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Mathematics  Extension  1

General

Instructions

Reading  time  -  5 minutes

- Working  time  -  2 hours

- Write  using  black  pen

- NESA  approved  calculators  may  be used

- A reference  sheet  is provided  at the  back  of  this  paper

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

Total  marks:

70

Section  I-10  marks  (pages  2-6)

- Attempt  Questions  1-'10

- Allow  about  15 minutes  for  this  section

Sectiori  II -  60 marks  (pages  7-1  4)

- Attempt  Questions  11-1  4

- Allow  about  '1 hour  and  45 minutes  for  this  section

1260

10 marks

Attempt  Questions  I-10

Allow  about  15  minutes  for  this  section

Use  the multiple-choice  answer  sheet for  Quemons  1-10.

I  Which  polynomial  is a factor  of x3 - 5x2 + 11X -  10?

x -  2

x+2

I IX -  10

x2 - 5x + 11

2 It is given that loga8 = 1.893, correct to 3 decimal places.

What  is the value  of  log,,4,  correct  to 2 decimal  places?
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3 The  points  A,  B, C and  D lie  on a cLrcle  aiid  the tangents  at A and  B meet  at T, as shown

in  the  diagram.

The  angles  BDA  and  BCD  are 65o and 110o  respectively.

What  is the value  of  I  TAD'?

130o

135o

175o

110o

-11 :1

4  What  is the value  of  tana  when  the expression  2sinx  -  cosx  is wrilien  in the form

Jsin(x  -  a)  ?

2X2
5 Which  graph  best  represents  the  function  y =  -?

1-  x2

6 The point P('-, I-zi where p ;=- 0, lies on the parabola x2 = 4y.
kP P )

What  is the equation  of  the  nomial  at P'l

A. P'l-X=-P

B.  p2y  +  px  =  -1

C.  p2y  -  p3x  =  1-  2p2

D.  p2y  + p3x  =  I + 2p2
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7 Which diagram represents the domain of the function 7(t)  = sin-473 1?

B' T Y T
-3 o 3

C.  (

D.

8 A  stone  drops  into  a pond,  creating  a circular  ripple.  The  radius  of  the ripple  increases

from  O cm, at a constant  rate  of  5 cm  s-l.

At  what  rate  is the area  enclosed  within  the  ripple  increasing  when  the  radius  is 15  cm?

A.  25x  cm2  s-l

B.  30r  cm2  s-l

C.  150xcm2s-1

D.  225x  cm2  s-l

9  When  expanded,  which  expression  has a non-zero  constant  term?

A.

B.

C.

D.

I x + -=  I

( x3 + .1 1

10 Three squares are chosen at random from the 3 X 3 grid below, and  a cross  is placed  in
each  chosen  square.
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Section  n
Question  11 (continued)

60 'marks

Attempt  Questions  11-14

Allow  about  1  hour  and  45 minutes  for  this  section

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

In Questions  11-14,  your  responses  should  include  relevant  mathematical  reasoning  and/or

calculations.

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

(a)  The point  P divides  the interval  from  A(-4,  -4)  to Zl(1,  6) internally  in

the  ratio  2 :3,

Find  tlie  x-coordinate  of  P.

1

(b)  Different'ate  tan-1(x3). 2

2x
(c)  Solve  -  > 1.

x+l
3

(d)  Sketch  the  graph  of  the  function  y =  2 CO8AX. 2

(e) Evaluate J n rx+]x dx, using the substitution x = u2-1.
3

(f) Find fsin2x COSX(2'X.
I

Question  11  continues  on  page  8

(g)  The  probability  that  a particular  type  of  seedhng  produces  red  flowers  is -1.
Eight  of  these  seedlings  are planted.  5

(i)  Write  an expression  for  the probability  that  exactly  three  of  the eight

seedlings  produce  red  flowers.

(ii)  Write  an expression  for  the probability  that  none  of  the  eight  seedlings

produces  red  flowers.

(iii)  Write  an expression  for  the probability  that  at least  one of  the eight

seedlings  produces  red  flowers.

End  of  Question  11

-7- -8-



Question  12  (15 marks)  Use  a SEPARATE  writing  booklet. Question  12  (contjnued)

(a)  The  points  A, B and  C lie  on a circle  with  centre  O, as shown  in  the  diagram.

The  size  of  IAOC  is 100o.

100o
c

NOT  TO

SCALE

B

Find  the size  of  IABC,  giving  reasons.

2

(b) (i) Carefully sketch the graphs of y =i  x*  Il and y = 3-i  x -  2i on the
same  axes,  showing  all  intercepts.

(ii)  Using  the  graphs  from  patt  (i),  or otherwise,  find  the  range  of  values  of

x for  wich

x+ 1 i +i x - 2i = 3.

3

I

Question  12  continues  on  page  20

(c) The re@on enclosed by the semicircle y =  J  and the x-axis  is to be
divided  into  two  pieces  by the  line  x =  h, vvherc O < h < 1.

C.

The  two  pieces  are rotated  about  the x-is  to form  solids  of  revolution.  The

value  of  h is chosen  so that  the  volumes  of  the solids  are in the  ratio  2 : 1.

(i)  Show  that  h satisfies  the equation  3h3 - 9h + 2 =  0.

(ii) Given hl = 0 as the first approximation for h, use one application of
Newton's  method  to find  a second  approximation  for  h.

(d)  At  time  t the  displacement,  x, of  a particle  satisfies  t =  4 -  e-'.

Find  the acceleration  of  the  particle  as a function  of  x.

1-  cos2x

End  of  Question  12

-9- -10  -



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

(a)  A  particle  is moving  along  the  x-axis  in simple  harmonic  motion  centred  at the

Ongln.

When  x =  2 the velocity  of  the  particle  is 4.

When  x =  5 the velocity  of  the  particle  is 3.

Find  the  period  of  the motion.

(b)  Let  n be a positive  EVEN  integer.

Show that (1 + X)' +(1 - X)' = 2[(On) + (2n)x2 + =- + (.-)--].
(ii)  Hance.  show  that

(iii)

Question  13  continues  on  page  12

(c)  AgolferhitsagolfballwithinitialspeedVms-latanangle6)tothehorizontaIl.
The  golf  ball  is hit  from  one  side  of  a lake  and must  have  a horizontal  range  of

100  m ot  more  to ayoid  landing  in  tl'ie lake.

100  m

Negleicting  the effects  of  air  resistance,  the  equations  describing  the motion  of

the  ball  are

x = Vtcose

y =- Vtsine - >gt2

where  t is the time  in seconds  after  the ball  is hit  and g is the acceleration  due

to grav%  in m s-2. Do NOT prove  these equations.

V2 sin26)
(i)  Show  that  the horizontal  range  of  the golf  ball  is  metres.

(ii)  Show  that  if  V2 < 100g  then  the  horizontal  range  of  the  ball  is less than

100  m.

It  is now  given  that V2 =  200g  and  that  the horizontal  range  of  the  ball  is 100  m

or  more.

z  5x
(iii)  Show  Ihat -  < e < -.

12  12

(iy)  Find  the  greatest  height  the  ball  can achieve.

End  of  Question  13

-11- -  12  -



Question  14  (15 marks)  Use  a SEPARATE  writing  booklet. Question  14  (continued)

(a)  Prove  by  mathematical  induction  that 82"  + 62"-1 is divisible  by 7, for  any

integer  n ;  1.

Let  P(2p,  p2) be a point  on the  parabola  x2 =  4y.

Tlie  tangent  to the  parabola  at P meets  the  parabola  2  =  -4ay,  a > 0, at Q and

R. Let  M  be the  midpoint  of  QR.

x2 =  4y

P(2p,  p')

x2 =  -4ay

(i)  Show  that  the  x coordinates  of  R and  Q satisfy

?  + 4apx  -  4ap2  =  0.

(ii)  Show  that  the  coordinates  of  M  are (-2.ap, -p2  (2a  + 1)).

(iii)  Find  the  value  of a so  that  the  point  M always  lies  on  the

parabola  x" =  -4y.

Question  14  continues  on  page  14

(c)  TheconcentrationofadruginabodyisF(t),wheretisthetimeinhoursafter

the  drug  is taken.

Ji:tially  the  concentrat'on  of  the  di'ug  is zero.  The  rate  of  change  of  concentration

of  the dnig  is given  by

F'(t)  =  50e-o3" -  0.4F(t).

By differentiating  the product F (t'leo'4' show that

(ii)  Hence,  or otherwise,  show  that F  (t)  =  500(t'-o'4'  -  e-o5').

(iii)  The  concentration  of  the dnig  increases  to a maximum.

For  what  value  of  t does  this  maximum  occur?

End  of  paper

-  13 - -  14  -
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General

Instructions

Reading  time  -  5 minutes

Working  time  -  2 hours

Write  using  black  pen
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Total  marks:  Section  I-10  marks  (pages  2-6)

7o - Attempt  Questions  1-1  0

- Allow  about  '15 minutes  for  this  section

Section  II -  60 marks  (pages  7-1  4)

- Attempt  Questions  1 '1 -'l  4

- Allow  about  1 hour  and  45 minutes  for  this  section

'1260

10 marks

Attempt Questions I-10

Anow about 15 minutes for this secuon

It is given that Jog,,8 = 1.893, conect to 3 decimal places.

What is the value of log,,4, correct to 2 decimal places?
A. 0.95

C. 1.53

3 17  = i49,1

D. 2.84
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3  The  points  A, B, C and D lie  on a circle  and the  tangents  atA  and B meet  at T, as shownin the diagram.

The  angles  BDA  and BCD  are 65o and 110"  respectively.

110o

What  is the value  of  ITAD'!

A.  130

C. 155"

D.  175o

4 What  is the value  of tana  when  the expression  2 sinx  -  008)C is written  in the form

sin (X - a) ,  , n-

2

5 Which graph best represents the function  y  =  -2x2
I , x2

-1 i-l i
j2

The point Pr-,2 I-y'), where p ;)- 0, lias on the parabola  :? =  4y.(P P }

What is the equation of the normal  at P'.

A P)' -  X =  -p

-3- -4-



7 Which  diagram represents the domain of the function f  (x) =  sin-1(-z3 l? -'5  4 f  (X)  44

B- 1 9 T

D.

8 A  stone  drops  into  a pond,  creating  a circular  ripple.  The  radius  of  the ripple  increases

from O cm, at a constant rate of 5 cms- .A,.lpl &

At  what  rate  is the  area  enclosed  within  the  ripple  increasing  when  the  radius  is 15  cm?

A.  25xcm2s-1

D.  225rcm2s-1

L(p . y  alA
<H;- - 7t

dA  d,-

i-r  '&

:  ,  ,7  'r

iod")

9 When expanded, which  expression has a non-zero constant term? - im  tt

7 7-r  r

B.  rx2 + 'T'l 'i7

I 41  tl  A

D.'  x4 + -1 7 " x ' (

-5-

Three SquareS

each chosen sqta'i;;bosen at randolri from the 3 x 3 grid below, and a cross is plact

,11

aelSfFll-prObabl'll'f3"afdke-eCrOS8eS}laei'll"eS'LIle!rOWiCC)lu"Or"ll'agOnd: !84  . 1
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yuesuon I I (continued)

ii

Section  n[

60 marks

Attempt  Questions  11-14
Allow  about  I  hour  and  45 minutes  for  this  section

Answer  each  question  in  a SEPARA'l'E  writing  booldet.  Extra  virriting  booklets  are available.

In Questions  11-14,  your  responses  should  incIude  relevant  mathematical  reasoning  and/orcalculations.

Question  11  (15 marks)  Use  a SEPARATE  writing  booklet

(a)  The point  P divides  the interval  from  A(-4,  -4)  to B(1,  6) iiiternally  inthe  ratio  2 :3.

Find  the  x-coordinate  of  P.

X.:-2

(d)  Slcetch  the  graph  of  the  function  y =  2 cos-lx.  -  2r[- 2

e) EValuate l rx+lx dx, using the substitution x = u2'- 1

4 Question  11  continues  on  page  8

(g,) BTlhgehtpOrofbThabeSili;yseethdhna'iga8puartiepc1uBIart;dype ot seedling produces red flowers is -1

(i)  Write an eixpreission for the

seedlings produce red flowers,,probabt'(y 'iaf elxa'y thi'ee of tile eight1 /4  .!'S' [?)  (7)
(ii)  Write an expression for the

probability,Pat none of the eight seedhgs
produces red floweirs. /  'A )

l rl
(iii)  Write an expression for the

probability f.hat at least One of (he eight

seedlings produces <ed flowers.II  V
/  - (?}

End of Question 22

(p'73t
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--  zz 3contmued)

Question  12  (15  marks)  Use  a SEPARATE  writing  booklet.

(a) The points A, B and C lie on a circle with cente O, as shown in the dia6am.
The  size  of  IAOC  is 100".

/ jaiaial,

NOT  TO

SCALE

Find  the  size  of  IAEC,  givmg  reasons. /Jt:i  (  4 a?  arv'i-4  l  '  L "  i "  )
cisaut)l)

(i) Carefully slcetch the graphs of y =i  x+ Il and y = 3-i  x - 21 on tlie
same  axes,  showing  all  intercepts.

(ii)  Using  the  graphs  from  part  (i),  or otherwise,  find  the  range  of  values  of
x for  wlnch

I

ix+ :ii +i  x - 21 = 3. -> I 7-+' I ' 3 - "  -2'

Question  12  continues  on  page  10

4  3  i' rt

-9-

X

:,,8c"o,,sen so Th-a-' fah: 'vLlol"'ul6e";o'atlfs efosofJoimds ar8oehind8thoefrraetiVoolz":'io." The

e .- 44
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Question 13 (15 marks) Use a SEPARATE  writing  booklet.

(iii) Hence show that (2')  + -C4-) + 3(n6) +-=+ n=(nn) = n2"-3. 2

Question  13  continues  on  page  12

*4arl  n it  &uessi

fir')

(>pi  )

s. 2ry-J -11-

Quest' 3 (continued)

(C) A golferbits

Theg0,banaISgiO]tffbaL1omwOintheiniS1d:al0;paele*deT7Bmds-latanangle6)to ffieihorizomal.10(, m or more tO avoid 1,  Ch'ng ,  the IaJce. . must have a horizontal range  of

IOOm

NegIecting the effects of air resistance, the equat'ons describing the mot'on of

the ball are

x = Vtcose

y = Vtsine - '-gt

prove these equatio-ns:  accelerahaOn due

(i)  Show that the horizontal range! of the golf  baJl  is -v2
-  metres.. g

(ii)  Show that if V2 < 100g then the horizontal range of the ban is less than
100  m.

Itis now Biven that V2 = 200g and that the hozizontal range of the ball is 100  m

Or more.

12 1-2

(iv) Find the greatest height the ba{l Can acMevei.

Question 23

// a < ioo/

Va - J!OQJ
200  Jla  2di  2  /e) 0

2  Vaiai> 0

i!'



;k+),  6/ -
Question 14 (15 marks) Use a SEPjSiRATE writ'ng booklet. 211,j  Jit+i  ,  7,/p-tt

(a) Prove  by mathematicaI  induction  that 82"  + 62"-1 is divisible  by 7, for  any  3e r J -'&- -  /  -l

44  m -*,z6  l{

The  tangent  to the parabola  at P tneets  the parabola  x' = -4ay,  a > 0, at Q andR. Le.t M be tie midpoint of QR. . 7 (  ,  4H - 4 ,m

x2 =  4y

Ad M-8
flit  line

R (x" "  ' )
 x2 =  -4ay

(i)  Show  that the x coordinates  of  R and Q satisfy  '  2

x' + 4apx  -  4ap2 =  0.

(ii)  Show  thathe  coordinates  ofM  are (-2ap, 7p2(2a+l)).  X 2

(iii)  Find  the  value  of a  so that the point  M always  lies  on the  2. parabola 2= -4y. ,  .zahA* , ,  *(xa+i  )(2ii) a s - aqp } /  ' -P"aa")  4-s2 = /et  '!"  l  . 'Question  14  continues  on page  14  "
a'-Jla  -  / :: a .- 13 -  ,  ,  g t f  ffl. -,  ;  Jl

Question  14 (continued)

//, /6  -#-fa- 4 l
(c)  Tlie  concentration  of  a g in a body  is Qt),  where  t is the ttme  in  hoyir!i  afterthe drug  is taken.

Initially  the concentrafion  of  the dmgis  zero. The  rate of  diange  of  concentration

(i) By different'ating the product F (t),,0.4t show that  1, ,4a,Qd: 2

(iii)  The  concentrat'on  of  the di'ug increase.s to a maximum. 2

For what value of t does this maximum occur?  D, 4) 5  <(liJ'Z'a ) ,  o

di  tA e

ml,tA[:

//  *  6

-a.tt
30e A t t .:0,  F  m  ,  0

(ti')


