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Section T 5,
B
10 Marks C
Attempt Questions 1-10. b A )
Allos abont 15 minutes for this secfion. ; g N
Use the multiple-choice answer sheet for questions 1-10. . - Flavecaan ] her? G
o _ g H
1. If sinx=} and 0<x <%, what i the vatue of sin2x 7 : 1 _ . .
(&) % ’ ' ' N Tn the diagram ABCDEFGH 1s a cube of side 1 metre, 1
2 What is the size of ZAGE correct to the nearest degree?
® ' ’ (A) 35°
@ ® . ‘ : ® 37
. © 39
o 42 i .
: o) 4
2. The equation ax’ +bx* +cx+d =0, where a#0, b0, c#0 and %0, has xoots 1 4
) - i fng i ion for —ten(2x+1) 7 ' o1
o, B endy . Which of the following is an expression for -ol—r+%+% 9 6. Which of the following is an expression for —-tan ( )
1
Ay - Ay
@ - ) , & iz
B - - . - : 1 S
J ! v B eiEn
< -5 : ' ' 1
: | ©
@ -4 : 1
- ®
3. In how many ways can the letters of the word SQUARE be arranged in a line so that the 1
three vowels oceur next to each other in alphabetical order? )
A) 20 . 7. Which of the following is an expression for J.cosi‘f de ? 1
® 24 ‘ ' : ) E+isinxte
© 120 i
- [
O 144 @ sict+e ) ,
o ‘ © 2sin’d+c 4
. . N .t r . %t
4, Which of the following is an expression for the inverse of the fimction f (x) =e™ 41 ?‘ 1 @) x+sivrte

(& f(x)=log,(x-2)+1
® [ {x)=log,(x+2)-1
©  {x)=tog,{x-1)+2
©  FH{x)=tog,(




8. One of the two shorter sides of a right-angled triangle has fixed length 3 metres,
The other of the two shorter sides has variable length x metres and is invreasing
atarate of 0-25 metres per minute, What is the rate of increase of the lenpth of

the hypofenuse when x=4 ?

(A)
(B}
©
o)

9. The number N (!) of individuals in a population is given by N (i): 100+200
after f years. What is the time for the population size to fall to half jts initial vaue?

(&)
(8)
©
)

10. A particle is petforming Simple Harmonic Motion about a fixed point © o a fine.
At time fseconds it has displacement x metres from O given by x=acoss# for some
constants >0 and 5> 0. The period of the motion is Tseconds. What is the time

taken by the particle to move from is starting position to a point half-way towards O?

6]

®)

©

©)

0-1 metres per minute
0-2 metres per minute
0-3 metres per minute
0-4 metres per minute

10log, 2 years
10log, 3 years
10log, 4 years

iO[og'G years

r
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Section IT

60 Marks
Atternpt Questions 11-14
Allow about 1 hour and 45 minutes for this-section,

Answer the questions ir writing booklcts provided. Use a separate writing bool‘det for each question,
In Questions 11-14 your responses should include relevant mathematical reasoning and/or

calculations.
Question 11 (15 marks) Usea separate writing boeklet.
()  A(~5,10) and B(1,~2) are two points. Find the coordinates of the point P that 2

divides the interval 42 internally in the ratio 3 : 1.

Wi
Find in simplest exact form the value of J. dr . 3
® p P e
(©)  Use the substitution / =tan¥ to show that secx+fanx= tan({» + %) . -3
9
(d)  Pind the term independent of x in the expansion of (x" -—%) . 3
, :
= O
_ 4 . B - F
Int the diagram ABCD is a cyclic quadrilateral. AD produced and BC produced
meetat E. AR produced and DC produced megt at . LDEC= ZBFC.
{i) Show that ZADC=ZABC, . ’

(i) Show that AC is a diameter of the circle through 4, B, Cand D,

»
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Question 12 {15 marks) Use a separate writing booklet, f] Question 13 (15 marks) Use a separate writing booklet.
()  Find comest fo the nearest dogres the acute angle hetween the lines 3x—y =0 2 g ()  Uso Mathematical Induction to show that 5° > 4*+3" for all integers #23. 3
and x—3y=0. ; .
{()(@) Find the domain and range of the function f (x)z 2c05” (1_ x) ' . 2 ‘ (B){(i) Given that tha;, function f (x) =g —tanx is continuous for 0<x <Z, show that . 1
(ii) Skeh;h the graph of the function f (x) = 2::03"(1— x) showing the co;ndinates - 1 ’ . the equation f (x) =0 has g oot bet_ween x=1and x=1.5.
of the end points. . . ) = (i) Usc one application of Newtor’s ficthod with an initiat approximation 1.3 to find - 2
' I the next approximation to this roof, giving your answer correct to 2 decimal places. -
(c)(i) Show that (x+2} is a factor of P(x)=2x"+7x*+4x—4, 1 i
(i) Express P(x) a3 a product of three linear factors. 2
’ {¢}  Anparticle is moving in a straight line, At time £ seconds it has displacement x metres
s 2 1o the right of a fixed point O on the line and vel;mity vis™ givenby v= 16~ .
(d)  Use tho substitution #=x+1 to gvaluat.crin simplest exact form J’z (xﬂ], dx . 3 Tnitially the particle is 1 met.re to the right of O,
' @ Show that x=+/16-15¢"% . : © 3
y (i) Find the limiting posiﬁon of the particle, . 1
@ ‘

) (d) A perticle is moving in a straight line performing Simple Harmonic Motion,
P At time £ seconds it has displacement x metres from a fixed point O on the line
givenby x= 1+2cos(2r—- {-) .

(i) Show that ¥=—#{x—1}, 1
(i) Find the centre of the motiqn and the fims taken for the pariicle to first reach 2
» fuaximum speed. -
\/ : (iit) Find the first time the particle is at rest and the amplitude of the motion. T2
T,y

In the diagram the tangents to the parabola from T(xﬂ s yo) touch the parabola at points

P and Q. The chord P has equation xv, =2a(y+3,). (DO NOT PROVE THIS RESULT)
It the point 7" lies on the directrix of the parebola, show that

(i) the chord PO passes throngh the focus F of the parabola.
(i) TF is perpendicular to P@.

’
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Quiestion 14 (15 marks) ' Use.a separate writing baoklet.

(ay({) Write down the expansion of (i+x)' in ascending powers of x. 1.
27—
nel

(i) Hence show that "G, +4°C,+4°C, +..+ 7L1%C =

(b}  Bill and Ben play a game in whick a fair die is rolled, Bifl wins the game if the
die shows 1, 2, 3 or 4. Ben wins the game if the die shows 5 or 6.

() Iftheyplaythe game 6 fimes, find in simplest fraction form the probability that 2
Bill wins two games more than Ben,

{if) If they continite playing unti! ong wins two games mote than the other, find in 3
simplest fraction form the probability that Bill is the eventual winner,

' (©) A paniicle is projected from a point © on hotizontal ground with speed of projection
¥ ms™ atanangle o above the horizontal, It moves in a vertical plane under gravity

. Where the acceleration due to gravity is 9-8ms™, Attime f seconds its horizontal
. . and verlical displacements from O, x metres and y metres respectively, are given by
i x=Vreoser and y=Pesing—4.97, (DO NOT PROVE THESE RESULTS)

The partiele hits the ground X metres from © after time 7'seconds,
(@) Showthat 4.9 T*—¥*F* + X* =0. ) 2
(i) Find the two possible values of T'if ¥ =49 and X=196. 2

(iii} Show that there arc two pgssible valugs of T'provided ¥2 >9.8% , 2

B s st LN




Independent Trial HSC 2017 Mathematics Extension 1 Marking Guldelhl;es
Seetion I Questions 1-10 {1 mark each)
Question | Answer Solutlon Outcomes
1 D sin2x = 2sinxcosx =2x }x 41— (1) a2x§x\/§=i§ Hs
2 c 1,1,1_py+wtap
7a+a,8
—t—
o ﬁ 7 po (L‘ -2 PE3
3 B | 8 Qu R, (AEU) can be arranged in 41=24 ways PE3
4 c =g*? .
y=e 31 sx=2=log, (y—l) .
x}=lo -I)+2
y-l=g? x=log, ( )4-2 A ) g,(x ) it
5 A ZAEG=90°, AE=1, EG=2. stanlAGE=J ./AGE=35° HS
6 B d 2 2 1
—fan{2x 4+ 1) = — = =
e (2+1) l+(2x+1)2 47 1dx 2 2xP42x+1 Hid
7 A - - )
jcos {c&=%f(]+cosx)dx=-%(x+smx)+c=§-+{~s511x+c s
3 B | d 3 2x
—yx"+3 = =4%x025=0- w0 I
” e +32 df '} 2 0 Zm/mm HE3
$ c N(1)=1n{0)=1(100+200)=150 ~0-1¢=log,4
-, 200" =50 ne®=4 £=10log, 4 HE3
10 b)) T=2% and cosnr=4 Lnt=% =Lxi=%- HE3
Section II
Question 11
a, Qutcomes assessed: HS
"_Marking Guidelines
. Crileria Marks
+ finds x coordinate of P 1
+ finds v coordinate of P 1
Answer .
A(-5,10) B(1,-2)
e
3 1
3-5 -6+10
=T -l
{3+1 Ty ) P4

Q11 (cont)

b. Outcomes assessed: HE4
Marking Guidelnes
Criteria Marks
« finds the primitive fanction 1
» substitutes Limits and simplifies into form appropriate for deducmg exact value 1
« evaluales in simplest exact form 1
Answer
_‘G .
.[,;5 =~ = [sm“-’{-] 4.~sm‘32@—sm (7;})=§+§::{§
¢. Outcomes assessed; HS
) Marking Guidelines
Criteria Marks
* writes secx +ianx interms of 1
« simplifies resulting algebraic fraction 1
» uses expression for tan of the sum of two angles fo complete proof 1
Answer
(1+8)+2  (144) 14t
t=tan% = secxHanx= F = N f)(! f) 1=
= (e csecx-+anx=tan{F+3)
and tm( 2) %-Hani 1+l'
1-tanftanf -+
d, Qutcomes assessed: HE3
Marking Guidelines
Criterla Marks
* writes an expression for the general term in the expansion 1
= identifies the consfant term 1
1

= evaluates the constant ferm

Answer

Expansion of (x2 - > = ’c, (—-2 X, r=0,1,..,9,

-}), has general term °C, (—%)r (xz)
18=3r=0 = r=6. Hence term independent of x is °C, (—2)5 =5376.




Q11 (cont)
e. Quteomes assessed: PE3
Marking Guidelines
Criferia Marks
1 +uses exterior angle theorem for triangles to write expressions for ZADC, Z4BC 1
+ deduces these angles are equal using given angle equality and vertically opposite anglesat C 1
i » uses fact quadrilateral ABCD is cyclic to deduce ZADC, ZABC supplementary 1
» deduces ZABC is aright angle and hence 4C is a diameter of circle ABCD 1

Answer

i In ADEC
LADC = LDEC+ZECD (Ext. £ issumafint. opp. £'s)
Similarly, in ABFC
LABC=/BFC+ LFCE.
But £ECD=/FCB (vert. opp. £'s are egual)
NLADC = Z4BC (given ZDEC = ZBFC}

fi. ZADC+ZABC=180° {opp. £'s of eyclic quad are

F supplementary)
S LABC =90°
~ AC is diameter of circle 4BCD.
Question 12
a, Ontcomes assessed: HS
Marking Guidelines
Criteria Marks
+ writes a numerical expression for tan@ in terms of the grad:ents of the lines 1
s evafuates the acute angle 1
Answer
3x—y=0 has gradient3 .
%=3y=0 has gradient} {»3)( =4 0=53° (to thenearest degree)
b. Outcomes assessed: HE4
‘ Marking Guidelines
Criterla Marks
i = states the domain ’ 1
» states the range ’ ‘ 1
ii « sketches the graph showing the coordinates of the endpoints 1
Answer .
i il M
~igl-x<1 0Scos(1~x)<x =7 @,2m
Izx=i2-1 0<2cos(1-x)s2z yo= 2oo57 (L)
22x20

O0<y<2x
Domain {x:05x52}

Range {y:OSyS 27;}

Q12(cont)
¢, Outcones assessed: PE3

Then PO has equation xx, = 2a( y— a)
Then PQ culs y-axis at F (G s a)

Maridug Guidelines
Criterta Marks
i = applies the factor theorem H
ii + finds the quadratic quotient on division by (x+2) or finds a second linear factor i
» completes the factorisation 1
Answer ’ .
i P(x)=2x’ +7x% Hdx—4 - P(-—-z) =-16+28--8-4=0 (x+2) is a factor of P(x}
i, P} (e 2) (25 +35-2)=(w+2){22-1)(x+2)
4, Ouicomes assessed: HES
Marking Guidelines
Criterla Marks
« gonverts the integral by substitution to a definite integral with variable 1
+ finds the primitive function 1
» substitutes and evaluates in simplest form i
Answer
5
j AL drhj. Lalipn
N (x+l) EI
u=x+1 s
du= dx = ()
S\ o
x=2=u=3 =|:!11u—31,-:|: 7
x=s=puss - (16 13)-(4-)
=ln2 + }
e. Outcormes assessed: PE3
Marking Guidelines
Criteria Marks
i = siates the y coordinate of 7' -1
» naes the equation of PO to show the chord passes throngh F i
if » writes the gradients of TF and PQ inferms of ¢ and x, I
+ shows the product of the gradients is —[ and deduces the resuit L
-Answer
, L, . . X, (yo al x (—Za)
- A N e =20, =]
i. T on directrix = y,=—¢ i, g Mg = 7 " 20




Question 13

4, Outcomes assessed;: HE2
Marking Guidelines

Criterin

S
&

* shows that the first member of the sequence of statements is true

» writes an appropriate inequality for 5% conditional on the truth of the £ statement
. completes the algebraic manipulation to show the conditional truth of the (k+1)® statement

bt

Answer .

Let 8(n), n=3,4,5,..., be the sequence of statements defined by S§{n): §">4"+3",

Consider S(3): £43=91<125=5 . 8(3) istrue

If S¢R) is true: SEoqta3E

Consider S(k+1) for k23: =55

: >5{4t+3t)

=54 453
>4.4%+3,3

= 4B 4 g8
Hence if S(k) is true for some k2 3, then S(k+1) isirue. But S(3) is true and then S(4Y is true
and so on, Hence by Mathemmatical Induction, S(x} is true for all integers #23,

if S(k) is true, using * .

h. Qutcomes assessed; PE3
) i Marking Guidelines

Criteria

Marks

i *verifies that f(I) and /(1-5) have opposite signs
ii » finds the derivative of f with respect fo x.
» applies Newton's method to get the next approximation

Answer
f{x)=e ~tanx
S continvous for 0<x<§

) =e-tanl = 11650
f(1-5)= ¢~ fan1-5=~9-62 <0
e ~tanl-3
& —sec’l:3

& f(x)=0 for some

i, f’(x)=e”—-sec’x . Next approximation is x, =1-3- =1:31 tézdecimalplaces .

¢, Outecomes assessed: HES

x
between 1 and 1.5

Marking Guidelines
Criteria Marks
i « writes the primitive function giving ¢ as a funetion of x including a constani of integration ¥
+ uses the initial conditions to write fasa function ofx 1
» finds x as a function of 1
if + findsg the Hmiting value of x a8 3+ 1
Answer
=_1 _2 -
& f6s t=—4in(16-2")+e I
a =—1nl5 ¢ ¢ 13
i. ;'; * 5 1=0 } T ¥ =16-157"
- —2x =1 = L [16=2 -
x I'g_i ¥ l=—§1ﬂ(—ls—x—) x>0 for f=0 = x=y16—15¢"

i A3 £~3 40, e 30 ~x->4/16=4. Particle moves right towards a limiting position 4m right
5

of O.

Q13(conf)
d. Outecomes assessed: HE3

Marking Guidelines
. Criterin . Marks
i »finds velocity and acceleration in ferms of f by differentiation to deduce result. 1
ii »states centre of motion 1
+ finds time when first at cenire 1
iii + finds time when velocity first zero 1
« states amplitude 1
Answer :
i, x=1+2c0s(2t- %) ii. Centre ofmotionis lm from O in the positive direction.
J'c=-4sin(2t-§-) x=1 =>ms(2rf§-)m0
i=-8cos(2—§) A-F=1%, +3, . - s lo first reach max. speed.
©=A(x-1) Firstsucht >0 isgiven by 2=4+§ ’
fil. £=0=>sin{2(~F)=0
) First at rest af time £s,
2-%=0, £, £27... x 3 Amﬁlit dois2
=£=x=3 ude is 2m.
- Firstsuch > O given by 2r—§=0 ¢ P
Question 14 )
a, Oufcomes assessed; HE3
Marking Guidelines
Criieria . - Marks
i + writes the expansion in ascending powers of x 1
ii * writes a definite fniegral between appropriate lmits, finding one primitive function 1
» finds fhe remaining primitive function I
» evaluates to complete the proof i
Answer
i (] +x)' =50+ Cx+"Cx .47 Cx"
1 1
ii. f ("G, + O+ 4 O X Vel = f (1+x) b
o o

,Cﬁ[x]:+"C,[%xz];+'c,[%xl]:+...+»c![;1+1xm]:= HI+T|:(1+X)M]:
w 0(1—0)+%"C'1(11_0)+%aCZ(P_O]+,..+31+_1.*C.(1m_0)__:#”(2“1_1,“)

. antl L1
C, + 3¢ o+ i 1.+ GgC =5




Q14{cont)
b Oufcomes assessed; HE3

Marking Gnidelines .
Criteria Marks
i «identifies Binomial distribution and writes numerical expression for the required probability 1
» caloulates the probability in simplest fraction form ) 1
ii » writes numerical expressions for Bill finally winning on 2%, 4%, 6™ games 1
+ generalises and forms sum of ferms in a GP for required probability 1
* calculates limiting sum in simplest fraction form. )

Answver
i, Nuonber of wins for Bill folfows a Binomial probability distribution with n=6, p=3%,g=1.

P(Bill wins exactly 4 games) = °C, (§~)4 (})1 =15x%r=4k
i, If last game is the 4™ game, then » must be even. (If out of n games, Ben wins k and Bill wins k12, then
n=2k+2= 2(k+1) which is an even number).  Considering the pairs (game ! and game 2),
{game 3 and gamed), ... , (game n-3 and game n-2), none of these paired games can have the
same winngr or they would have stopped playing before game », Also if Bill is the overall winner, then
Bill must win both games #—1 and »,
Let p, be probability Bill is overall winner with 7 game the last game.
2 A . 2
Then p, =(3), p=2x3x3x(3)', p=(2x3xd)x(2xx4)x(3)

P(Bili_ is the eventual winner) =P+ Pt Pt Py

=@y {1 ++{gP+ () + } « Limiting sum of GP
P(Bﬂl is the evenfual wirmer) = (4})2 X 1_11 =4
T
¢. Outeosnes assessed: HE3
Marking Guidelines
Criteria Nk
i = wriies relations linking 7, F,e¢ and X, T, ¥, «x. :

» eliminates ¢ fo obtain required equation 1
ii »writes and solves quadratic equation in 77 I
« finds two values for T. 1
jii » finds discriminant of quadratic equation in- 7 i
+ uses guadratic theory to deduce required result
Answer ’
i y=#(Vsino—4-9¢) ii. 49T - 100V T +100.X° =0 .
y=0for (=7>0, x=X 49° 7 ~100x 49° T +100% 196" =0
LVsing=4-9T and X=FTcosa T _100T* +1600=0
(rrsina)’ +(PTeosar)’ ={4-97) + 12 (r*~80)(%-20)=0
V1 {sin’ o bos )+ 49714+ X T*=80 or I*=20
4GP _PI Ly +* ) .‘.T=4J§ or T=2J§

iif. Two distinct real values for 72 provided **, considered as a quadratic in T°, has discriminant A >0.
Then the values of 77 must both be positive, sincs the sum and product of the roots of ** are positive,
giving two distinet posifive values for 772 A=¥*—4x 4.9 =p*-0.82¥* - A>0= ¥?>0.8X%

7




