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General Instructions
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Reading {ime — 5 minutes
‘Working time — 2 hours

Board approved calcuiators may be
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Write using black or blue pen

A table of standard integrals is
provided at the back of the paper

Al necessary working should be
shown in Question 11 — 14
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name at the top of every page
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Atfempt Questions 1 - 10
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Attempt Questions 11 ~ 14
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=].n(x+\}:c2+a2)

NOTE: Inx =log, x, x>0
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Student name / number

Marks
Section ¥ ’
10 Marks
Attentpt Questlons 1-18,
Allpw abaut 15 minutes for this section.
Uss the multiple-choice answer sheet for questions 1-10.

1

1 Inthe diagram, AB is a diameter of the circle and MCH is the tangent to the circle at C.

LCAB=35° . What is the size of ZMCA 7

(&)
(®)
©
D)

2 When the polynomial P(x) =x—5x* 4 k2 g divided by (x+1) the remainder is 3.
What is the value of k7

35°
45°
55°
65°

GV
B -5
© s
o 7

M

Student name / number

3 Which of the following is a simplification of 4log, Ve© 7

G
(B
©
b))

4 The acute angle between the lines 2x—y=0 end kx—p=0 isequalfo F .

s
$x

2x

xl

What is the value of £ 7
(A)  k=-3 or b=}
B) E=-3or k=%
{C) k=3 or k=-}
(D) k=3or k=4

A
®)
©
D)

5 Which of the following is a simplification of

{—cot2x
1
cotx

tanx

1-cos2x
sin2x

6 Thestatement 7°—3° Is abvays divisible by 10 s true for

Gy
®)
(€
(D}

all integers nz1
all integers n22
all odd integers mx1

all even infegers n22

Mlarks




Student name f number . Student name / number

Marks Marks
2
1
7 What is the value of J- dy 7 1 Section 1T
L Q 4 —:fz - . .
@ % 60 Marks
@) % Aftempi Questions 11-14 .
: Allow about 1 hour and 45 minotes for this sectlon.
© 5 Answer the questions in writing booklets provided, Use a separate writing booklet for each guestion,
(3 In Questions 11-14 your responses should include relevant mathematical reasoning and/or
celculations. -
. westion 11 (15 marks Use a separate writing booklet.
8 The radius r ofa circle is inereasing at a constant rate of 0-lcms™, 1 Q ( ) 1 1 A separatéviiing Soot
What is the rate at which the arca of the circle is increasing when r=10cm ? {a)  Solvethe inequality ——>—. . 2
] x—1 l 2
(A mom's? : : '
B 2zom’s? . . ) . .
€y Wrem?s (b) A(ﬁ2,5) and B(6,—7) ars two points. Pind the coordinates of the point P(x, y) 2 -
() 20wem’s’ ) o _ that divides the interval AB internally in the ratio 3: [, .
1 ] (¢}  Find d—‘i(.\r’ lan*x) . . : 2
9 If x+—=2 whatisthevalueof x*+—5 7 : 1
x * )
A) 2 (d)  Use Mathematical Induction to show that for all positive integors 21 3
B 4 1x2° +2%2" +3%2 44 nx 2 = 14 {n-1)2".
© 6
o 8 ) .
) . (8)  Usethe substitution x=2'~1, 2«20, toevaluate J . 3
P ;.‘C‘]‘ 1
10 A particle is performing Simple Harmonic Moticn in a straight line. Tn 1 minute 1 .
i foni ilbati d travel ly 120 metres. . N . .
%mt?;otggr;;;ﬁﬁgg?ﬁi:ﬁgiog osclfatiors andfrmvels exactly e ® In the diagram the two circles intersectat 4 and B. PAQ is a straight line and 3
iy . PM isparallel to ON, Copy the diagram. Show that 3BN s a straight line,
(A)  Zmetres .
(BY 4 melres
(Cy 8 meires
D) 16 metres




Student name / number
Marks
Question 12 (15 marks) Use & separate writing bookdet.
(8)  Find the number of ways in which the letters of tho word FACTOR can be ‘2
amanged in a row so that the two vowels are next to each other, but the four
consonanis are not all next to each other. )
()  Theequation x'—6x*+dx+2:=20 hasroots &, B and ¥ . Find the value of
Lo By
iy =+f+l
@ 2 2 2 1
L 202 2
Gi) —+—+—.
e fy g
{c)(I) Given that the limiting sum exists, show that tanx+tan®x 4tan x4 ... = $ian2x. 2
(i) Hence find the exact value of tan§-+tan*F+tan* §+ ... . .
(d)  Solyethe equation sin"'x=3cos™x , giving the solution correct to 2 decimal places. 3
(e)  Inthe dfagram, T(2at ,a.!’) is & point on the parabala x* =4ay
(i) Show that the normal to the paraholaat T has equation x-+iy=2at+af® . 2
oy e . Y ¢
{ii) This nommal cuts the x and y axes at ¥ and Y respectively. Show o7 2
¥
~ -
= day
Y
T(2at, ar)
0 ¥ *X

Student name / number

Marks
Question 13 (15 marks) Use a separate writing booklet. .

(a)  Find the domain and range of the function f{x)=cos™(2x-1}-% . 2
[t)] « is the real root of the equation log.x—-1~= 0 . Use one application of Newton’s 2
x

Meithod with an initfal approximation &, =1-5 to find the next approximation of ¢
comectio 1 decimal place.
(¢)  The region bounded by the curve "y =cosx and the ¥ axis between x=0 and x=4 -3
is rotated through one complete revolution about the x sis. Find the exact volume of ©
the solid formed. ’ ’

(d)  Foreach set of tennis that Novek and Andy play there s a probability of % that
Novak wins the set and a probability of 4 that Andy wins the set.
(i) IfNovak and Andy play 4 sets of tennis, find the probability that they win 2 sets each.

{ii) IfNovak and Andy continue playing sets of tennis until one of them has won 3 sets,
find the probability that Novak wins 3 sets before Andy does.

(8)  Apaticle is moving in a straight line refative to a fixed point ¢ on the line. At time
t seconds, it has displacement x metres from O, velocity v ms? and acceleration

ams? givenby a=x—2 . Initially the particle is 1 metre to the rght of. O and is
moving away from O at aspeedof Ims™ .

() Show that v=2~x .

(i) Find x in terms of ¢




-Student name / nurmber

FMarks
Question 14 (15 marks) Use a separate writing boolklet.

fa) A particle is performing Simple Harmonic Motion in a straight line. At time
£ seconds it has displacement x metres from a fixed point O on the line

givenby x=6cos"-2 ..
(i) Show that ¥=—4{x~1). 2
(ii) Find the centre and period of the motion. , 2

(b)  Attims #yeers the number N ‘of individuals in a population is given by
= ~4—~—1+: —; Tor some constants 4 >0 and b>0 . The initial population size is 20
2
and the limiting population size is 100.

. () Show that %=N(l‘-£) . 2

a
(i) Find the values of @ and &, : z

(¢} A particle i3 projected from a point € with speed 49 ms™ at an angle « zbove the
horizontal, where ¢ >45° . It moves in a vertical plane under gravity where the
acceleration due 1o gravity is 9.8 ms™. Attime #seconds its horizontal and vertical -
displacements from O, x metres and y metres respectively, are given by
x=49%cost and y=49sinc--4.94, (Do NOT prove these results),

After 3 seconds the path of the prajectils is inelined at 45° 1o the horizonial,
() Show that sihar—cosee=0.6.

(ii) Hence find the value of & coiect to the nearest degree.

(@) Showrthat +(1+x)#(1+x) +t{i+x) = T M0 27 2
=l

(i) Hence show that™ €% *C'Cowine "G *HC;  for all positive inftegers a 227, ~ 0




Q11 (cont) -

b, Ontcomes assessed: HS

Independent Trial HSC 2015 Mathematics Extension 1 Markiig Guidelines
Section 1 Questions 1-10 (1 mark each)
Quesilon | Answer Solulion Qutcomes
: LACR=90° (£ in a semi-circle Is a right angle)
1 C | £ZCBA=55° ( £ sumof AABC is 180°) PR3
o LMCA=55° (using alternate segment theorent)
2 A [ P(-)=3 = -1-5-k+2=3 sk=-T . PE3
3 c 4log‘w/e—‘=4log,e§'=4x§x =2x THs
4 B |tenso1a22 - 1+2k=k-2 or 132k=—(k-2) o~ k=3 |
142K k=-3 =1 or k=4
1-cos2x  2sin’x  sinx
s D sin2x  2sixcosx  cosx tanx HS
p B 7“’—3‘“==9(7'—3’)+40X7‘ and 7'-3=4, 7-3F=40.
Since the prime factors of 10 are not factors of 9, and 40 is divisible by 10, HE2
by the process of Mathematical Induction, the statement canznot be true for S
odd positive infegers s, but is true for even posifive infegses .
2. 1 x 2
7 C J dxn[sin"—] =sin1-sin 'L =§ %= -| 1B -
I ek 2], t=§-%=1%
e dd dr 2l
8 B |4=&r .-.E=27rr—gt-=2nx10x0-lﬂ2rc Ans. 2wom’ §” HES
2, 1 1Y 1 .,
2 A x| xp = =2 x—-=20 =02 HE3
x X x )
10 A |Ifthe emplitude is A metres, then 15%44=130 .~ Ad=2 Ans Zmetres | HE3
Section IT
_Question 11
a, Qutcomes assessed: PE3
. Marking Guidelines
Criteria Marks
+ deduces that x Hes strictly between ~I and 3 L
+ excludes x=1 i

Auswer
1 [ ] x'~1[<-2 - and- x#E -~
> — 3

x—~1| 3 s=l<x<] or l<x<3

h —2<x-1<2 and x#1

Marking Guidelines )
Criterin Marks |
+ finds the x coordinate of P 1
+ finds the y coordinate of P 1
Answer .
Ix6+1%{-2) Ix{(-N+1x3
=i m—em g s Pl4,-4
AtP, x Il ,4’ ¥ 1 { )
¢. Outeomes assessed; PES, HE4 .
Marking Guidelines
Criteria Marks
+ applies the product rule 1
» derives tan™'x 1
Answer .
-[—i-(xz tan"x) =2xtan” x4 a3l
dx ) L+x
d. Onteomes assessed: AE2
Marking Guidelines
Criteria Marks
« defines an eppropriate sequence of statements and verifies that the first is frus 1
« uses the truth of the &% statement to simplify the LHS of the (5+1)™ statement | 1
1

» establishes the conditional truth of the (5+1)" statement and completes the induction process

Answer .
Let (1), n+=1,2,3,... bo the sequence of statements defined by

S0 120 +2x2 + 3% 2 ok nx 2 =1 (n—1)2° -
Consider S(1): . 1x2°=1 and L+(i~132' =1 2 5(1) is frue.
IS istrus; %20 32x2043x 2044 kx2tt = 1e(k-1)2t *
Consider S(k+1) : LHS_.—.(mz“+zx2‘+3x21+...+kx2“)+_(k+1)x2*
=1+ (k125 (k412" if S(k) is true, wing *
=t {k-1+k+1)2"
=1+2k.2*
=1+(k+1)- 12"
= RHS

Herico if S(k) is filie, thien SCAF1)is true; Bt S{1yis e, henve S(2ZY s true and tien S(3) is trus

and soon. .~8(n) is true for all positive integers » z1.




Q11 {cont} . Question 12

e, Qutcomes assessed: HEG a, Qutcomes assessed: PE3 ™
: Marlg:% Ginidel.ines T ‘ Marking Guideliues
iteria ar R Criteria Marks
* conveqts the mtegral by the process of substitution ) 1 * counts thc positions of vowel pair and consonanis !
» writes the pnmltlve function in terms of « 1 » considers orders of the two vowsls and the four consonants i
« uses # limits to evaluate the definite integral . 1 .
Answer

Answer _ .-
Considering (AQ), F, C, T, R, the vowel pair must lie between two éonsonants (3 possl'b]a posmons)

xeptel uéO } 1 I dh . then the vowels can be ordered in 2 ways and the consonants in 4| ways .
’ Hak Hence the number of arrangements is 3x2x41=144
dy=2udu .
=24 —u],
x=0 = p=l . b. Outcomes assessed: PE3 .
xod o u=? = 2{%(8“1)"(2_1)} . Marking Guidelines
Bt :.*% ’ i Criterfa ] Marks
’ ’ : i « writes the sum in terms of the sum of the roots and evaluates using the cosfficignts R F
. ii » expresses the required sum in terms of sums of products of the roots taken 2 and 3 at a time -1
f. Outcomes assessed: PE2, PE3 . R - * uses the refationships betvseeuroois and coefficients to evaluate the expression = ok
Marking Guidelines . Ansiwer
Criteria Marks | ) .
+ deduces ZMBA , ZABN supplemenis of ZAPA , ZNQA respeclively - N IS a, B, v roots of ¥ —6x2idx+2=0 . Honce otB+7:=6, aﬁ+ﬁy |“15¢ =4, afy=-2.
»deduces £MPA, ZNQA are supplementary . : ok o 2 ] ’ o
« uses these deductions to complets the proof ) .- 1 L E+E+I=Lﬁ+7_ﬁ3 i 3.,..?;4_2 ﬁy+7u+aﬁ -4
2 2 2 pA a B ¥ afly
Ansiver
c. Onfcomes assessed: HS
Marking Guidelines
- Criteria Marks
i * recognises lhe sequence as a GP and waites its limifing sum in terms of tan x 1
. = usesan appropriate trigonometric identity to establish the result 1
#i * notes that the limiting sum exists and evaluates this sum 1
" Answer ‘
M
i tanx+tan’x+fan’ x4+, isa GP with a limiting swn ; tat;; provided tan’x <1 .
Construct AB, MB and BN. Y
LMPA+ZNOA=180° {colnterior £'s within parallel lines are supplementary, PMON) Hence for tanx <1, tanx+ian’c+tan’x+.. =-%( Ztanf }:%tan?x .
But £MPA4 LMBA=180° (opposite inferior £'s of cyelic quadrilateral ABMP are supplententary) I-tan"x
r ZNOA = £ MBA . . . .
But ZNQA+ ZABN =180 (opposife interior £'s of cyclte quadrilateral ABNQ are supplenientary) ’ ii. tn’f<i. Hence tanf+tan’§+ an*§+ .=ftan§=4
o LMBA+ ZABN = 180°

& ZMBN =188%  (by additien-of adjacent-angles)~ - — -
Hence MBN is a straight line




Question 13

a. Oufcomes assessed: HE4

Q12 (cont)
d. Ouicomes assessed: HE4
Marking Guidelines .
Criteria Marks
« uses an appropriate identity to simplify the equation 1
* finds a trigonometric value for x ’ 1
« gvalnates x to the required accuracy - 1
Answer "
sin?x=3cos'x seos k=8
F—cos” x=4cosx ' x=cos§
F=4dcos'x - x=0-92  (fo2 decimal places)
e. Oufcontes assessed: PE4,PE5 )
. . T Marking Goidelines .
Criteria . Marks
i «finds the‘g;aﬂleut of the normal at T'by differenfiation 1.
.= uses this gradient to find the equation of the normal in the required forrn e
ii » finds the coordinates of X or ¥ .- : 1
» finds the ratio in terms of f using TX and 7F duectly, of projections on- elther coordmare axis ~ 1.
Answer »
»
F=day
¥
XT{2at,al)
L — X
o AX

x=2af y=a Nommal at T(Zat R at’) has gradient ~ and equation

L Y ow y-at' =~}{z=2at)

o dt ty—af =—x+2at
S 2at ’ +a=2a+af
& 2a XHg=2a

ii. Let A be the foot of the perpendieular from Ttothe xaxis. Then A(Qar, 0). Alsa X (2at+ at’,[}) .

Parallel {vastical} lines OF, AT, together. with-the verticalline through.X,..make-intercepis in proportien-- .

y 3
on transversals QX and YX, E=i’{-=£=f—

Marking Guidelines
Criteria Marks
« finds the domain i
+ finds the range 1
Answer
/ (x) =cos” (2x~ 1)_ £ Domain Range -
—1<2x-121 OSms"(Zx—l) b4
0% 2x 2 ~F<cos (2x-1)-§<Sn-5
0= x =1 R -%< f(x) <%
b, Quicomes assessed: PE3
S Marking Guideliues
Criteria

+ differentiates the function.
« substitutes into the formula for Newton’s Msthod :md evaluates

hfarks !
1
- 1

Ansiver |
o)
1 o =g, —
f(x):log'xh»; f ao)
gy b1 x+l 1-5*1og,1-5--1-5
Fl)=ra=g S XY
f(x) _ Xlog x-x . =17
Vil J:) T x4l
¢ Oufcomes assessed: HS
Marking Guidelines
Criteria Marks
I

« writes a definite integral for fhe volume in terms of cos2x
« obtains the primitive function and substitutes limits
+ evaluates the definite integral giving simplified exact answer in surd form interms of 7

Answer

V= ﬁj cos® x dx

={-L (I:I-c052x) dx

=§-[x+%sinzx}f ~ Volumels ﬂ—(énﬂxﬁ) cu. units
=§(F+4sin’f)

=5(3+4)

={;(4:r+ 3\6)




Q13 (cont)

d. Qutcomes assessed: HE3

Marking Guidelines

Criteria

Marks

i + writes an expression for the probability using the binomial distribution
» calcutates the probability

ii * writes an expression for the probability
» calenlates the probabitity

— e

Answer

ii. Mateh could last 3,4 or 5 sets, Novak must win the final set
and exactly 2 of the preceding sets, with probability

@Y +3. 0,3V () +3. B () -t

¢. Outcomes assessed: HES, HE7
Marking Gunidelines

Criterin

+ interprets the initial and subsequent motion to select the appropriate square foat
ii » finds 1 as a function of x by integration

+ reairanges to get x as afunelionof ¢

—— -

Marks
i+ finds ¥ as a finction of x by integration -

Answer

i. Let the initial direction of travel (ié the right relative to ) be the positive direction.

ﬂ‘i_. B fus0 1=1+¢
%dr =x2 x=l =% se=0
v =(x—2)2+c v=1 v1=(x—2)z

Initially particle is moving right from x=1 while slowing dovm. If particle were to reach x=2,
y and @ would both be zero and motion could not continue. Hence 1Sx <2 and v20 .

.'.v=[x—2[=2—x
i,
§=2_-¢ L ¢=0
& T Cd 2ex ‘=°}=> e =dox
t:-log‘(Z—-x}-i-c x=1 et
7

Question 14

. Ouicomes assessed: HE3

Marking Guidelines
Criferia Marks
i + finds the veloeity as a function of ¢ by differeatiation 1
+ differentiates a second time 1o find the acceleration as a function of # then of x 1
1i * states the centre !
* slates the pedod 1
Answer
i
x=6c08" 12 #=—6sin2s
=3{1-+c0s21)-2 =-12¢0s2
=1+3cos2f =—4(x— l)
i, The centre of the motion is at x=1 and the period is 4F = seconds
b. Ounteomes assessed: FLE3
Markdng Guidelines
Criteria Marks
i « differentiates N' 1
+ rearmanges into required form 1
i « finds the value of @ 1
» finds the value of b 1
Answer
i i,
a a
= i = =——  ng=100
1 ’ 1EN 160 = 100 120 a
av_-a(-te") bt a
B Lo N - =2
dt (1-{-58") 1+ be™ ). =0 1+5 hed
¥ N =20 trh=t
AT Py - =N(l—4 20
dt T+be™ a




