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2023 Year 12

HSC Assessment Task 2

Mathematics Advanced

General e Senior Examiner: G. Huxley
Instructions .. )
e Reading time — 5 minutes
e Working time — 60 minutes
e Write using black or blue pen
e NESA approved calculators may be used
e A Mathematics reference sheet is provided at the back of this paper
e Your handwritten notes on one A4 double sided page is permitted

e For all Questions in Section II, show relevant mathematical
reasoning and/or calculations

Total Marks: Section I — 6 marks
45
e Attempt Questions 1 — 6

e Allow about 10 minutes for this section

Section II — 39 marks

e Attempt Questions 7 — 9 in the space provided

e Allow about 50 minutes for this section



Section [

6 marks

Attempt Questions 1 — 6

Allow about 10 minutes for this section

Use the multiple-choice answer sheet for Questions 1 — 6.

What is the range of the function y = 2 + 4sin (3x — %) ?

C. -1<y<5 D. —2<y<6

What function would describe the graph below?

y
2 L
1 —
i ; 2 -1J\r ; 1 2 3
A+
2+
1 1,
A. y=3 cos(3x) B. y=3 sin(3x)
C. y = % tan(3x) D. y = % sin(2x)

Section I continues on next page ...
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What is the primitive of % ?
X

A —tyc B -y
X 3x

C —-—4cC D. -2 +cC
3x

l Letg(x) =1— f(x). If fff(x)dx = 7. What is the value of ffg(x)dx ?

A -6 B. —4

C. 8 D. 10

l Given f(x) = sin 3x, the value of f’ (g) is given by which of the following?

_ 33

A. _3 B.
2 2

C. 3V3 D.

3
2 2

[ cosx° dx is given by which of the following expressions?

. 180 .

A. sinx® + ¢ B. —sin x° +c
VA . 0 . 1)

C. Esmx +c D. wsinx® + ¢

~ End of Section I ~
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Mathematics Advanced
Mathematics Extension 1
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REFERENCE SHEET

Measurement
Length

[ = i>< 2nr
360

Area

A= i>< 7’
360

h
A=5@+@

Surface area

Financial Mathematics

n

A=P(1+r)

Sequences and series

I’;@=a+(n—l)d

S, =§[2a + (n—l)d] =%(a +1)

T =ar
A =21 + 27rh (=) of )
all=¢") alr" -1
A=4 2 S = = s r#1
w n 1—r r—1
Volume
v="Lan S=plrl<t
3
V=—nr
3
Functions Logarithmic and Exponential Functions
/12
X = —19"_';7——4-61(,‘ logaax =x= alogﬂx
a

For ax> +bx’+cx +d = 0:

a+ﬂ+y:—§

c

aﬁ+ay+ﬂy=5
and aﬁyz—%

Relations

(x— h)2 + (y —k)2 =r?
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log, x

log,x = b
log,a

ak = exlna



Trigonometric Functions

sinA = ﬂ, COsA = a—dj, tanA = ﬂ

hyp hyp adj

1 .
A =—absinC o

2 \/E 45 |

a b c 4so
sinA sinB sinC 1
2 =d®+b*=2abcosC
2 22
2ab
2 V3

I=r6
A=l o

Trigonometric identities

secA = ,cosA =0
cos
cosecA=——-,sinA#0
sin
CosA .
COtA = — ,sinA#0
sin

cos’x + sin’x = 1
Compound angles

sin(A + B) = sinA cos B + cosAsin B

cos(A + B) = cosAcos B — sinAsin B

tanA + tan B
l—tanAtanB
If tztané then sinA = 2
2 1+ 22
1-¢2
COSA =
1412
tanA =
1-22

cosAcosB = %[COS(A — B) + cos(A + B)]
sinAsinB = %[COS(A —B) —cos(A + B)]
sinAcosB = %[sin(A + B) +sin(A - B)]

cosAsinB = %[sin(A +B) —sin(A — B)]

2

sin“nx = %(l — cos 27x)

2

cos“nx = %(1 + cos 2nx)

Statistical Analysis

An outlier is a score

less than Q, — 1.5 X IQR
or
more than O, + 1.5 X IQR

Normal distribution

approximately 68% of scores have
z-scores between -1 and 1
approximately 95% of scores have
z-scores between -2 and 2
approximately 99.7% of scores have
z-scores between -3 and 3

E(X) =
Var(X) = E[(X - u*] = E(X?) - u?

Probability

P(AnB)=P(A)P(B)
P(AUB)=P(A) + P(B) - P(AN B)
P(A|B) = %, P(B)#0

Continuous random variables

P(X<r) =J F(x)dx

b
Pla< X <b) ZJ F(x)dx

Binomial distribution

P(X=r)="Cp"(1-p)"~"
X ~ Bin(n, p)
= P(X=x)
n -
=(x)px(l—p)" *x=0,1,...,n
E(X)=np

Var(X) = np(1-p)
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Differential Calculus Integral Calculus
Function Derivative 1
| et = Lsere
n dy ’ n—1 n+l
y= /) L ] o
B dy dv du (
y=uy R F/(x)sin £(x)dx = —cos f(x) +¢
y = g(u) where u = f(x) Z—yz?x% -
rodnd F(x)cos f(x)dx =sin f(x)+c¢
du dv i
V——u—
y=k & __dx dx n
v dx v? /'(x)sec? f(x)dx = tan f(x) + ¢
: dy _ .
y=sinf(x) E=f(X)COSf(X) .
F(x)e/ Wy = g ¢
y = c0s £(x) L) sin s (2)
X
f(x)
dx =In| f(x)|+¢
y=tan f(x) L= )5/ () J f(x)
X
y= e/ D _ p(x)el ) P F(x)a’ W dx = .
dx - J Ina
_ dy _ f'(x) [ ’
y=In/f(x) dx  f(x) S dx = Sin_1ﬁ+c
J\a* —[f(x)]2
y= a’ ) Z—y = (lna)f'(x)af(x)
X ,
J—2 f[();) )]2 dx = %tan_l@+c
o ﬂ B F(x) a +|f(x
y=log, /(x) dx  (Ina)f(x)
[ dv du
b= sinl/(x) Z_yZA ] ude—uv—Jvde
X ,1— [f(x)]2
rb
y=cos™ £(x) &S Sxdx
R VO
b—a
y dy ___f') e UORMORE HCIERE N C|
y=tan™! £(x) Lo LA
dx 1+ [/ (x)] where a =x, and b =x,

2023 Year 12 Mathematics Advanced Assessment Task 2



Combinatorics

n!

(n—r)!

b)="e

i’lPr:

n

(x+a)”=x”+(1

- R\ p-
)x” 1a+---+( )x” "a”

Vectors
|L~t|=|x£+y!'|=q(x2+y2

u-y =|ul[v|eos = xx; + 3y,

where u = x,i+y,J

and vy =X,0+Yy,]

r=atAab

Complex Numbers

z=a+ib=r(cosd + isinb)
= re'?
[r (cos@ + isin 9)]” = r"(cos n@ + isin n@)

— rnemﬂ

Mechanics

—S=—=v—=—=V
dt dt dx dx

d>x dv_ dv d(l 2)
2

x=acos(nt+a)+c

x=asin(nt + a) + ¢

X= —nz(x - c)
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Students Name:

Teachers Name:

Hurlstone Agricultural High School
Year 12

HSC Assessment Task 2

Mathematics Advanced
Multiple-Choice Answer Sheet

Select the aliernative A, B, C or D that best answers the question. Fill in the response oval
completely.
Sample: 24+4= (A) 2 (B) 6 (C) 8 (D) 9

A O B @ c O 0O

If you think you have made a mistake, put a cross through the incorrect answer and fill in the
new answer.

A @ B W c O b O

If you change your mind and have crossed out what you consider to be the correct answer, then
indicate the correct answer by writing the word correct and drawing an arrow as follows.,

corrtch

i

AW B W ol DO

Question
. AO B O c O D O
2. A OO B O c O D O
3. AO B OO c O D O
4. A O B O c O D O
5. A O B O c O D O
6. A O B O c O D O
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Students Name:

Teachers Name:

Hurlstone Agricultural High School
Year 12

HSC Assessment Task 2

Mathematics Advanced
Section 11

Question 7
(13 Marks)

Applications of Differentiation and
Graphing Trigonometric Functions

e Answer each question in the space provided.

e Your responses should include relevant mathematical reasoning and/or
calculations.
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(@)
The function f(x) = xe 2 + 1

2 2x

has first derivative f'(x) = e™* — 2xe~

and second derivative f"(x) = 4xe™?* — 4e~?*,

(i) Find the value of x for which y = f(x) has a stationary point.
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(b) A function is defined as f(x) = sinx — cos x for the domain 0 < x < 2m.

. T 51
It has x intercepts at (Z’ 0) and (T’ 0).
(i) Find the y intercept for the graph y = f(x) 1

(ii) Use calculus to determine the co-ordinates of all stationary points in the given 3
domain.

Ques 7(b) continues over the page
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(iii) On the number plane supplied below, sketch the graph of y = f(x) 3

B 2 ™ 312 21

(c) Letm be anegative number. Include a diagram to help show that the equation: 2
sinx = mx has x = 0 as it’s only solution for -7 < x < 7.

End of Question 7
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Question 7. Extra Writing Space. Please label the questions clearly.
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Students Name:

Teachers Name:

Hurlstone Agricultural High School
Year 12
HSC Assessment Task 2

Mathematics Advanced
Section 11

Question 8
(13 Marks)

Integral Calculus

e Answer each question in the space provided.

e Your responses should include relevant mathematical reasoning and/or
calculations.
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(a)
Q) Complete the table of values for the function y = v1 — x?

Answer to 3 decimal places where required.

D' 0 0.125 0.250 0.375 0.5

y 0.992 0.968 0.866

(ii) Use the trapezoidal rule with 4 sub intervals to estimate the area of the

integral
1

[
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(©) Given [*,(kx + 2)dx = 4, what is the value of k ?

C The curve y = f(x) has the gradient function Z—i = 3x% + 4x — 1.

The curve passes through the point P(1,0).
Find the equation of the curve y = f(x)

2023 Year 12 Mathematics Advanced Assessment Task 2
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(e) The shaded region OPQR is bounded by the linesx = 0, x = 2,
the curve y = x?, the line y = 3 — 2x and the x-axis.

Y

NOT TO SCALE

(i) Find the coordinates of P

End of Question 8
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Question 8. Extra Writing Space. Please label the questions clearly.
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Students Name:

Teachers Name:

Hurlstone Agricultural High School
Year 12
HSC Assessment Task 2

Mathematics Advanced
Section 11

Question 9
(13 Marks)

Calculus of Trigonometric and
Exponential Functions

e Answer each question in the space provided.

e Your responses should include relevant mathematical reasoning and/or
calculations.
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(@) Evaluate I} 01 e *dx leaving your answer in simplest exact form.

(b) G — 3% Ly _ 4% -
Given y = e>*, show that o2 4dx+3y 0

tanx

2023 Year 12 Mathematics Advanced Assessment Task 2
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(d)

Q)

(i)

The diagram below shows the curves y = sin 2x and y = cos x for
0<x<z.

Itis given that sin 2x = 2 sinx cos x. Show that the x values where the
curves intersect are x = % and x = %

Calculate the area bounded by y = sin 2x, y = cos x and the x axis.
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End of Question 9

Question 9 Extra Writing Space. Please label the questions clearly.

END OF TASK
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Multiple Choice Solutions and Marking Guidelines

Outcomes can be matched to those named in Section 2 Q7, 8, 9.

Outcome Solutions Marking Guidelines
Q1 The function has a mean value of 2 and an amplitude Q1-6:
MA12-5 | equal to 4. Hence the range will go from 4 units below 2 | 1 mark: Correct response
up to 4 units above 2.
—2<y<6 1D
Q2 The graph has an amplitude of %2 (eliminate C, D). 2B
MA12-5 | Itis a sine graph. (Eliminate A).
Answer can be checked by noticing that there are 3 3C
periods from —m to m, which is 3 times as many as a
normal sine graph. 4B
Q3 Index form: x 4. 5D
MA12-7 | Hence the primitive is —= x 3
3 6B
Q4 4 4 4
MA12-7 fg(x)dx = fldx - ff(x)dx
1 1 1
=t =7
=4-1-7=-4
5 :
MAQlZ-6 . f(x) =sin3x
f'(x) = 3cos3x
p(E)=3eost
=3
T2
Q6 ° dy = mx
MA12.7 [cosx fiTx fnios 180 dx
(n€ = 180°,— = 1°, = = x")
180 180
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Question No. 7

Solutions and Marking Guidelines

Outcomes Addressed in this Question

MA12-3 Applies calculus techniques to model and solve problems.
MA12-5 Applies the concepts and techniques of periodic functions in the solution of
problems involving trigonometric graphs
Outcome Solutions Marking Guidelines
12-3 (@) (1) (a)() 1 mark: Correct
ffx)=0 »e™(1-2x)=0 answer.
~1—-2x=0 0 marks: extra incorrect
. 1 answer.
2
12-3 (ii)
X 0 1 1 (ii) 2 marks Correct answer
2 with justification or table of
(%) 1>0 0 —2<0 values.
° 1 mark: Some relevant
progress.
We are looking for £’(x) >0, which therefore occurs
when x < %
Note: For those who chose to solve an inequation
instead of testing a table of values:
You must communicate in your solution that:
Since e~%* > 0 for all values of x, then 1-2x>0.
Stating a product being positive implies that both its
factors must be positive was not sufficient for full
marks.
12-3 (i) f'(x) = 0 — 4e 2 (x—1) =0 (iii) 1 mark: Correct
=1 answer.
0 marks: extra incorrect
12-5 : answer.
b) (i
(b) @) £ (0) = sin0 — cos0 = —1 (b) (i) 1 mark: Correct y
y-intercept = (0, —1) value.
(i) i}
12-3 (ii) 3 marks: Correct values,

f'(x) =0 - cosx+sinx =0

~tanx = —1 (Since cosx # 0)
. . 3t 71
In the given domain, x = e

Substituting into f(x) gives stationary points at:

(5 V2)ana (T, ~2)

with working. for
derivative, x-values and
function values at
stationary points.

2 marks: One concept of
solution incomplete.

1 mark: Considerable
relevant progress.




12-5

12-5

(iii)

/(m (37t/2,0)
0 / | )\(_:j

(©)

-TT/2 B T2 T

Any line with a negative gradient will pass through the
shaded areas (some examples of y=mxhave been
drawn) In the given domain, y=sin xdoes not pass
through the shaded areas, and as can be seen in the
diagram, the only intersection between the straight
lines and the trig function is at the origin, where x=0.

b(iii) 3 marks: Diagram
featuring labelled evidence
of correct phase, period and
amplitude. The end points
of the curve had to be
correct, and each had to be
on increasing parts of the
curve.

2 marks: One concept of
solution incomplete.

1 mark: Considerable
relevant progress.

(c) 2 marks: Correct
justification with diagram
included as per the
question’s instructions.

1 mark: Considerable
progress, with one concept
of explanation incomplete.




Year 12 Mathematics Advanced

Assessment Task 2 2023

Question No. 8

Solutions and Marking Guidelines

Outcomes Addressed in this Question

MA12-7 applies the concepts and techniques of indefinite and definite integrals in the solution of problems

Solutions Marking Guidelines
()
(1)
1 mark for
X 0 0.125 0.25 0.375 0.5 completely correct
table.
y 1 0.992 0.968 0.927 0.866
(i1)
0.5-0 2 Marks for correct
A~ <A [1+ 0.866 + 2(0.992 + 0.968 + 0.927)] solution
A~0.4775 units? 1 Mark for substantial
progress towards the
correct solution.
b)
s 1 6 1 Mark for correct
[Gx=srar=ex-5e+c solution.
No deduction for
Where C is a constant. missing ‘C’
(©)

2 ka 2
j (kx+2)dx=[—+2xl =4

k(2)? k(—1)?

+2(2)—( +2(—1)> = 4

4k+4 k+2—4
2 2 N

3k+6—4
5 =

3k = -4

2 marks for the
correct value of k.

1 mark for correct
integral.




(d)
fX)=x3+2x2—x+C
Substitute point P(1,0) into f(x):
0=(1)%+2(1)2— (1) +C
0=1+2-1+C
C=-2
Sfx)=x34+2x2—x -2
(e)
(1)
x?=3-2x
x2+2x—-3=0
x+3)(x—1) =0
x=3o0rx=1
~ x = 1 (since, x > 0)
Substitute x = 1 intoy = 3 — 2x
y=1

~ P(1,1)

(ii)

From y = 3 — 2x, the x-intercept is%

Splitting the area into 3 sections, A1, A2, Az, where A> and A3 are triangles.

A= fol x%dx

2 marks for correct
solution of f(x).

1 mark for substantial
progress towards the
correct solution.

2 marks for correct
values of x and y.

1 mark for one
correct value of x or

y.

3 marks for correct
shaded area.

2 marks for correct
area of the region y =
x? fromx =0tox =




1 1
Ar==X=-X%X1
2 2

Bl =

1 1
A= -Xx=%x1
2 2

1

~ Shaded Area = 1 + 1 + 1
3 4 4

5 .
= 2 units?
6

Alternate solution:

Shaded Area = fol x%dx + fll's 3 —2xdx+ |f12.5 3 —2x dx

+=+

N

Wl =
e B

5 .
= - umts2
6

1 and one other
section or substantial
progress towards the
correct solution.

1 mark for correct
area of only one
section or some
progress towards the
correct solution.




Year 12 Task 2
Question No. 9

Mathematics Advanced
Solutions and Marking Guidelines

2023

MA12-6

Outcomes Addressed in this Question

Applies appropriate differentiation methods to solve problems.

MA12-7 Applies the concepts and techniques of indefinite and definite integrals in the solution
of problems.

Outcome

Solutions

Marking Guidelines

MA12-7

MA12-6

MA12-6

MA12-7

(a) fole_xdx = —fol —e *dx

= —[e™]]

0

= [e7¥

_ 1 e—1
=1—-elorl1-= or —
e e

(b) y=e®

d
& = 3e3x
dx

&y _ ggsx
dx?

Ly 4ay — Qp3x _ 3x 3x
coZ A T3y =9 4 x 3e>* + 3e

= 9¢3% — 12e3¥ 4 3¢3%
= 0.

Note: setting out by many students needs a lot more
attention. Marks were not deducted this time, but may be in
future tasks. You should start with one side of the statement
to be proven, clearly indicating which side you have started
with.

©) d ( x )_ tan xx1-xxsec?x
dx \tanx tan? x
2

tan x—xsec“x

tanZ x

(d)(i) y = sin2x and y = cosx meet when sin2x = cos x,
hence, when 2 sin x cos x = cos x

Solving 2sinx cosx —cosx =0,
cosx (2sinx —1) =0,
. . . 1
cosx =0and 2sinx —1=0,i.e sinx =3

A
SX=—andx =

> for0<x <

NE)
N

2 marks : correct
solution

1 mark : substantial
progress towards
correct answer

2 marks : correct
solution

1 mark : substantial
progress towards
correct answer

2 marks : correct
solution

1 mark : substantial
progress towards
correct answer

2 marks: correct
solution

1 mark: substantial
progress towards
correct solution

3 marks : correct
solution

2 marks : near correct
solution with minor
error




MA12-7

MA12-6

Note: As question asked you to justify where the curves
intersected, it was required that you state the

coordinates lie on both curves & so they intersect there.

(ii)

o
o=
N R

Required area is area under y = sin 2x between

Vi T
x =0and - plus area under y = cos x between = and

T

A= [ssin2x dx + J# cos x dx
6

SR

T
= —%[cos 2x]6 + [sinx]2
0 s
=— l[cosz— coS 0]+ sin= — sin—
2 3 2 6
212 2

3
=>u?
4

(e) (D) % (cos?x) = ;—x (cosx)?

1 mark : substantial
progress towards
correct answer

1 mark : correct
answer

1 mark : correct
answer




= 2(cosx)! x —sinx
d :
E(coszx) = —2cosxsinx

(ii) ~ [ —2 cosxsinx dx = cos?x + ¢

~—=2 [ cosxsinx dx = cos®x + ¢

: 1
» Jcosxsinx dx = —-cos?x + ¢
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