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Section 1
10 marks

Attempt all questions.
Allow about 15 minutes for this section.
Use the multiple choice answer sheet for Questions 1 — 10.

Question 1
Which of the following is 1.0987 corrected to 3 significant figures?

1.1
1.10
1.09
1.099

OSnw»>

Question 2

2
Which of the following is equal to (3\/; + 7\/5 ) ?

A 6(35+7«/_)
B. 6(35+7\/_)
C. 6(35+7\/_)

210

Question 3

Which of the following is the solution set to the number line below?

O

A. [-6,-2]
B. (-6,-2)
C. [-6.-2)
D. (-6,-2]

(S8
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Question 4

Which of the following is true given the diagram below?

C[\155°

45°

280°

The bearing of A from Cis N135°W .
The bearing of B from A is E10°S'.
The bearing of C from B is 335°T .
The bearing of A from C is 45°T .

oSaowy»

Question 5
Which of the following is true regarding the equation of a negative definite parabola?

A A>0,a>0
B. A<0,a>0
C. A>0,a<0
D. A<0,a<0

Question 6

Which of the following is true regarding the graph of y= f (%J ?
A. Ttis avertical dilation of y = f(x) by a factor of 4.

1
B. It is a vertical dilation of y = f(x) by a factor of k

C. Itis a horizontal dilation of y = f(x) by a factor of 4.

1
D. It is a horizontal dilation of y = f(x) by a factor of rh
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Question 7

An investment earns interest at a rate of 0.75% p.a., compounded monthly, over 5 years.
The future value of the investment is $100 000.
Which of the following is the present value of the investment, rounded to the nearest dollar?

A. $63 870
B. $96 321
C. $96 333
D. $99 688

Question 8

Which of the following is the equation of the graph below?

y
2
: =X
St 2w Bm -m  m ) w m  3w 2w 5w
2 2 2 2 2 2
A. y=2secx
1
B. y=—secx
C y=sec(2x)
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Question 9
Which of the following is false regarding the graph below?
y

There are 3 intercepts.

There are 3 stationary points.
There are 3 turning points.
There are 3 inflection points.

oSO wx>

Question 10

Below are two student responses when asked how they would sketch the graph of y= f(2—x):

Student A:  “Translate y= f(x) to the right by 2 units, then reflect the result about the line x=2.”
Student B: “Reflect y= f(x) about the line x=1.”

Which student is correct?

A only.

B only.

Both A and B.
Neither A nor B.

oSO wx>

Page 5 of 33



§o|:lo?
L -

S:H-S

o

g

=t

L

NESA
Number

YEAR 11 Mathematics Extension 1

Q11-19

TERM 2 COHORT TASK #1

Part A

Page 6 of 33



Section 11
Part A 15 marks

Attempt all questions.
Answer each question in the space provided.

A blank page is provided at the end of each part to allow rewriting of a question.
Your response should include relevant mathematical reasoning and/or calculations.

Question 11

Expand (l—x)3 completely.

Question 12

3
Evaluate zn" .

n=1

Question 13

Write log, 7 correct to 3 significant figures.

Question 14

Express 36° in radians as a multiple of 7.

Question 15

State whether f(x)= %/; is odd, even or neither.
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Question 16

Differentiate the following with respect to x:

A y=4x’ +x*+1

Question 17

State the domain and range of the graph below.

Y s

M

5
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Question 18

: 1 .
Given that log ,x =y, express log,, T in terms of y. 1
X

Question 19

Given an arithmetic sequence with terms 7, =17 and T, =52, evaluate T,,. 3

End of Part A
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Use this page to rewrite any questions from Part A.
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Section 11
Part B 13 marks

Attempt all questions.

Answer each question in the space provided.

A blank page is provided at the end of each part to allow rewriting of a question.
Your response should include relevant mathematical reasoning and/or calculations.

Question 20
A. Sketch y =| | on the number plane below. 2
y
4 is
2 is
| =X
—4 -2 2 4 6 8 10
X
B. Hence, solve 5—1 >3. 2
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Question 21

: : 1 .
Find the equation of the normal to the curve y = (x — 1)(— + lj passing through P(-2,3). 3
X

Question 22

The mass M of a radioactive substance after ¢ hours is given by M =250e™"" . 2
Find the half life of the substance, correct to nearest hour.
Note: The half life is the time needed for a radioactive substance to reduce to half of its initial value.

Page 13 of 33



Question 23

RW runs a business that sells x cups of bubble milk tea daily.
The revenue generated as a result is given by the function R(x)=-0.01x>+7.1x .
The cost of running the business is given by the function C(x)=2.5x+408.

A. Find the values of x such that the business breaks even. 2
B. Deduce the maximum daily profit that can be generated. 2
End of Part B
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Use this page to rewrite any questions from Part B.
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Section 11
Part C 13 marks

Attempt all questions.

Answer each question in the space provided.

A blank page is provided at the end of each part to allow rewriting of a question.
Your response should include relevant mathematical reasoning and/or calculations.

Question 24
A. Sketch y=cotx for 0 <x <27m on the number plane below. 2
y
; t X
s i1 3n 2m
2 2
. /1 km

B. Hence or otherwise, show that tanx X tan(x+ 5) =—1 forall x # B kel. 2
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Question 25

i : . . h)—
Differentiate f(x)=2x"+3x using f’(x)= 1hmg IACS 2 J(x) . 5
Question 26
Prove that I*cot6 - sec6 =cos6. 5

cosecOl tanB+cotf
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Question 27

A couple take out a mortgage of $P at a reducible interest rate of 2.4% p.a.
The couple plans to pay off the mortgage over n months with a monthly repayment of $M.

A. Let $4 be the amount owing after n repayments. 2

Show that 4, =1.002° P— M (1+1.002+1.002°).

Question 27 continues over the page
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B. Hence, show that 4 =1.002"P—- M % ) 1
" 0.002

Suppose that the couple borrowed $750 000.

C. Show that the couple will never pay off the mortgage with a monthly repayment of $1 000. 1

D. Find the minimum monthly repayment needed to eventually pay off the mortgage. 1

End of Part C
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Use this page to rewrite any questions from Part C.
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Section 11
PartD 13 marks

Attempt all questions.

Answer each question in the space provided.

A blank page is provided at the end of each part to allow rewriting of a question.
Your response should include relevant mathematical reasoning and/or calculations.

Question 28

In the diagram below, CD is a vertical pole of height 1 metre with a base C on horizontal ground.
The angle of elevation of D from a point 4 south of C is 45°.
The angle of elevation of D from a point B east of C'is 6°.

Question 28 continues over the page
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B. Show that CM = %cosec@ , where M is the midpoint of 4B. 2
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Question 29

St. Jorge bank provides the following annuity tables to all of its customers:

Future value of an annuity with instalments of $1

Periods n

Interest rate per period

1% 2% 3% 4% 5%

5
10
15

20

AW, a loyal St. Jorge customer, pays $5 000 every year into his superannuation scheme,
which pays 4% per annum, compounded annually.

A. Find the total value of AW’s fund at the end of 20 years.

5.1010  5.2040  5.3091  5.4163  5.5256
10.4622 10.9497 11.4639 12.0061 12.5779
16.0969 17.2934 18.5989 20.0236 21.5786
22.0190 24.2974 26.8704 29.7781 33.0660

Round your answer to the nearest dollar.

Present value of an annuity with instalments of $1

Periods n

Interest rate per period

1% 2%

4% 5%

5
10
15
20

4.8534  4.7135
9.4713  8.9826
13.8651 12.8493

45797  4.4518  4.3295
8.5302  8.1109  7.7217
11.9379 11.1184
18.0456 16.3514 14.8775 13.5903 12.4622

B. JM, a new St. Jorge customer, wins the $75 000 lottery jackpot.
She decides to invest it all at 4% per annum for 20 years, compounded annually.
To match JM’s payout after 20 years, AW increases his annual payment by some amount x.

Find x, rounding your answer to the nearest dollar.

Page 25 of 33
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Question 30

An integer z consists of the digit 4, followed by # lots of the digit 4, followed by # lots of the digit 8,

n n

——

followed by the digit 9, i.e. z=4444...4 888...89 for some integer n=0.

A. Write z as a basic numeral for n = 3. 1

2
1+(2x10"")
B. By writing in expanded notation, show that z = B — for all integers n=0. 3
2
1+(2x10") , . .
C. Hence, write x10 as a basic numeral for n =6 without rounding. 1
X
End of Part D
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Use this page to rewrite any questions from Part D.
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Section 11
Part E 12 marks

Attempt all questions.

Answer each question in the space provided.

A blank page is provided at the end of each part to allow rewriting of a question.
Your response should include relevant mathematical reasoning and/or calculations.

Question 31

A. Factorise e +¢*. 1

Question 32
Solve | 2x—1|+8=|3-6x|. 2
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Question 33

The graphs of y= f(x) and y=g(x) are drawn to scale on separate number planes below.

y
gL

y=f(x) 6!

Question 33 continues over the page
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8 8
y=rx 6
y=g(x)
4 4
2 2
} t t } > X } t t
-8 -6 -4 2 2 4 6 8 -8 -6 -4 2 2
-2 -2
-4+ -4
y=f(x)
-6 -6
-8+ -8
B. Given that B(x)= f(x)g(x), find the domain of B’(x). 1

Question 33 continues over the page
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C. Given that C(x)=(fog)(x), find C'(-6). 2

End of paper
Page 32 of 33



Use this page to rewrite any questions from Part E.
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Section 11
Part A 15 marks

Attempt all questions.

Answer each question in the space provided.

A blank page is provided at the end of each part to allow rewriting of a question.
Your response should include relevant mathematical reasoning and/or calculations.

Question 11
Expand (1— x)3 completely. 1

(1—x)(1—2x+x2) = 1-2x+x"—x+2x*=%°

Which simplifies to: 1—3x+3x*> —x’

NOTE: This caught out a lot of pupils who used the factorisation of 1° —x’. Some successfully used
binomial expansion (not taught at school as of yet) but didn’t get the signs right. Those people should have

considered using (1 + (—x))3 .
Question 12

3
Evaluate Zn" . 1

n=l1
1'+2*+3° =32

NOTE: Many pupils wrote the correct sum but then used 3? when evaluating and hence wrote down the
wrong evaluation.

Question 13

Write log, 7 correct to 3 significant figures. 1
In7 log,,7 .. : o

log, 7 = OR which are both approximately 1.21 (to 3 significant figures)
In5 log,, 5

NOTE: This was done very well by almost all pupils.

Question 14

Express 36° in radians as a multiple of 7. 1

Let o be the angle we need in radians. o = 1 x 7, where 6 is in degrees

o

o= 36 x 7z , which gives a value of 7 for a
180° 5

NOTE: This was done very well by almost all pupils.
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Question 15

State whether f(x)= Yx is 0dd, even or neither. 1

f(=x)=3/~x which equals —3/x , then f(—x)=—f(x)and the function is therefore odd.

NOTE: This was generally done well by almost all pupils, however a handful failed to do what the question
asked (which was to state which type of function this is).

Question 16

Differentiate the following with respect to x:

A, y=4x +x*+1 1
For each term use the fact that for axx", n# 0 that % =nxaxx"" and for all constant terms Z—y =0.
X X
P 12x° +2x
dx
NOTE: This was done very well by almost all pupils.
B. y=Qx+1) 1
Using the Chain Rule let y =, where u =2x+1. Then @ = ﬂx du .
dx du dx
dy ) du dy ) . . ..
< =3u" and - =2 . Then . =3xu”x2 and we substitute# = 2x+1 in order to get our equation in x.
u X X

% =6(2x+ 1)2 . NOTE: This was done very well by almost all pupils.
X

2
X

C. y= 2
x+1
Let y:2 and use Leibnitz rule: ;{—y:u'x v+ —v7 xv'xu which simplifies to “ v—zv z
% x v
u'=2x and v'=1
2xx(x+1)=1xx> x(x+2
Hence Qz o (x )2 * OoR —( 2)
dx (x+1) (x+1)

NOTE: A handful of pupils used the Chain Rule to do this, which is the incorrect method. A handful got the
signs wrong in the numerator. Pupils should have double checked their formula (those who used the
simplified version of Leibnitz Rule for rational functions — ‘the quotient rule’).
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Question 17

State the domain and range of the graph below. 2

y Domain is [0,5] and Range is [-5,5]

M

5

NOTE: This was generally done well. A handful of students stated
that the Range was in the variable x — which is obviously incorrect.
A very small number decided to put 2 solutions for each required

=X answer, assuming they were different versions of the same
solutions. Sometimes they were not equivalent and one is not
allowed to put 2 different answers!

Question 18

. |
Given that log,, x =y, express log,, T in terms of . 1
X

log

—%loglox which is _%x. Since y =log,, x, this is equal to —%.

1
log,, NS =

NOTE: Many pupils failed to understand the question and started with y . There was often a lot

1
=log,,—=
Jx
of working for this question which was not given marks since the working didn’t appear to be leading to the
correct solution.

Question 19

Given an arithmetic sequence with terms 7, =17 and 7}, =52, evaluate T . 3

T.=a+(n-1)d, hence T,, =T, +7xd since T, =a+4xd

52-17

Therefore d = which is 5.

T, =T, +24xd which is 52+24x5=172

NOTE: This was generally well done by most pupils. All but 2 pupils worked out the first term after
working out a value for the arithmetic difference. As you can see from the solutions above, there was NO
NEED to evaluate this. Everyone who did this did more work than was necessary.

End of Part A
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Solutions to Year 11 2021 Half Yearly: Section B

Question 20

10 (0,1)

y=1-7 1 2.0 y=2o1

Full 2 marks for a correct sketch with y-intercept shown.

Point of Intersection

y
10
y=3 Point of Intersection
4,3 (8,3)
\ | ’ \
< & Jr >
y=

{ f + + f } + f f —3\= + + } + + + + = x
-10 =5 5 10

- X x

v——2+1 -5 y=5-1

The curves y =3 and y =| %—1 | intersect at x =8 andx =—4.

. x .
The region where | > —1[=3 is occurs where x> 8 or x<—4.

For full marks in part B, students had to demonstrate that they had used the graph to
find the solution.



Question 21

y:1+x—l—1

m

normal =7
5

y—3:—§(x+2)

The Common mistake was differentiating incorrectly, this commonly occurred when students
attempted to use the product rule to differentiate.

Question 22

125 =250e"
e =05
~—0.1¢=0.5
i log,(0.5)
-0.1
..t =Thours (tonearest hour)

This question was generally well done. The most common error was subbing in an incorrect
value for M in the first step, eg M=0.5 or setting M to 0.5M. Most students had good
understanding of how to solve log equations.



Question 23

A.

Atbreak even R(x) = C(x)

5. =0.01x +7.1x = 2.5x + 408

5. —0.01x* +4.6x—408 =0

5 X" +460x —40800 =0
460 V4602 — 4x—40800

2
. x =120 or 340
B.
Local Maximum
(230,121)
x Intercept [r—
x Intercept
(120,0)
(340,0)
| ‘ | | |
T ‘ \ 1 T
=600 =400 =200 600

The maximum profit occurs at the midpoint of the two x-intercepts, which is

p= 2204120 55

Atx =230: Profit =—-0.01x230° +4.6x230—408 =121 units of currency

Note that the vertex corresponds to a maximum value, as the curve is concave down a<0.

It was required that students either explain why the vertex is a maximum value or show it

graphically.



Section II
Part C 13 marks

Attempt all questions.

Answer each question in the space provided.

A blank page is provided at the end of each part to allow rewriting of a question.
Your response should include relevant mathematical reasoning and/or calculations.

Question 24
A. Sketch y =cotx for 0<x <27 on the number plane below. 2
' |
e s = e + X
l\ (j ;MX
Results were binary. Students either knew the
graph or made a poor guess. Only a few seemed
to try to derive it from the graph of tanx.
. T kx
B. Hence or otherwise, show that tan xxtan| x+ 5 =—1] forall x # 5 keZ. 2

Again some students knew the trig identity page 17 0f 33
and could just state it and get the marks.

No students were able to deduce the

identity from the graph.



Most did this well but half a mark was
deducted if students didn't preface each
line until the last line with the limit as h
approaches 0.

Some students did not simplify to
functions of only sin and cos and then did
not get the result. There were many kinds
of errors eg applying Pythagorean identity
when term was not squared and poor
manipulation of fractions.



Students were awarded full marks if they
developed each term, A1,A2 and A3 from the
previous term.



Students needed to have the top line and identify
the GP and the parts of the GP and then apply
the formula for the sum of a GP.

Variable results. Many saw the above
method. Some proved that the general result
using $1000 reduced to the log of a negative
number. This was given full marks.

If students did part C the
way presented above then
they generally got this result
as well.
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Q-

A. Futuce value multiplier = 24-138|
total value > 24-373] x $ Sooo
= $/48 ,890-50
= 448,891

a %gomc’rﬁq secit>. Coqsider the wark allotation o_{ tar ?ueshoq

- Doae well overall . Some  studeats Uanecessarily denvcd e result bv\ .SuMMmS

B. Mdthed 1 - -

TMs futwe VAue = -$35,000 % ([ +0. otﬂ -

= 416y ,33k -2y —
Diffecence in futuce values = $164%,%34%-24 - $14%, zso 50 )

= 15 by3-Fy
Present value installment = $1S 44% 3 = 24-3338)
= $518-63
= $519

Method 2

Present value wultiplier = 1% +$40%
Present value installment

_: = {ég,flg-élf
< Reguired ncrease = $518-64 = §519

- Ma,mj student got  thiy W?aaj, 56!{':/6 valuey that wese aShmDMwAUJ Iujk

Consider he  'peasonableness’ of your  Answer.
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Part E Solutions



Question 31

A. Factorise ¢** +¢*”.

3x 3y x3 y3
et +e =(e') +(e)

=(ex +ey)(ez’r —e'e’ +€2y) A +B =(A+B)(A2 —AB+BZ)

= (ex +ey)(ezx —e +ezy)

Comment:

The poor performance with this question seems to indicate that students are relying too much on the
Reference sheet rather than their memory.

B. Given that ¢ +e” =3 and " + ¢’ =10, find the exact value of x+y .

e +e :(ex +ey)(ezx —e7 +ezy):>10=3<ezx —e +ezy)

e2x _ex+y + eZy — E _(1)
3
Now (e" +e’ )2 =™ +2" +e*
e 42 4 =3 =9 —(2)
@-: 3=
3
et 7
9

: x+y—ln(1—7)
o = 5

This was well done by students who were able to do Part A.

Comment:

‘Ecf” was not awarded in part B where students significantly oversimplified things or wrote things like
5_10
3

e



Question 32

Solve | 2x—1|+8=|3—6x]|.

First step: | 3—6x|=| 6x-3]
o] 2x—1]|+8=3]2x-1|
- 22x-1|=8=|2x-1|=4

Now
|2x-1|=4=2x-1=%4

S 2x—-1=-4 or 2x—-1=4

Sx==15o0r 2.5

Alternative Solution

| 2x—1]+8=|6x-3|

x<%: (2x-1)+8=—(6x-3)
So2x+1+8=—-6x+3
S4x=-6
Sx=-1.5
1
xZE: S 2x—-1+8=6x-3
—4x=-10
x=2.5
Comment

This question was badly done by most students.
Not much care was taken with starting the problem, let alone verifying the solutions.

Most students scored 0.5 per correct solution as little evidence of understanding was present.
Those who showed understanding scored better, e.g. checking validity of solutions etc

Many students thought ‘squaring both sides’ was a method to use. This method was not appropriate here.

For students doing cases (like the alternative solution) they need to be careful:

+a, >-— +a, =0
‘x+a‘= rrd r=d NOT ‘x+a‘= rrd *
—(x+a), x<-—a —(x+a), x<0




Question 33

The graphs of y = f(x) and y = g(x) are drawn to scale on separate number planes below.

y
g1

y=f(x) 6

gr M=l

1 §y=g(x)

4
4

(3]

m, =-1,
f(x)=
mo=_L
2 2’
Comment

x<—4

A'(x)= f(x)+g'(x)=

m,, =1, x<3
g'(x)=
m,=-2, x>3
m, +m, =0, x<—4
1
m2+m4=5, 2<x<3
m,+m,=——, x>3

Students were not penalised if their answer was not expressed in strict piecewise form.

Students were penalised for things like including x = 3 for two different branches.
A function is not differentiable at an end point or at ‘sharp’ points, solutions had to reflect this.
The function f(x) is not defined for -4 <x <2, s0 A(x) and consequently A’(x) cannot be defined for

—4<x<2.

A longer alternative solution is over the page.
This method is not recommended due to the time it takes to write it all out.




(Continued)
Alternative solution

X, x<3

-x—-2, x<—4

f(x)= g(x)=
1
—EX—L x22 —2x+9, x>3
—x—-2+x=-2, x<—4
1 1

Ax)= f(x)+g(x)= —Ex—1+x:Ex—l, 2<x<3

—lx—1+9—2x=—§x+8, x23
2 2

0, x<-—4

S AX)=f(0)+g'(x)= %, 2<x<3

Given that B(x) = f(x)g(x), find the domain of B'(x). 1

B'(x)= f(x)xg'(x)+ f'(x)x g(x)

The domain for f'(x) is the same as f(x) except for the
Similarly, for g(x).

__9

With the addition and product of functions the domain is the intersection of the domains of the
relevant functions. So using part A, the domain of B’(x) is:

(o0, —4)U(2,3)U(3,x) OR x<—4, 2<x<3, or x>3.

Comment

For those students who had the time to do Part A, Part B should have been a quick question.
It is worth 1 mark and students should have taken this into account before they tried to work out a
rule for B(x), let alone B’(x).




C.  Giventhat C(x)=(f°g)(x), find C'(-6). 2

C'(x)= 1 (g)xg’(x)

C'(-6)=1"(g(-6))xg'(~6)

= f7(-6)x1 [ g(~6)=—6; g’(=6) =1 from graph |
=—1x1 [f’(—6):—1 from graph]
=—1

Comment

Students could have used a substitution/chain rule to help them:
C(x)=f(g(x):  Letu=g(x): C(x)=f(u)
d du
C'(x)=— X —
() =—-(f)x—

= f/(w)x g'(x)
= f"(g(x))x g'(x)

D. Given that D(x) = ( gof )(x), show that D'(-5) is undefined. 1

D'(x)=g'(f(0)x f"(x)
D'(-5)=g'(f(=9))x f(-5) | £(=5)=3; f"(~5)="—1from graph ]

=g/(3)x(-1)
Now g'(-3) is undefined as g(x) is not differentiable at x = 3 because (3, g(3)) is a ‘sharp’ point.
~.D'(=5) is undefined.

Comment

Many didn’t get here, but for those who did it might have been better if they had put the time into earlier
questions.

End of solutions






