VCE Mathematical Methods Analysis Task CAT 3 Trial Examination Solutions

M indicates a method mark awarded for use of a correct method
A indicates an answer mark for correct answer in the correct format.

Question 1
a i Read from graph (i.e. no tangent to be drawn). Allow between 2 & 5. [A]
ii.  Around =1 the rate goes from positive {(t < 1) \ tozeroatf=1
 —
10 negative (1 > 1) //
The stationtary point is a maximum. [A]

Around ¢ = 3 the rate goes from negative (£ < 3) / tozeroatt=73

—_—
to positive (£ > 3) \

The stationary point is a minimum. [A]
b.
10
R * (49)
m u oa
.. 2 -3 3 :
Maximum at 1 and minimum at 3. [A)
General shape. {A]
Correct domain, [0,4] [A]
c. The initial concentration is 2 so d= 2. [A]
There are three other pieces of information:
The initial rate of change is 9 (from the graph)
C'(1) = 3art+2bt+c
C{0) = ¢
=9
=¢=9 (A}
Also, there are stationary points at 1 & 3 so that:
t=1=23a+26+9 = 0,[1] [M]
F=3=27a+6b+9 = 0,[2] . M)
Attempt to solve such as [2] - 2[1] M]
1Ba~18 =0=a =1 {A]
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T

3+426+9 =0

2k = -12

b=-6 [A}
SO = B-62491+2 0<t<4

We already know that t = 1 is a local maximum so no calculus is necessary:
C(ly=6 (A]
It is also necessary to check the end-points of the domain to find overall maxima and
minima:

C(0) = 2, C(4) = 6 so the maximum alsc occurs at 7= 4. [A]
Equating their equation for Cto 4. [M]
Cit) = £P-612+91+2 = 4
Pty =8 -6:2+91-2 =0
P(2y = 0= -2 s a factor [A]
2_4r+1
-2 |B3-6r2+9r-2
P21 M)
— 412+ 9¢
— 412+ 8¢ _
-2
Solving their quadratic quotient by an appropriate method. (M}
£2-dt+1=0
o 4t.16-4
2
t=2+.f3 :
The required times are 2, 0.27 and 3.7 hours. [A]
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Question 2

a. Use of the definition of independence: Pr{A N B} = Pr(A)x Pr(B)

Pr(grey fur & long tail) = 0.1
Pr(grey fur) x Pr(long tail) = 0.4 x0.25
=01

The traits are independent.

b. i E(X)=np=10x04=4
SD(X) = Jnpg = JT0X04 % 0.6 = 1.55

[18
Students need not provide the bars, but
rather the general shape.
Key features are: mean
skewness
w
)
]
k4
A,
c 1 2 3 4 5 6 7 8 9 10 X
Tallest bar at 4.

Positive skew
Indication that © & 10 are very rare.

ili.  Use of the binomial distribution.

Pr(X=5) = '%C,x0.65x045
= 0.2007 0.201)
C. i se(p) = E
n
_ [475x0525
200
= 0.0353

The ~95% confidence interval is 0.475 £ 2 x 0.0353 — 0.404 to 0.546

ii. No, at the 95% confidence level.

fM]

[A]

(A]
[A]

[A]
{A]
(Al
(M]

(Al

M]

{A]

(A]

(A]

This is because the first species has a population proportion of animals with grey fur of
0.4 and this does not lie in the 95% confidence interval for the secand sepecies.
(Al
i
x—-p _ 135-123

Convert 1o a standard problem: z = - =15 = 0.632 (to 3 dec. pL.). [M]

Pr(X>135) = Pr(Z>0632) = | -Pr(Z<0.632) = 1-0.7363 = 02637 [A]

ii.
Pr(120<X < 14.0)

Pr(X < 14.0) - Pr(X < 12.0)

14-12.3 12 -12.3
&u-‘ﬁNA 19 ulwﬂﬁN‘n#u

Pr(Z<0.895)-Pr{Z<-0.158)
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M]
= Pr(Z<0.895)-Pr(Z>0.158)
= Pr(Z<0.895)-(1-Pr(Z<0.158))
= 0.8147 - (1-0.5628)
= (.3775
Approx 37.75% of the animals have weights in this range. [A]
iii.  The lightest 10% have a Z value of -1.282 (look up 0.500 in the body of the
table). [M]
X-123
~1.282 = o
X = 19x-1282+123
= 986 kg {A]
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Question 3

a. i Using the product rule, we have:

dy = ~x...u|o._k+uxnlo.nmlo._hv
dx

= Nlo._hIO.Hkmlo._k

=e "M 1-0.1x)

i *Ma-om=0

20 or (1-01x) =0
No real solution to e ** = 0.
Therefore only real solution is x = oIHm = 10
iii.  As the values of x increase, the value of xe 1" will decrease.
(In fact, we can say that lim xe M = (13]
X b wo
b. i Solving for k we have:
20 = 60e "0

—100000k = log @ = [-log,3]
[

k = 0.00001 x log 3
~50000 x 0.00001log 3

ii. Forx= 50000, we have p = 60e
=34.64

Shape

Scale

iv.  As the demand increases, the price per unit decreases.

M]

(Al

(M]

(al

[A]

M)

M]

[A]

(A]

(A

(A]
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c. Rx)=xp(x)+1xp(x) = —xX 60ke ™ + 606 M]
= mOanT kx+ 1
R(x) = 0 60 F(—kx+1) = 0 M]
ox =1
k
1
i [ ———— 3.92 A
That is, x 0.00001 X Iog,3 9102 {A]
!
: L (1 Rl -1
Therefore, price per unit is mhm = 60e = 60¢
= $22.07 [A]
d.
ALY
Shape [A]
200914972 ~ — — Tuming pt [A]
I [al
|
|
f
|
|
I
I
91023.92 x
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Question 4
a. i A(02),B(r0) [A]
ii. FromA: 2=a+bcos(0),giving2=a+b M1
FromB: 0=a+bcos(n), givingO=a-b M]
tii. Solving for a and b, we have: 2=2g,s0thata=1and b =1 M]
Therefore, we have that y = 1 + cosx O<XST [A]
ay _ i @ =1
b. Z| = —sin| g ] = -3 [M] [A]
€
¢. AtE, y= H+n0mﬁmu = _+Km|m.
Substituting into y = mx + ¢, we have:
S IiYn AN
mx?lWll.thWu.TﬁAuvht_..TlN!.—-m 2.13 _”g_ _.LPH__
Therefore, we have:
y=-zx+213 [A]
d.  Atthe point D we have y = 0. Therefore we can solve foratx =k, y=0. M]
__1 BoE - T_
o1|~w+_+p+ﬁﬂwlu+»\w+m 4.26 M]
Therefore, the coordinate of D is (4.26, 0} [A]
e.  Required area (in appropriate units) is given by:
426 x
[ ma Wﬁu._uu&- [(1+ cosxyax M) (M]
n n
3 [3

h.Nm

u T rmﬁ._ia -?IE%EE
4 § 3

=1.36 (allow between 1.3 and 1.4) [A)
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