The Mathematical Association of Victoria
MATHEMATICAL METHODS (CAS) 2012

Trial Written Examination 2 SOLUTIONS

SECTION 1

ANSwers:
1.C 2.B 3.A A4.E 5.B 6.D 7.D 8.C 9.D 10.C 11.A

12.8 13.A 14.E 15.C 16.E 17.B 18.D 19.B 20.E 21.C 22.D

Question 1
X9
4 2
X+4y =18 C
a1y 2012ExamM...ice w 48

Pﬁnrmal Line(;(z,x, 2) Z_=

/\ Domain of the result might be larger than the do...

OR
g'(x)=2x, m =g'(2) =4

The gradient of the normal m, = —%, g(2)=4

X 1 9
y 4+c,at(2,4),4 2+c,c 5
__x.9
y=727%3
X+4y =18 C

©The Mathematical Association of Victoria Page 1



2012 MAV Mathematical Methods (CAS) Exam 2 - SOLUTIONS

Question 2
x*+ax®+2x2 =0

Ja’-8-a —-Ja’-8-a

X=00r X=————— 0r X=
2 2
Solve a® —8 <0 so that x = 0 is the only solution
- 2\/5 <ac< 2\/5 B
2 2
solve(.:zz—s-::o,a) _2‘\1,2_“':3‘:2'\.,'2_
|
E.
2/99
Question 3

f (x) = |cos(x)|
The graph of f has a sharp point when cos(x) =0.
—sin(x) when cos(x) >0
f’(x) =< undefined when cos(x) =0 A
sin(x) when cos(x) <0
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2012 MAV Mathematical Methods (CAS) Exam 2 - SOLUTIONS

d1z]1z]14]» *2012Exam.. ice w bell] x |

a (|cos(x]|) -sin(x)-sign(cos(x)) =
X
L
M
1/99
12]13]1.4]» *2012Exam. . ice w gl x|
6.67 "y

S G N
i) =-sin{g) signfeos(x)]N )mm

COS

@ 130c)=lcoslx)|

|)_)|

Question 4

Option A f(x)=x>—4x, f'(x)=3x? -4, two stationary points

Option B f(x)=x*-4x+2, f'(x)=3x* -4, two stationary points

The curve in Option B is a translation of the curve in Option A 2 units up.

Option C f(x)=(x—2)°-4(x-2), f'(x)=3(x—2)? -4, two stationary points
The curve in Option C is a translation of the curve in Option A 2 units to the right.
Option D f(x)=x*+4x, f'(x)=4x>+4, one stationary point

Option E f(x)=(x-2)3+4(x-2), f'(x)=3(x—2)?+4, no stationary points E
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2012 MAV Mathematical Methods (CAS) Exam 2 - SOLUTIONS

<| 13 | 14 | 15 |> +#2012Exam...ice W dE8

d false |
solve(—((x—2)3+4~|: —2))=0,x) e
dx
| X
™
1/99
Question 5
The simultaneous equations5y =10x —3 and 20x—10y =6 have infinitely many solutions. The
equations represent the same straight line. Let y =2, 54 =10x-3, x = 5/18_ 3

43 5 ) o eR B
10

> *2012MMCA..ice =
solvel5y=10%-3 and 20-x-10-y=6,{xy}] =
5-¢T+2 4 yect
X= and y=¢
10 7
™
1/99

Question 6
X'| 10 =3]x
y] [2 o]y

X!
X'=-3y, y=——

Y,y 3
y'=2x, X=

y= e2x+3 _L — ey’+3
3
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2012 MAV Mathematical Methods (CAS) Exam 2 - SOLUTIONS

y:Ioge(—gj—s,x<o D

Question 7
g(x)=1+3log, (1-2x)
1-2x>0

1
X<—=
2
The equation of the asymptote is x = %
1 B
The x-axis intercept is E[l—e 3}

0=1+3log, (1-2x)

—lzloge(l—ZX)

Hence the inverse of g has an asymptote with equationy =

1
and a y-axis intercept at %[1— e 3} D

.
|

The domain of the derivative of f +g is (—E Ej C
a a

Question 8

The domain of f(x)=+ax+b is {—

o |

The domain of g(x)=+b—ax is (— 0,

o | T

The domain of f +g is [—BB}
a a

Question 9
Range: 5-"1=6 = amplitude is 3
Graph is reflected in x-axis = a=-3

2_”=10

Period is 10: "

n=-—
5

There is a vertical translation of 2 units => b =2 D
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2012 MAV Mathematical Methods (CAS) Exam 2 - SOLUTIONS

Question 10
2

a
Solve I[tﬂdt =3000 for a
0

2
a=50x20° minutes C

1/99

OR

2
ﬂ: t3
dt

v:—j[tint

5
v:—§t3 +C

(0, 3000), ¢ = 3000

3 s
V:_§t3 +3000

32
0=—gt3 +3000

t = (5000): =50x20° minutes c

Question 11

f(x+h)= f(x)+hf'(x)

_ 1 ., 1 2
x=121, h=-0.1, f(x)=—=, f (x)z_zx 2

x
1. -1 1 1

1
f(x+h)x ——-"x : + 3
V121 10 2(121): 121 20(121): A
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2012 MAV Mathematical Methods (CAS) Exam 2 - SOLUTIONS

Question 12

2tan[§j —2tan(0)

Average rate of change =

23
a
3
_63 .
T
SEER N *Exam2Mult...012 w ] x |
2'tan(£)—2‘tan(0] 643 ]
3 T
I
3
1799 ]
Question 13

The graphs intersect when x = 0.425047 and 2.93766 .

o 2938 1
Area between curves is given by _[O - (sm(x)— —jdx
: X
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2012 MAV Mathematical Methods (CAS) Exam 2 - SOLUTIONS

*2012MMCA..ice <= Lol <

(294 0203)

5

2012MMCA.ice

ch 1
solvelrsinl_x_.l= ,x]IOExSJ':
\ x+2 )

x=0.425047 or x=2.93766

M
A More solutions may exist. Try specifying approp...

Question 14

2} (f(x)+3)dx

i (f(x) dx+2.[(3)dx
;6+2(15 3)
=36 E

Question 15

§+ p+3p+p°+2p° =1

1
3p®+4=p=1
pe+4-p
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2012 MAV Mathematical Methods (CAS) Exam 2 - SOLUTIONS

*2012MIICA _ice <

N - @

Q 1 =
solverS-p2+E p=1 .,p‘
1 !

p=-1.69643 or p=0.196485
&
1/99

p=0.196485 (as p €[0,1])

E(X)=0x§+1x D+2x3p+3x p?+4x2p? =11p® +7p,and p = 0.196485

201 2MMCA ice =

-

0. p—
Tp+l‘p+2'3p+3p2+4'2p2|p=0_196485

1.80006

1/99

E(X)=1.80006
E(X)=1.80

Question 16

Solve j(%@— xz)jdx =0.4 fora

a=-3.81043, 0.851437, 2.959
Since 0<a<?2
a =0.8514 correct to 4 decimal places E
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2012 MAV Mathematical Methods (CAS) Exam 2 - SOLUTIONS

111]12 8 2012MMCAS...ice =
'I2r | ll @
1 i
3
solve l— -Eé—xz \ !dx=0 4a
(Y 16 J
L 2 ]
a=-3.81043 or @=0.851437 ora=2.95%9
™
1/99
Question 17
Let X be the number of people with blue eyes out of 8.
X ~ Bi(8,0.36)
Pr(X =3| X <5)= Pr(X =3n X <5)
Pr(X <5)
_ Pr(X =3)
~ Pr(X <5)
_0.28054
0.970741
=0.3181 B
111]12 8 12012MMCA .ice <
binomPdf(8,0.36,3) 0.28054 =
0.280540329182705 0.318082
binomCdfi8,0.36,0,4)
|
™
2/99
Question 18
X ~ N(10, 4)
The area under the curve to the left of ais 0.3.
A = 8.951 correct to 3 decimal places D
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2012 MAV Mathematical Methods (CAS) Exam 2 - SOLUTIONS

111]1 2 *2012MMCA..ice =
invNorm(0.3,10,2) 89512 =
|
L3
M
1/99
Question 19

From Standard Normal Curve: Pr(Z <a)=0.8413
a=0.999815

Thus X—# — 0.999815

O
55-40 _ 0.999815
O
o =15.0028 ~ 15 B
11112 #2012MMCA...ice = Lol <
invNorml0.84132,0,1) 0.999815 =
f55-40 ! =15.0028
solvel =0.999815,5 s
Y § )
Rl
=
2/99
Question 20
0 600
- I(xf (X) x = I(xf (X) Jx E
600 0

Note The hybrid function can be defined on the calculator if you need to evaluate the expression.
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2012 MAV Mathematical Methods (CAS) Exam 2 - SOLUTIONS

11|12 *2012MMCA...ice <

N ﬁ, 0<x£500 &
Define ﬂx]== ll
— ——  500<x<600
50 30000
Done
‘600 366.667
ﬂx-ﬂx”dr
/o I
I v
7/99
OR
600 s
D

E(X)= j(xx f(x))dx

0

500 600
1 1 1
= J‘[x>< xjdx+J(x><(———xj]dx
2\ 150000 50 30000
)=@=366§z367

@h;

500

E(X

ff 1! A
XX et ML_ X J]d)
150000 L LS50 30000/
k) o J 500
1100
2
1100 366.667
3,
| v
2/99
Question 21

Pr(AnB’) + Pr(AnB) +Pr(A")=1
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2012 MAV Mathematical Methods (CAS) Exam 2 - SOLUTIONS

Pr(AnB')+p+q=1
Pr(AnB')=1-p-q C
OR

Using a tree diagram

1-q
A
- <
_b ANnB 1-p-q

g ANB 2p

g
Q\ A
1-2p
d~pga ANB 04-2p

From tree diagram: Pr(AnB')=1-p—q C
OR
Using a Karnaugh Map: Pr(Am B') =1-p-—q C
A A
B p 2p 3p
B' 1-p-q q-2p 1-3p
1-q Q 1
Question 22
v=Lmon

Given 2r=h:>r=g

3
Vzlﬂh—
37 4
ﬂhs
T 12
av_a? o
dh 4
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2012 MAV Mathematical Methods (CAS) Exam 2 - SOLUTIONS

SECTION 2
Solutions to the Extended Answer

Question 1
. h
a.l. sin(x)=—
=75

h
PQ= sin(x) 1A

i. QR+2xPQ=20 (PQ=RS)

h

QR=20—2xsin(X)

= 2(10 - Lj as required 1M
sin(x)

b.i. PS=QR+2 1M
i. PS=QR+2x tan(x)
2h 2h
=20- 1A
sin(x) ’ tan(x)
h h
=210 -———+——=
( sin(x) " tan(x))
ii. Area = IDSJrQRxh iM

2 2
20h —_ZL + e as required
sin(x)  tan(x)

ii. A:(O,%) SR A(X)=100-—2

sin(x)  tan(x)

© The Mathematical Association of Victoria
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2012 MAV Mathematical Methods (CAS) Exam 2 - SOLUTIONS

50cos(x) — 25

e A= sin?(x)

Maximum when A’(x)=0

X =% as required 1M

Ni1]1 2§ *Unsaved <

i || ‘i' ) r 1_ \{ N
i[ 100— .SEJ . 2? : | 254 2-coslx)-1]
dx), sinlx) tanlx) ) 1,or a2
Isinlx))
Ir25‘|:2'<:os|:3c-,'|—1:3 [ T n
solvel — ———_—=0x|[0=x=—" x=
(sinfx])? 2 3
|
™
2/99
. 2 1
d.i. A(£j=20h—2h2 x—— 4 h? x——
3 V3 V3
= 20 — /3h? 1A
g I el > *Unsaved <=
Al
207 B m 20-h-k2[3 ]
20 h———— b ——— =
sinlx] tanlx]” 3
|
I
™
1/99
. dA
ii. Solve E =0 1M (accept other methods)
h = 5.8 metres 1A
A(5.7735) ~57.7
Maximum area is 57.7 square metres 1A
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2012 MAV Mathematical Methods (CAS) Exam 2 - SOLUTIONS

|:"| (el > *Unsaved <

solvelld (205423 )- 0;:| h=M
3

solvelidkzoh 23 - 0;:| f=5.7735

B2 2 :
20 p-2 M T andh—m\ﬁ

sinlx] tanlx! 3 3

57.735

6199

4 || » aths Mths 012 <=

20 v

4 | 13 m ¢ *Unsaved ==

2
2k
fMaxlEO = }
sin{x) tantx' _.'Lx
h=5.7735
2 2
2k i
20—t pe=" and h=5.7735
sinlx] tanlx]’ 3
57.735
| !
16/99
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2012 MAV Mathematical Methods (CAS) Exam 2 - SOLUTIONS

Question 2
a.i.Solve k+0.3(0.7+0.72 +0.7° +0.7* +0.7°)=1 fork 1M

k =0.417649 =0.418 correct to 3 decimal places as required 1M

. "Unsaved <=
f ] 1x ].l @
Fersumh0.3-(0 7 pe=11,2,3,45}
k+0.582351
solvelk+0.582351=1,k) k=0.417649
™
2/99
ii. Pr(x<3)~0.418+0.3(0.7+0.7> +0.7°%) 1M
=0.878 correct to 3 decimal places 1A

BL3Y > *Maths Mths .012 <

— 1
suml0.3(0.7¥pe={ 1,2,3} +0 413
|

1/99
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2012 MAV Mathematical Methods (CAS) Exam 2 - SOLUTIONS

b. E(X)=0x0.418+1x0.3x0.7 +2x0.3x 0.7 +3x0.3x0.7> + 4x0.3x0.7* +5x 0.3x0.7°

=1.35 correct to 2 decimal places 1A

L3 MM CAS Ext. ded < o] < |

0-0.418+1:0.3-0.7+2:0.3:(0.7)%+3-0.3-{0.7) [
1.35293

1/99

2 2 2 52 3Jr

Var(X)=(02><0.418+1 x0.3x0.7+2°%x03x0.7° +3°x0.3x0.7

2 4

1M

2

42 %03x0.7% +52%x0.3x0.7%) - (1.3529...)

Var(X ) = 2.3066

SD(X )= +/Var(X ) ~ +/2.3067 ~1.5187 =152 correct to 2 decimal places 1A

Hlaths Mths ..012 <= mn

, A
02.0.418+1%-0.3-0.7+2%.0.3(0.7)%43%.0 2
2.30669
[2.3066854151 1.51878

™

2199
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2012 MAV Mathematical Methods (CAS) Exam 2 - SOLUTIONS

C.i. Pr(90< X <130)=0.9234 correct to 4 decimal places 1A
N MM CAS Ex.ded <>  HI|E3
normCdf{90,130,120,7) 0.023427 5
&
1/99
i. Pr(X >a)=0.1
a ~128.97 =129 minutes to the nearest minute 1A

i CAS Ex..ded ==

invNorm(0.9,120,7) 128.971

1/99

iii. Pr(X >12690 < X <130)

_ Pr(126 < X <130)

- 1M
Pr(90 < X <130)

~0.119119...
" 0.923427..

=0.1290 correct to 4 decimal places as required 1M
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2012 MAV Mathematical Methods (CAS) Exam 2 - SOLUTIONS

[} MM CASEx.ded -  HIE3

normCdfl 126,130,120,7) 0.119119 o
normCdf{$0,120,120,7) 0.923427
0.1191191487553 0.128997

0.92342711458099
|

3/99

d.i. E(C)=34+1.25x120 = $184 1A
ii. Var(C)=1.25% x 49

=76.5625 1A

sD(C)=/Var(C) =$8.75 1A

i CAS Ex..ded ==

34+1.25-120 184. 2
(1 2512 40 76.5625
[76%625 8.75
|
™
399
iii. 184 - 2x8.75<C <184+ 2x8.75 1M
$166.50 < C < $201.50 1A

iv. Pr(C > 200)~ 0.03373 OR
Pr(C > 200) =1- Pr(C < 200) ~1-0.966268 ~ 0.03373 1M

For two months =~ 0.033732x0.033732 = 0.0011 correct to 4 decimal places 1A
© The Mathematical Association of Victoria Page 20




2012 MAV Mathematical Methods (CAS) Exam 2 - SOLUTIONS

*Unsaved < )
l—normCdﬁi'ijO,184,8.'?5:} 0.033732 2
N0 03373185958541)2 0.001138
|
[
2/99
Question 3
a. f:(-o,2]—> R, where f(x)=(x-2)° +1
Let y=(x-2)% +1.
Inverse: swap x and y 1M
x=(y-2)?+1
y =—/(x—1) + 2 due to the domain of f
f:[1,00) = R, where f (x) = —/(x—1) + 2 1A Domain 1A Rule

2012Exam2.. wer < o[l <

Definej{x:|=[x—2]2+l Done

plvefﬂj}:|=x,y? y=-|: x=1 —2] or y=\x-1 +2
|

2199

© The Mathematical Association of Victoria Page 21



2012 MAV Mathematical Methods (CAS) Exam 2 - SOLUTIONS

b. Solve f(x)=f *(x)

x=1 orx:# orx=2 1M
—/5+45
2
Area 2x j(f(x)— £1(x) bx 1A

1

y M| 12 B *2012Exam2.. w

s22% . ..
A\ ) ={fl), -0 <2
i f30xc)=x
N
(1,2)
k2 , . . . f2|':.'(]=’[\[.1'—]. —E:|
2 (o= \e-1 ~2)Jax (138,338)
1 2,1
55 -11 gl [3.99 1 6.01]
2i4]  |ow A 451

c. 0, 1 or 3 solutions
Any 2 correct 1A

All correct 2A
d. Cross sectional area = # +2

5511
6
Volume =#x 2

_ 5J§3—11 0

1A

e. %—Y:—Zloge(ul) cm®/min 1M
V =—[(2log, (t+1)t

=2t +1)log, (t +1) + 2(t) +c, {o M&E_—H)J M

’ 3
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2012 MAV Mathematical Methods (CAS) Exam 2 - SOLUTIONS

3
V =-2(t+1)log, (t +1) + 2(t) +w

3 J—
Solve 0=—2(t +1) log, (t +1) + 2(t) + -2 5;/3 Weort 1M

t = 4105 minutes to the nearest minute 1A

#2012 Mathsly wer <

- [{2mle+1))as -2:({#+1) Inle+ 1))

[ s { :
vy o 10004545 -11
2-{¢+1) Infe+1) —t}+¢:“

solve

{=4104.87

™
|/ More solutions may exist. Try specifying approp...

OR

d—\t/=—2loge(t+1) cm®/min 1M

3 —
100° (5+/5 —11) fora

3 1A terminals, 1A equation

Solve j 2(log, (1+1))dt =
0

t = 4105 minutes to the nearest minute 1A

i 3 [ v
i .. 100”55 -11)
solve\ [ (2-Inl1+¢))d¢= : 3( ~a

L3 o

@=4104.87

1/99
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2012 MAV Mathematical Methods (CAS) Exam 2 - SOLUTIONS

Question 4
a.
35
km/h (4, 30)
30
25

. / \
T/ \
/ \

0 T T T T T T T - 1
0 1 2 3 4 5 6 7 th g
5 5vV21 5v21
/ @=—,0 @+ .0
10
-15 74
(01_5)
20
Shape 1A

Correct coordinates 1A

Turning point (4, 30)

x-axis intercepts (— gm +4, 0) (gm + 4, Oj
y-axis intercept (0, — %)

b. v(t) =—%(t _4)? 430
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2012 MAV Mathematical Methods (CAS) Exam 2 - SOLUTIONS

x(t) = I[—%(t Y 30)dt 1M

_ 3
=—M+3Ot+c,

whent=0,x=0

__8%
15
_ 3
X(t):_M_{_BOt_% 1A
15 15
OR
x(t):I(_%(t—4)2 +30)dt 1M
x(t)=—Et3 (0 T
15 5 5

whent=0,x=0, hencec=0

x(t):—Et3+%t2 _T4 1A
15 5 5
aths Meth.. ded <
Tjgfine v(ﬂ=l54v[:—4}2+30 Dane
J ) as 14 564 74t
15 5 5
|
™
2/99
ci. v(t) = —%(t _4)? +30
Solve v(t)=0 fort
5
t= _7\/2 +4 1M
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2012 MAV Mathematical Methods (CAS) Exam 2 - SOLUTIONS

x(—g\/ﬁ +4) ~—5.1987 km

Tasmania rides 5199 m to the nearest metre 1A

: A 1
1{5-/21 -28) 5-[21 +28
f=— —ori=E———
7 7
o -14 56 74 D
Define x'ifi'=— 'r3 +— -f2 - one
15 5
J'EZS‘J?l —28,;11‘| +.1987
| 7 )
L v
1/3
OR
Solve v(t)=0 fort
5
t=_7\/ﬁ+4 1M
73 21+4
distance = — I (v(t))dt ~5.1987
0
Tasmania rides 5199 m to the nearest metre 1A

Maths Meth.. ded <=

Al
4.—% 1 5 1987
- W) ds
) 0
™
1799

© The Mathematical Association of Victoria Page 26



2012 MAV Mathematical Methods (CAS) Exam 2 - SOLUTIONS

ii. Solve x(t)=0
t~1.51192 h
~91 min

10:31 am 1A

Maths Meth..ded <=

p — o A
|solvelxd#]=0,¢]|» Decimal M
=0 or#=1.51192 or =10 4881
1.51192-60 90.7152
™
2/99
OR

a

Solve J.(v(t)ht =1.51192...fora

—5/7/21+4
t~1.51192 h
~91 min

10:31 am 1A

laths Meth..ded ==

vie) de

@
Wt d¢=5.1987.a
4—2-\,‘21‘
|7 7
a=2.730626-8 or =1.51192 or a=10.4881

v
2799
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2012 MAV Mathematical Methods (CAS) Exam 2 - SOLUTIONS

iii. Distance ~ xG\/Z + 4) ~x(151192..) 1M

=126 km to the nearest kilometre 1A
Maths Meth.. ded < o[l <]
[ Vo - 125 732 &
x};-\}zl +§‘|—xi1_51192_}
| 1
™
1/94
OR
§\/ﬁ+4
7
Distance ~ j(v(t))dt 1M
1.51192...
=126 km to the nearest kilometre 1A

Maths Meth.. ded < ol < |

[ I \ 125.732 &
x};\/m +4\|—xf.1_51192_} '
| I
% [51 +4 125.732
W) ds
J 151192
|
™
2/99

displacement

—_— 1M
change in time

iv. Average velocity =
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2012 MAV Mathematical Methods (CAS) Exam 2 - SOLUTIONS

125.732...

(i’\/ﬁ+ 4} ~1.51192...

=21.8 km/h correct to one decimal place 1A

Maths Meth...ded < ol <

125.732 21.8234 =

5
;'-,}21 +4-1.51192

1/99

OR

gx/ﬁ+4
- L JUC) LY
(7 V21 + 4) ~1.51192.., 1512

Average value of v =

=21.8 km/h correct to one decimal place 1A

Maths Meth..ded < ol <

5 A
;'-,}21 +4-1.51192

,“%.HE+4

1

* .
5
;-\/21 +4-151192 » 1.51192

W) ds

21.8234

hd
2499

d. Distance between Strathton and Coram is approximately 125.732... km.
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2012 MAV Mathematical Methods (CAS) Exam 2 - SOLUTIONS

125.732...

First checkpoint is at approximately —3 =41.9107... km from Strathton. 1M
Second checkpoint is at approximately % =83.8213... km from Strathton.
Time to reach first checkpoint: solve for a: Iv(t) dt = 125.732.. : 1M
1.5119... 3
a~3.3807... hrs =12.23pm 1A
t 2x125.732...
Second checkpoint: J.v(t) dt = 2x125732...
1.5119...
a~4.8011... hrs =1.48 pm 1A
m ¥ *Mnsaved <
[ e 125 73203373746 | T
‘lve} W) de= - ,a]
\J 151192 3 |
a=-1.33442 or @=3.38075 or @=9.95367
i a
3 2-125 7320337374
solve\ I el de= i
J 151192 3
@=-2.02743 or @=4.80115 or a=9.22628 I
| -
13/99
OR
Distance between Strathton and Coram is approximately 125.732... km.
First checkpoint is at approximately % =41.9107... km from Strathton. 1M
Second checkpoint is at approximately % =83.8213... km from Strathton.
Time to reach first checkpoint: solve fora: x(a)~ % 1M
a~3.3807... hrs =12.23pm 1A
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Second checkpoint: x(a)~ %

a~4.8011... hrs =1.48 pm

TBEE i~

¢ 7
solverx'._a_.l= 125 32[;33?3?46,a
|

7=-1.33442 or @=3 38075 or @=9.95367

i v 2°125.73203373746
solvellx".a,-— P
] 3
a=-2.02743 or g=4.80115 or a=9.22628
0.38075-60 22.845
3
0.80115-60 48.069 &
1/6
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