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Section 1 (7 marks)

Which of the following is a simplification of the expression ; 9
?_2a+4
Ay g Teatd
(&) 3
? ¢ 2a+4
B a’+
®) 3
a+2
© -
at -4
) 3
If 7 . p+qﬁ , which of the following statements is true?
322
& p=1
21
® 175
7
© k Py
9
™ 177y

Which-of the following is the derivative of > ! 3
=

@ 3in(z-3)

-1

®) 2(2x-3)

1 2
© (-3

_2
(D) (21__‘3)2
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Which of the following equations describes the locus of all points
with vertex = {~2,~2) and directrix y=2 .

A

®)

©

)

(x+2) =-16(y+2)
(+-2)' =-8(y-2)
(y+2) =-8(x+2)

(y-2) =4(x-2)

Isinx= % and cosx <0, which of the following is a correct statement?

(A)

®)

©

)

12
cosx=—
13

13
cosecx =——

12
5
fany=——
12
5
seCxX=———
13

Which of the following is the domain of the function y =vx*—4 +—1— ?

A)
B
©

™

x-2
Domain ={x:-2<x <2}
Domain ={x:x<20rx>2}
Domain ={x: all realx, x#2}

Domain = {x x#12)

@

Which of the following pairs of inequations could describe the shaded region in the
diagram above?

(A) yz27-1 and psx’-I
) ¥»=<1-2° and yx -1

© y$2°-2 and ys(x+1)3

@) »22"-1 and yz(x-1)
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Section I )
Question 8 (15 marks) Use a SEPARATE writing booklet.

Question 9 (15 marks) Usea SEPARATE writing booklet.

3
@ Solva a_a=2_ 5 (a) Evaluate Z(;(r+ l)r . 1
. 3 4 "~
(b)  Ursula started a new job at a starling salary of $42,000, Each subsequent year
Fvaluate lim 2a° +a-10 her annual salary increased by $1600.
(b) a3 aZ —4 *
(i  Find Ursula’s salary in the 15% year. 1
(© The gradient of tho curve y= 1 (x) is given by /'(x)= ¥ +1. The cur;re (i)  Find the total amount Ursula will earn in the first 15 years. 2
23 . . (iii)  If Ursula saves 25% each year of her annual salary, how many years 2
passes through [l,gj . Find the equation of the curve. does she need fo work fo save $§327600.
(d) Find the sum of the following series 3,9,27,— ———— L6361, 2t
x—
If y=
© Y 2x+1
{e) B(-11,8) Not to scale p s ,
(i) Show ihat LA 7
d (2x+0)
C (0,4) (iiy  Find the equation of the norrmal o this curve at the point P[%, 0] i 2
(i) Find the co-ordinates of (0, the other point on this curve where the 2
tangent is paralle] to the tangent at P,
Xx
A(2,0)
(@) Inthe diagram below, ABisparallelto CDand £BDC = ZACD =a®.
In the diagram above, A =(-2,0), B=(~11,8)andC = (0,4).
A b i B
(i} Find the gradient of AC.
(iiy Hence find the angle of inclination of AC (answer fo nearest minute).
(i) Find the equation of line AC, Notto seale
(iv) TFind point A, the midpoint of AC and hence show that MB is
perpendicular to AC. D > C
(v} Hence deduce what type of triangle is ABC, providing clear reasons. (i}  Show that AE=EB. 1
(ity  Prove that AACD = ABCD. 2
(iii) Hence prove that ZADE = Z/BCE . 1
7
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Question 10 (15 marks) Use a SEPARATE writing bookiet.

@

(b

©

(@

During an orienteering race, Abdul and Ben set off from the same starting

point 0. Abdul {4) ran at a bearing of 60° T', while Ben {B) ran at a bearing

of 100° 7. After 3 hours the distance (4 was equal to the distance AB.

(i)  Draw a clear diagram representing this information and explain why

ZA0B=40".
iy If OB =14%m, find the length OA (to the nearest k).

(iii} Find the bearing of 4 from B,
Differentiate the following with respect to x.
x
i =2xfan| — [.
® (2)

Gy »= cos’(3x-2).

“In the diagram below, the curves y=4sin2x and y =-4cos2y, 0=x S%

meet at A, = dsin(2x)

p=-deostix)

(i) Byequating the two equations y=4sin2x and y=-—4cos2x;and
solving simultaneously, show that the x-coordinate of A is x= 3?” .
iy Hence, find the exact area of the shaded region.

A curve is defined as y=8sinzx—drx-3, 0<x<2

0] Find the x-values of all stationary points in the above domain.
(do not determine their nature)

(ify Find the x-value of the point where the curve is increasing at the
greatest rate.

Question 11 (15 marks) Use a SEPARATE writing booklet.

@

®

(c)

(@)

Five values of the function y = f(x)are shown in the table below.

0 2 4 8 16

X
7o) i 4 8 14 25

16
Using the table (5 ordinates) and Simpson’s rule, evaluate J‘; F(x)de.

For wha values of k does the quadratic & +(2& ~3)x+2=0have real
roots.

y=f

/

The above diagram is a sketch of the gradient function of the curve

y=f(x).

(i) Giventhat f(0)=0, draw a sketch of the function y=f (x).

a
(ii} Hence or otherwiss, evaluate I I ('c) dx, where a is any real value.
—a

¥

i
The glass ornament above has a shape obiained by ratating part of the

2
parabola x = %, 0 < y <a; about the y-axis. The glass has a height of @

om. If the volume of the glass is 200m om’®, find the vaive of a.

Question 11 continucS over the page

MMID16_EXAM

MMID16_EXAM




Question 1 (conlinued) : - | QATS 2016 HIGHER SCHOOL CERTIFICATE

petsrm——s MID-YEAR EXAMINATION
()  The figure ABCDE below tepresents a paddock of perimeter 48 metres. The MATHEMATICS
sloping sides AR and AE are equal in length with each being 30% longer than MARKING GUIDELINES
the horizontal side CD, where CD= x meires. The vertical sides ED=BC=y '
metres.
A
Not to scale Section I
Multiple-choice Answer Key
E B
Question | Answer
J metres ¥ mietres 1 B
2 A
D C 3 D
X niefres 4 A
5 C
6 B
@ Prove that y= (24 - % xj melres . 1 7 D
(ii) Hence find the maximum possible area of the paddock. 3

END OF PAPER

Disclaimer

Every effort has been made to prepare this Examinztion In accordance with the Board of Studies documents. No gurantes or wirrenty s made or
imptied that the Examination paper mirrors in every respect the ectual HSC Examination question paper in this course. This paper does il constitute
tadyice’ nor can it be construed as an authoritative inferpretation of Board of Studies intentions. o Hability for any reliance, nse of purpose related to
this paper Is teken. Advice on HSC examination i3sues Is only to be obtained from the NSW Doard of Sidies. The publisler does not eccept any
responsibility for ecturacy of papers which have been modified.
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Section I1

Question 8 (¢}
Criteria Marks
Question 8 (a) ¢ Correct solution. 2
Criteria Marks ] R 1
+  Correct solution 2 » Achicves £ (x)=?+x+c
+ Achieve da—3{a—2}=24 1
Sample answer
Sample answer F(x)y=x"+1
a_a-2_, 2
3 4 f¥)=—+x+c
4a-3(a-2)=24 2_1,
4a-3a+6=24 §~54_ +e
a=18 el
T3
Question 8 (b) &
Criteria Marks F) =t
»__Correct solution. 2 3 3
. 2a+5)a-2 1 .
*  Achieves lim M Question 8§ (d}
a2 (“ - 2)(“ * 2) Criteria Marks
+ Correct solution 2
Sample answer s  Achieves n=38 1
i 2a* +a-10) . (2a+5){a--2)
im | == =lim *—F—= Sample answer
a2 a4 a2 (a_z)(a+2) amp i-i: swel
1 (2a+5) T, =ar .
"% (at2) 6561=3(3)
9 2187=(3)"
4 37 - (3)11-1
n=§ .
a(r" —1)
" el
3(2% -1
e
3-1
=9840
MMID16_GUIDELINES 2

MMID1§_GUIDELINES




Question 8 (e (i) Question 8 (e} {v)
Criferia Mark Criteria Mark
e Correct answer 1 » Correct answer and sxplanation i
Sample answer Sample answer
o 4-0 ABC is an isosceles triangle AB=BC (perpendicular bisector of AC passes through B.)
€042 :
Question 9 (a)
Question 8 (¢} (i) Criteria Mark
Criteria Mark ¢ Correct answer 1
¢ Correct answer 1
Sample answer
Sample answer 2 r_ _
tangd =2 Z:O(r+l) _1+2+9+64u7§
8=63°26 '
Question 9 (b) (i)
Question 8 () (iii) Criteria Mark
Criteria Marls + Correct answer 1
¢ Carrect solution 2
s Uses correct formulae and either point 4 or C l Sample answer
a=%42,000 4=31,600
Sample answer T, =a+(n-1)d
m=2 C=(0,4) !
T, = 42,000+ (14%1600) .
ny=2eid $64,400
2x-y+4=0 R
Question § (e) (iv) _— Question 9 (b) (i)
. ' Criteria Marks Criteria Marks
¢ Correct working and solufion 2 v Correct solution 2
» Achieves M, =(-12) ! e Uses the answer obtained in (i) into correct formuiae or uses other formulae 1
correctly
Sample answer
M= (_], 2) Sample answer
o872 1 5, = {a+l)
M-t 2 s
For perpindicular Sis = 0 {42000 + 64400}
My X ige =1 =$798000
2x L ~1
2
~I=—I
4 MMIDI6_GUIDELINES 5
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Question 9 (b} (iii)

Question 9 (c) (i)

Criteria Marks Criteria Marks
» Correct solution 2 s Correct solution 2
»  Achieves 2p° +105n-3278 =0 or similar 1 o Uses m=-1 i
Sample answer Sample answer
1y 4
a=10500 d =400 I[EJZTI
n
S ‘_‘5{2‘“‘(" _l)d} Fornormalm =—1 {(m xm, =-1) p!(%,O)
327600 =2{21000+ (1) 400} y_o=_1[x_%J
327600 = 10500n + 2001 — 200n 1
2 +103n-3276 =0 yETEy
n=—103i~.1'10609+26208 2y=-2x+1
4 2x+2y-1=0
_ -103++/36817
- 4 Question 9 (c) (lii)
~103+161.9 Criteria Marks
e o Correct solution 2
=22.225,~713.7 * Achieves 4+ (2x+1)° 1
=23 (n>0)
Sample answer
Tt will take 23 years. % =1
(2x+1)
Question 9 {¢) (i) 2
Motk 4=(2x+1)
Criteria 2x+l=142
e (Correct working 1 = l 42
T2 2
Sample answer 3
_2x-1 Answer=(—5.-,2)
Y 2x+1
. (2xan)x2-(2x-1)x2
(2v+1)" - Question 9 (d) (i)
4x+2-4x+2 Criteria Mark
=y ¢ Correct proof 1
(2x+1)
4 Sample answer
= (21' +1)2 ZEAB=/ACD =« (alternate angles in prallel lines AB parallel to CD)
FABE=/ABDC=a {alternate anglesin prallellines AB parallel to CD)
Since LEAB = ZABC
s AE=EB (equal sides of an isoscelestriangle ABE)
6 MMID16 GUIDELINES 7
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Question 9 {d) (ii)

Criterin Marks Question 10 (a) (ii)
o Correct proof 2 Criteria Marks
s Uses correct test and working with one mistake or no reasoning 1 e Correct solution 2
» Achiew o4 M :
Sample answer “sind0° _ sinl00°
Prove AACDz=ABCD
DCliscommon ‘ Sample answer
ZACD = ZBDC (given) o4 _14
AC=BD  (since AE = EB(provenyand ED = EC equal sides of an isoscelestriangle ECD) sind0  sin 1 00
v AACD=ABCD (S.45) 4 = 14sind0
sinl00
=9.13785km
Question 9 {d) (iii) . =9km (nearest km)
Criteria Mark
¢ Correct proof 1 Question 10 (a) (i)
) Criteria Mark
Sample answer * Correct answer 1
LADC = Z/BCD (corresponding angles incongruent triangles are equal)
But ZBDC = ZACD (given) Sample answer
o SADE = Z/BCE Bearing of Afrom B =270+10+40=320°T
Question 10 (a) (i) Question 10 (b) (1)
Criteria Marks Criteria Marks
¢ Correct diagram and proof 2 o _Correct answer 2
o Use the product mle with one error !
Sample answer
Sample answer
y=2xtan [fj
60 E X xy 1
y'=tan(5Jx2+2xxsec2 [5}(5
0 x X
=21tan —] +xsec [—)
2 2
From diagram
ZAOB =100-60
=40°
8 »ID16_GUIDELINES 9
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Question 10 (b) (ii}

Question 10 (¢) (ii)

Criteria Marks Criteria - Marks
o Correct answer 2 ¢ Correct solution 2
the chain rute wi 1 g 1
s TJses the chain rule with one error «  Achisves [u2c:032x+235n2x]§
Sample answer
=cos’ (3x—2 Sample answer
¥ =cos E x—2) b
'=3cos [3x—-2)x—sin(3x—2)x3 H
d E ) , ( ) A= I4sin2x+4cos2r dx
=—9cos” (3x—2)sin(3x-2) i
3r
={—2cos2x+2sin2x|s
L
Question 10 (¢) (i) =-2[cos2xv—sin2x]3
Criteria Marks 0 1 1 -0
» Correct solution 2 = _ﬁ"'ji‘ﬁ( )
e Achieves fan2x=-1 1
2
e
Sample answer N
4sin2x = —dcos2x 4 by
=| —=+2 {units
tan2x=-1 7
5 3= I
YU Question 10 {¢) (i)
Ir T Criteria Marks
BEREE e Correct solution 2
1 - « Achieves 8xcosax—4r =0 I
x=22  (0=sx<Xy
8 2 Sample answer
y=8sinzx—4mx-3
- y'=8mcosnx—4mw
Stationary points occur when y'=0
8mcosax—dr =0
1
COSTTY =—
2
x5
rx ==
3173
15
x==,=
3’3
10 MMID16 GUIDELTNES 11
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Question 11 (b)

Question 10 (d) (i)
- Criteria Mark Criteria Marks
s -Correct solution i ¢ Correct solution 3
e Achieves A=4k*-20k+9 2
Sample answer * Notesthat A>0 1
Point of inflexion oceurs when y* = 0and concavity changes.
¥=—8x* sinzx Samiple answer
. 2. Real roots occur when A2 0
~—8m sm;rx=0‘ 2
sinmx=0 A=(2k—3) -8k
ax=m2r Q<x=2 =d4k% 12k +9-8k
x=12 =45 -20k+9
45 -20k+920
x [ 15]2]25 (2k-1)(2k-9)z0
FE+ 0] - . o
sks— or kz-
Answer: x=2 2 2
. r . — H H
(Note: f'(1)=-12 hence at x=1, the curve is decrcasmg) Ouestion 11 (e) (i)
. Criteria Marks
Question 11 (n) — Marks ¢ Correct solution 2
- Criteria i +  Makes a positive attempt towards answer 1
s Correct solution 2
¢ Uses correct weighting and Simpson’s rule with a maximum of two mistakes t Sample answer
Sample answer "’
x 0 2 4 8 16 61
fx) 1 4 8 14 25 T
Weight 1 4 2 4 1 T
Result 1 16 16 56 25 j T
¢ 2 L =
?[ Sx) de=2(114) 3 2 T ot 3
- _2_.-
=76 units* 3
. <l
KHES
64
Question 11 (c) (ii) .
Criteria Mark
s Correct answer 1
Sample answer
a
_f f(x) de =0 from diagram- odd fimction
—-a
12 MMIDI§_GUIDELINES 13
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Question 11 (d} Question 11 (e) (ii) _
Criteria Marks Criteria Marks
«  Correct sélution 3 s Correct solutions g
o Achieves 2007 _7 [y’]a 2 s Achieves A= 24.7:—-2—);1
9  5x900t 0 - 1
3 1 ; =
«  Obtains ¥? =2 s Achieves k =5%
200
Sample answer
Sample a!lSW: r 4 Let the height of the triangle AEB = h
2007 _ 2 dy - 3
9 p 900 he ‘169): X
00 4
2007« [ j:la -
9 5x000L” 0 e
100000 =[a* 0] v as
_ h=—x
a=10 3
A= .\y+lxx><§x
Question 11 (¢) (i) 27775
Criteria Mark _ xy+§x2
s Correct proof i 5
=¢{24-2x): 32
Sample answer =x —gx +§x
13
48:x+2y+2(i_5x) =24I_§x2+%x1
13 6
B=xs2yr—x A=24x—=x
5 s
18
2y:48~w5~x : A'=24—E:c
5
y= 24% x Ar=0
24ﬁ2x =4
5 .
24= Ex
5
x=10
12
AII ) =—2
(x) s
12
nAY 10y =2
(10 S
. maximum
A=240 —2(100)
=120 m
14 MMID16_GUIDELINES 15
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