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General Instructions Total marks — 70

Section I Pages2-6

& Reading time — 5 minutes 10 marks
+  Working time — 2 hours ¢ Altempt Questions 1-10
+ Write using blue or black pen e Aflow L5 minutes for this section

T

Black pen is preferred
s Board-approved calculators may be used .
« A ftable of standard integrals is provided | SeetlonII Pages 7-10

at the back of this paper - 60 marks .
s Show all necessary working in e Attempt Questions 11-14
Questions 11-14 ¢ Allow | hour and 45 minutes for this section
Disclaimer

Every effoct has been made to prepare this Fxamination in accordancs with the Board of Studies documents. Ho guerantze or warrenty is made or
mplied thit the Examination paper mimmors in every respect the sctual HSC Faamination question paper in this course. This paper docs pot constitele
*sdvice’ nor can it be construed 23 an awthoditalive inferpeztation of Board of Studies intentions. No Hability for any relisnce, use or purposa related to
this paper is taken. Advice on HSC examination fssws is onfy to be obtained from the NSW Board of Studies. The publishér does not accept any
responsibility for socuracy of pepers which have betn modified.
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Section I (10 marks)

(1) The points 4, B, C and D lie on a circle centre O as shown in the diagram below, where

@

1)

AE=x, DE=8, CE=6 and BE=9,
B

D

Which of the following is the value of x?

A) 12
B) 675
© 11
1
D) 2

The acute angle between x—3y =6 and y=3x+5is #. What is the value of tan8?

a 1

03)5

(Cy -undefined

™ 3

Which of the following points divides the line segment from
A(-3.2) to B(5,~2) externally in the ratio 3:17

@ (74
® (3
© (4
® (47
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() Which of the following is the mumber of nine-lefter arrangements that can be formed 1 . . sin ¥ cos v +cos xsin
from the letters in the word COMMITTEE? : (7)  Which of the following equates o {jy - X
(%1350 2x+2y
(A) 45360 |
(B) 60480 ‘ ®
(Cy 504 sinx+siny
®
o o
©
(5) If 4x? +5x—-4=A{x-1) + B(x~1)+C, which of the following in the value of B? 1 O 1 _
5 -
Ay S5
®) 13 : . (8) Giventhat f(x)=sin"(cosx), which of the following is a correct statement?
“© 1 . sinx
_ @ S
©® - '
® S(x)=-
(6) Which of the following is the range of y= 4tan™ 2 1 © '(-") -
ich o g 4 y= 5 ﬁ
(A) {y:0<y<dn} A

(9 If(x+2) and (x—3)are factors of P(x)=x" —3x* —4x+12, which of the following is

®) {yi-w<y<a}
the value of the third reot for ¥* 33 —dx+12=07

© {y:i2z<y<2nm}

“ 2
@ {yi-2wsyson : ®) -84

© 0

® -8
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(1) Pind the values of x such that|x+2|+|[xr-2|=4?

A)
®)
©

®)

frix=-2,0,2}
{x:xs20rx22}
{v:-2<x<2}

{x:x=-2}

Section IT
Question 11 (15 marks) Use a SEPARATE writing booklef.

MEMIDIS_EXAM

a_b
Simplify 24
@ plify at+b
(® (@  Write down the identity for cos(4—B).
(iiy  Henceshow thatcos15® = ‘/_2—:‘@
&)  WhenP(x)=x"+2x*+x+kis divided by {x—1)the remainder is 6. Find .
(d Solve 2 < l
X
Jfig
(e) Evaluate I xvx? =1 dx, using the substitutions =x* —1.
1
t+h)-f{t
() Let f(x)=2x"+3. Use the definition f'(r)= ﬁm[w] to find
A0
the derivative of f{x)at the point x=1.
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Question 12 (15 marks) Use a SEPARATE writing booklet.

(&)

(®)

)]

()

Solvecos2x=2sinx, 0<x<2m.

A committee of 4 people is formed from 5 men and 6 women.
(i} How many different committees could be formed.

{ii) How many different committees with a majority of women could be
formed.

In the fipure below 70 and TR are tangents to a circle centre O. P lies on the
circle and 08=SP. ZQRT =&’

i) Show that ZRSQ=2¢.

@iy  Hence show that SQTR isa cycﬁc quadrilateral.

1
1+x

Consider the function even function f(x)=
(i} Prove that y = 0is a horizontal asympiote.

has only one stationary point, a maximum at

(i) Showthat f(x)=

(0,1).

1
1+%°

1
i+x°

(iii) Without finding any points of inflexion, skefch f{x}=

(iv) Find an expression of y = £ (x); an inverse function of y = f (x)

Question 13 (15 marks) Use a SEPARATE writing booklet.

@

®

©

{d)

X = 4ay

P (2ap.ap’)

In the diagram above P (Zap, apz)ancl 0 (2aq, aqz) lie on the parabola
x* =4ay. PTis a tangent at P and OT is a line parallel to the y-asis.
(iy  Show the tangent to the parabola at P is y=px —ap.

(ii)  Find the coordinates of T.

(iify Find the co-ordinates of 3, the midpoint of PT.

(iv) Given that pg=-1, find the locus of M in Cartesian form.

Tt is known that a root exists for x—l—\/.— =, between x=0andx=4.By
taking x, =2 as the first approximation to this root, use Newton’s method
once to find a better approximation correst to two decimal places,

Prove by mathematical induction that 3" + 5is divisible by 8, when n1is an
odd number and #21.

x

2
(i) Show that Isin2 xdx =%.
i

(i) Hence or otherwise find the volume of the solid of revolution when the
area bounded by the graph of y=sinx+], 0<x< -’25 and the x-axis is

rotated about the x-axis, Leave the answer in exact form,
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Question 14 (15 marks) Use a SEPARATE writing booklet. Q ATS 2016 HIGHER SCHOOL CERTIFICATE
® ) (x—1)isafactor of P(x)=x"~5x"+8x—4. Use the long division to 2 —— MID-YEAR EXAMINATION

. Qeafify Lssesezdat sl
express P(x)as a product of linear factors.

‘ MATHEMATICS EXTENSION 1
(i) By graphing P(x)=x"—5x"+8x—4and finding the relevant 2 MARKING GUIDELINES

stationary point, find the value(s) of m so that
%' —5x +8x —4 —m=0has exaclly lhree solutions.

. ; s Section I
(b)  Anextension One class is made up of five girls and four boys. A class

photograph is taken where all the students sif on a single long bench next to Multiple-choice Answer Key
one another. In how many ways could they sit so that: :

ti Answer
(i) The girls and boys sit in alternate scats. 1 Quc.ls - “i <
. ) : 2 B
(i) The girls sit together and the boys sit together. 2 3 C
. d ( ; 4 A
iy  Show that —| tan™| — || =——. 3 B
© © dx[ [xJ] X+l 2 3 C
7 D
. 4 a1 8 B
(iiy Hence prove that tan™' x +tan™ | — |=¢ (where ¢ Is a constant) and find 2 9 A
x
the value of ¢ for x> 0. 10 ¢
C
@
B .
In the above diagram, both AdOCand ABOC are right angles.
LCA0 =45, ZCBO =0 and ZACB=120°. AO = hmelres.
K K
(i)  Use the cosine rile in AAOB to show that AB* =4 + -+ —— "3
tan" & tané
(i) If 4B= 12 and k=2, use part (i) to find the value of angle 2, 1
Disclaimer

END OF PAPER

Every ¢ffort has been made ta prepare this Examination in sccordance with the Board of Stadies documents. No goarantes or wamanty is made or
mplied that the Examination psper mirors in every respect the actusl HSC Examination question paper in this course. This pzpec does not constitute
*advice” not canl it be comstred 25 an suthoritative interpretation of Board of Studics intentions, Mo Liability for any reliance, use or prpose related to
\his paper 1s taken, Advice on HSC examination issues is only ta be oblained from the NSW Bourd of Studies. The publisher does not accept any

10 TESpOnsIDIiTy T0F 2000140y Gf Ppels WHKA have been modied.
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Section 11

Question 11 (a)

Criferia

Marks

¢ Correct answer

.
P

s Achievés
ab  a+h

Sample answer

a b

wvgoi;. = a1 _bl X;
ath ab  a+b

_(a-b)(a+b) 1
ab {a+b)
:(a—b)

ab

Question 11 (b} (i)

Mark

Criteria

» Correct answer

" Sample answer
cos{ A4~ B)=cos Acos B+sin 4sin B

Question 11 (b) (ii)

Criteria

Marks

s Correct solution

2

1.1 3 1
2

¢ Achieves —X—=+
2 2

Sample answer
cosl5® =cos (60" ﬁ45°)

Ll B
2702 27
1443
N
_1+3 2
oz 2
_V2+6

4

Question 11 (c}

Criteria Mark
s Correct answer 1
Sample answer
P(1)=0
1+2+1+k=6
k=2
Question 11 (d)
Criteria Marks
s Correct solution 3
o Achieves x{x+2)(2-x)>0 2
1

*  Achieves 2x" (x+2) <x (x+2)2

Sample answer

x#0,-2
2 1
P
2x* (x+2)<.1r(x+2)2

x(nr+2)2 ~2 (x+2)>0
x{(x+2)[x+2-2x]>0
x(x+2)(2-x)>0

x<2orl<x<2
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Question 11 ()

Criteria Marks
¢ Correct solufion. 3
9 2
1 1
¢ Achieves SJ‘u2 du
0
¢  Achieves u=0and n=9 1

Sample answer
y=x"-1
x=+/10-»u=9
x=1 —>u=0
u=x"-1
du=2xdx
lafu=xal\7
2

Jig

fet I = J..w'xl—I dx

Question 11 {f)

. Criteria Marks
¢ Correct solution - 3
2% +4th+ 20 +3 (2" +3) 2
e« Achieves /'(f}=1im
h—0 h
s Writes down f{t+h) and f{1) 1
Sample answer
Fé (x)=2x2 +3
Flt+R)=2(t+hY +3
=202 +dth+ 2k +3
SO =21 +3
£ 2+ 4th+ 20 +3 (2 +3)
1 t =i
iyt 2
., (4l 20
liml ™
k-0
=4t
Question 12 (a)
Criteria Marks
s Correct solution 3
s Achieves two correct answers 2
s Achieves 1—2sin? ¥ =2sin’ ¥ 1

Sample answer
cos2x =2sin’ x

1-2sin® x =2sin’ x

4sin® x =1
sinx::l:l
2
o7 57 7x Ux
6’6’6 6
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Question 12 (b} (i)
Criteria Mark
¢ Correct answer ) 1
Sample auswer
e, =330
Question 12 (b) (i)
Criteria Marks
+ (Correct answer 2
¢ Achieves either 110 or {5 ) 1
Sample answer
S0 €45 C, =100+15
=115
Question 12 (¢} (O
Crlteria Marks
s Correct proof 2
o Achieves ZRPQ=a (Angle in the alternatesegment) i

 Sample answer
ZRPQ=a  (Angle in the alternate segment)

£8SQP=«a  (baseanglesof anisosceles triangle)
LRSS0 =2¢ (exteriorangleof atriangleis equal to the two opposifeinierior angles)

Question 12 (¢ (ii)
- Criteria Marks
e Correct proof 2
¢ Achieves ZTRQ=/ROT =cx . 1

Sample answer 7
RT =TQ {tangents to z circle from an exterior point are equal)

LTRO = ZROT =« (bascanglesof an isosceles triangle)
Sirice ZRSQ+ ZRTQ =20+ (180 -2cx)
=180"
=~ SOTRiscyelic (oppositeangles of acyclicquad are supplementary )

Question 12 (d) (i)

Criteria Mark
¢ Correct proof i
Sample answer
1
Horizontal asymptote = lim
ronssympor =l -
1
2
=Hm] =%
Pl _l_+I
o)
.0
1
=0
Question 12 (d) (i)
. Criteria Marks
» Correct working 2
—2x 1

o Achioves f'(x)=

Sample answer

JIr(x)$1+1x2
=(I+x2)—1
PG s
(l+x2)

Stationary points occur when f(x)=0
—2x

x=0 pt{0,1)
x 101
Feg |+ 10 -
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Question 12 (A} (jii)

Criteria

Mark

e Correct diagram

Sample answer

Question 12 (d) (iv)

Criteria

Mark

o Correct answer

Sample answer
i

1+x?
forinverse

y:

.‘.f"(x)=‘f§ or f(x)=-

1-x

X

Question 13 {a) (i)

Criteria

« Correct proof

s Achieves f'(2ap)=p

Sample answer
x* =day

x!
'k
, X
Y %
y'(2ap)=p
Equation of tangent
y—ap® = p(x—2ap)
y—ap® = px—2ap*

y=px—ap’

Question 13 (a) (if)

Criteria

Mark

s Correct answer

Sample answer

Substitutex = 2aq in y= px—ap®
- y=2apq—ap*
s T= {2aq,2apg—ap2}

Question 13 (a) (iii)
- Criteria

Mark

s Correct answer

Sample answer

M= {2ap +2ag 2apg-ap’ +ap-1 }
2 2

={a(p+q).apq}
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Question 13 (a) (iv) Question 13 (c}
Criteria Mark Criteria Marks
e Correct answer I ¢ Correct proof 3
s Makes a substitution in step 3 {from step 2) and proves LHS=RHS 2
Sample answer e Provides clear steps similar to the first (hree steps below i
M ={a(p+q),apq}
Therefore the locus of Mis y=—a. Sample answer
Let f(m)=3"+45 _
Step 1: Prove the expression is tme for n=1
Question 13 (b) F(1)=3" +5=_8 which is divisible by 8
Criteria Marks
¢ Correct answer 2 Step 2 : Assume the expression is true for n=k, where k is an odd number
s Correct working with some arithmetic errors 1 3 +5=8M  where Mis an integer
3 S8M -5
Sample answer
Let f(x)= xleafx Step 3 : Prove the expression is true for n=k+2
) 1 Sh+2)=3"+5
r@=1-——= .
2y =9(3)+5
[ =2-1-2=-041421 =9[8M -5]+5 fromstep2
Ja0)! ZI"TIF =0.64645 ~72M-40
242 =8[9M -5]
L x =g 2142 fk+2) is divisible by 8
T 0.64645
=2.6407 Hence if the expression is true when n=k, it is {rue when n=k+2
=264 (2decimalplaces) But the expression is frue for n=I, .. it is true when n=3
If true for n=3, it is irue when n=5
Therefore the expression Is true for all positive n21 where » is odd.
10 11
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Question 13 (d) (i)

Question 13 (d) (i)
Criteria Marks Criteria Marks
« Correct proof 1 s Cormrect answer 1
z x 1
z Achi +x[-2cosx+
¢ Achieves Tsm rdx——l—[ —eos2x dx 1 * Acuoves 7 4 ﬂ[ cos¥ Y]
i} 23 x 1
Sample answer ¢ Achieves ¥ = :ﬂtI (sinx+1)2 de
x x
- 1%
Ism xdx =§I1—c032x dx Sample answer
o
Ed H R
1[ 1., ]2 V=n|{sinx+1) dr
=—| x——sin2x
2 2 o o
x
1~ 2
=—d[ ==0|-{0-0 = 2 :
2{(2 ] ( )} ﬁ_o[(sm x+2sinx+1) de
_Z E3 z
4 :ﬂ'isinzx dr+frT2sinx+ldx
0 0
Fid A
= (Z]+1r[—2cosx+x]0§
—”—zwr 0+£}—(—2+O)
4 2
2 2
I +Z von
4 2
2
= [3L+2HJ units®
4
Question 14 (a) (i)
Criteria Marks
¢ Correct answer 2
» Makes a positive attempt at answer i
Sample answer
Using log division
P(.\f}:(x—l)(.\:2 ﬁ4x+4)
=(s- 1)(x-2)
12 MEMID16_GUIDEEINES 13

MEMIDL6_GUIDELINES




Question 14 (a) (i) Question 14 (b} (i)
Criferia Marks Criteria Mark
» Correci solution 2 ¢ Correct answer 1
s Correct graph and finds relevant stationary point t
Sample ansver
Sample answer Number of ways =5k 41=2880ways
y - "
Question 14 (b) (ii) .
Criteria Marks
¢ Correct answer 2
/.\. ' . » Notes 5b¢4lor similar 1
t I :
! ! ! Sawmple answer
Number of ways =54 21=5760 ways
Question 14 {¢) (i)
1t Criteria Marks
e Correct proof 2
Now L
P(x)=x"—5:" +8x-4 e Achieves either o ;11
P'(x)=3x"~10x+8 I+;§‘ ¥
Stationary points occur when P'(x)=0
3x-10x4+-8=0 Sample answer
(3x-4)(x—2)=0
d aft i -1
=3, ot L ol | el ey
3 x x 14+ x
x
(s
3 2 41
x =5z +8x—4—-m=0
-5 +8x—4=m
fe. y=x"—5x"+8x—4and y=m
L0em< A
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14 (o) (i)

Criteria

Marks

s (Correct answer

2

s Caorrect proof or find ¢

1

Sample answer
Prove

d tan™ x +tan™ l] —d—
& x d'c
%’ +1 x+1

0=0

1
‘tan”' x+tan” ( J—
x

For ¢ substitute x=1
c=1fan' 1+ tan 1

c=—
2

Question 14 (d) (i)

Criteria

Marks

o Correct solution

»  Works positively by using the cosine rule

o Achieves OB =L
tan &

Sample answer
OC=h

2
AR =R 4T —{2xhx L
tan” & tand

2
=h1+h—2+(hx A J
tan* @ tan g

W s
E R
tan‘f# tand

X oS 120“}

=h+

Question 14 (&) (i)

Criteria

Mark

s Correct answer

Sample answer
4 4
gt
tan‘d tang
4 4
=gt
fan“ & tand
1 1
fan“ & tand
2tan’ O —tanf—-1=90
{(2tan&+1)(tan g -1} =0

12=4+

tan0=—l,1
2

tan#=1 {asd <90}
8=45°
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