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HSC  Assessment  Task  3

Mathematics  Extension  I

General  Instructions

ii  ReadingTime-5Minutes.

s Workingtime-90Minutes.

Write  using  black  or blue  pen.

Pencil  may  be used  for  diagrams.

Board  approved  calculators  may  be used.

Each  queshon  in  Section  U is to  be

answered  in  a sepgate  booklet.

Marks  may  NOT  be awarded  for  messy  or

badly  arranged  work.

Answer  in  simplest  EXACT  form  unless

otherwise  ins'h'ucted.

A  reference  sheet  is provided.

Total  Marks  -  61

Section  I(7  Marks)

Answer  questions  1-7  on the  Multiple

Choice  answer  sheetprovided.

Section  I[  (54  Marks)

For  Questions  8-10,  start  anew  aer

booUet  for  each  question.

Examiner:  J. Chan

Section  I "

10  marks

Attempt  Questiom  1-7

Use  the  multiple-choice  answer sheet for Questions 1-7

1)

. . . . (x
Wbat is the domain of  the fnnchon 7(x) = 5sm- i-  i?i2i

5r  5'tc

(B) -3  < x <  3

(C) -5  S x S 5

(D)

2)
ra zi

(A)

(B)

(C)

(Di

3)

(A)

(B)

(C)

(D)



4)  The  displacement,  x metres,  from  the origin  of  a particle  moving  in  a straight  line  at any  time

(t  seconds)  is shown  in  the  graph.

When  was  the  particle  at rest?

t=  0

7 =  2, t=  8 and  t = 14

t=5  andt=ll

t=  8

. . . .. . ran I
Usmg  the  subshhrhon  u = log,  x,  whi4  ofthe  followu'ig  is equal  to ,  -  -  dx ?' 3,xloge;

le'd;

I du

Je 'e!j

l:!;

6)  Theaccelera'f'onofaparticleisgivenbya'-6.!. -4x -3,wherexisthe

displacement  in  cm. The  particle  initiaIlly  is at the  origin  and  has a

velocity  of  3 cm/s.  What  is the speed whenthe  particle  is at x = 3?

(A) 4  cm/s

(B)  3J'  s

(c)  "  [1  cm/s

(D)  6  cm/s

' 7)  What  is the  value  of  cos-'  (cos(3r  +a))  where  rx is an acute  angle?

(A)  3g+a

(B)  a

(C)  g*rx

(D)ax-rz

End  of  Section  I
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Section  n
Quest'6n  8 (continued)

54 marks

Attempt  Questions  8-10

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

In  Questions  8-20,  your  responses  should  include  relevant  mathematical  reasoning  and/or

calculations.

Question  8 (16  marlcs)  Use  a SEPARATE  writing  booklet.

(a)  Findtheprimitiveof2sinax -x' 2

(b) Showthat  llxcos-  x -41 -l  I=COS-')C 2

(C)
. r.la x

The shaded area IS represented by l sm- -  dx.
Jg  2

2

Explain  why the shaded area is equal to z  -  21 sin y dy.

Question  8 continues  next  page

(d)
2

Considerthefunction  7(x)=1+  -  forx>3.
x-3

Findtheinversefunction  7-'(x).

State  the.domain  and range  of  the  inverse  function.

Hence  sketch  y = f  -' (X).

(e) The two equal sides of  an isosceles  triangle  are of  length  6 cm. If  the angle  between  3

them is 3ncreasing  at the rate  of  0.05  radians  per  second,  find  the  rate  at which  the

area ofthe  triangle is increasingwhen'a'ie angle  betweenthe  equal  sides  is '  radians.
6

(f) A parttcre moves  in  a straightluxe  so that  at any  time  t, its displacement  from  a fixed

point  is x and  its  velocity  is v.

Lfthe acceleration is 3x2 and v = -42,  x = I when  t = 0, find  x as a function  of  t.

End  of  Question  8
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Question 9 (19  marks)  Use a SEPARATE  writing  booUet.

(a) o Show that -'  =  zi' -  u+  1-  -1
zi+l  zi+l

I

ii)  Hence,  byusingthesubstitution  u=Jx,  showthat 3

r4 -): 16
l-  dx =  -  -  In  9

J@ 1+J;  3

(b) . i) Use the derivative  of  cos e to show  that I

d

d-g(secE))= sec6) tan e

ii)  Use the substitution x = sec 6)-1  to :[ind  the exact  value  of

Idx

3

(c) A parttcle, oving along the x-axis, starts at the ongin with an initial  yelocity  vo.

d"x

Its acceleration is given by rt2 = 4xa-16x.

Showthatthequantity E=-lr!3-'1'-x4+8x' doesnotchangewithtime.
2 ( dt )

1

ii) Given that initial  velocity  vg =,  (;Ej, find  the value  of  E.

iii) Hence, or otherwise, detemiine  the  range  ofthe  pariicle  with

the  initial  velocity  in  part  (ii).

I

2

Question 9 continzies next  page

Question  9 (continued)

(d)  An  experiment  is conducted  using  the conical  filter  which  is held  with  its axis  vertical

as shown.  The  filter  has a radius  of  10 cm  and sei-vertical  angle  30o.

Chemical  solution  flows  :a'om  the  filter  into  the cylindrical  container,  with  radius  10 cm,

at a constant  rate  of  3 cm3/s.

At  time  t seconds,  the  amount  of  solution  in  the  fflter  has height  h cm and  raffius  r cm.

20 cm  -

The volume of a cone of  radius,r and height h is zl w2h and the curved surface area

is wl  where7is  the slantheight  ofthe  cone.

Find  the rate of  decrease  (to 3 sig.  fig.)  of  the  radius  of  the  solution  in  the

filter  when  h =  5 cm.

Let  S denote  the curved  surface  area of  the  filter  in  contact  with  the  solution.

Show  that  -ds =  -j-E5- cm2/s.
dt  r

3

2

Whenthe  height  of  the solution  in  the  cylindrical  container  measures  O.81cm,

the  'volume  ofthe  solution  left  in  the  filter  and  the container  are the  same.

Find  the rate of  change  with  the curved  sinface  area of  the  filter  in  contact

with  the  solution  with  respect  to time  at this  ingtant.

2

End  of  Question  9
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Question  10  (19  marks)  Use  a SEPARATE  writing  booklet.

, . J J35  1{2'lJ
Find  the  exact  value  of  S.lm tan  i -  i + cos  i -  i i

I k2)  k3)l
3

(b) A  hemispherical  bowl  ofradius  10 cm is  being  filled  withwater  at a constant  rate

of  20 cm3 per  minute.

NOT  TO

SCALE

i)  Show  that  the  volume  of  the  water  in  the  bowl  in  temis  of  its depth  h is

.( , ha >
V =  :rrl  10A --1.

131

3

ii)  At  what  rate  (to 2 dec.pl.)  is the  depth  ofthe  water  rising  when  it  is 5 cm  high? 3

Let P, denote the proposition Z,," ri(-rr+l) = ln4n". 4

Prove  by  mathematical  induction  that  this  proposition  is tnie  for  all  positive  integers,  n.

Question  10  continues  next  page

Question  10 (continued)

(d).  hithediagram,avertiBalpole43metreshighisplacedontopofasupport

1 mefe  high.  The  pole  subtends  an angle  of e radians atthe point.P, which

is x metres  from  the base O of the support.

Imi  e

Showthat  6)is maximum  when.x  = 2.

iij) Deduce that the maximum angle subtended at P is e = tan-' 3

End  of  paper
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