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Section A — Multiple-choice questions

Instructions for Section A

Answer all questions in pencil on the Multiple-Choice Answer Sheet.

Choose the correct response.

A correct answer scores 1; an incorrect answer scores 0.

Marks will not be deducted for incorrect answers.

No marks will be given if more than one answer is completed for any question.
Unless otherwise indicated, the diagrams in this book are not drawn to scale.

Question 1
The period and range for the function f(x)= J3sin (2x — %) —3 are respectively

A 7and|[—3,43]
B. 27 and [—V3,\3]
C. zand|-243,0]
D. 27 and | -24/3,0]
E. 47 and | -24/3,0]
Question 2

For two independent events, 4 and B, it is known that Pr(4) = 0.6 and Pr(4 U B) = 0.92.
Pr(B)is equal to
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Question 3
The positive real numbers a, b and ¢ satisfy the equation

logs a +logs b=2logs ¢
Therefore, it must be true that
A. a=2c-b

B. a=c’-b

Question 4

A straight line passes through the positive x-intercept of the curve of the cubic y = x* — x* — 2x and
also through its point of inflection.

©
% The gradient of this line is
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Question 5

When a biased coin is tossed, the probability of the coin landing on heads is 0.25. The coin is tossed
10 times and the number of heads is recorded.

The probability that exactly x heads are recorded is
10

A. (0.25)!977(0.75)"
X
10
B. (0.25)*(0.75)!0
X
10
C. (0.25)1°77(0.75)!°
X
10
D. (0.25)(0.75)!°
X
10
E. (0.25)!°(0.75)10>
X
Question 6 g
The graph of y = tan(ax) has an asymptote with equation x = % g
A possible value of a is 'é"
A 4 =
o
B. 6 =
C. 9 S5
7]
D. 10 o
E. 12 o®
o
Question 7

T
The function f:R—> R, f(x)=a cos((b — l)x) + b has a period of 3 and a maximum value of 10.
Given that b > 0, the minimum value of the function fis

A. 6
B. 4
C. 1
D. 4
E. -10
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Question 8
When entering a zoo, visitors are asked how many times they have previously visited.

The discrete random variable, N, with the probability distribution shown below, can be used to model the
number of times each visitor has previously visited.

n 0 1 2 3 4
Pr(N=n) 0.25 0.3 0.25 0.15 0.05

Given that a visitor has previously visited the zoo, what is the probability that they have previously
visited more than once?

A. 0.73

B. 0.6

C. 0.55

D. 0.45

E. 05

Question 9
8; Let f(x)=3x* — 2ax + 6, where a € R.
] The set of values of a such that f(x) >0 forallx € Ris
o
:é A. {a ca> 3\/5}
=
o B. {a:a<—3\/§}u{a:a>3\/§}
=
3
é C. {a:aS—S\/E}u{a:aZ%/E}
8 D. {a:—3\/§<a<3\/§}

E. {a:—3\/§Sa£3\/§}
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Question 10
The graph for y = f(x) is shown below.

P <

(=k, k) (k, k)

(-2,0) o 2,0)

Find the value of & given that f(x) is a probability density function.

A 2-1

B. —2-1

c. 1

D. J6-2

e Y6,
2

Question 11

In a certain location, the number of hours, 4, of daylight per day is modelled by

h(f)=12 — 3cos(3%(t - 175)), where e Z*

where ¢ represents the day of the year. Note that =1 represents 1 January.

According to this model, during one year of 365 days, the number of days for which there are at least
11 hours of daylight is

A.
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Question 12
Newton’s method is used to estimate the x-intercept of the function

5
S110,0) > R, f(x)=10g6(2x+1)_(4_x2)

With an initial estimate of x, = 0, the estimate for x; is closest to

A. 14717
B. 14718
C. 1.4752
D. 1.5628
E. 2.0000
Question 13

Suppose that we have two continuous functions, fand g, with domain R.
It is known that g(x) < 0 for all x and 1" (x) = g(x).

Giventhat f(-1)=2and f(2) =—1, what is the area enclosed by the graph of y = g(x), the x-axis and
the lines x =—1 and x =27

A. 0 square units
1 square unit
2 square units

3 square units

moo

4 square units
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Question 14

Parts of the graphs of two functions, f(x) =x and g(x) = cos(x), are shown below, where x is measured
in radians.

p <

P S =x

2(x) = cos(x)

The pseudocode below describes a simple algorithm to find the point where the two functions intersect.
define intersect (x0, x1):
x €& x0
while x < x1
if -0.01 < cos(x) - x < 0.01 then
return x
end if
x € x + 0.01
end while

return “No intersection found”

Which of the following will the function intersect (0.6, 0.8) return?

A. -0.002

B. 0.02

C. 0.73

D. 0.74

E. No intersection found
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Question 15

The finance team at a small technology company estimates that the production cost per item is given by
1250

n

the rule C(n) = 0.51n% —37.5n +1900 + , where n € Z" and n is the number of items produced.

The minimum cost per item is closest to
A. $38.34

$38.35

$1229.83

$1229.89

$1230.05

moow

Question 16
The values for two continuous functions, fand g, and their derivatives are given in the tables below.

S &) 2 -1 g(x) 1 -1
1) -1 2 gx) 0 3

d
What is the value of d—((g o /)(x)) atx=07?
X

A. 3

B. -1

C. 0

D. 1

E. 2
Question 17

Suppose that for three events, 4, Band C, Pr(4|B)=1and Pr(C|B) = Pr(C).
Which of the following statements about 4, B and C must be true?

A. Pr(4)=1

B. CcB

C. Pr4)=1

D. Band Careindependenteventsand Bc A

E. Band Care notindependenteventsand Bc A
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Question 18
Let /:[0,27] —> R, f(x)= cos(ax + %j , where a > 0. There is a unique solution to f(x) =1 and

a unique solution to f(x) =—1.

The minimum possible value of a is
1

AL —
12
5
B. —
12
c. 2
6
11
D. —
12
17
E. —
12
Question 19

Let/: R — R be a continuous and differentiable function. Part of the graph of f'is shown below.
The stationary points of fare at (1, f(=1))and (3, /(3)).
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The solution to the inequality (x> —x —2) f'(x) > 0 is

A. —1<x<2

B. -1<x<3

C. 2<x<3

D. x<-lorx>2
E. x<-lorx>3
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Question 20
Let /:R >R, f(x)=x>(1-x*)andg: [0, 1] > R, g(x) = f(x — a).
Find all real values of a, such that g(0) is the absolute maximum value of g.

A. a:iﬂ
2
B, ac| Y2 2
| 22
V2| (V2
C. ag|—-o0,—— |U|—,®
2 2
V2 1| 1 V2]
D. ae|——,——|U|—,—
| 2 2 2 2_
2 1 V2
E. ae|-o0,—|U|—,—
2 22
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End of Section A
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Section B

Instructions for Section B
* Answer all questions in the spaces provided.
» Write your responses in English.

* In all questions where a numerical answer is required, an exact value must be given unless
otherwise specified.

* In questions where more than one mark is available, appropriate working must be shown.
* Unless otherwise indicated, the diagrams in this book are not drawn to scale.

Question 1 (10 marks)
Consider the function f: R — R, f(x) =x> — px, where p € R.
Part of the graph of fis shown below, when p = 3.

Y
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a. Find the values of the x-intercepts of f, when p =3. 1 mark

b. Use the derivative /" to find the coordinates of the turning points of f; when p =3. 2 marks
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c. i. Find the value of p for which f would have exactly one stationary point. 1 mark

ii. Find the values of p for which f'would not have any stationary points. 1 mark

d. The graph of f passes through the origin for all values of p.

i. Use calculus to show that the tangent line to f at the origin has the equation y =—px. 2 marks

ii. Find, interms of p, the area of the region bounded by the function £, the line
y=-px and the line x = p, where p > 0. 2 marks
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iii. The expression for the area found in part d.ii also gives the area bounded by
a cubic function y = kx*, the x-axis and the line x = p, where p > 0.

Find all possible values of k. 1 mark
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Question 2 (13 marks)

A simple pendulum consists of a mass at the end of a string of fixed length 0.5 m. The other
end of the string is attached to a fixed point, O.

S}

mass

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
|
A 4

The mass swings back and forth in a circular arc between points 4 and C, each time
passing through point B.

The height, # metres, of the mass above the horizontal ground is given by the function

T 3 1
h:|——,—|—> R, h(0)==——cos(0
{ 3 3} 0) 573 0)

where @ is the angle in radians measured anticlockwise from the vertical line OB.
The mass reaches its maximum height at point 4, when 6 = % and at point C, when

0= —%. It reaches a minimum height at point B, when 6= 0.

a. Find the maximum and minimum heights of the mass, in metres, above the ground. 2 marks

b. Find, correct to two decimal places, the values of 8 for which the mass has a height, 4,
lessthan 1.1 m. 2 marks
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c. Theangle, fradians, as a function of time, 7 seconds, is given by the function

0:10,30] > R, (1) = %cos(%j

Show that the mass is initially at point 4. 1 mark

d. Determine the period of the pendulum. The period is the time in seconds taken for the

mass to travel from A4 to C and back to 4. 1 mark

e. How many times for ¢ € [0, 30] is the mass at point A? 1 mark

f. Determine the distance, in metres, that the mass travels as it swings from point 4 to

point C. 1 mark

Question 2 continues on the next page.
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g. i. Find, correct to two decimal places, the height of the mass, in metres, after one
second has elapsed. 2 marks
ii. State the rule for the composite function 7(6(r)). 1 mark
iii. Find, correct to two decimal places, the average height of the mass, in metres. 2 marks

O
o
=
o
—*
2
=
(=g
(]
5
-,
=.
»n
Q
=
(1]
o




2024 VCE (NHT) Mathematical Methods Examination 2 Section B Page 17 of 28

This page is blank.

®
@
1
®
i)
<
il
=
)
wid
=
3
wid
o
c
o
(=]




Page 18 of 28 Section B 2024 VVCE (NHT) Mathematical Methods Examination 2

Question 3 (12 marks)

A small business has four people working full-time. The business rents an office, and on
most days some people work from home.

On any given workday, the number of people working in the office can be modelled by the
discrete random variable, N, with the following probability distribution.

n 1 2 3 4
Pr(N=n) 0.3 0.4 0.2 0.1
a. Find E(N), the expected value for the number of people working in the office. 1 mark

b. Find the probability that all four people are working in the office, given that at least
two people are working in the office. 1 mark

c. Inafortnight with ten workdays, find the probability that all four people are working in
the office on at least three days.
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Write your answer correct to four decimal places. 2 marks
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d. The business owner is trying to find ways to reduce costs.

Her daily electricity costs, in dollars, can be modelled using a continuous random
variable, C, which has the probability density function

3c(c —10)?
flo)= 2500
0 elsewhere

0<c<10

i. ldentify the maximum daily electricity cost, in dollars, for this small business.

1 mark

ii. Find the mean daily electricity cost, in dollars.

1 mark

iii. Find the probability that, on a given day, the electricity cost is within two standard
deviations of the mean.

2 marks

Question 3 continues on the next page.
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The business owner plans to reduce electricity costs by installing LED sensors.
She researches an LED sensor manufacturer and finds the following information.

e. Inarandom sample of 200 LED sensors, 30 LED sensors were found to be defective.

i. State the sample proportion of LED sensors that were found to be defective. 1 mark

ii. Use this sample proportion to find a 90% confidence interval for the population
proportion of defective LED sensors, correct to three decimal places. 1 mark

f.  Anew sample of size n is taken, which is used to calculate a 95% confidence interval
for the population proportion of defective LED sensors. This confidence interval,
correct to three decimal places, is (0.062, 0.213).

Using the value z = 1.96, determine the sample size n. 2 marks
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Question 4 (13 marks)

Timothy has created a tiling pattern using transformations of the cubic function
f:[-4,01 >R, f(x)=a(x—b)’ +c

where a, b,c € R

On the graph below, the function f'is shown in bold. The rest of Timothy’s tiling pattern is
shown with dashed lines, which are all images of transformations of f.

Figure 1
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a. The translation of f'given by f,(x) = f(x —4) — 4 describes a different edge of one of
the tiles.

Trace over the edge described by £, on the graph in Figure 1, and label this
edge f,. 1 mark

b. Given that f has a stationary point of inflection at (-2, 2) and an axial intercept at
(0, 4), find the values of @, b and c. 2 marks

Question 4 continues on the next page.
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c. The piecewise function, p, is continuous, where the first component is f, the other
component is a translation of f'and both are edges in Timothy’s tiling pattern.

Complete a possible rule and domain for the second piece of the piecewise function p. 1 mark
f(x) -4 <x<0
p(x)=
d. Find the rule and domain for /!, the inverse function of f. 2 marks
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e. Letm,n e Rand g(x)=mf ' (nx) be a function describing a transformation of the

inverse /.
Find the values of m and n, given that g(x) describes the tile edge joining (—4, 0) and
(0, —4), shown in bold in Figure 2. 1 mark
Y
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f.  Find the area of one of the tiles. An example is shaded in Figure 2. 2 marks

g. Using the derivatives of f and g at x = — 4, show that the angle at the left corner of the
shaded tile, at the point (—4, 0), is 90°. 2 marks

Question 4 continues on the next page.
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h. The family of functions defined by

v =g(x—8k), keZ

gives an infinite set of edges in Timothy’s tiling pattern, three of which are shown in
bold on Figure 3.

Three more families of functions can be used to bound an infinite set of tiles centred
on the x-axis, three of which are shaded on Figure 3.

- - A .
\\ 1 N\ N\
b U ~ / Ss
~ ~ ’
N ’ [N ’ [N
\ ’ \ ’ Ay /
v ’ \ ’ \ ’
’ e P
’ -
P = 6 = = Caete
’ . /
\ R4 \ e \ ‘
AN ’ AN ’ AN !
~ ’ ~ ’ ~ /
S 1 ~ U NS J
S~ S0
NN‘\ 4 NN”\ / ~~\\
/ ~ / ~ 7 ~
7 > /7 S ’ N
’ \ ‘ \ F )
’ \ ’ \ \
. . 4
-7 -7 s
P = 2 S R
. . e
’ ’
/ X / X F Y
’ N G N ’ A
1 ~ 1 N N
’ S~ ’ Se i S
~o ~. N} x
7 19) ’ 1
-8 -6 4 —2 2 /4 6 8 10 y
’ ’ ’
’ ’ ’
’ 7’ 7’
f’ f’ d’
S -2 e Seae (w)
'l \ ,, /' o
/ y ’
’
y \ / ; g
_‘4\ —*
II NN‘\ U NN‘« Il NN‘«
’ N ’ X U S E
’ S ’ ’ M
X4 \ X4 A X4 A -
v v v, :
f’ f’ f’
P P —6 <] ®
, ’ ’ —
’ ’ ’
\ 5
. [
Figure 3 =
—
(7))
Q
=
®
Q
.

Complete the table to define three such families of functions, in terms of the given

functions f'or g, and a parameter k € Z. 2 marks
1. y=g(x - 8k)
2.
3.
4.
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Question 5 (12 marks)
Let/:R—>R, f(x)=¢“.

a. Show that the rule and domain forf‘l, the inverse function of f, is
_ 1
o= —~log,(x)

where x € (0, ) 2 marks

11
b. The graphs of f'and f‘1 are shown below. Their unique intersection point (—, —j is
e e
also labelled.

Find the exact area of the shaded region that is bounded by the graphs of f, f‘1 and
the coordinate axes. 2 marks

Question 5 continues on the next page.
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Letg: R — R, g(x) =e™, where a € R\{0}.

1
c. Consider the function g,(x) = ¢, where a =—.
e

i. Find the equation of the tangent line to the graph of y =g,(x) atx =e. 1 mark

ii. Sketch the graph of g, and its inverse on the axes provided below. Label equations
of asymptotes and the coordinates of the point of intersection between the two
functions. 3 marks

P <

d. Now leta =—4 and consider g,(x) = ¢ *.

i. Find the rule for g,”, the inverse function of g, . 1 mark

ii. Find the values of x where g, intersects with its inverse, correct to three decimal places. 1 mark
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e. The value of a determines the number of intersection points of the graphs of g and g’l.

Complete the following table by stating the value(s) of a in each case. 2 marks
Nun?ber of pc_>|nts Value(s) of a
of intersection

0

1
1

2 O<a<-—
e

3
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End of Question and Answer Book
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VCE (NHT) Mathematical Methods Examination 2 Formula Sheet

Mathematical Methods formulas

Mensuration

1
area of a trapezium %( +b)h volume of a pyramid §Ah
curved .surface area 2xrh volume of a sphere —r
of a cylinder
volume of a cylinder | zr°h area of a triangle —besin(A4)
1 >
volume of a cone Enr h
Calculus
d _ ( 1
—(x")znx” ! X'dv=——x"" e, ne-1
dx J n+1
i((ax+b)”)=an(ax+b)”‘l [(ax+ by dx = (ax+b)" " e, nz—1
dx J a(n+1)

% (eax) _ g™

1
eaxdx:Eeaerc

d 1
E(loge(x)) ==

;dleoge(x) +c, x>0

% (sin(ax)) = acos (ax)

sin (ax)dx = —%cos (ax)+c

d (cos (ax))=—asin (ax)

cos (ax)dx = %sin (ax)+c¢

4 (tan (ax))= = asec’ (ax)
dx cos” (ax)
dv  du , v@ - u@
product rule —(wv)=u—+v— | quotient rule du) g dx
d dx  dx p = 2
X\ V %
X
chain rule @ = Q@ Newton’s method X, 1 =X, f,( ")
dx  du dx / (xn)
trapezium rule X X
aproximation | AT = 2| F() + 2/(0) + 2/ () % o4 2/ (5, ) + 2/ (5, ) + S ()
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Probability
Pr(4)=1-Pr(4") Pr(4 U B) =Pr(A4) + Pr(B) — Pr(4 N B)
me=HMmm
Pr(B)

mean u=E(X) variance var(X) = o= E((X- ,u)z) = E(Xz) - ,u2
binomial ny__ nl
coefficient x) x!(n-x)!

Probability distribution Mean Variance
discrete Pr(X=x) =p(x) =2 xp(x) o’ =Y (x - u)’ p(x)
binomial Pr(X=x)=(njpx(l—p)”‘x p=np o’ =np(1-p)

X
b o0 o0

continuous | Pr(a< X <b)= j F(x)dx = j ¥ f()dx | o= I (x= )% f(x)dx

Sample proportions

A X A
P=7 mean E(P)=p

standard 5 _ (PL=p) approximate - p(1-p) . p(1-p)
P)=, |—== N A S s N 4
deviation sd(P) n confidence interval p-z n  PTE n

End of Formula Sheet
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