2014 VCAA Specia]ist Math Exam 2 Solutions Q10 After + minutes, Q kg of saltisin 1500 —2¢ litres of
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solution, .: concentration is ————— kg per litre
SECTION 1 1900 =21
Rate of inflow =2x8 =16 kg per minute (2 kg of salt per litre?)
1 2 3 4 5 6 7 8 9 |10 | 11 0 50 .
Rate of outflow = 10= k. t
E D C A D E C B A D ate of outflow 1500_2t>< 0 750 1 g per minute
12 | 13| 141516 | 17 | 18 | 19 | 20 | 21 | 22 . d_Q=16_ 50 N
C|E|C|B|A|D|E|C|B|A]|E dt 750 —t¢
1 Asymptot —+2( -3) dy
Q1 Asymptotes are y—_g X Q11 y,, :yn+hxa
x-intercept: (3,0); y-intercepts: (0, —2) and (0, 2) B dy
x()=1 y()=2 E=X —xy=—1
Q2 x*—6x+2y’ +8y+16=0, x =11 y, =2+0.1(-1)=1.9 D
2 —6x+9+2(y2 +4y+4)+16=9+8
(=3, (e2) o ‘
(x—3)2+2(y+2)2=1,xl_—23+ yTZ =1 E . 1
V2 Q13 u=\/x+1,—u=—,u2+1=x+2
dx  24x+1
Q3 flo)=fdrr3_ 3h-3) When x=0, u=1;when x=2, u=+3
X -x—6 (x+2)(x—3) 2 V3
dx 1
j =ZJ —du E
or 1- where x #3 D o (x+2)\/x+1 1ou+1
X+
. dy . . dy
Q4 For arcsm(2x—l), -1<2x-1<1,.: 0<x<1 C Ql4 At y=x, d_ is undefined; when y < x, d—<0;
X by
3 3 when y > x ﬂ>O C
Q5 z2=(2x/5)2(c057”+isin7ﬁj=—8i A " dx
5 1=720 . 15 =420 a.b 4
Q6 ;2m43 =i2”i2i=(i")2i2i=—ip2 D Q15 lal=+20, 1b =420, cosf = IEIIEI :_g
7
pr— 2 — e —
Q7 23—5z2+11z—7=(z—a)(z—ﬁ)(z—7)=0 cos 26 =2cos” & 1_25 s
Coefficient of z2: —(+ B+¥)=-5, . a+B+y=5 E L L
Ql6 a=4i+mj—-3k,b=-2i+nj—k ,where m, ne R"
—3v2-iV6 AcisiZ .11 ~ U
Q8 2 f‘/—z D% _ Ceis—= C 1GP=100, .: m=5J3; @.b =0, . mn:5,.:n=£ A
2+2i Bcis% 12 3
Q9 B Q17 V(z):I(—4sin2z7+20cos217—20e*2’ /?)dt
=2cos2t7 +10sin2tj +10e * k +&
T Given 7(0)=0, .: ¢ =—27 —10k and
Al o 5(r)=(2cos 2 —2)7 +10sin2r 7 +(10e™* —10)k D

Q18 North-south: 1+2cos60°+4cos120°=0

East-west: 2sin60°+4sin120°—5=3/3-5>0

.: the net force acts in a easterly direction.

The initial state of motion is not specified!

Assume that the body is initially at rest (or moving to the east), it
will move to the east. E

+ + g + * + >
0 1 2 3 4 5 6
l2-3-2il=12z-5]
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3 3 81z
Idi V= *d =j —— 5 d
Qldi -[)ﬂ'y * 0 (x+2)2(x—4)2 *

Q19 ¥(r)=3sin2¢7 +4cos2rj , 5(t):[ji—v:6c0321i~—83in2t7
t

Net force=ma =30cos 21 —40sin 2t ]

INet forcel = /900 cos, 2¢ +1600sin® 2¢ =900 +700sin> 2¢
.. the max. magnitude of the net force =+/900+ 700 = 40 C

Q20 Net force=5%9.8—-3%x9.8=19.6 N
net force  19.6

Acceleration= ————— =—"" =245 m s>
total mass 8

After 2 seconds, v=u+at=0+245x2=49ms" B //x

S

1 dv? dv?

= — — = — = — 2 = — 2
Q21 a=-dx, o= ==—dx, — = =-8x, v =—dx +c Q1dii By CAS, V =12.85 cubic units
Given v=0 at x=5,.: ¢=100 and v* =100—4x"
At x=3,1>=64,.:1vI=8 A
Q2ai 2 =3—3i, 1z = W3] +(=3F =12=243
. 1 -3
Q22 In 0<¢<4, distance =—(2+4)9)=27 Are(z )=tan"| =2 |=-Z ., . :2\/§Cis[_£
2 g( 1) \/5 3 1 3
8
In 4Sts8,distance:J. (—2(t—4)2+9]dt=24 . in
s\ 16 Q2aii z, =2\/§cis(—?), arg(z14)=4arg(z1)=—7
9

In 8<t<9, distance = —I
8

9 2
(— —(t—4) + 9jdt =2.4375
27
E : pnl)- 2

Total distance = 53.4 E
Q2aiii  z, :\/5—31' is a root of z3+24\/§:0,.: z:\/§+3i is
SECTION 2 also a root.
9 9 | —2r_8 . z3+24\/§:(z—(ﬁ—?u’)Xz—(\/g—i-?)i)Xz—p)zO where pe R
e e S R o=l 2 =0
_1dy_2x-2 s -12p=243 . : p=-2\3
5 = .
y" dx 9 The other 2 roots are \/5 +3i and —2\/§ .
Let ﬂ=0. sx=land y=-1
dx Q2bi (z1+2i)(21—2i):(\/§ —3i+2iXJ§ +3i—2i)

The stationary point is (1, - l).
—(3-i)V3+i)=4

Q2bii Let z=x+yi.

Qlc (z+2i)z=2i)= (x+(y +2)i)x— (y +2)i) = 4
’ . x2+(y+2)2=4

QIb x=-2, x=4, y=0

\ Q2biii

|
ji
|
A
[
i
[

1i-1)

/ (0,-9/8) \

Re(z)
4
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Q2c Let the line be y = mx +c . It passes through (k, —2) and
(0,—(2+k)), where k <0.
2+2+k) -1
k-0
. y=x—(2+k) is a tangent line to x* +(y+2)" =4.

s c=—R2+k) and m=

Solve the two equations simultaneously:

X 4+(x—Q2+k)+2) =4, . 2x> —2kx+k>—4=0 and its
discriminant A =0, i.e. (- 2k) —4(2)k? —4)=0

s —4k*+32=0, . k=—2\/§ since k<0.

Qa G=37+2j+k, p=2--20727k Zp 1
D] 3 3
.: the parallel vector resolute is (Zi.l;)l;=§7—§j—%l;,

and the perpendicular vector resolute is

a-(@bp=sr+2j i -[27-27 - Lp|=B7,205,19;
9 97 9 9 97 9
- (2 2~ 1) (25 20~ 10~
ca=|=i——=j——=k| +|—i+—j+—k
9 97 9 9 97 9

— 7 27 -) + 27 +47 4 2E)
Q3bi ﬁ:aﬁ=a(ﬁ+3—1))=a(%—%a]=a5—%aa

Q3bii AP = 0P - OA = SOB - 04 = Sl0A + OC)- 04
=pa+e)-a=pc-0-pa

Q3biii From parts i and i, aE—%aﬁ =pBe-(1-p)a

L a=p and %0{=1—IB,,: a:ﬂ:%

2
Qaa L2930 LBy Loy LB 2y
h 2 3 372 12
av x ., dV
ab LT 2002700124 =0.012(2= I
Qb =7 dr ( )
WV T dh o) 004 )
dh di dir 4 dr dr h
When h=0.25, %=0.96 m/min
t
_ 2
Qic @20.04(22 Jh ) dr _ 25
dt h dh 2—\n
1 2
t=j 25h dh = 7.4 minutes (By CAS)
02—\/2
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Q4d V=%(x3+6x2+12x), %z%(xz+4x+4)=%(x+2)2

d_vxﬂzd_v’l(x.kz)zﬂ:().OSﬂ'

dx dt dt 16 dt

A A S Y and x=0at1=0
dt 5(x+2) dx 4

" 3¢ 3
: t=j 2 (v 2) dx = St 2) | sleraf 10
4 . 12 3

Q5ai 7T, -2g=2a
QSaii T,+5gsinf~T, =5a; 3gsinf-T,=3a

Q5aiii Add up the three equations:
Sum of the left sides = sum of the right sides

_ g(4sino-1)

8gsind—-2g =10a, .: a 5

Q5aiv Net force is zero for the system to be in equilibrium,

sa=0, Mzo, sinezi, 6 ~14.5°

Q5bi normal reaction force M

iction
on 5-kg block
0.01M

normal reaction force N

g block 0.11N

'Weight 5S¢
weight 3g

Q5bii 3 kg: 3gsin30°—0.11x3g c0s30°=3a, a=3.97 m/s®
5kg: 5gsin30°—0.01x5gcos30°=5a, a ~4.82 m/s®

Q5biii Both blocks start from rest. The 5 kg block moves 3 extra
metres when it collides with the 3 kg block at time ¢ seconds.

. %><3.97t2 +3=%X4.82t2, L t=266s
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