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SECTION A — Multiple-choice questions 11

1 2 3 p4 5 6 7 8 9 10 Ray Arg(z—\/z—\/gi)zlﬁ?-i-l—: starts from Z:\/E'F\/El'.

B A D E D E E E A C

Arg(ﬁ+\/§i)=£ and ‘\/5+\/Ei‘:2

11 12 13 14 15 16 17 18 19 | 20 4

C A A D E B D B B ¢ For the enclosed region to be defined, Ray Arg(z) = 9+% needs to
Q1
Since 0 <x <1 and |a|20f0r aeC, pass through z=+2++/2i orleftof it .: >0, hence 0< QS%.

1 . i 1 1
‘V— X+ T = l\/; - T = \/; —T =—=- \/; When 6 =0, the three rays make acute angle %with each other.
-Xx X X X
Q2 .. the enclosed region is an equilateral triangle of side length
Arg(sin @ —icos 8) = Arg((-i)(cos @+ isin 8)) ‘\/5 +42 i‘ =2 and it has an area of +/3 which is a maximum.
. T . . T
= Arg(cm(— E]CISGJ = Arg(cm(&—zn A< \/E if 0<O< z
12
Q3 Q10
1
x-intercepts: |ax+b| =b,ax+b=1b, x=0, —%b la+bi=x+ i, (1/a2 +bzcisc9)2 =x+yi,
The enclosed region consists of 2 congruent triangles with . ] 2
2 I 2y . 0 . 2. .2y . 0 12
base:z_b and height=»5 .. area=2x%(%jb=£ I ( a +b j CISE—X‘F)’Z, ( a +b j CISE —|x+yl|
a a a
Q4 Lty =Nat + b’ I
bcos™ (x— a)+ 2b sin"l(x— a) Q11
_ b(cos'l (=)o 2 -cos(o- )B S N I I I
2 gl F+al sin £+ﬂ siny’ cosa cosfB siny
=b(ﬂ—cos’l(x—a))=bcos’l(a—x) 2 2
Q5 Q12
7,.73 =0 . 7, and 7, make aright angle. a =-3.0, force (friction) on the particle = 2(~ 3) = -6
_— . 412 .. horizontal force (friction) exerted by the particle on the floor=6
[Fl=12. 7 =5, ZOBA=6=tan 5 Normal force exerted by the particle on the
60 floor=mg =2(9.8) =19.6

Shortest distance = 5sin & = IE] Net force exerted by the particle on the floor
Q6 =6’ +19.6’ =20.5 I
Choices D and E are unit vectors. Q13
Only Choice E is perpendicular to both a and b . I Let & =az7+aj+alg be the unit vector. Va2 +a> +a> = a\/g -1

Q7

- - - _ 1 .- 1 1
\7A=i+2tja\713=21‘l._ja|17A|=V1+4tz,|\73|=\/412+1 "azﬁ’u'l:azﬁ’cosezﬁ’azsz"j I
Ql4
1=2,s =u(2)+%(—9.8)22 =2u—19.6

a, =27, d,=21
.. same speed but different acceleration at £ > 0. I

Q8

F@)=GF +G) +al) +56)7 +6()+c=0 .: a—b=1+cf4 1=3, s=u(3)+%(—9.8)32=3u—44.1
1
f=i)=(if + (i) +al=if +5(if +b(=i)+c=0 Distance in the third second = (3u — 44.1)— (2u —19.6) = u — 24.5
2 a—b=1—c__4 sc—4=0.:c=4 I t=6, s=u(6)+%(—9.8)62:6u—176.4
l
Q9 =7, s=u(7)+=(~9.8)7> = Tu—240.1
For the rays to be defined, 6 must satisfy 2

T Tz 11z Distance in the seventh
—A<O+ SAAND-Z <G+ - SAAND-Z<O+-<x second = (6u —176.4) — (7u — 240.1) = —u + 63.7
~245=-u+63.7, u=441
T <3 AND -2 < AND BT g T ! ! “ B
4 4 12 12 12 12 |
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Q15
. dy b o x dy -b
=bsin™! X , =~ . y=pcos | =, =
Y (aj dx g% -2 Y a dx al—x
The tangents are perpendicular when b X b =—
\/az—x2 \/az—x2
2 2 2 a’ a
i.e.when x“=a"-b" 20, ?21, ZZI, a>b

Q16

The region has the same area as the triangle as shown below.

1(2a\bxr) ab
Area=—| — | — |=—
7[5 ;

e
Q17
B 1 dy cos(x) _ cos(p)
y = cosec(x) = sin(x)” dx  sin’(x)  sin’(p)
_cosec(p) 1
p psin(p)
1 cos(p
_ < p=—tan(p), p=2.03
psin(p) sin’(p) 8 wle)- » I
QI8

Var(L, )= Var(5L) =5 Var(L) = 5> x0.01> = 0.0025
Similarly, Var(L, )= 0.0025
Var(L,,, )= Var(L, + L,)= Var(L, )+ Var(L, ) = 0.0050

sd(L,,,, ) =+0.0050 = 0.071 I
Q19
sd(}?): 1.518;1.482 ~0.009

Pr(X >1.47511.482)=0.78, Pr(X >147511.518)=1.00 B
Q20

R=x —x. =2x196—2-=3.92-2_

max min \/% \/5

25%xR=392-2 Ly300-9 _397 %

no 450 Jn
2 n =450, n=800 .: extra 750 c
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SECTION B

Qla lz+il—lz—il=1,lz+ilP=(+Iz-il)
A+ =142z —i[+ 7 +(y-1)

4y -1=2z~i|, 4y -1 =4z-i[

(4y—1) =4x* +4y* -8y +4, . 4x* —=12y* +3=0

QIb Given % =4/3 and at time # =0 the particle is at x =0
t

o x=4/3t

Given y >0 and from parta 4x> —12y*> +3=0

/x2 1 [, 1 - - /2 1~
Ly=—+—=t"+— o Flt)=3ti +,t7+—
Y 3 4 4 70) l 47

Qlc

Qld y= [+t Do 1
4 dt t2+%
[5) 2 2 2 >
Distance = | (ﬁj +(ﬂj ar= 34— dr=~383m
f dt dt d '+
a 2
Qle Let t = a seconds be the time. J. 3+ 2t 1 dt=5, a=2.59
\} P +1
0 4

Q2a y=cos’l(l—x), x=1-cosy

V= Iﬂxzdy = jﬁ(l—cos y)dy :ﬂj(%—Zcosy—i—%cosZdey
0 0 0

T

3 . 1 .
=7 —y—2sin y+—sin2 =—
Ly ar yl) 2

Q2b

V(h)=7r[%y—25iny+isin 24

h
=T ﬁ—25inh+lsin2h
2 4

0

dvV _dh dV dh % —0.010h
QZC —)(—:—’—:—:—2
dh = dr dt’ dt Y z(1-cosh)
When n=Z . 4 _ 0005 m s
dt
2
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dh _ —0.010h  di _
dt (l—cosh)2 " dh

2
h__[”(l_COSh) dh=561.7s

- 71'(1 - cosh)2

2d
Q 0.010h

0.0104

N

i 7[(1 - cosh)2
0.010h

Q2e Time to empty the vessel = dh=652.7s

3z?

2 = 0.0227 m’s’!

Average rate of outflow =
Q2f Let ‘;—V =0.0057 —0.010/ = 0, minimum / = % m
1

Qag dh_ i 000570010k dr (1 - cosh)’

di W g(l—cosh)’  dh  0.0057-0.010h
_I_JE;E%Z_
) 0.0057—0.010h

0.757

7[(1 —cosh)’

= | —————dh=773.6s
0_7579.010/1 —-0.0057

Q3a CB=d+b, BA=d—b

2
=0 since

Qb CBBA=(7+5)a-5)= b

|Zi|=|l;| .

ada-bb =’

a& is perpendicular to BA.

Q3c CB+BA=CA. (CB+BA)(CB+BA)=CAcA
. CB.CB +2CB.BA+ BA.BA = CACA
. CB.CB+ BA.BA = CA.CA since CB.BA=0

For a right-angle triangle the sum of the squares of the two shorter
sides equals the square of the longest side.

Q3d Let LZACB=6.

Scalar resolute of CA in the direction of (} =CB= 2|Zz|cost9

Scalar resolute of Fé in the direction of aé =CP = |&' |c039
.. P is the mid point of line segment CB .

Q4a Resultant force R

=17 +(25in30°7 +2¢0s30°7 )+ (45in 60°7 +4cos60°7F )
+(85in120°7 +8cos120°7 )

—leV3 1+ (W3-1)f N

E:£: (3\/§+%j?+[£—%]7 ms?

m

Qdb A\"f—j(3\/§+ ] [%—%]‘dtz(&/gﬂ)ﬁ(ﬁ—l)f

~=2]‘+(6\/§+1)i +(\/§— )j=(6\/§+1)?+(\/§+1)7ms'1

2020 Specialist Mathematics Trial Exam 2 Solutions

Q4c
Change in momentum = mAvV = 2(6\/3 + 1)? + 2(\/5 - 1)} kgms’

Q4d Initial speed = |27| =2

Final speed (1=2)= \/6\/§+1)2 (3+1)2~117
Change in speed~11.7-2=9.7ms"

Q4e No. The direction of motion is not constant.

The particle has an initial velocity of 2 and a velocity of

(6\/5 + 1)17 + (\/E + 1)]~ after 2 seconds.

Q5a Given the pulling force is constant.
: Tension in the cord is constant mg newtons.

Resultant force in the direction of motion is

R =mg cos@—0.75mg where cosf = o
1+ (5—x)
2R=mg 5;x—().75 ,a=£= 5;X—O.75 g
1+(5—x) mo | f1+(5-x)

5—-x

Q5Sb Let {m

-0.75|g =0, x=3.87 (3.8661)

14,2 _

Q5c¢ a:d(”): =X 075
| 1+ (5-a)

1, J' 5-x

—v? = || ———=———0.75 |gdx

2 J1+(5-x)

=(—2\/1+(5—x)2 —1.5x+cjg
When x=0, v=0.1, .. ¢=~10.1991

~ (— 21+ (5-x) —1.5x+ 10.1991jg

Maximum speed occurs when x =3.8661 (i.e. acceleration=0)

~ (— 2y1+(5-3.8661) —1.5(3.8661)+ 10.1991jg

Max v =3.67
Q5d vzﬂz\/g\/—2\/1+(5—x)2 ~1.5x+10.1991
dr

= J_\/ 241+ (5—x) —1.5x+10.1991
\/E‘([\/—21/1+(5—x)2 —-1.5x+10.1991

dx=2.19
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Q5¢ R=mgcosf@—amg, a=gcosf—ag

d) [ s-x
dx L/l+(5—x)2 ]g
Vi (— 21+ (5-x) - 20(x+10.1991)g

When x=5, v=0,.:0=-2-2(5)+10.1991
a=0.82

Q6a Pr(X >365x24)~0.4142

Pr(X >9000)

~0.5116
Pr(X >8000)

Q6b Pr(X >90001 X >8000)=
Qbc Total life X, , = X, + X,
E(X,,,)=E(X,)+E(X,)=8500+8500 = 17000
Var(X,, )= Var(X,)+ Var(X,)=1200* +1200% = 2x1200

sd(X,,,)=v2x1200> =120042 =~1697

sd(X) 1200

Q6d E(X)=E(x)=8500, sd(X)= == =240

Pr(X >9000)=0.0186 (0.01861)

Q6e
Pr(at least one sample) = 1 — Pr(none) =1—(1-0.01861) = 0.0548

Q6f ¥=8700, sd(X)=240
8700-1.96x240=28229.6, 8700+1.96x240=9170.4
8500 (8229.6, 9170.4) .. the claim is to be accepted.

_ =\ sd(X) 1200
Q6g x=8300, sd(X )= = ~75.8947
£ (¥) Vi 4250

8300—-1.96x75.8947 = 8151.25, 8300+1.96x75.8947 = 8448.75
8500 ¢ (8151.25, 8448.75) .. the claim is to be rejected.

Q6h The claim is to be rejected.
A larger sample provides a more accurate determination.

Q61 A Type II error occurs if the claim is accepted when it is to be
rejected.
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