.27 =16 12
- .
By similar triangles, i
1.2 3 S

L pd 1.6

g 16 4

Let volume of coffee powder be

19
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== Fry
3 3 4 16
w9
dg 167
.. di,
Given that 1- =—02 and g=0.5
ar

~dy, dV, dg
Using A dqu

2= (0.5 x dg
16 dr

dg

— =-0.453

dt

- rate of decrease of g = 0.453 m/s







