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(i) Find the derivative of ! —. [1]
—_ x“
XZ
(i) Hence find | ———dx. [4]
4 —-xz)
(a) Thecurve y=f(x) cuts the axes at («.0) and (0,4). State, if it is possible to do

(b)

(i)

(ii)

| © Millennia fnstitute 9758/01/PU3/Prelim/21

so. the coordinates of the points where the following curves cut the axes.

iy y=f(x)-# [1]
iy y=f() [1]

The functions g and h are defined by

| .
g:xH3—~—-—], xeR, x#1,
x_

hix—2-x, xe3.

(i)  Show that the composite function hg exists. [2]

(ii) Find an expression for hg(x) and hence find (hg)_I (3)- (3]

. . > dV . . . 2
It is given that x*d;foy+4=0. Using the substitution y =ux", show that the
X

. . . . de ¢ .
differential equation can be transformed to = =—, where ¢ is a constant to be

X

determined. (3]

Hence given that v=3 when x=1 . solve the differential equation

X %‘i —3xy+4 =0 to find y in-terms-of x. _ [4]
X
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4 With respect to the origin O, the position vectors of the points 4, £ and C are a ., bande¢
respectively. Point C lies on AB such that AC:CB=1:2. It is givdn that a is a unit vector
and the length of OB is 2 units.

(iy  Givea geometrical interpretation of Jasc|. [1]

(i) Ttis given that the angle AOB is 60°. By considering (2a—Db -(2a—-b}, find |23—b|.

; [3]

(iii) Find ¢ interms of a and b. [1]
{iv) Hence by considering cosine of angle AOC and cosine ofanglk: COB, determine if the
line segment OC bisects the angle AOB. : [3]

|
.

5 (i) By using the substitution x = tan& , show that J = ;dx can be written as
x“+ 1

I secdf . Hence find

,1 dx. [4]
Vx+1 :

1 1
——1 . the line y =— and
(x—])k \/g
the y-axis. By referring to your answer in part (i), find the exhct volume of the solid
generated when R is rotated through 2z radians about the y-dxis. [4]

(i) The finite region R is bounded by the curve y =

6 (1)  Sketch the curve with equation y =

» where a is a positive constant. State, in
a—x 5

terms of a, the equations of the asymptotes and coordinates of any intersections with
the x-axis and y-axis. On the same diagram, sketch the line witH equation y=»5 (x - a),

where & is a positive constant. [4]
(i)  Find, in terms of @ and b, the root of the equation =bh(x—a). [3]
a—x ; . .
(iii) Hence solve the inequality > b(x - a)'. 12]
a—-x :
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H+]

. p (4] .
7 A sequence u, U,, U,.. issuch that u, =a""' —(n+1)", where a is a constant and n>1.

(i) Giventhat u, =0, find 2. [2]

. . . B H n
For the rest of this question, let a=2. It is given that > »* = g(nﬂ) 2n+1).

r=I1

2t
(i) Find Zur in terms of 7. (You need not simplify your answer.) [4]
r=]
9 10
(ili) Another sequence v,, vy, v;,... is such that > (v, —v )= u, . Given that v, =z,

=l r=i
find the value of v,. 2}
8 A curve C has parametric equations
T
x=cot{+2, y=sect, —~;<r<0.
(i)  Sketch the graph of C, indicating the equations of any asymptotes. 2]
(ii) Show that & =— 5‘”'1’ . Hence explain why (' is increasing for T <o, [3]
cos” f 2
. . F 4
(iii) Find the equation of normal to ¢ when 7 = R [2]

(iv) The point P on (' has coordinates (cot p+2, sec p). Given that the point R is the
midpoint of 2 and the point with coordinates (-2, 0). find the cartesian equation of

the curve traced by R as p varies. [3]
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9 Do not use a calcnlator in answering this question.

. 3 .. 3
{a} Two complex numbers are w:]—ﬁr and Z=\/§[COSZZ‘E—ISIH%R’J.

(i) Find w'z* inthe form r{cos@+isinf), where >0 dnd —z <f<x.  [4]

(if)  Show that there is no integer value of »# for which the freal part of w” is zero.

; 2]

(b) () One of the roots of the equation 3z +13z° +20z+14i=0 is —1+i. Find the
other roots of the equation in cartesian form, p+ig, showing your working.

(41

(ii)) Hence find the roots of the equation w’ +13w* + 60w +126 = 0. [2]

10 A RC series circuit comprises a power source of ¥ volts in series with a resistor of R ohms
and capacitor of C farads. When the power is switched on and power is supplied to the
capacitor, the charge builds up in the capacitor. At ¢ seconds after the power is switched on,
the charge on the capacitor is g coloumbs and the current in the crrcplt is Jamps. It is given
that R and C are constants.

q

A differential equation for a RC series circuit is R/ +E =V, where| I = dq

dr

(1)  Find the maximum value of ¢ in terms of C"and V. (You do not need to prove that it
is a maximum,) ; [2]

(ii)  Show that, under certain conditions on ¥ which should be stated R£+~{- =0. [2]

de C

(iii) In a particular circuit, / :}e— when 7 =0. Solve the differential equation in part (ii)

and find 7 in férnis 6f R, C. ¥ and ¢. : [5]
(iv) Sketch the graph of 7 against 1, 2]
(v)  Describe what happens to the current in the circuit after a Iong! time, [1]
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11  Bank A4 offers a study loan to students enrolled in an undergraduate course of study. The
key features of the loan are:

. interest-free during the course of study,
. fixed monthly interest of 0.3% upon graduation,
. minimum monthly repayment of $100.

Ali decides to take a study loan of $50000 from Bank A on | January 2021 at the start of his
3-year undergraduate course.

{a)  During his course of study, Ali pays $200 at the end of January 2021 and on the last
day of each subsequent month, he pays $10 more than in the previous month. Thus
on 28 February 2021, he pays $210 and on 31 March 2021, he pays $220, and so on.
How much does Ali owe the bank at the end of his course of study? 2]

{b) Bank A charges interest on any outstanding amount of the loan on the first day of

()

(ii}

(iii)

(iv)

| @ Millennia tnstitute

each month, starting on the month right after a student graduates.

Upon graduation, Ali immediately found a job and decides to pay $900 to
bank 4 on the last day of each month, starting on the month right after he
graduated. Show that Ali owes the bank $34121 (to the nearest dollar) on the
last day of the 3™ month after he graduated. 2]

Use the formula for the sum of a geometric progression to find an cxpression
for the amount owed by Ali on the last day of the #th month afier he graduated.
Hence find in which month Ali pays off his study loan. [3]
Find the total amount of interest that Ali paid. 2]
If Ali decides to pay off his study loan within 3 years upon graduation. i.c. at

the end of December 2026, what is the minimum amount. to the nearest dollar.
that he nceds to pay per month afier graduation? [3]

End of Paper
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Solutions

Qn Solution i

1G) | df d 2\

| e )

2x I
= Y |
(4-x°) |
1(ii) B !
[4] ~ dx dv  2x I
(4—x2) Let ug—x,a— Y |
(4-x ) i
!
= (lr] 2x — | dx %:i, v= : .
(4—x2)' dx 2 4-x°
L) S
2 Nd—x 2/ 4-x")
X i i
= - dx f
2(4-x%) 2]4—{
= al L In |2 ! x|+ C |
2(a-x*) 2(2(2))" [2-x]
X | |2 + x|
= ——In + ¢
2(x2+4) 8 |2—xl
Qn Solution
Z(a) (O, b) translate A units in nepaive y diection 3 (0’ 0)
(i)
[1] )
Note: (a,0) — {(a,—p) (not required)
2(ii) scale parallel w v axis by scale factor r
1) {a, 0) " « (1, 0)
¢ parallel 103 axis by scncfnclorl |
(0’ b) scale paralle] by seat rﬂ_>(0-b)
2(b) | Range of g = (-.3)u(3.0) or % 3}

(1 Domain of h= (-,

2] Sk :
Since range of ¢ = domain of h |
=> hg exists '

2(b) . 1 1
(i) hg(x)kQ—(3+x_’J——i+x_]
13]
® Millennia Institute 9758/01/PU3/Prelimi21 Solution
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Solution

Method 1

(he) " (3)=a
he((hg)™ (3)}=he(a)
3=-1 +i

-3
a—1

a=

3
4

Method 2
To find (hg)™
Let

On

Solution

3(i)
[3]

5 du

3

s dy ; 2
yEux = —=x —+3ux
dx dx

.rz(x3%+3ux2)ﬁ3x(ux3)+4_0

dx
dut )
b At =3t 44 =0

x5ﬂ+4:0
dx

du_ 4

dx X

3(ii)
14]

du 4

| dx x
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Qn Solution
Integrating with respect to x on both sides of the equation,
4
u= J-‘? dx
= j—4x'5 dx
=x"+e¢
y=ux’ >u= L;
x
DA
x..‘
y=x"+ex’
When x=1, y=3,
c=2
Ly=x" 425
Qn Solution
4(i) |a-c| is the length of projection of ¢ onto a
1]
OR
ac| is the length of projection of OC onto OA.
4(ii) | (2a—b)(2a- b) = 4(a+a)—2(asb) - 2(h-a)+ (b-bh)
3] :
= 4|a|" - 4(a-b) +|b|2 ("7 bea=a+b)
= 4(1)" - 4Ja||bcos 60° + (2)*
]
= 4~4(])(2)(5)+ 4=4,
(2a—b)(2a-b)=|2a—bf =4 =|2a—b|=2.
4(iit) | By Ratio Theorem,
[1] _b+2a
T
© Millennia Institute 9758/01/PU3/Prelim/21 Solution
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=In fsec@+ tan 0| +¢

NESEAE

4(iv)
LA0C =
B | A0 g
{b +2a J
a
S ) [from (iii)]
¢
] [d b+ 2P )] [since :1|-zl:|=1|2 =1}
3L |
_Ifabi2
30 Jd )
cos ZCOB =
o]l IICI
b_(b; 23]
=——"—= [from (i1}]
fblfe]
:{2—2‘)'&?2} [since beb =|b[ =2°]
:l ﬂ =cos ZA0C.
30
Therefore line OC bisects the angle 4OB.
On Solution B
>(0) x:tan9:>£:sec29
[4] dé
dx = sec 29) do
j Vi +1 '[ Nian® 8+ 1 )
= I -y (sec‘ 9) dé
= Jsec(—) df?

=1In +c
Alternatively, _
1+1an’ & = sec’ @ = sec@ =1 +
5(ii) 1
4] | ¥~ B
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x=1I-

(x<1)

1
\fy2+l

Volume of solid

ua‘]‘ -

1
N 2
b 1 d 2 |
=7 == dyzirj 1- +——dy
L[ \Jy2+l] o Ay HL ¥
1
\fy3+l+y

+tan™ y} ’
Q

=7x|y-2ln

[from part (i)]

2
1 I 1 o |
=] —=—2In —= | +14+—|+tan" — {0
NE] [\E] V3 V3
1

(G 5]

= —]~—2]n\/§+%J OR ﬂ[i—ln%}-%] units”.

V3

Qn Solution
6(i)
[4] TN :
t |
o, _} .
_J 5
y=0 © f
(0. —ab) !
| x=a
6(ii) | Method 1: Simplifying the modulus using the graph
ol .
31 From the graph, the root of L b(x-a) is equal |to the root of
a—x f
m[ ! J:b(x—a] ::>—I~=(x—ar)2 =S x= aiL.
a—x h Jh
Since x>a 1+ !
X =t —.
Jb
Method 2: Solve by squaring both sides s
© Mikennia Institute 9758/01/PU3Prelimi21 Sclution
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1 1y 2
=b(x—a)= =b (x—a)
a—x (> a) [a—x] (x=a)
:,G] ~(x-a) (a-x) =(x—a)
= % = (x—a)2 (since & > 0)
1
Dx=agt—.
N
Since x> a x—a+L
* \/B-
6(iii) | From the sketch in part (i),
2] |
X<aorg<x<a+——
Jb
OR
|
X<a+—, x#u
Jb
Qn Solution
7[fzil) u,=a" ~(n+1)
u =0=a" -2° =0=a =2" ... (%)
Method 1:
= —4" = (a2 )2 —4°
= (2”)2 -4 [from (*)]
=(2') 4" =4"-4"=0. 2
Method 2:
Uy = a -4 :(az)l __(23)“
(@) ()
= (az. —"2"’)((12 + 2”)
=0. [sinée c'.:z -2 =0 from (*)}
7Gi) |y =2 —(n+1Y
s (n+1)
Method 1: Expansion
© Millennia [nstitute - 97581‘D1IF’UC.$IPrelim.‘21 Solution
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:4(2”-—l)——6—(n+l)(2n+l)—n(n-l-])—n

OR 4(2" —l)—%(n+l)(2n+l)—n3 ~2n

OR 4(2"—])—g(n+])(2n+l)—n(n+2)

Method 2: Change of index

Zu 2[2’” r+l)]
_Zz*‘ irﬂ
:ZZ’XZ—Z;‘z

s se)]

. F(jl:l)}[”:(n+1+1)(2(n+1)+:)—|}

4(2”_1)_%(n+;)(n+z)(zn+3)+1

© Millennia Institute 9758/01/PU3/Prelimi2t Solution
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Qn Selution
7(iit) | &
2] Z(Vm =V, )=
+.\\
+ —
TV TR
=V W
1
Zur =3587. [from (ii) or from graphing calculator]
r=1
Hence, v,, —v, = 3587
= v, =3587 +v, =3587 +u, [since v, =u, (given}]
=v, =3587+[2" = (1 +1)*] (since a = 2)
=>v,, =3587+0=3587.
On Solution
s(i) y A :
2] ;
T__ﬁ_—:fi ______ 4:___ y=1
e ! > x
x=2
8(ii) x=cotr+2 V= sect
131 dx . dy
— =-gOseC! — =secrtant
dt de
dv  sceftant
dx —cosce’s
[1 {Siﬂ_{_
cost s cosd
oy
)
L sin’ ¢
Cos” !
Since -i:-<t <0.sin1<0. cos t>0
. . dy . )
Theretore ™ > (0, (' Is Increasing
X
8(iii) | Method 1

© Millennia nstitute
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Qn Solution
[2] | Using GC, !
Atr=-Z cot y=1.4142, ¥ _ 070711, |
4 dx |
Gradient of normal ! =-1.4142
0.70711 |
Equation of normal :
y-1.4142 =-1.4142(x 1)
y=—14142x+2.8284
y=—1.41x+2.83 (3s.f)
Method 2
d Sini(_ ZJ 1
At t:—%, x=1, y:secgzﬁ, Iy:_m_zf’
Y cos (*fj 2
4
Gradient of normal ——i— =2
&
Equation of normal
y- \E = —\5 (x— I)
y= —J2x+242
8(iv) | Midpoint R
13] _({cot p+2}-2 secp
- 2 )
_ (cot P secp) i
2 ' 2
cot p sec p
X= _——
2 4 2 !
tansz secp=2y '
2x ;
Method 1
{ Using trigonometric identity,
tan” p+1=sec’ p
} 2
— | +I=(2
(zx] (2»)
4}:2 =—+1
P
© Millennia Institute - 9758/01/PU3/Prelim/21 Solution
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10

OQn

Solution

Method 2

1
tan p=—
P 2x

Using the right angle triangle,
1

=2y a
Vax®T +1
B 4x% +1
4x

Method 3

|
cosp=—
P 2y
Using the right angle triangle,

1
tan p=— 0
P 2x

!

Jay' =1
1
4y* —1

=4x°

Qn

Scohttion

9(a)
(i)
[4]

For 11r:1—\/§i'

w| II—\E|| 1{] + J3)

arg(w):arg(iﬂ\/gl)

=—tan | —|=—
1
for"—ﬁ(cos T—isin

g J
. 4
z—ﬁ[coqi —xs;ln3 2 cos —ix]ﬂsin(}-ﬁ}
4 4 4 4

Iherefore‘ i J2 and arg(z)= "—3;‘[.

L | —

Method 1

|1i*_ *I Lw

b
2

legz(ﬁ):4\/§
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11

Solution

2

arg(wzz *)zarg(w )+arg(z*)
=2arg(w})—arg(z)

AR

1 L]
Therefore, w’z* = 44/2 (COSE}T +isin = EJ

Method 2

Wzt =42 coslfr+isinirr
12 12

9(a)
(ii)
2]

Method 1

b n n‘ﬂ- M - njr
w =2"|cos| —— |41 sin| ——
o5 Jrsn( -5

For Re(w”) =1{.

Re(w") =2" cos(«-%) =0

2
LT M—+])—7z -where-k ¢ Z
3 2 ;

_ 3(2k +1)

Since 3(2k + I) isodd forall ke?, iS never an intd

no integer value of » such that the real part of w* is zero.

Method 2 i
For the real part of " to be zero, this means w” is purely imaginary.

ger. Thus there is
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On Solution
ny S# 3x m om 37m Sm
we(W) =TT

=(2k+l)§ , where k e 7
Since arg(w” ) =narg(w) = —%;r,

—§ﬁ=(2k+l)g

n_2k+]
302
3
po 202K
2
. . 3(2k+1) . . .
Since 3(2k+ i) isodd forall keZ, — 5 is never an integer. Thus there is

no integer value of # such that the real part of w" is zero.

9(b) | 322 +132°+20z+14=0
(i) Since all coefTicients of the equation are real and —1+1 is a root, —I—1is another

M| root.
A quadratic factor:

[z—(fi+i)][z—(—]—i)] :[z+l—i][z+l+i]
=[(z+D)=i][(z+1)+i]
=(z+})2 —i’
=z" +2z+1—(-1)

=z 42242
=32 +132° +202+14=(zz +2z+2)(az+b)

Method 1 Method 2
Comparing z° terms: __ 3xe7
a=73 :1+2:+2)3:-‘+13;‘+20:$14
—(3:'1 +6:° +6:)
Comparing constant terms: -
oh =14 7= 4140+ 14
—(7:7 + 142+ 14)
= h=7 _ |
] .
; ) . " 7
We have. 3z7 1 13z + 202+ 14 = (z“ +22+2)(32+7).Jz+7 =0=: 27—37. :
7 i
Therefore, the other roots are —1—t and 3
9b) | Given w' =131 +60w+126=0
(i) | Divide 9 throughout:
(2]
© Millennia Institute 9758/01/PUIPrelimi21 Solution

www.testpapersfree.com



13

Qn Solution
1 5 13, 60 126
W +—w +—wt+t—=1
9 9 9 9
5 2
iw’ +—3w2 +£w+l4z 4]
9 9 3
1Y 1Y L (1
I =w | +13 —w| +20| —w |+14=0
3 3 3
. o |
So, zin 32" +13z° + 20z +14 has been replaced with gw.
z=—=1+i, z=-1-i, -zz—z
. o
—w=—l+i, —w=-1-1, —w=——
3
Therefore, w=-3+3i, w=-3-3i,w=-7.
On Solution
10
[2(]1) To find maximum ¢, —df =0,ie. [=0.
0+L_y
C
g=VC
10¢ii) q
R+ =V
2] C
Ditferentiate with respect 1o ¢,
Rl 1(d)_dv
dt C\ dr dr
If Vis a constant, i.e. d—V =0
dt
di |
R—+—(f}1=0
di C( )
Rdri+i: 0. since J :d_q
d C dt
© Millennia Institute 9758/01/PU3/Prelim/21 ‘Solution
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On Solution
10(ii) di 1
R—+—=
[51 dt ¢
a__ L
df RC
}
[-di=]- L
I RC
I
n|f|=-—=1+d
R
1 i
'I[ —e W g et
[
I=de ™
When =10, / =L—
4=2
R
1
I= Keiﬁl
R
10(v) | 1,
21 | v
R
0 =0 ¢
IMv) |Ast — . [ — 0.
1]
In the long run, the current in the circuit tends to/approaches 0 amp.
.Qn Solution

11( | Amount of money Ali paid at the end of 3 years

a) 36 \

2] ==75{2(200)+(J6—z)uo)]

=13500

Amount Ali owes the bank at the end of 3 years
= 50000 -13500

=36500

11( | Atthe end of 1 month, amount owed
by | = l.003(3650{)_)—900

@ 1 _35709.50

© Millerinia Institute 9758/01/PU3Prelim/21
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On

2]

Solution

At the end of 2 months, amount owed |
=1.003(35709.50) - 900

=34916.6285

At the end of 3 -months, amount owed
=1.003(34916.6285) - 900

=34121.38
= 3412] (nearest dollar)

11
(b)
(ii)
151

Month | Amount owed at the | Amount owed at the
start of month end of month

! 1.003(36500) 1.003(36500)—900

2 1.003[1.003(36500) - 900 | 1.003% (36500) - 1.003{900)

=1.003° (436500)—] 003 (900) —900
3 1,003 1 003" (36500) -1 003 (900) - 500 | 1.003* (36500} —1.003 (300) — 1 003{900}
=1.003'[36500)—1 003" (900)-1.003{500) | ~20¢

1 1.003 (36500)—1.003" {500)
~1.003"*(900) - ..~ 500

On the last day of the nth month, Ali owed
1.003" (36500)—1.003"" (900)~1.003"* (900) —...~ 900

=1.003" (36300)— [ 900+ 1.003(900)...+ 1.003" 2 (900) +1.003"" {900)]
=1.003" (36500) - 900(14+1.003+...+1.003" + | 003"
1.003" — 1}
1.003—1
=1.003" (36500) - 300000(1.003" 1)

=1.003" (36500) - 900[

When Ali pays off his study loan,
10037 (36500) ~300000(1.003" =1} <0 |

Using GC,
1 1003 (36500) - 300000{1.003" ~ 1}
43 276.54

44 —622.6
45 —1524

2027,

Ali takes 44 months to pay off his study loan, i.e. he pays off his stuidy loan in August

11(
b)
(iii)
12]

Method 1:
Since Ali pays $(1.003x276.54) in the last month, total interest Alli paid
:43><900+(].003><276.54)—36500 '
=2477.37 (nearest cent) |
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Qn Solution

Method 2:
Since Ali pays $276.54 in the last month, total amount he paid
=13500+43x900+(1.003%276.54)

=52477.37
Total amount of interest Ali paid
=52477.37 50000

=2477.37 (nearest cent)
11( | Let the amount that Ali pays per month upon graduation be $x.

V) . b _
;3] | 003 (36500)— r[%} <
40656.16902 -37.956x <0

x21071.14
Ali needs to pay $1072 per month.
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Section A: Pure Mathematics [40 marks]

1 Given that @ is a sufficiently small angle, show that

1
— = l+alf+b0",

sin 20 +cos @
where ¢ and b are constants to be determined. [4]

2 It is given that y and x are related by

_q)i_yz—2y+5
dx y-2

Given that that ¥ =1 when x =0, find the particular solution for the above differential
equation. [6]

3 Itis given that f{x)=In(2+2sinx).

k . where £ is a constant to be found. 3]

(i) Show that f"(x}) = :
I+sinx

(i) Hence find the Maclaurin series for f(x). up to and including the term in x4

(iii) Use the series in part (i) to approximate the vatue of J'Oz f{x)dx. 1]
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4 The plane p passes through the points with coordinates (~, 2, 5}, (0. 2, 1) and

4 .
(—%, 3, —]J, and the line [ has equation x+32 =y-2= = where £ is a constant.

(i)  Show that the cartesian equation of the plane is 6x+3y + 4z =|: 6-k. 2]

i
{(ii)  Show that the / cannot be perpendicular to p. . [2]

For the rest of this question, let k= -2.

(iii) Given that / meets p at point N, find the coordinates of N.

[3]

(iv)  Another plane z is parallel to the plane p. Given that the dis!tance between p and
7 18 11 units, find the possible points of intersection between fand 7. [3]

5 Parameterisation is the process of finding parametric equations of q curve. The position
of a point that moves on a curve in two-dimensional space is det*:rmmed by the time
needed to reach the point when starting from a fixed origin. '

For example, if (x, y) are the coordinates of the point, the movements of the x-coordinate

and y-coordinate of the point are described by a pair of parametrig equation, x =f (t),
V= g(t)where { is a parameter and denotes the time. For examp]c to parametrise the

equation of the curve y = x” +1, let x =1 then y=t'+1.

A curve [J has parametric equations |

x:r+l+4, y:i—l+L <1,
! i

A curve £ has equation
=x—-2- . x<2.
x-3
(i)  Show that curve D and E intersect only once at 1=—1 and hence find the
coordinates of the point of intersection. (3]

(it)  Sketch the graph of curve D, indicating clearly the point of i mtexsgct]on found in
part (i). | [Z]
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4

(iii) Using x =¢+ 3, parametcerise the equation of £. Sketch the graph of £ on the same
diagram in part (ii). [3]

Given that D intersects the v-axis at = —J3-2.

(iv) Find the arca of the finite region bounded by D, E and the y-axis, giving your
answer correct to four decimal places. [4]

Section B: Probability and Statistics [60 marks]

The events 4 and B are such that P(4)=0.6, P(A4B)=0.8 and P(4n B} =0.55.

(i)  Find the probability that B occurs. [H]

(ii) Find the probability that neither 4 nor B occurs. [1]

A third event C is such that B and C are independent and P (() =0.6.
(iii)) Find P(B'C). 12]
(iv) Hence find the range of values of P(4~ B'nC}. [3}

A company produces packets of almond flour with each packet weighing p, grams. In

a quality control inspection. the production manager wishes to check if the mean mass
of almond flour per packet is overstated.

(i)  Explain why the production manager should take a sample of at lcast 30 packets of
almond flour. and slate how these packets should be chosen. [2]

The production manager takes a suitable sample of 40 packets of almond flour and finds
that the mean mass of almond flour per packet is 248.5 grams and its standard deviation

is 4.3 grams.

(i)  Given that the production manager concludes that the mean mass of almond flour
per packet is not overstated at the [% level of significance. find the range of values
of . giving your answer to 2 decimal places. 4]
(iii) Explain what is meant by “at the 1% level of significance™ in the context of the

question. [}

© Millennia institute 9758/02/PU3/Prelim/21

www.testpapersfree.com



8 A doctor prescribes a specific medication to 12 of his patients who dieveloped a particular
type of allergy in his clinic. Past records show that 100 p% of aduilts with such allergy
report symptomatic relief after consuming the medication. The number of patients who
reported symptomatic relief after consuming the medication is gssumed to follow a
binomial distribution.

(i)  Write down in terms of p, the probability that 10 patients r¢ported symptomatic
relief after consuming the medication. 5 (1]

(i)  Itis given that the modal number of patients who reported syrq}ptomatic relief after
consuming the medication is 10. Use this information to find exactly the possible
range of values of p. [4]

Suppose now p=0.8,

In another clinic, 15 patients who developed the allergy were alsd prescribed with the
same medication.

¢iii} Find the probability that all patients reported symptomatic rellief after consuming
the medication. i [H]

In order to have a sensing of the effectiveness of the medication, thé doctor in this clinic
checks the number of patients who reported symptomatic relief after consuming the
medication. He takes 3 random samples of 15 patients each who had been prescribed with
the medication because of the allergy. |
|
(iv)  Find the probability that one of the samples has at least 8 patients who reported
symptomatic relief afier onsuming the medication, and the other two samples cach
has all patients who reported symptomatic relief after consum{ng the medication.

31

=9 - ~Two notes are drawn. at random and without replacement, from a bag containing # $1
notes, two $2 notes and one $5 note; where »n>2. It is assumed that all the notes are
identical in size. The random variable M is the absolute dlfferenc;e in the amount of
money, in dollars, between two notes drawn.

(i}  Determine the probability distribution of M, simplifving the probabilitics as tar as

possible, (3]
36[ f :
(i) Find E(M) and show that Var(M): [, (n)] - where f(n) is a
(m+3) (n+2)
cubic polynomial to be determined. {51
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(ifi) Given that Var(M)= i , find the value of n. []
36

10 (i) Sketch a scatter diagram that might be expected when x and y are related
approximately as given in each of the cases (A) and (BB) below. In each case, your
diagram should include 6 points in the first quadrant, approximately equally spaced
with respect to x. The letters @, b, ¢ and d represent constants.

(A} y=ax’ +b, where a is negative and & is positive,
(BY y=clnx+d, where ¢ is negative and d is positive. [2]

A pot-in-pot cooler is an affordable electricity-free evaporative cooling device used 1o
maintain a low temperature inside an inner compartment. In an experiment, water is filled
in a particular type of pot-in-pot cooler and the temperature of water is measured by a
thermocouple inside the cooler at different time interval. The following table gives details
of the temperature of water measured over a period of time.

Time taken from the

start of experiment | 0.25 0.5 0.75 I 1.5 2 3
( rhours)

Temperature of

water (W °C)

19.5 18.4 17.1 16.6 16.1 15.7 15.4

(ii) Draw a scatter diagram for these values. Usc your diagram to explain whether a
linear model is appropriate to model these values. 2]

(iii) Find, correct to 4 decimal places. the product moment correlation coefficient

between

(a) tand W,

(by  and W,

(¢) Infand W. [3}

(iv) Using your answers to part (i). (ii) and (iii). explain which of
W=ar+b, W=ct’ +d or W=elnr+ .

where a, b, ¢, d. e and [ represent constants. is the most appropriate model.

Find the equation of a suitable regression line in this case. [3]

(v}  Use your equation to estimate the time 1aken 1o reduce the temperature of water in

the pot-in-pot cooler to 16" C and explain whether your estimate is reliable. 2]
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El  In this question, you should assume that L and § follow ihdependent normal
distributions. You should also state clearly the mean alid variance of all
distributions you use.

An oil company supplies engine o0il in cans of two capacities, largeéand small.

The amount, L millilitres, of oil in a large can is norma]l}:{ distributed, where
L ~N(5000, o). The amount, S millilitres, of oil in a small can lsmormally distributed,
where § ~ N(1000, 25). '

(i) Find P(5000-0 <L <5000+20). [2]

(ii)  The probability that a randomly chosen large can has more thhn 4990 millilitres of
oil is 0.943. Find &’ 2}

Use o =40 for the rest of the question.

(iii) Find the probability that the amount of oil in a randoml chosen small can is at
most 1062 milfilitres. [1]

(iv} Twenty small cans of oil arc randomly chosen. Find the probability that fewer than
ten cans have the amount of oil in the can to be at most 1002 fm'l]ilitrcs. 2]

(v)  Find the probability that the amount of oil in a randomly chosen large can exceeds
five times the amount of oil in a randomly chosen small chn by more than 30
mililitres, [3]

i

The oil company fills the large cans with Type A lubricating oil and $mall cans with Type

B lubricating oil, and sells the Type 4 industrial lubricating oil at|$0.13 per millilitres

and Type B industrial lubricating oil at $0.05 per millilitres. The oil company supplies 6

large cans of oil and 2 small ca_ns_ of il to a manufacturing ﬁrm.

(vi) Find the probability that the iotal cost mcurred for the mdnufaclturmg firm is at Icast
$399s. - [4]

End of Paper !
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2021 Preliminary Examination
PU3 MATHEMATICS 9758/02

Solutions
Section A: Pure Mathematics
On Solution
1 Given that ¢ is a sufficiently small angle,
[4] 1
sin 28 +cos &
5 1
- 2
20+1- 9—
2

-
z@+29—fLJ
2

SR ORANCIS T

2

ﬂ—w+%%pm%m

z1—28+26’2
2

where a=-2, b —g-

Qn Solution
2 dy ¥ —2v+5
6] dx y=2

)
v =2y+5 dx

-—;KIEL—-dy:=j1dx

YV =2y+5
[ 2(y-2

jl 2_(}.4} dy:I] dx

2_y —-2p+5

[ ﬁ} dv= 1 ds

2y =2y+5

el 2v-2 2
— - dy=[1d
2J-_y2—2y+5 y?—-ZerS} ) j '
1 2y=-12 2
S | kS i dy=f1d
2.[},—_2},4_3 (y—])k+2?} ¥ _[ X
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Qn Solution
1 , Y. L (y-1Y1
E{]n|y —2y+5|—2(5)tan (T)]—x+c
! 2 -1 =1
— ]n(y —2y+3)—tan —i|=x+c
When x=0, v=1,

i
—ilnd—tan'(0)|=0+c
Al (0)]
1
c:Eln4=in2
1 ]n(}”—2y+5)—tan"(—J:—l—] =x+In2
2 2 )

Qn Solution

3i) | f(x)=In(2+2sinx)

3] f'[x)* 2cosxy

2+ 2sinx
. COSX
1+sinx

Method 1: Apply Quotient Rule
£1(x) = (1 +sin x){—sin x)—(cosx)(cos x)

(1+sin .'c)2

. .2 2
—SINXx—SiNn° xX—Ccos x

{1+sin )c)2

. .2 2
—Sinx— (Slﬂ' X+ COs” x)

(1+ sinx)2
—sinx—1
(l + Sin \)ﬁ

_ —(sinx+1)

a9

(] +Sinx)
-1
l+siny

Thercfore. & = —1.

Method 2: Apply Product Rule
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Qn Solution
f'(x) = ] i(::::x = (cos x){1+sin x)"I
f*{x) = (cosx)(1+sin x)fl
= (cosx)[—l(” sin x)_2 (cosx)} +{1+sin x)_] (—sinx)
B —cos’ x __sinx
(1+sinx)2 I+sinx
_ —cos” x--sinx(] +s5in x)
- (l+sin Jc)2
_ —cos’ x—sinx —sin’ x
(1+sin x)2
—sin x—(cos2 x +sin’ x)
- (I+sin x)2
_ w(sian)
(1+sin x)2
-l
T l4+sinx
Therefore, k =—1.
3G | R
[4] 1 (x)_l+sinx_ (I+smx)
f"’(x) =(1+sin x)_2 (cos x)
When x=0,
f(0)= ln(2+ 2sin0}=1In2
cos(
(0) = -]
' ( ) 1+5sin0
f u(o — _.] —
* 1+sin()
f"(0)=(1+sin0) " (cos0) =1
Therefore,
f(x) = !n(2+25inx)
= In2+x—l.\’2 +lx; + ...
2 6
3Gi) | 2 Lo,
a) | e d_x-:j”(in2+x—5x-+gx ) dx
= 2.7196 = 2.72 (3 s.t’) (from graphing calculator)
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On Solution
4 (i) | Plane p is parallel to
2} 0Y (-k\ [k - (oY (-4
20— 2= 0jand| 3 |-| 2 |=f 1
-1 3 -6 -1 -1 0
_1
2
Normal of p is parallelto | 0 [x| 1 [=]3}.
-6 0
Hence equation of p is
6 0y\f6
rd 3|=1 2 | 3{=(0X6)+(2)3)+(=1)}k)=6—k.
k -1}k
Cartesian equation is 6x+3y+kz =6-£. (shown}
4 (ii) x+2 z—-4
[: = )#2:
2] 3 i o
_ !
fet ;L:.x+2:y_222 4 ?n~3-
-3 k N J. _\"f
x=-2-31 A0S
?f ? £
y:2+/1 3 le 3
z=4+kA
-2 -3
frr=| 2 [+4 1 AelR
4 k

Method 1: Show / is not parallel to normal of p.

|
Suppose / is perpendicular to p. then [ is parallel to the normal of p. iec.

-3 i}
| |=#| 3|, forsomereR.
k- k
—3=6¢ =03
=« 1=31 = r:l
k =1k 3
=1

Since there is no unique value of 7, 7 is not parallel to the normal of p, i.¢. / cannot
be perpendicular to p. (shown)

Method 2: Show / is not perpendicular 1o a dircction parallcl to p.
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Qn Solution
i
Suppose ! is perpendicular to p, then / is perpendicular to the | |1 |. [from (i)]
0
=3) {-0.5 - :
Since | 1 |o] 3 |=15+1=25=0, o
-2 0
-4
! is not perpendicular to the | 1
0
=> [ cannot be perpendicular to p. (shown)
4(iii} -2 -3
By vl 2 2 1], der
4 =2
6
prrel 3 |=8
-2
-2-34 6
2+4 || 3 |=8
4-22 -2
12181 +6+31-8+44=8
~114=22
A=-2
—2-3(=2)) (4
position vector of N =| 2+(-2) |=|0
4-2(-2) 8
Coordinates of N(4 ,0, 8).
4(iv) | Method 1: Length of Projection
[3] | Let the point of intersection of / and 7 be M.
-2-34
Since M lies on |/, OM =| 2+ 2 for some le® ;
4-22 |
4y (-2-34 6+34° |
MN=|0[-| 2+4 |=|-2-4| 777
8 4-24 4+24
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Qn Solution
6+3/11 6

—2-4 : 2 3 m/
4422 J J6 -3 +(2) | &) Lt

Perpendicular

distance

%|36+18}£u6—3,%—8—4/1|:ll

&
K "y
21114 =77 / /
Perpendicular

24114=77 or =77 e
11A=35 or —99
A=5or -9

-2-3(5) -2-3(-9)
OM=| 2+(35) |or| 2+(-9)

4-2(5) 4-2(-9)

-17 25

=| 7 Jor|—7

-6 22
Hence, possible points of intersections between { and z are (~17. 7, - 6) and (25,
~7,22).
Method 2: Distance between two planes

6
Let the equation of 7 be rof 3 I=a
-2
8 & .

Distance between pand 7 =

_Jﬁz +314(-2) ) J6 + 30+ (22) I

’8—a Y )
7
|8—a|=77
B—a=77 or =77

a=-—69 or 83

Hence possible equations of 7 are

6 6
red 3 [=-69 orrs 3 |=85
=2 -2

To find the point of intersection between / and 7 :
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Qn Solution
For #: r 3 |=-69,
-2
-2-32 6
242 || 3 |=-69
4-22 -2
~12-1821+6+31-8+44=-69
-11A=-55
A=3
—2—3(5) -17
OM = 2+(5) =l 7
4—2(5) —6
6
Similarly, for z: rsf 3 |=85,
-2
-2-34 6
2+4 || 3 1=85
4-24 -2
12184 +6+34-8+44=85
-112 =99
A=-9
—2—3(—9) 25
OM=| 2+(=9} |=|-7].
4-2(-9) 22
Hence, possible points of intersections between [ and z are (= 17, 7, —6)and (25,
—7,22). _
OQn Solution
) Substitute x:r+l+4, y:tul+l moy=x-2- ]
3] t f x-3 !
We have t—£+1=[t+l+4}—2—%
f ! (z+}+ 4}-3
:>r»1+]:r+l+2— I
f ! r+—+1
!
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2 L
= ——=1- ; =—
f RS o B A Y

=20 -2-2=1 +1¢

=542 4342=0

Method 1: Use graphing calculator
From graphing calculator, 7 = —1 is the only real solution.

Hence, curve [ and F intersect only once at { =—1,

Methaod 2: Factorise

P20 43042=0

(t+DE +i+2)=0

t=—lort +t+2 =0 (no real solution)

Hence, curve D and £ intersect only once at = —1.

Whent=—1,x=2and y =1,
The coordinate at =1 is (2.1).

5(ii)
2]

F ui

)

Curve D

/

5(iii)
131

Using x=1+73,

y=(l‘+3)—2—

Xx<2=i+3<

{
Curve £: x=¢+3. yp=f(+l—-—, 1=-1 ..

(2.1)
Curve £
> X

Curve D

I B

—
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5(iv)

4]

Method 1: Using x-axis (both curve in parametric form)

For the Curve D;

x=t+]—+4:>E:l—v];
t dt {
When x=0, ¢ :—ﬁ—2(given)

When x=2, t =-1

For the Curve E:

x:t+3:>g-x—=1
d¢

When x =0, t=-3
When x=2, f=—]|

Area

:j'}'(z;}ﬂ)(l)dz—jjﬁ2(:%“}[1-}2}1:

=1.3929 units’. (4 d.p.)

Method 2: Using x-axis (1 cartesian, | parametric)

For the Curve D:
x=i+1+4:>E=I—l,

! dt t
When x =10, tz—ﬁ—?.(given)
When x =2, t = -1

Area

Y S N ) (:—lﬂ)(l——]?jdt
o x=3 S-V3-2 t t

=1.3929 units’. (4 d.p.)

Method 3: Using y-axis
For the Curve D:

1 ;
y:t——+]:>£hﬁ=1+L7
t dt r

Aty-intercept (x =0), 1 =3 - 2(given)

When y=1, 1=-]

For the Curve E:
b0

]
=f+]l-—-=
Y ¢ dt =

At y-intercept {x = 0), 1 =-3
When p=1r=-1
Area

:J—:"ﬁkz(l *%*% +zi2]d"f:(f+3)(l+%zjd,

=1.3929 units®. (4 d.p.)
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Section B: Probability and Statistics

OQn

Solution

6()
(1]

P(B)=P(4uB)-P(4nB’)
=0.8-0.55
=025

6(ii)
1}

Prebability that neither 4 nor B occurs
= P(A '™ B')

=1-P(4UB)

=1--0.8

=0.2

6(iii)
12}

Method 1

P{B'nC)

=P{B")xP(C) -+ Band C are independent,
B’ and C are independent,

=(1-025)(0.6)

=045

Method 2

P{(B'"C()

=P(C)-P(BNC)

=P(C}~P(B)P(C) - Band C are independent

=0.6—{0.25)(0.6)

= (.45

6(iv)
13}

Let P(4nB'~ () bex.

Since P(B'n () =045,

then P(A'N B C)=045-x.

Therefore, 0.45—x20=x<0.45

Since P(4wB)=038. then 0.45-x<0.2,
=x>0.25.

Therefore, the range of values of P{AB'n () is 0.25<x<045.

7(i)
12

The sample size should be at least 30 so that it is large enough for the sample
mean mass of almond flour per packet to follow a nermal distribution

approximafely.

These packets should be randoemly selected.

7(ii)
4]

Unbiased estimate of the population variance,

e :_;‘%(4_3)2 = 18.964 (5 s.1)
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1

QOn Solution !
Let X be the mass, in grams of a randomly chosen packet of almond flour,
4 be the population mean mass of almond flour per packet |
Ho s s0= = Thisiis the i
population mean. !
H,:p< p, ] !
. . - -+ 18.964
Under H, since # =40 is large, by Central Limit Theorem, X ~ N Hos 10
approximately.
- X -
Test statistic, Z =———40 N (0.1). .
18.964
40
l-tail z-test is used at @ = 0.01;
e _i__&___ ~N (0’ 1)
; 18.964
E \ 40
T
“Concluded that the mean mass is not overstated” infers that Hy is not rejected.
248.5 -
Since Hy is not rejected, the test statistic value it el dods not lie inside
18.964
40
the rejection (critical} region.
248.5
2985t 53063
18.964
40
2485~y > —2.326_3( ”_;'%_4} N
—pt, > —=250.10 .
1, <250.10 (2d.p.) |
TGt} | “at the 1% level of significance™ means 0.01 is the probability i)f‘conc]uding that
f[1] | the population mean mass of almond flour per packet is overstated when it is in
fact p, grams, :
Qn | Solution

8(f) | Let X be the number of patients who reported symptomatic relid

fafter consuming

[1] the medication, out of 12, in a clinic.
X ~B(12. p).
© Millennia Institute 9758/0Z/PU3/Prelim/21 I Solution
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Qn

Solution

P{X =10)="C,p" (1~ p)’
=66p" (1 p) .

8(ii)
(4]

Since the mode is 10,

P{X =10)>P(X =9)

660" (1- p) > “C,p’ (1= p)’
66p" (1- p) >220p° (- p)
Divide throughout by p* (1 p)3 :
66p>220(1- p)
66p>220-220p

286 p > 220

10

>
P73

P(X =10)>P(X =11)

661)'“ (]_p)l > ”C“p”(] _p)‘
660" (1- p) >12p" (1- p)
Divide throughout by p'* (1 - p}:
66(1-p)>12p

66-66p>12p
—66p—12p>—66

-78p > 06

p<—

13

Therefore, the possible range of values of pis
0, |
ERRANEN

8(iii)
[1]

let ¥ be the number of patients who reported symptomatic relief after consuming !

the medication, out of [5. in another clinic.
Y ~B(15. 0.8).

P(¥ =15)=0.035184 = 0.0352. (3 5.1))

8(iv)
{31

Required probability

= P(¥ 2 8)x(P(Y =15)) x3

= (1-P(¥ £7))x(0.035184) x3
=0.00370 (10 3 5.I.)
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On Solution
9(iy | Possible values of M: 0, 1, 3, 4
[5] | Total number of notes: n+3
P{M = 0) = P(draw 2 $1 notes}+ P{draw 2 $2 notes)
73 (n—l 2 ( 1
= +
n+3\n+2) n+3in+2
_ n-n+2
(n+3)(n+2)
P(M =1} = P(draw $1 note and $2 note)
__n [ 2 ]xz
n+3\n+?2
B 4n
B (n+3)(n +2)
P(M =3)=P(draw $2 note and $5 note)
_ 2 ( 1 )xZ
n+3ln+?2
3 4
(n+3)(n+2)
P(M =4) =P(draw $1 note and $5 note)
__n ( | sz
n+t3\n+2
_ 2n
(n+3)(n +2)
9(i) E(M)
Bl 4n 4 3 2n
=0+ +3 +4
(n+3)(n+2) (n+3)(n+2)J (n+3)(n+2)
_ 12n+12 _ 12(n+])
B (n-FS)(nJrZ)_ (f?+3)(}’1+2)l :
E(M?)
-, 3 4n - ?( 4 } e 2n \‘\
=0 [(n+3)(n+2)J+3 L[:}H.’»)(:'HZ})?4 ({n+3)(n+2)J
_An+36+32n  36(n+l)
7(n+3)(n+2)7(n+37}(n+2)-
@ Millennia Institute 9758/02/PU3/Prelim/21 Solution
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Qn Solution

Var (M)

=E(M*)-[E(M)]
36(n+]) 12(n+1) I
_(n+3ﬂn+ZY{(n+3(H+ﬂ
36(n+1) ‘[_ 4(n+1) }
(n+3)(n+2)]  (n+3}(n+2)

_36(n+1) *n2+5n+6—4n—4}
(n+3)(n+2)_ (n+3)(n+2)
_36(n+t) | A ans2
_(n+3)(n+2)h(n+3)(n+2)]
36(?1+])(n2+n+2)

(n +3)2 (n+ 2)2
9(iii) . 77

Given that Var{M)=—,
[1] (M) 36

36(n+ 1)(?1'2 +n+ 2) 77

(n+3) (n+2) 36

Using GC graph, since n2>2, n=06
Qn Solution
10} |(A) y=ax’ +b,where o isnegative and b is positive
2
2|,

4
X
X
X
X
X
X
» X
© Millenmia Institute 9758/02/PL3/Prelim/21 Solution
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Qn Solution
(B)  y=clnx+d, where ¢ isnegative and d is positive
¥ f
4 i
X
i
|
X
X
X
X X |
>y
10(ii) o
W ("C |
2] AR
19.5 X
.
: X
' |
z x |
3 X
i X
R T X
0.25 3
t {hours)
As the points do not lie close to a straight line. a linear model isjnot appropriate.
_ | [Accept: As W decreases at a decreasing rate, a linear model is ot appropriate.]
10Gi) | (a)  r-value for ¢ and W is —0.8675 (4 dp)
BE T by rvalue for 2 and 1 s 07294 (4 dp)
{(c) r-value for Int and ¥ is ~0.9822 (4 dp)
10(i¥) | Since for the scaticr diagram for case (B). v decreases at a decrdasing rate and II|
3 —
Bl is closest to 1 for the case (¢), hence the most appropriate model is ¥ = ¢ln¢ + 1.
Regression line:
W =-1.7295Int +16.929
W=-173In1+16.9 (3s.f)
10(v) | When W =16,
_12]
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Solution

OQn
16 =—1.7295In? +16.929
t=1.7111
=1.71 3 5.1}
Time taken is 1.71 hours.
Since W =16 lies within the given data range of W and |r| is close to 1, this
estimate is reliable.
OQn Solution
11(i) | Method I: Standardise
2] | L~N{5000,6%)
P(5000-c < L <5000+ 20)
5000—o —5000 5000+ 20 — 5000
=P <7<
G a
=P{-1<Z <2}
=0.81859=0.819 (to 3 5.1)
Method 2: Use GC
Note: By the “68-95-99.7" rule ol all normal distributions, it does not matler what
the unknown 7 value is in order to find P{5000 - - L < 5000 + 20"}. Hence. we
can key in any « value into the GC to obtain the answer. (In the example below,
o =2 is used. You can check that you will obtain the same answer regardicss of
which ¢ value you use.) This only works when the probability we are finding
mvolves the random varlab[c being an mteger value of 7 away from the mean.
re——— hormalcd (50002, 5000+2(2»
lower:S@20-2  [|oo ©.8185946784
upper:5E80+2(2) 2
115000
g:2
Paste
Using GC.  P(3000—0 < 1. <5000+ 20)=0.81859=0.819 (3s.f)
11ii) | Method 1: Use GC (Graph)
[2I | L~NG000.o7)
P(L>4990)=0.943
Method |: GC
© Millennia Institute 9758/02/PU3/Prelim/21 -Sol-ution
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Solution

'::E'thrst:mn )
RN Cveww

From GC: & = 63272

Therefore, ¢* = 6.3272 = 40.033 = 40.0 (to3s.f).

Method 2: Standardise
P(Z>4990)=0.943

P[Z S 4990 -5000

J =0.943
o

P(Z N _—1_0] 0.943

o
Using GC inverse norm,

219 _ .} 5805
o

1.58050 =10
10

o= = 6.3271
1.5805

= o’ =6.3271° = 40,032 = 40.0 (to 3 5.f.)

11iii)
1}

S ~ N(1000,25)

P(S <1002)
= 0.65542 = 0.655 (10 3 5.1)

11(iv)
12]

Let 4 be the number of small cans, out of 20, with the amount of oil in the can to

be at most 1002 millilitres.
A~ B(20,0.65542)

P(4<10)
=P(4<9)
=0.047670 = 0.0477 (to 3 5.£)

11(v)
13

The required probability is P(L > 55 + 30) =

E(L-58)=5000-5(1000) =0
Var(L-58)=40+5(25) = 665

Therefore, L—5S ~ N(0,665).

P(L—55 > 30).
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Solution

P(L—58 > 30)
=0.12234 =0.122 (3 s.f)

11(vi)
[4]

Let C=0.13(L + L, +..+ L) +0.05(S, +5,}, where C refers to the total cost of 6

large cans of Type A industrial lubricating oil and 2 small cans of Type B
industrial lubricating oil.

We want to find P(C 2 3995).

E(C)

=E(0.13(L, + L, +...+ L,)+0.05(5,+5,))
= (0.13)(6)(5000) +(0.05)(2) (1000)

= 4000

Var(C)
=Var(0.13(L, + L, +..+ L) +0.05(5, + 5, ))

=0.13" (6)(40) +0.057 (2)(25)
=4,181 {exact)

Therefore. '~ N{4000.4.181).

P(C 23995)
=0.99276 = 0.993 (1o 3 5.£)
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