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General Instructions

Reading time — 5 minutes

Working time — 2 hours

Write using blue or black pen

Board-approved calculators may be used

A table of standard integrals is provided

at the back of this paper

+ In Questions 11-14, show relevant
mathematical reasoning and/or
caleulations

» Answer cach question in a SEPARATE

writing booklet, Extra writing booklets

are available

*

Total marks — 84

10 marks
e Aftempt Question 1-10
¢ Allow about 15 minuies for this section

Pages 6-9

60 marks

o Aftempt Question 11-14

o Allow about 1 hour and 45 minutes for this
section

+

Disclaimer

Every effort has bten mads to prepare this Examination in accovdance with the Board of Studies docaments. No guasentes or waranty is made or
jmplicd that the Examination papec mirtors in every respest the actual HSC Exeminaticn question paper in this course. This paper does not constitute
*advice’ por can it be construed as an anthoritative m!r(prelallon of Board of Studizs intentions. Mo lisbility for any refiance, use or purpose retated to
this paper i3 taken, Adyice on HSC exemination issues is only to be obteintd fiom 1t NSW Board of Studies. The publisher doos nod accepl amy

resporsibility for accuracy of papers which have been modified.
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2015 HIGHER SCHOOL CERTIFICATE 3 Giventhat 4=(4,—1) and B=(-3,5), which of the following divides the interval
TRIAL EXAMINATION AR externally in the ratio of 3:27
MATHEMATICS EXTENSION 1

(A) ([8,—13)
Section I
® (L3
10 marks ’
Attempt Questions 1-10 © (-17,17)
Allow about 15 minutes for this section ; ’
* @) (6,2)

Use the multiple-choice answer sheet provided for Questions 1-10

1 When the polynomial P(x}=x"+2x"+k is divided by (x+2), the remainder is 3. 4 Which of the following could be the equation of the graph y = P(x) ?

What is the value of £ ? Y

A 3

= Pfx
® 13 ¥y = P(x)
< 19
o 0

_é zl X
2 Points A, B and C lie on a circle centre O, Given that Z40B =;’—]2r radians , which of

3
the following is the size of ZACB? &) y=-2x(x-2)(x+2)
@ y=ax(2-x) (x+2)
© y=-3(¥*-4)

1)) I =3.‘r(.‘r+2)2 (x-—2)3

5 Which of the following is the general solution of sin% = g ?
I
(A) 3 n e
(A) x= 47mi?, where n is an infeger
T
B - b3 o
12 @) x=2rn +§ , where r is an integer
147z
C —
© 3 {C) x=2rn+ (71)" xz—:— , where » is an integer
T
@) 24 : (D) x=dzn+{-1) x%r , where n is an integer
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6 A curve is defined by the parameters x=2sin8, y=cos28. Which of the following

represents this curve in Cartesian form?

(A) Pyt
x‘2
=1-2
®  y=1-3
) y=2x+1
; X
]
o™ F=3
5 8
7 Which term is independent of x in the binomial expansion of [-—;uiix’) ?
x
@ GO
(B) 28x4x729
© G
© G

8 Which of the following equates to sin [cos" (—%J] ?

J3
A X
4 2
z
® 3
V3
C A
© 2
1
® -3
[} Which of the following is the inverse funclion of y = ¥ —6x+8 ?
(A y=3% Jx-1
® y=30th
(C) y=~x+l
@ y=3+Jx+l
METRIS_EXAM

A pariicle moves with velocity v=+9—x? . Ifinitially the particlé has displacement
p j

x =3, which of the following is the displacement equation with respect to ¢ 7

10
(A)
®
©
)
METRIS_EXAM

x=cos[f—£}+3
2

x:3sin(r+£)

2

x=2—sin[r—£)
2

x =3—cus[r+£)
2
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Section 11

60 marks
Attempt Question 11-14
Allow about 1 hour and r_iS minutes for this section

Answer each question in a SEPARATE writing booklet. Extra writing booklets are available.

In Quéstions 11-14, you responses should include relevant mathematical reasoning and/or
caleulations.

Question 11 {15 marks) Use a SEPARATE Writing Booklet.

@

®)

©

(d)

©

0]

X X

SIn—Ccos—
Find lim 3
x—0 =
3

State the domain of y=2cos™ (x+2)

() Find %(xsin x).
z

(iiy Hence evaluate Ixcosx dx.
[1]

The acute angle between the line mx + y—1=10 and the tangent to the curve
y=sin"(3x)at x =0 is 45”. Find the value of m.

-3
S~—.
2

2
Solve™

At an airport terminal, research bas shown that two in every five travel bags
are black in colour. Tf 20 bags were checked in at this airport terminal, write
an expression for the probability that at least 18 bags were black in colour.

End of Question 11
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Question 12 (15 marks) Use a SEPARATE Writing Booklet,

®

()

)

G

(&

dx

Find j4+x, .

(i)  Show that the equation +* =i+1 has aroot between x=1 and x=3.
X

(ii) Taking x, =2 as a first approximation to this root, use one step of

Newton's method to find a betier approximation (correct te 2 decimal
places).

, Using the substitution 1 = Inx?.

22
Evaluate J dx
2 ¥Inx

X

N

The region bounded by y = sin(x—%] and the x-axis between x=0 and

X =g-is rotated about the x-axis to form a solid. Find the volume of this solid

in exact form.

The volume ¥, of a sphere of radius 7 metres is increasing at a constant rate

of 160mm’ per second. Noting that v = %ﬂr’ and Surface Area = 4xr?

dr
i Find —intermsof r.
(i) & rms of r

(i)  Find the rate of change of the surface area A of the sphere when the
radius is 40mm .

End of Question 12
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Question 13 (15 marks) Use a SEPARATE Writing Booklet.

@

®)

©

(d)

G ‘
In the diagram above, twe circles meet externally at E. FG is a common
tangent,

{iy Prove that AD is parallel to BC. 2
(iy If EB=EC, prove that ABCD is cyclic. 2
Prove by mathematical induction that 3** +2™? is divisible by 5 for all 3

integers n>1,

Newion’s Law of cooling states that when an object at temperatwre - T°C is
placed in an environment at temperature 7," C, the rate of temperafure loss is
given by the equation

dar
T T)
Where ¢ is the time in seconds and X is a constant.

() * Show that 7' =T, + de". 1
(i) A packet of peas, initially at 24° C is placed in a snap-freeze 1
refrigerator in which the internal temperature is maintained at -40°C,

Find T, and 4.

(i)  After 5 seconds, the temperatuze of the packet is 19°C. How long will 2

it take for the packet’s temperature to reduce to 0°C. Leave your
answer o the nearest second.

From the digits 1-9 (inclusive), four digit numbers are randomly selected
without repetition. What is that probability that:

(i} The number selected is greater than 8000 and divisible by 5. 2
(ii)  The number selected is in ascending order. 2
End of Question 13
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Question 14 (15 marks) Use a SEPARATE Writing Booklet.
(@ ()  \Write down the chord of contact from the external point P(x,,¥,) to

the parabola x* =12y.

(ify  Ifthis chord meets the parabola at points A and B, show that the x co-
ordinate of the midpoint M of AB in the same as that of P.

(® A parlicle moves along a straight line with velocity v ms™ such that
¥ = 15+10x—5x? where x is the displacement from the origin in metres.

(i)  Show that the particle travels in Simple Harmonic Motion,

(il) ¥ind the maximum acceleration of the particle.

(© ¥ A

a
B
o x

A ball is thrown from O with initial velocity v and angle & to the horizontal.

A fixed straight road passes through @ and is on an incline to the horizontal
at angle 3%, where & > f. The ball hits the road at 3L
Let the length OM = d metres and the acceleration due to gravily is gms™

6)] Given that x =vfcose and y= _% gt +vtsine, show that the

2 2
equation of path of the ball is y =xtane —%
¥

(i) Wiite down the co-ordinétas of M, intenms of dand f.

2v? cosaesin(or — f)

(iii) Hence show that d = 3
geos™

(iv) Show that the maximum value of d occurs when a‘=%( il +%]

2

. v
Show that the maximum value of dis —————.
\ g(1+sin g)

End of Question 14
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Section 1

Multiple-choice Answer Key

Question | Answer

S| sol~ajen || =
e=llwilfoliv]le=llol -3 ialiwil-2

METRES_GUIDELINES

TRIAL EXAMINATION

MATHEMATICS EXTENSION 1
MARKING GUIDELINES

Section II
Question 11 (a)
Criteria Mark
» Correct answer !
Sample answer
. X X . 2x
sin=cos—- sin——
fim|—5—2 |=2lim| 52 =3
w2 2302 |2
3 3
Question 11 (b}
Criferia Marks
» Correct solution 2
e Notes ~15x+2<1 or similar !
Sample answer
—-1<x+2<1
-3<x<-1
2 Domain={x:-3<x <1}
Question 11 (c) (i)
Criteria Mark
« Correct answer 1
Sample apswer
d, . .
—(xsinx)=sinx+xcosx
dx
2

TRME1S_GUIDELWNES




Question 11 (¢} (it}
Criteria Marks
¢ Correct solution 2
F I 1
s Noting g.\:cosx dx= Isinx+xcosx —sinx dx
[i]
Sample answer
7z n
jxcosx dy = Isinx+xcosx —sinx dx
0 0
=[xsinx+cos r]g
=[0-1-(0+1)]
=-2
Question 11 (d)
Criteria Marks
s Correct solution 3
3 2
+ Notes either 3tm =1 or RN
- 1-3m
s Obtains either m, =3 or my=-m- 1
Sample answer
p=sin"! (3x)
3
V=
1927
f'(0)=3
sy =3 and m, =-m
Tands® = |22
1-3m
34m I+m
= or =-1
1-3m 1-3m
I+m=1-3m 3+m=3m-1
4m=-2 4=2m
m= —l m=2
2
TRME15_GUIDELINES 3

Question 11 (e}

Criterin Marks
+ Correct solution 3
+ Achieves x(2x+3)(x#2) <0 2
s Notes 2.7&'(.7:2 —3)5.1:2 ' i
Sample answer
2_
¥-3 < —l x=0
x 2
2‘\:(x2 —3) <5
20 —6x <X’
23 —x? —6x <0
3:(2_\'1 ~x—6)$ 0
x(2x+3)(x-2)<0
xs~2 or 0<x<2
2
Question 11 (f)
Criteria Marks
» Correct solution 3
¢ Obtains at least one of the following: 2
3 2 2 18 3 1 2 19 2 Fol
o (22 or 2, |22 or PC,| =
wl5)(5) 7 E)GE) T eG)
1

e Notes P(black) =% and P(biack] :%

Sample answer

»n
Letx=0, 1, 2....20 be the number of black bags in the expansion [-?-1—%)

B 2 18 1 1 20
oo (3 o (3 )

TRME1S_GUIDELINES




Question 12 (a)

Criteria Marks
s Correct answer 2
1
o Achieves glan™ (%), or similar
Sample answer
dx 1 2
L 4
j4+x2 2'[(4+x1] :
=L fant (EJ +e
2 2
Question 12 (b) ()
Criteria Mark
s Correct working and reasoning 1
Sample answer
Let P(x)=x" ——1——1
X
P(ly=1-1-1=-1
1 77
P(3)=27-=-1="-
(3)=27-3-1=
Since P(1} <0 and P(3)>0and P(x)is continuous for 1< x <3, a root exists.
OR graphical answer: ¥
A
3 —
2 —_
—t—>x
1 2 3
TRMELS_GUIDELINES 5

Question 12 (b) (i)
Criteria Marks
¢ Correct solution 2
s Achieves P(2)=8—%—!=6.5 and P'(2)312+£=12.25 !
Sample answer
i
P(x)=x"——-1
()=
P'{x)=3% +—1—
xZ
1
P(2)=8~—-1=6.5
(2) =8
P(2)= 12%:12.25
Pl
=% ﬁ—h—( %)
P(%)
g 85
12,25
=1.469
=1.47
Question 12 (c)
Criteria Marks
» (Correct solution 3
b du 2
¢ Achieves J'_#
a N
i

¢ Achieves ldu=£ or |:Jc:=e2 —u=4 and x:e%u=2:|
2 x .

Sample answer
u=Inx*

TRMEI5_GUIDELTMES




2 4.
Let I= j i
» xlnx
_fdu
5 U
= fimal}
=ln4-In2
=In2
Question 12 (d)
Criteria Marks
« Correct solution 3
- .4 2
7t
e Achieves V=5J'I—cos(2x—zr) dx
0
5 1
z Fia
« Achieves V:frJ‘sinz(xfEJ dx
0
Sample answer
? = gin? x—E)
s (5=
: x
I’:;rrj’sin2 (x—i} dx
S 2
.1
=—|1-cos(2x—m) dx
2 Ji-cos(x-1)
1 X
T . 2
=—| x——sin(2x—x
z[t 55in( )]0
FANE: 1
=—||=—0]-{0-0
2[Go)--0)
- units®
4
TRME1S_QUIDELINES 7

Question 12 (e) (i}

Criteria Marks
« Correct solution 2
1
o Obtains either a 160 or v 4zt
dt dr
Sample answer
ﬂf_= 160
dt
V= i?ﬂ‘3
3
LLApp
ar
dr_dr av
dr 4V dr
= 5 x 160
4zr
_0
xr?
Question 12 (e) (ii)
Criteria Marks
o  Correct solution 2
1
. }‘mhieve-sE =3—22
dt  r
Sample answer
A=4zr?
—dﬁ =8ar
dr
_dA dr
dt dr ot
=8xr x4—02
wr
_320
¥
When r=40
dd 320 1
— =T =B mms
dr 40
TRMEI5_GUIDELINES 8




Question 13 {a) (i)

Criteria Marks
s Correct proof 2
e Proves either ZAEF = ZADE or /GEC = ZEBC 1

Sample answer

LAEF = ZADE (4ngle between a langent and a chord is equal to the angle in the alternate

segment}

ZGEC = ZEBC (dngle between a tangent and a chord is equal lo the angle in the alternate

segment}
but ZAEF = ZGEC (vertically opposite angles)
. ZADE = ZEBC

. ADisparallel to BC (alternateanglesin parallellines)

Question 13 (a) (ii)
Criteria Marks
s Correct proof 2
1

s Works positively towards proof

Sample answer

If EB=EC

~ ZEBC = ZECB

s since ZADE = ZECB

- ABCDis¢yelic (anglesstanding on the samearcareequalat the circumference-arc AB)

Question 13 (b)

Criteria

e Correct proof

s Makes a substitution in step 3 (from step 2) and proves LHS=RIIS

¢ Provides clear steps similar to the first three steps below

Sample answer
Step 1: Prove the expressien is true for n=1

3 +2' =35 which is divisible by 5

Step 2: Assume the expression is true for n=k
342" =5M  where M is an integer
33k =5iM f2t+2

TRMEIS_GUIDELINES

Step 3: Prove the expression is true for n=k+1
f(k + 1) — 33k+3 + 21:+3

=27x¥* +2x24
=27 [SM —2*"2:|+2><2'“2 fromstep2
=135M-25% 2%
= 5[27M - 5% 2 ]
Sre+1) is divisible by 5
Hence if the expression is true when n=k, it is irue ;vlren n=k+1]
But the expression Is true for n=1, .. itis true when n=2

Iftrue for n=2, =, it is true when n=3
Therefore the expression is true for all positive nz 1,

Question 13 (¢) (i)

Criteria

Mark

« Correct working

Sample.answer

Now T =T, + de”

dar

= k[ de”

%:k('f‘—?}) since At =TT,

TRME1S_GUIDELIMES
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Question 13 (¢) (ii)

Criteria

Mark

o Comect T, & 4

Sample answer

7, =-40

When =0, 24 =—40+ 4
A=64 .

Question 13 (c) (iii)

Criteria

Marks

» Correct solution

2

o Correcily obtains the value of ¥

1

Sample answer
T =40+ 64¢"
19 =—40+64¢™
§= &t

64
k=-0.01629

Hence T =—40 + 641
When T'=0
0= 40+ 64¢ "

40
| — [=-0.01629¢
‘(64]

f=28.85s¢ec
t=29sec

Question 13 (d) (1)

Criteria

Marks

» Correct answer

2

» Correct denominator or numerator

1

Sample answer

2x" P
PlE)= E
() 9}3‘
_ 84

T 3024
i

36

TRME15_GUIDELINES
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Question 13 () (if}

Criteria

Marks

s Corrects answer

¢ Works positively towards answer

Sample answer
P{E)= 9C4
()=t
_ 126
T 3024
1

T2

Question 14 (a) (i)

Criteria

Mark

¢ (Correct answer

Sample answer
xt,=2a(y+3,), a=3

La, =6(y+y,)

Question 14 (a) (ii)

Criteria

Marks

¢ Correct solution

» Achieves x% =2xx,—12y, =0

Sample answer

Nowsxx, =6(y+,)
XX,

?D -n=y O

and ¥* =12y (2}

Substitute (1) in (2)

¥ =2xx, 12y, =0
Let the roots of the above equation = and &
Lo+ f=2x,

Now the x coordinates of M =

a+f
2

=_“u

Henee the x co-ordinate of the midpoint Af of AR in the same as that of P.

METR1S_GUIDELINES




Question 14 (b) (i)

Criferia

Mark

s Achieves ¥=-5(x-1)

Sample answer
Y =15+10x—-5x°

2
Lo ls, 5@
2 2 2

¥=5-5x
Y=-5(x=1)

SinceX =-n'X .
Therefore the particle executes SHM,

Question 14 (b) (ii)

Criteria

Marks

+ Correct answer

» Notes that i oceurs when v=0 or similar

Sample answer
Maximum acceleration occurs when v=10

15410x-5x* =0

X —2x-3=0

(x=3}{(x+1}=0
x=-13

Whenx=-1, ¥, =-5(-2)=10ms"

max

METRIS_GUIDELINES
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Question 14 (c) (i)

Criteria

Marks

s Correct solution

2

2
* Achieves yxmég[ o :|+v[
veosa

X .
sin o
veosa

1

Sample answer
x=vcose (1)

y= —%ga‘z +vising (2)
Substifute (1) in (2}

o] ol
Ly=s——g +v sing
27| veosce veosa

2

_ &
v cos” x

=xtana -

gxlsec? x

=xlang —
Y 2!

Question 14 (c). (i)

. Criteria

Mark

» Correct answer

Sample answer
x

0sff ==
cos ff 4
sx=deosf

inf =2
sinf y
sy=dsing
.M =(dcos f,dsin §)

METRI5_GUIDELINES
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Question 14 () (iif)

Criteria Marks
s Correct solution 2
+  Works positively fowards answer 1
Sample answer
2 2
Substitute M ={d cos 8,dsin f}into y=xtanc ﬂg%x:
v
d e
dsinfi= dccsﬂtana—chos‘f—)
2vicos’
. gdcos’ B
sinff=cosflanc———5———
p A 2y cos’ &
2
M=cosﬁtana—sinﬁ
2vicos o
de 2v* cos” a(cos B tan . —sin )
geos’ B
29" coser(sina cos f—cosasin )
geos'
d= 2v? cosasin(a - f)
geos’ f
Question 14 (¢} (iv)
Criteria Marks
s Correct solution {(no need to prove max) 2
27 !
s Achieves d'= sin{ex — B)x—sin f+cosa cos{a —
orlen( - p)esing (@-5)]
Sample answer
2! \ .
= sin{ea— B)x—sin f+cosacos|a—
2 fsn(a=sesinp cosasos(—p)]
2y
= cos| o+ (e~
geos’ B [ ( ﬁ)]
247

pmy cos(2a—~B)

Stationary points occurs when d'=0

METR15_GUIDELINES : 15

2 1
gcozz 7 cos(2a—fB)=0
cos(2a—B)=0
Fi3
26(‘—,8 ——-'5
1 i
a=3(m5)
1= p—~ sin{2a - )
o345 3)
2 2 0s f# 2
= _4:2 <0 S max
cos” fi

METR15_GUIDELINES
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Question 14 (¢} (v)

Criteria

Correct solution

Works positively towards solution.

Sample answer

d=

Substitute o = —;—[ B +32£) into &

2y’ cosarsin(a— f)
geos® B

2V2(:OS[£ +£Jsin( £+£J—[;’)
24 274
B

v cos [E +£Jsin [-75 —ﬁ)
- 2 4) \4 2

) 29 [cosgxﬁusingxﬁ]k}z— cos g—%sing}

geos’
2\;’ [cos-g—sin E] [cosé—sinﬁ]
2 2 2 2 2

g(1-sin’ §)
v _cosﬁ—sinﬁ]z
L 2 2
g(l—sin2 ﬂ)
BB

_ 5T
v'| cos? £ —2sintcos £+ sin? £
2 2 2 2

) g(l ~sin? ,6’)
v?{1-sin 8]

g(lﬁsinﬁ)(l +Sinﬂ)

v?

g(1+sin g)

WMETRLS_GUIDELINES
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