The Mathematical Association of Victoria

Trial Examination 2024

SPECIALIST MATHEMATICS

Written Examination 2 - SOLUTIONS

SECTION A: Multiple Choice

Question Answer Question Answer
1 B 11 A
2 B 12 B
3 C 13 C
4 D 14 B
5 B 15 A
6 B 16 B
7 A 17 B
8 D 18 D
9 B 19 A
10 D 20 A
Question 1 Answer B

2xy—y2 =-3, x=1 for y>0 gives (1,3)

. 3
gradient to the curve = 5

£ Edit Action Interactive
nti% [‘”]’H&:]] Simp]fi‘y v |4‘—|7' v H_
2x;y-y2=—3 | x=1
—y2+2-y=-3
so]ve(-y2+2-y=-3. 5«')
{y==1,y=3} solve(Q- x- }'—}'2 =-3 and x=1 and y>0,xly)
impDiff(Zox'y—y2=—3, X, y] x=1and y=3
. —2°y
V= 2x-2vy impDit(2: x y-y2=-3.x7) 2
— —2+3 x=y
Y =21-2-3
_-}. 3
- ——|x=1and y=3 —
Y =in x-y 2
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2024 MAV Specialist Mathematics Trial Exam 2 2

Question 2 Answer B
. ax
7 x> +bx—2
two vertical asymptotes at X =1 and X =—2, oblique asymptote at y =3x—3.
_ ax+c ax+c .
Possible graph: y =3x—3+—————=3x—-3+———— where c s areal constant.
(x+2)(x—l) X +x-2

Gives possible values a =3,b =1

& Edit Action Interactive
w1 ] IS [{:KHISimpIE‘y * I'{i v H:
combine ( 3x—-3+ axte )
(x+2) (x-1)
ar x+c
3'X3+3*X_9'X+C+6 ComDenom(B- x—3+m
(x+2)+(x-1) -
PAY . JPTE
expand ( (x+2)+(x-1)) 3 X712 x7+a x+15- x+c—-6
%2 4x-2 x2-3- x+2
Question 3 Answer C
Vs a
y=acosec| —x+7w |=—
( 2 j (7
sin| —x+7
2
2
Period =—=4
T
2

So for cosec graph, asymptotes will be 2 units apart.
In the interval -3 < x <3
Asymptotes at x=-2,x=0,x=2

_a

sin(%xﬂt)

—a
sin[xzi]
0
u k
: X
=) -1 0 1 2 7
\ - m domain(a- csc(—- x+rr),x)|—3<x<3
- DIE x#-2 and x=0 and x#2 and -3<x<3
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Question 4 Answer D
Let z=x+yi
_ 4 i) (x— vi
LE o)
|| |(x + yl)|
X+’
———=4/13
NEEEE
gives /x> +1* =13
X +y =13
Possible z =2 +3> gives z=2+3i
iz=i2+3i" =-3+2i

a z* conj (z) =\IE|Z=~\'+J’" ; /x2+}f'2 =E

2|

Question 5 Answer B

x(1)=(t+ 1)3 and y(t) = il where £ > 0.
t+

x'(t)=3(¢t+1)

y'(@) =
(t+1)2
b _dy di
dx dt dx
dy -2 1 -2
—_— = 2X 2= 7]
de  (t+1)° 3(r+1)  3(t+1)
Gradient of tangent at =1 is 2 :—L
3x16 24

perpendicular to the tangent at =1, gradient = 24

£ Edit Action Interactive
BEEDCNEE
define x(#)=(2+1)3
done
define v(£)=—2—
+1
done
d
dt(x(t))
3+ (t+1) 2
d
o t
dt(y( ))
-2
(t+1)2
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d
t
dt (y(t)) _ gl g 4 : -1 -2
o L == =\(e+1)? A
L (x(t)) dt\t+1/ \dt (¢+1)
dt
—ﬁ d| 2 (d (( 1)1))_1 1 __1
—|—[=\(+1)°)] =
de\¢+1] \dt I 24
D
Question 6 Answer B

The pseudocode ultimately is calculating sin® (1

CAS can be used to calculate the answer.

o)+sin2 (2°)+sin2 (3°)+---

Or otherwise note that sin® x + cos” x = 1and sin’ (90° - n) =cos’(n) .

This means sin*1" +sin® 89 =1 where there are 44 pairs in this algorithm.

44 +sin*> 45 =44.5.

89 ﬁ
D (e 2
t=1

When convert the pseudocode into Python,

89
+sin? (890) or ZSinz(to).

t=1

el 1.1 g *Doc RAD D X 1.2 4 *Doc RAD D <
B MAV2024.py 8/8| & Python Shell 444
from math import * >>>#Running MAV2024.py
a=0 >>>from MAV2024 import *
t=1 44.5
while t < 90: >>>|
a += sin(radians(t)) ** 2
t+=1
print(a)
|
Question 7 Answer A
2 (axY (d
[l = 4 dt
-\ dt dt

(¢ H%
Joy sy ar

9.617~20

I,
I

© The Mathematical Association of Victoria, 2024
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2 19.6175

Done

) 19.6175

Question 8 Answer D
a= v(l + v)2
dv

va = v(l+v)2

ﬂ:(1+v)2 where v#0

dx
dx 1

Given x=1,v=1, 1=—L+c:>c:
I+1
1 3
+_
1+v 2

X=-

1 3

Atv=10,x=— +—
1+10 2

At v=10,x :ﬂ metres
22

deSolve(v- V=1~ (1+v)2 and v‘(l)=1,x,v)

V=

-1,x|lv=10 X=—

AN solve(v=

2: x=-3

Question 9 Answer B
a=mi+4j+5k, b=—i—nj and ¢ =2i+ pk

For linearly dependent, allow g = Eb+ Fc¢ where E, I are real constants

mi+4j+5k = E(~i—nj+0k )+ F (2 +0j + pk|

© The Mathematical Association of Victoria, 2024
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3 J k
a m 4 5
b -E —~En 0F
¢ 2F OF pF

For a = Eb+ Fc we get the following equations
m=-E+2F

4=—-FEn+0F
5=0E+ pF
m=—E+2F

4:—En:>E=—i
n

5=pF:>F=2
p

—O,m)

2- (5-n+2:p)
np

PAN

A\ expand (m =

Question 10 Answer D
7(t) =sin(t) cos(t)i + cos(2t) j

0= (sin(t) cos(1)i + cos(21) Z)dz
r(t) = j (%Sin@t)z +cos(2t) Zj dt

() = —%cos(2t)£' + % sin(2t)+¢

Given 1.(7)=2i-3)
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2024 MAV Specialist Mathematics Trial Exam 2 7

c= %cos(Zﬂ)L'——sin(er)+2£—3j
1 9

c=—i+2i-3j=—i-3

c=yiH2-3]=71-3)

Gives

1 1. 9
r(t) =——cos(2t)i +—sin(2t) +—i -3
£() =~ cos(20)i +sin(21) + i 3]

displacement of the body at time ¢, r(¢) is given by

r(t)= (—%cos(m) + %jL + (% sin(2¢) — 3)1

t 9 cos(2- t)
[sin(t)- cos(f)} dr+[ 2 ] Z_ 4
cosl2- ¢ =3 sin(2'f
b8 =3
2
Question 11 Answer A
P

P o : :
P 6—m with initial population, P, of 4000 bacteria.

dr
I
48000(——)e"
=1¢

Solution to DE is P = 1

_7e6t _1
11
Giving horizontal asymptote P = 48000
48000+ (--L).e6°x
11
propFrac ( 1 )
——leﬁ.x—l
11
48000-e5°X
0 %411
D

solve(f (x)=48000, x)
No Solution

0
58000y
(0,4000)
300 ) ) ) ) X
| B |
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# Edit Action Interactive

dSolve [y’=y' [ 6_80yW] » X, Y]
D
(Jy|) 48000
_1
(|y-a8000]) 48000

_ 1
48000

vy =3
solve| ( +—z¥a ) =a-e
Alg Standard Real Rad ]

_X_
—¢ 8000

«const (1)

X
8000

£ Edit Action Interactive

Iy_ 48000‘&48000‘96-)( ]
448000, ,6-x_;

48000-248000.66-x
448000, 6x_;

define f(x)=

done
solve (f (0)=4000, &)

{a48000=_ 1 }

Alg Standard Real Rad ]
& Edit Action Interactive

oLy Bex
48000-( 11) e

define f(x)=

1-e6°x—1

done
solve(f(x)=1/11,x)

{X_—ln(527999) Lnd11) }

6 6
D
Alg Standard Real Rad ml
Question 12 Answer B

Option A is incorrect as 3 is rational but \/g is not;

Option C is incorrect as if X=0 and y = \/5 gives xy =0 where it is rational;

Option D is incorrect as 0 is even and 0(0+1) is also even.

Proof of Option B:

If an integer n is odd then n* +2 is odd.
Proof:

Let n=20+1 where /€ Z .
n’+2=(20+1) +2
=40° +14+2x20+2
=2(20 +20+1)+1

Thus n* +2 is odd.

© The Mathematical Association of Victoria, 2024
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If n* +2 is odd then n is odd where n is an integer.
Proof:
We proceed by proving the contrapositive is true. The contrapositive of the above statement is

If n is even, then n> +2 is even where n is an integer.
Let n=2/ where / € Z .

nt+2=(20) +2

=40°+2

=2(207 +1)

Thus n* +2 iseven.

Therefore, if n° +2 is odd then 7 is odd where 7 is an integer.

Question 13 Answer C
A= |g X g|

:gx(\/gg+\/§lg)‘
:gx\/gg+gx\/§l~)|
=\/§QXQ+\/EQ><Z~7|
=x/§x0+\/§gxlg|
=2]d|-[¢] sin(0)-4|

3
cos(6)’

From g- b=3, we know that |c~l|-|l2|-cos(9)=3:>|g|-|é| =

A=laxc|=V2|d| |t] sin(0)|

=+/2 x xsin(@)

cos(0)
=+/2 % |3>< tan(9)|

= 2><3><l
3

=G

Question 14 Answer B
bx(a+ b+ c) =bx0

bxa+bxb+bxc=0

—axb+0+bxc=0

axb=bxc
Question 15 Answer A

at)y=e>' =t =_?lloge a
1 |
v(t):—Ee +3 and x(t):ze +3t+4

© The Mathematical Association of Victoria, 2024
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Answer B
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Answer D
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is negative and —3 will make it more negative.

2

Y

If two planes are perpendicular to each other then @,d, + b1b2 +cc,
Fourth quadrant means x value is positive and ) value is negative.

2x142x1+Axl=02>4=-4

2024 MAV Specialist Mathematics Trial Exam 2

Question 16
Question 17
Question 18

Therefore

. I
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Question 19 Answer A
XY ~N(0,207)

P(—1<X—Y<1):P( LAl lj

V2o V2o 2o

Therefore, the probability is independent from { but dependent on o .
Question 20 Answer A

zlnterval 2 ,15,36,0.99: stat.resulits

"Title" "z Interval"
"CLower" 14,2929
"CUpper" 15.6071

X 15.
"ME" 0.607129
"n" 36.
g 1.41421
C-level[0.99 | Lower [EMEEPES |
o[270.5 | Uppef|1s.so71zg |
5 Hio |
) n(36 |
]
[THelp | Next>>|| |[<<Back | [Help

OneSampleZint @ OneSampleZint

END OF MULTIPLE CHOICE SOLUTIONS
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SECTION B

Question 1 (10 marks)

ax? +1
= where a € R\{0!}.
S ) x*=3x+2 {}
2 2
A f(x)= ax” +1 ax” +1

x*=3x+2 B (x—l)(x—2)

Equations of the vertical asymptotes.

x=1Lx=2 1A
Equation of the horizontal asymptote.
y=a
£ Edit Action Interactive
EEESTEn 8
2
propFrac ( azx—-!-l
a“=3x+2
3easx 2+a . 1
) 2 2
X“=3+x+2 x“-3+x+2 x“-3-x+2
2 Done
ax +1
Define f(x)=
x2-3- x+2
domain(f(x),x) x=1and x=2
1++/10
b. Let a =1. Local maximum stationary point (T, 2410 -6 1A

£ Edit Action Interactive
'3 | b [fda] sime |10 | v [ 44| v

ax2+1
a2-3x+2

define f(x)=

done

da =
dx(f(x)) |a=1

—(3.x2-2.x-3)
2
(x2—3-x+2]
(30529,
solve[ (3 x7-2-x 32)=0’X]
(x2-3.x+2)
{X=—v‘10 1 __V10 1}

g t3x=3 *3
simplify (f(@+%) la=1
-2+/10-6
i
Alg Standard Real Rad LT

© The Mathematical Association of Victoria, 2024
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Define ﬂ(x)=i(f(x)) Eang
dx
d2 Done
Defineﬁj‘(x)=—(f(x))
dx2
solve(ﬁ(x)=0 andﬁj‘(x)<0,x)|a=l
10 +1 -2- (10 +2
A — 10 +1 f(x)Lx= and a=1 ( )
2 3
c. Leta=1.
£+ Edit Zoom Analysis & (%]
= IEEIEIFRAEEEIE
= = T 4 5
» 1bera,—12.32
|
Red  Fesl o asymptotes x =1, x =2,y =1 3A

d. i. Stationary points

x_2a—1i\/4a2+5a+1

3a

1A

ZEeros (]}{x),x)

A -(Jé-a2+5-a+1 —2-a+1) J4-a2+5- a,

3a

2.
e

Two stationary points for

i

© The Mathematical Association of Victoria, 2024
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o

Edit Action Interactive
‘0 I e H&:HISimpPi‘y

To] g

done

solve[i(f(x))=0,x]
dx

[ 2+a— 4'a2+5°a+1—1 2sa+ 4-a2+5-a+1—1]
X= , X=
3+a 3+a

solve(4-a2+5'a+l >0, a)

{a(—l, —%(a}

Alg Standard Real Rad ]

solve(4- a’+5- a+l>0,a) a<-1ora>—
4

h(x)=x and g(x)= |f(x)| where a =1.

e. / and g intersect once at x =3.5115... 1A
solve(|f(x)|=x]a=1, x)
{x=3.511547142}

Define & (x)=x Done
Define g(x)=|fx)|le=1 Done
count(zeros(f2(x)-g (x) x)) 1
solve(r(x)=g (x),x) x=3.51155

f. The region bounded by the curves of /2 and g and the line X =3 is rotated around the x -axis.

5

Vol =7 j (> = (f(x)")dx

3.5115...

5 2 2
Vol=r [ (@~ | )ax ™M
3.5115... X" —=3x+2

Volume= 51.38 cubic units, to two decimal places 1A

solve(h(x)=g(x),x) x=3.51155
5
5 2
b8 r’)—( e ) dx
r2—3-x+’)
3.5115471416946
51.379

© The Mathematical Association of Victoria, 2024



2024 MAV Specialist Mathematics Trial Exam 2 15

Question 2 (10 marks)

? =2cosec(x)sin’(2¢) where x =z when ¢ = %, t>0
t

a. Use sin’(2f) = %(1 - cos(4t))

ii.

iii.

i. % =2cosec(x)sin’(2¢)

% =2 cosec(x) (%(1 - COS(4Z))j

1 1
Jom - I(E(l—c08(4t))jd't

[ = 1 -ostao

J. sin(x)dx = ~f(l —cos(41))dt of the required form I f(x)dx = J. g(t)dt

Solve in the form x = cos™' (at +bsin(4t) + c)

Isin(x)dx = I(l - cos(4t))dt

—cos(x) =t —%sin(4t) +c 1M
cos(x)=—t+ % sin(4t)+c

cos(7) = —% +%sin(4 %) te

—1:—£+c.'.c:—l+£ 1M
4 4
1.
X =cos —t+—s1n(4t)—1+£ 1A
4 4

NS
apa L
woa

© The Mathematical Association of Victoria, 2024
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& Edit Action Interactive
6] b [ s [« [ - T

define f(#)=cos™ (—t+%sin( 4&) —1+%)

4]
done
f(0)
-1 =R
—CoS '[ 1 +1]+7c
0
2
T

Alg Standard Real Rad

4ry

|--40.7854,3.1416)8

(0,1.7871)
1..-

DB

Domain |:0, £:|
4

Range {7r—cos1 (1—%),75} 2A

1 s
b. x(t)=cos™'| —t+—sin(4t)—1+=
(1) ( 2 (41) 4j

(7 S 7© 1 . (~« V4
x'|—=|=cos | ——+—sin| — |-1+—
8 8 4 2 4

Speed = x'(%)‘ =1.07 ms! to two decimal places 1A

& Edit Action Interactive
e [iafsm[ o [ T -

define f(#)=cos™ (—t+%sin (4t) —1+%) n

done
diff (f(t),t,1,%/8)
1.070876052

© The Mathematical Association of Victoria, 2024
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TN
s+

3A
1 shape, 2 endpoints

Question 3 (11 marks)

. (57 )
a. Use appropriate trigonometric formulas to show that C18 (— can be expressed in the form A+ Bi,

where A,B € R as cis(?—zj: \/g_\/i+\/g+\/§i.

4 4

. (57 . (27 37 (T 7
cis| — |=cis| —+— |=cis| —+—
12 12 12 6 4
(T 7 T )\ .. (n &
cis| —+— |=cos| —+— |+isin| —+—
(oo £ s 25

Taking Real components

o 505 £ (5 on{ £ ()

)58

N2

1
22 272 4

and taking Imaginary components

1sin| —+—|=i18m| — |cos| — [+i1CcOoS| — [SIin| — 1M
[6 4j [6j [4j [6) (4]

..(Sﬂj 1 N2 32 V246,
S isin 5 :zEx—+z—x—:—z

2 2 2 4
Giving
(Sz)_N6-\2 J6+2. N6-V2 V6442
C1S 12 = 1 + y i where A= 1 ,B= 1M

4

© The Mathematical Association of Victoria, 2024
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b. Express < z:|z—3cis Sz z+3cis ST
12 12

z:|z—3cis RL =|z+3cis ST ,zeC
12 12

From part a).

,zeC} in the form y = ax+ b, where a,be R .

Let 3cis(5—7[j = cis(s—”j = 3\/6_3ﬁ +i3\/g+3\/§ M
12 12 4 4
So {z:z—3cis(5—”j‘=z+3cis(5—”j,zeC}
12 12
(3632 3Jo+3v2) | 3V6-3v2 3V6+3V2]
4 4 4 4 |
Let z=x+1y
 (3J6-32  3J6+3\2 36-3v2 364342
x+iy— +1i =[x+iy+ +1i
4 4 4 4 |
2 2 2 2
3J6-312 3J6+3V2 3J6-32 3J6+342
X———— | H|y——T| =, ||t ————| |yt ———
4 4 4 4
3W6-342) W6 +342) 3W6-32) 36 +342 )
P b Sl T VA R [ T Aot S PP Sl B 1Y
4 4 4 4
Giving
y=ef 228
3+\B
In rationalised form
y=(\/§—2)x 1A
& Edit Action Interactive
1o il ][9] C

vsolve[ [x 3"’%13.& ] 2+[3'

[
i

V3. (x=y)=-3+x
3 1 ]

d

solve [ y=

y_

052007, 2050) S

y_ﬁ*(x—y)—&x

_—X* (=vV3+3)
V343

}
}

3

Standard

Alg Real Rad

LT}
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& Edit Action Interactive

gy [aasme[ o [ S

Hg 3v2 ] 2=[X+ 3-\@13“'7 ] 2+[y+ 3.‘@:3.‘@ } 2 ’ y]

-+
4
{ _V38e(x-y)-3x }

y= 3

solve

[y_\"?' (x—ay)—S-x _ y]

b7

Alg Standard  Real Rad - m

-~

Define cis (t) =COS (!)+!" sin (r) Done

5T 5w
z—3- cis|=——||=|2+3- cis| =
12 12

2223 (1) (2 v2 23 (B,

2

Jz- (2-x2—3- (3 -1)- B - x#2-y2-3,
2

y=(\/3_-2)'x

z—3cis 5—” =(z+3cis 5—7[
12 12

a,beR, 1 mark

lz=x+y- i

solve

c. Sketch the graph of {z :

,zeC} in the form y = ax + b, where

d. On the Argand diagram below sketch and label 4 = {Z zz= 4,zeC } and

B=<z:|z—3cis 5—7[ =|z+3cis 5—” ,zeCt.
12 12

© The Mathematical Association of Victoria, 2024
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20

Im(z)
34
RN
o ~~
p
'o' ~~§‘
l‘ ‘Q
4 \
4 N,
/
y \
~ 7 1 x
S s Ay
SYees ; 3
— \
=L )
s ¥
11 ~~ ]
L t
i j
Il 1 = 1 1l »
t 1 t <1 T t P Re(2)
3 -2 “ e b 3
\ S
v Foans
\ —
kY 4 S
\ , —
e ke % -
\ J
\ y
\ /
\‘ "
“ P
. >
Pt
el T
=G e

2A
e. 1. Shade of region defined by {z izz<4,ze C} Nyz:lz —3cis(—j

7 <|z+3cis ST ,zeC
12 12
Im(z)
A

1A
34
¢—"'2_—.~"~.
/O ‘\“
——— 2 1+ \
-..-_...... ,': ““
e !
1 el \ ]
: f e ——§ } ——> Re(2)
3 2 1 e P 3
A} .
\ ..,._..~-
‘\\ -l 'l:' ."~.~._.
S
e
ii Intersection points on graph above
{Z:ZZS4,Z€C}F\ zZ:

: z—3cis[?—72rj < z+3cis(5—”j ,zeC

12
Intersection between line y = (\/§ - 2)X and circle X° + y =4
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2 _—(J6-2)

RN 2

, \/_\/_ 1A
T2

z* conj (z)=4|z=x+y- i x2+y2=4
J2- (2- -3-\3 -1)
solve x2+y2=4 and = (\/_ ) J’

y=(/z-2) V3 +2 andx= {242 ory=-(P

(\/3_ )J_J_Tandxa/m y=-(>
e, D

[
Rad Real am 1A

£ Edit Action Interactive
C] & [faa]swn[ieo [ V]|

solve(x2+:y2=4. :y)
{y=—J—x2+4 . y=\[—x2+4}
define f(x)=(V3-2)x

solve(—\' —x2+4=f(x) , x)

done

___2 N 2
{X ‘lg_ﬁ} simplify (f ( v’ﬁ—ﬁ)
solve(v'—x2+4=f(x),x) -(v6-v2)
_ =2 2
b=zl lify (f (—— 2=
simplify
simplify (f (—=2—=) o r
Vo2 VE-v2
-(v6—v2) 2
2
n 1]
Alg Standard  Real Rad | | Alg Standard Real Rad {m
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2024 MAV Specialist Mathematics Trial Exam 2 22

f. Find the area of the shaded region in part e. Line goes through centre of circle radius of 2.

Area = l 72°
2

=2 1A

Question 4
a. Substituting x=5, y=0and z = 1 into the plane equation gives
2x+4y—-Tz=2x5+4x0-7x1=3#5 1M
Therefore, P(5,0,1) does not lie on the plane. 1A

EXRERN > MAV20245M2 rap [l] X

-~

2 x+4 y-7- z|x=5 and y=0 and z=1 &
2rx+4 y-7-z=5x=5and y=0and z=1 false

2-x+4 y-7-z=5x=2and y=2 and z=1 true

2 \/69i £ Edit Action Interactive
norm :
47 2] [ea s[5 [ [ ]
( ( ) ) ‘morm([2 4 -71) Dl
dotPlunitVin),-p+p0 2 2
= IHJ.@ andPU=L any V69

b. The vector perpendicular to the plane is given by the coefficients of x, ¥ and z thus it could be

2i+4j-Tk. 1A

c.Let n=2i+4j—Tk where 1 is a normal vector to the plane.

|n|= 2% + 4%+ (=7)* =69

Find any point Po that lies on the plane.

PO(2, 2,1) where Po is a point on the plane

OF, =2i+2j+k

P—Q:ﬁ)+@ =—(5£’+/g)+(2£’+2!+lg)=—3L'+2Z

n- PR, =(2i+4j-Tk)-(-3i+2k) =2 ™M

n-PP, 1 2 269

:—)(2:—

| V69 T Jeo 69
2./69

69

Therefore, the shortest distance from P(5,0,1) to I1; is (or ). 1A
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## Edit Action Interactive
‘et [ o [ia]sime [l [ [+ ] ]
norm([2 4 =7])
V69
[2 4 =T]%n
[2 4 -7]
[2 2 1]3p
[2 2 1]
-7 unitV(n)»v
dotP(unitV(n),-p+p0) 2 5 [2-\;’69 4-V69 -7-V69
ln=| 4 |and pO=|, |amny 69 69 69
norm(n) e 1 dotP(v,p—-[5 0 11)
norm([2 4 =-71)
2
= 2
69 69
> |0

d. AB=Qi-j+4k)—(ai+Bj+k)=Q2-a)i+(-1-B)j+3k
AC=Gi+j+k) —(ai+Bj+k)=(6-a)i+(1-p)j 1A

e. Note that 5-(3g+6j+7l~c):2853x+6y+7z:28
A normal vector to the plane is EXE=(3,8—3)L'+(15—30:)Z+(—2a+3ﬁ+7)lg. 1M

Equating 3/ +6+7k =(34-3)i+(15-3a) j+(-2a+3B+7)k will find @ =3 and f=2.

Therefore, the coordinate of 4 is (3,2,1). 1A
EXRERR > MAvV20245M2 rap [l X
a 2 -
crossP(-a+b,-a+c)|a= 8 and b=| _q|and c=|)
1 4
3 (5-1)
-3 (a-5)
-2-a+3- G+7
3. (8-1) 3 a=3and §=2
solve 2 (a—S) =i 13
2= a+3- 7 |7
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# Edit Action Interactive

nti% ] ;“j]b [}:{:]]rnmp [Ii‘__,) v | J%L v

[ B 1]>a

[ B 11
[2 -1 41%b

[2 -1 4]
[51 11%c

[5111]

simplify (crossP (b—a, c—a) )
[3:8-3 —3+0+15 —2+0+3-5+71

{ 3-8-3=3
=3+a+15=6 |y, B
{0=3, B=2}
p
Alg Standard Real Rad am

f. A normal to plane I1, is n, =2i +4j—7k and a normal to the plane I, is n, =3+ 6+ 7k .

Let @ be the angle between the two planes.

m -1, = |m||m,| cos(6)

—19 =69 -1/94 - cos(6)
-19
0)=—
cos(0) J69 /94

0 =1.809=103.646

M

The angle between 7, and 7, is 76.354° =76.35".

Therefore, the acute angle between the two planes is 76.35°. 1A

12, (3.1 MAV20245M2 rap [l] X

| 7= ; and n2=|,

_1( dotP (n 1,n 2) ) 2
cos
norm(n I)- norm (n 2)

-7
(19- J6486 ) 7t
Sin™| =— e —
6486 2
19- /6486 T 76.3541°
7—|sin™"| =————|+=—| P DD
6486 2

w

g. Solve 2x+4y—7z=5 and 3x+6y+7z=28
41
would have x:—2y+£ (or y:—£+£)and z=—.
5 2 10 35
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Let y=t. 1M

We would have x:—2t+§, y=t and z:ﬂ.

33 41
Therefore, { =| —i+0j+—k +t(—2£+j+01g), 1A
5 ~ 35 ~

on =T+ 7=
linSolve( ARl ,{x!y,z}
3 x+6- y+7-2z=28
-(10-cr-33) a1
—!CII_
5 35
\
% - P=T o=
expand(linSolve({: i:: i_'_; j ’5)8 :{xJ'»Z}’
=2 LyriLimg /
33 41
__2' C.?,C-,_
) 35
OR

w=nxm =(20+4j-Tk)x(3i+6/+7k)=70i-35;
Let x=0, 2x0+4y—7z=5 and 3x0+6y+7z=28.

Therefore, the line of intersection is

10
33 . 41 (33
+

. 33 .41 : .
(O£+—!+§lgj+t(70£—351+015)

= 0i+—j+—k

33

= ?£+Oj+§lg +t(—21+lz+01g)

Question 5
a. 7,(t)=13cos(t)i —5sin(¢) Jj—12 sin(t)k

I1.1 2.1 [

ol

12- cos(¢

rv~1(t):=§(;- 10) Done

r1(¢) _3; 2: ((:)) }
-12-sin(¢)

L r 1 G

© The Mathematical Association of Victoria, 2024
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?+7oj(70;—351'+0@)+_L%xt(7og—351+0@)

1A
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£ Edit Action Interactive

oa%l ‘“’5"]{3’;3 [Simpp'_b‘y = -5-};"- = ﬁ

[13sin(#) Scos(#) 12cos(Z)12r

[13+sin(t) 5Secos(t) 12+cos(t)]
d
it (r)

[13+«cos(t) —5+sin(t) —12+sin(t)]

b.
[5(5)| = [13cos(r); - Ssin(z) j ~12sin(1)k|

= J(13cos(t))’ +(=5sin(r))’ +(~12sin(r))’
= /13 cos? () + 25sin’ (1) + 1 44ssin* (¢)

= J13% cos? (1) +169sin*(r) 1A

= \/132 (cosz(t) + sinz(f))
V1321

=13

As the speed of this dragon is always 13 and is not dependent on time, thus the speed of this dragon is constant.

1A
¢.The dragon passes through the xy plane when z =0.
t
When €OS (EJ L t=1T. M
72_2
r,(r)=|—,log 7,0 1A
.2( ) ( 16 ge ]

MAV24SM2Q5 rap [I] X
zeros(r‘E(r)[3],t)|O$rs 18 {n,3- 5" 11'[}
r2(f)jt=n 2

16
ln(:n:)
0
r2(0)jt=2- n o
16
In(z-m)| =

d. D(t) = () -] ™M
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256cos’ (ij —6144cos (t) cos (L)
2 2
—1280 [loge (1)-log, (%D cos(t)

—416¢> sin (1) —256log, Gj log, (1)

+16 (students are not expected to copy this)

+* + 43264

D(t) is minimum when ¢ =14.002718648011~14.003 . 1A

Thus the minimum distance is D(14.0027...) = 2.2368024196637 = 2.237 1A

A tMin(d(e).2)ose t=14.0027

zeros(i(d(r)),t)msr

{0.678??4,5.26556,7.969 19,11.0748,14.¢

A

d(f)|=14.002718648011 2.2368

e’ ’5“):(‘2sin(f)°08(f>—6sin(f))£+(—2cos2<r>+6cos(t)+1)z+(t21+1j’f

The distance travelled by the second dragon is given by

2
- s 0 (1) —sin —
L |5(t)|zj1 (gj +(;j + : 2 | g 1A

=1.50019=1.500
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3
norm(

il

Question

i(r-z(z))) de

6

1.50019

a. Let the sales figure be K on that particular day.

E(K) = 3000+ (—10) x 25 + 5% 200 = 3000 — 250 + 1000 = 3750

1A

Var(K) =25"x5"+5"x15* =21250

SD(K) =Var(K) =~21250 = 2534

Thus, K ~ N(3750,21250)

1A

b. Pr(K >3800) =0.36580=0.3658 1A

£+ Edit Action Interactive

"E1] >

fﬁ] I Simp |/ dx

¥

%—_]}

3@

—

¢.(3622.226,3877.774)

normCDf (3800, %, 25+V 34, 3750) &

0.3658002945 |

1A

zInterval 25- {34 ,3750,5,0.95: stat.resulits
"Title" "z Interval"
"CLower" 3622.23
"CUpper"  3877.77
nxy 3750.
"ME" 127.774
"n" 5.
gt 145.774 |
K i
c-Level [0. 95 | Lower |
g|25(34*[]_5) ‘ UPPE([3877.774 ‘
%(3750 | X[3750 |
n|d | nj5 |
<< Back [ THelp Next >> << Back [T Help
OneSampleZint M |oneSampleZint

© The Mathematical Association of Victoria, 2024




2024 MAV Specialist Mathematics Trial Exam 2 29

2534 Jz
J5

Pr(ave. Saturdays exceed 3800) = Pr(K >3800)=0.2216 1A

d K~N 3750,( 1M

b MAV2024SM2 RAD D b

normCdf|2800,«,2750,21250 0.3658 *

(0.36580035655233)5 0.00655

25
normCdf|3800,«,3750,

0.221551

\} 24
3700,5,0: stat.results

s .
£ Edit Action Interactive

i [iasme] [ TS L

ITest 3750,25-

normCDf[3800.°°.25 V5 , 3750
0.221551166
e.
H,:u=3700
o-H 1A
H, : <3700
f. p -value Pr(k<3700|,u=3750)20.2215 M

We thus do not reject the null hypothesis. There could be some truth in owner’s claim. 1A

END OF QUESTION AND ANSWER BOOK SOLUTIONS
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