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a Write  using  black  pen
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- A reference  sheet  is provided  at the  back  of  this  paper

- In Questions  11-16,  show  relevant  mathematical  reasoning

and/or  calculations
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100

Section  I-10  marks  (pages  2-5)

- Attempt  Questions  1-10

- Allow  about  15  minutes  for  this  section

Section  II-  90  marks  (pages  6-1  6)

o Attempt  Questions  'l 1-1  6

o Allow  about  2 hours  and  45 minutes  for  this  section

1250

Section  I

10  marks

Attempt  Questions  I-10

Auow  about  15  minutes  for this section

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

1  What  is the gradient of the line 2X + 3y + 4 = 0 ?

A.

2
B.

3

C.

3
D.

2

2 Which  expression  is equal to 3X2 - x - 2?

A.  (3x  -  1)  (x + 2)

B.  (3x  + 1) (x -  2)

C.  (3X -  2) (X + 1)

D.  (3)C + 2) (x-1)

3 What  is the derivative  of e"'?

A.  x2e's-1

B.  2xe2"

C.  2xe""

D.  2t"'
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4 The  function  f  (x)  is defined  for  a < x < b.

On this interval, f  '(X) > 0 and f  "(X) < 0.

Which graph best represents y = f  (r)  ?

A.  )' B. y

b

C.  .Y D.  .V

b b

5 It  is given  that lna  =  lnb  -  lnc,  where  a, b, c > 0.

Which  statement  is tnie?

A.  a =  b -  c

b
B.  a =  -

C

b
C.  In  a =  -

C

lnb
D.lna=-

lnc

6 The point P moves so that it is always equidistant from two  fixed  points,  A and B.

}Vhat best  describes  the locus  of  P ?

A  point

A circle

A  parabola

A  straight  line

7 Which expression is equivalent  to tan8+  cot6)?

A. cose.c 61 + sec e

B.  sec 6) cosec  e

C.  2

D.  1

8 The region enclosed by y = 4 - x, y =.r and y = 2x + 1 is shaded in the diagram  below.

=4-x

y =  2x + I

Which of the following defines the shaded  region?

A. y < 2x + 1,  y < 4 -  x,  y :  x

B. y > 2.'c + 1,  y < 4 -  x,  y > x

C. y < 2x + 1,  y > 4 -  x,  y > x

D. y > 2x + 1, y > 4 -  x,  y > x

-4-
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9 The  graph  of y =  j  '(x)  is shown.
Section  I[

y=f"(x)

The  curve  y = f  (r)  has a maximum  value  of  12.

What is the equation of the curve y = 7  (x)  ?

A.  y =  x2 - 4x + 12

B.  y =  4 + 4x  -  x2

C.  y =  8 + 4x  -  x2

D.  y = x2 - 4x + 16

10  A  particle  is moving  along  a straight  line.

The  graph  shows  the velocity,  v, of  the particle  for  time  t > 0.

How  many  times  does  the  particle  change  direction?

A.  1

B.  2

C.  3

D.  4

90 marks

Attempt  Questions  11-16

Allow  about  2 hours  and  45 minutes  for  this  section

Answer  each question  in the appropriate  writing  booklet.  Extra  writing  booklets  are available.

In Questions  11-16,  your  responses  should  include  relevant  mathematical  reasoning  and/or

calculations.

Question  11 (15 marks)  Use  the Question  11 Writing  Booklet.

(a) Rationalise  the denominator  of 2

(b) Find l(2x + 1)4 dx, 1

(c)  Differentiate
sinx

2

(d)  Differentiate  x3 lust. 2

(e)  In the diagram,  OAB is a sector  of  the circle  with  centre  0 and radius  6 cm,

where  IAOB  =  30o.

A

6 cm
NOT  TO

SCALE

0  6 cm  B

(i)  Find  the exact  value  of  the area of  the triangle  OAB.

(ii)  Find  the exact  value  of  the area of  the shaded  segment.

Question  11  continues  on page  7
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Question  11 (continued) Question  12  (15 marks)  Use the Question  12 'vVriting  Booklet.

(f)  Determine  the eqriation  of the parabola  shown.  Write  your  answer  in  the

form  (x -  /i)2 =  4a  (y  -  /c).

2

(g)  Solve  3X-l  =2. 2

(h)  Find  the domain  of  the  function  f  (x)  = J. 2

End  of  Question  II

(a)  Find  the equation  of the tangent  to the curve  y =  x"' + 4x -  7 at the point

(1, -2).

(b)  The  diagram  shows  the region  borinded  by y =  >  and the x-axis.

The  region  is rotated  about  the r-axis  to form  a solid.

Find  the exact  volume  of  the solid  formed.

(c)  In an arithmetic  series,  the fifth  term  is 200  and the srim  of  the first  four  terms

is 1200.

Find  the value  of  the tenth  term.

Questton  12  continues  on page  9
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Question  12 (continued) Question  13  (15 marks)  Use  the Question  13 Writing  Booklet.

(d)  The  points  A( -4,  O) and  , 5) lie  on the line  y =  x + 4.

The  length  of  AJ3 is 5J.

The  points  C (0, -2)  and  D (3, l)  lie  on the line  x -  y -  2 =  0.

The  points  A, B, D, C fom  a trapezium  as shown.

0  - .'c

C(0,  -2)

NOT  TO

SCALE

(i)  Find  the  perpendicular  distance  from  point  A(-4,  O) to  the

line  x -  y -  2 = 0.

(ii)  Calculate  the area of  the trapezium.

I

2

(e)  A spinner  is marked  with  the numbers  1, 2, 3, 4 and 5. When  it  is spun,  each  of

the five  numbers  is eqrially  likely  to occur.

The  spinner  is spun  tlu'ee  times.

(i)  What  is the probability  that  an even  number  occurs  on the first  spin?

(ii)  What  is the probability  that  an even  number  occurs  on at least  one of  the

three  spins?

(iii)  What  is the probability  that  an even  number  occurs  on the first  spin  and

odd  numbers  occur  on the second  and  third  spins?

(iv)  What  is the probability  that  an even  number  occurs  on exactly  one of  the

three  spins?

End  of  Question  12

I

1

l

I

(a)  Using  the cosine  rule,  find  the value  of  x in the fonowing diagram.

x +4

NOT  TO

SCALE

(b)  Consider  tlie  crirve  y = 2x3 + 3}  - 12Lt + 7.

(i)  Find  the stationary  points  of  the curve  and determine their nature.

(ii)  Sketch  the curve,  labelling  the stationat7  poutts.

ay
(iii)  Hence,  or otherwise,  find  the valries  of  x for  which  -  is positive.

dx

(c)  By  letting  rn =  t-:, or otherwise,  solve  t"3 + l"  -  6 = 0.

(d)  The  rate  at which  water  flows  into  a tank  is given by

dV  2t

dtl+t2'

where  V is the volume  of  water  in the tank in litres and t is the time in seconds.

Initially  the tank  ss empty.

Find  the exact  amount  of  water  in the. tank  after 10 seconds.

-9- -10  -



Question 14 (15 marks) Use the Question 14 Wiiting  Booklet.

(a) Sketch the curve y = 4 + 3 sin2x for  O <x  < 2z. 3

(i) Find the exact value of i cosxdx

(ii) Using Simpson's rule with one application, find  an appro  ximation  to the

i cosx dx

leaving your  answer  in terms  of  g and  sj3.

(iii)  Using  parts  (i)  and (ii),  show  that

x=  isA
i + aA  '

I

2

1

Question 14 continues  on  page  12

-  kl

Question  14 (continued)

(c)  Carbon-14  is a radioactive  substance  that decays  over  time.  The amount  of

carbon-14  present  in a kangaroo  bone  is given  by

C(t)  =Ae',

where  A and k are constants,  and t is the number  of  years  since  the kangaroo

died.

dC

(i)  Show that C(t) satisfies 7t  = kC.

(ii)  After  5730  years,  half  of  the original  amount  of  carbon-14  is present.

Show  that  the value  of  k, correct  to 2 significant  figures,  is -0.00012.

(iii)  The  amount  of  carbon-14  now  present  in a kangaroo  bone  is 90%  of  the

original  amount.

Find  the number  of  years  since  the kangaroo  died.  Give  yotir  answer

correct  to 2 significant  figures.

(d) The  shaded  region  shown  is enclosed  by two  parabolas,  each  with  x-intercepts

at x =  -1 and x =  1.

The  parabolas  have  equations  y =  2k(x2 -1)  and y =  &(l  -  x2), where  k > 0.

y = 2k(x2 -1)

y =  Aa(l -  ;c2)

Given  that  the area of  the shaded  region  is 8, find  the value  of  k.

End  of  Question  14
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Question  15  (15 marks)  Use  tlie  Question  15 Writing  Booklet. Question  15 (contimied)

(a)  The triangle  AEC  is isosceles  with  AE  =  AC  and the size of IBAC  is xo.

Points  D and  E are chosen  so that  BC,  CD  and AADE  are congruent,  as

shown  in the diagram.

E

D

B

Find  the value  of  x for  which  AB  is parallel  to ED,  giving  reasons.

(b) Anita  OpenS a savings  account.  At  the start  of  each  month  she deposits  $X  into

the savings  accormt.  At  the end of  each  month,  after  interest  is added  into  the

savings  account,  the bank  withdraws  $2500  fron'i  the savings  account  as a loan

repayment.  Let  g,  be the  amount  in  the  savings  account  after  the n'h withdrawal.

The  savings  account  pays  interest  of  4.2%  per  annum  comporinded  monthly.

(i)  Show  that  after  the second  withdrawal  the amount  in the  savings  account

is given  by

M2 = X(1.00352 + 1.0035) - 2500(1.0035 + 1).

(ii)  Find the value of X so that the amount in the savings account is $80 000
after  tlie  last  withdrawal  of  the fourth  year.

Question  15  continues  on  page  14

(c)  Two  particles  move  along  the x-axis.

When  t = 0, particle  P, is at the origin  and moving  with  velocity  3.

For  t > 0, particle  P, has acceleration  given  by a, = 6t + e-'.

(i)  Show  that  the velocity  of  particle  P, is given  by v, = 3f"  + 4 - e-'.

When t = 0, particle P2 is also at the origin.

For t > 0, particle P2 has velocity given by v2 = 6t + 1-  e-'.

(ii)  When  do the two  particles  have  the same  velocity?

(iii)  Show  that  the two  particles  do not  meet  for t > 0.

End  of  Question  15
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Question  16  (15 marks)  Use  the Question  16 Writing  Booklet.
Question  16 (continued)

(a)  John's  home  is at point  A and his school  is at point  B. A straight  river  runs

nearby.

The  point  on the river  closest  to A is point  C, which  is 5 km  from  A.

The  point  on the river  closest  to B is point  D, which  is 7 km  from  B.

The  distance  from  C to D is 9 lcm.

To get some  exercise,  John  cycles  from  home  directly  to point  E on the river,

X km  from  C, before  cycling  directly  to school  at B, as sliown  in tlie  diagram.

B

A

5krn 7km

D

River

The  total  distance  John  cycles  from  home  to school  is L km.

(i)  Sliow tliat L = r  + ?.
dL

(ii)  Show that if Tx  = 0, then sina = sing.
(iii)  Find the value of x that makes sina  = sin/3.

(iv)  Explain  why  this  value  of  x gives  a minimum  for  L.

1

3

2

1

Question  16  continues  on page  16

15 -

(b)  A  geometi'ic  series  has first  term  a and limiting  sum  2.

Find  all possible  values  for  a.

(c)  In the  triangle  ABC,  the  point  M  is the i'nid-point  of  BC.  The  point  D lies  on AB

and

BD  =  DA  + AC.

The  line  that  passes  throrigh  tlie  point  C and  is parallel  to MD  meets  BA  produced

at E.

n

E

M

Copy  or trace  tliis  diagram  into  your  writing  booklet.

(i)  Prove  tliat  LACE  is isosceles.

(ii)  The  point  F is chosen  on BC  so that  AF  is parallel  to DM.

n
M F

C

Show  that  AF  bisects  IBAC.

End  of  paper

-  16  -
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Section  I

Multiple-choice  Answer  Key

Section  n

Question  11 (a)

Sample  answer:

zJs

z(J  + i)

(A)2 - i2

;(A+i)

5-1Question Answer

l A

J D

3 c

4 A

5 B

6 D

7 B

8 A

9 c

10 A

Question  11 (b)

Sainple  answer:

f(2 s + l )4 t/.1
(2x  + IP
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Question  11  (c)

Sanyple  answer:

r(cos.i)  -  sin.r  (l)

u=sinx

(/11
=  COS  X

dx

Question  11  (d)

Sainple  answer:

-d (:i3 X In.r)
dx

.1-i x -  + 3

=  s 2 + 312  x ln  x

kl =  i

du 3x'
dx

dv  l

d.x  x

Question  11  (e) (i)

Sanyple  answer:

A =  -absinc

-x6x6 30o

=  -'  x 36  x -'
22

.'. Area  =  9 cm2

Question  11  (e) (ii)

Sampre  answer:

Shaded  aiea  =  Area  of  seclorAOB  -  Area  of  l'sOAB

6" l-  9

36x
=  --  -  9

12

.'. Area  =  (3x  -  9) cm2

-3- -4-
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Question  11  (f)

Sample  answer:

v =  (2, l)

pi  =  (0, 4)

(.x -  /i )2 = 4(1 (3' -  k)

(:c -  2)2 =  4a(y  -  l)

(O -  2)1 =  4a(4 -l)

4 =  4(1(3)

4 =  1 2(?

1
a=

3

i4
.', (.x -  2)-  =-()'-')

3

Question  11  (g)

Sampre  answer:

3y-l  =  2

+(3x-l)  = 2 -(3x-l)  =  2

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

3x  =  3 -3  s =  l

r=  1

Question  11  (h)

Sample  answer:

3-x20

32x

x < 3

Question  12  (a)

Smnple  answer:

s' =  .s'  + 4.r -  7

ya '- lx  + 4

when  x = l 3i = 2 + 4 = 6

.'. Ill  =  6

1' -  ll  :  m (% -  Y 1--l  i  i)

3' -  -2  = 6(V-+l)

s' = 6t  -  8

-6-
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Question  12 (b)

I Criteria Marks

In Provides correct solution 3

In Finds the three correct eqtiations and attempts to solve, or equivalent mentl=
la Finds a valid equation linking a and d, or equivalent merit l-

Criteria Marks

- Piovides  conect  solution 3

* Obtains  the primitive  of  an integrand  for  the volume,  involving  the square
of  the function,  or equivalent  merit l-

* Obtains  an integral  for  the volume  involving  the square of  the function,
or equivalent  ment l-

Sample  answer:

V = xi  l sJ 16 -  4r " ) d.l

r 4X312
=  2XI 16 s -  -  i

L 3 jo

r  32  -i

131

Volume  =  !!!'-  units3
3

Question  12 (c)

Sample  answer:

T =a  +  4d =  200
5

S5 = a + a + d + (l + 2d + a + 3d = 1200

a + 4d =  200  -(D

4a + 6(/ =  1200  -(2

4a + l6d  =  800  -(i  x 4

Subtracting lOd =  -400

d =  -40

a + -160  =  200

a =  360

T  =  360 + 9 x -40
10

=O

-7- -8-
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Question  12  (d) (i)

x Providescot'rectanswer  C'fferfa I Mal'k"
Sample  answer:

Point  A (-4,  O) to the line  .ii =  .x -  2

.y  )i  2 =  0

a = l b =  -l  c =  -2

Pei'pendicular  distance  =  :

m"

l x -4  + -l  x 0 -  2

-4-2  6

J2J2

=  'gJi

Question  12  (d)  (ii)

Sample  answer:

4 =  -Aa  + b 17i

l'r =  3-fZ  and one length  (A8)  = 5J

Otlier lengtli is distance CD = V(3 - 0)2 + (l-  -2)2

24X2

.'. Area  =  24 units2

Question  12  (e) (i)

Sample  answer:

')
P (even  number)  = -z

:)

-9- -  10 -
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Question  12  (e)  (ii)

Criteria Marks

o Provides  correct  solution 3

o Attempts  to expand  each  term  and  evaluate  the cosine  term,  or  equivalent

inerit
7

s Correctly  uses the cosine  rule,  or  equivalent  mertt l

Sample  answer:

Probabiluy  (at  }east  l even  number)

= l -  Probability  (all  odd  numbersi

333
=l--x-x-

555

Question  12  (e) (iii)

Sample  answer:

233
P (eyen,  odd,  odd)  =  -  x  -  x  -

555

Question  12  (e) (iv)

Sample  answer:

233
P (exactly  one  even  ) =  3 x -  x  -  x  -

555

Question  13  (a)

Sample  answer:

60o

s +4

Using  cosine  rule:

132 =(x  *  4)2 + (x  -  4)2 - 2(A  + 4)(.i:  -  4)cos6(Y

169  =.v2  + 8.Y + 16 +.l  -  8y  + 16 -  2(x2-16)  x  :1

=.r2+48

121  =  .s 2

Bui.y  -  4 > 0 since  it is a length

So .r > 4

.'. .s =  11

- 11-
 12 
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Question  13  (b)  (i)

Criteria AIarks

a Provides  conect  solution 4

* Determines  the _y-coordinates  of  the  two  stationary  points  and  deter+nines

the nature  of  one of  them,  or  equivalent  ment
3

s Obtains.-values  of  the stationary  points,  or  equivalent  merit l=
ds'

ii Differentiates  and  sets =  = 0,  or  equivalent  meiit
d.s l-

Sample  answer:

v = 2V3 + 3.1 2-l  2.s + 7

'D-=  6x2 + 6x-12
dv

= 6(.i2 +.r  -  2)

d  2 v

ay
For  stationary  point,  =  =  0

dx

.'c- +.t-  -  2 = 0

.'.  Concave  up

.'.  (1, O) isalocal  minimum

Wlien.i  = -2,  v = 2 (-2)3 + 3(-2)2  -  12(-2)  +  7

Concave  down

(-2,  27)  isalocal  maximum.

NESA 2017 HSC Mailiemauci  MaAing Ouidelinei

Question  13  (b)  (ii)

Sample  answer:

(-2,  27)

Question  13  (b)  (Ui)

Sample  answer:

dV
From  the graph,  -  is positive  when  x > 1 or  x < -2

dx

- 13- - 14 -
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Question  13  (c)

Criteria

i  Provides  coirect  sketch 3

i  Indicates  COrreCt amphtude  and period,  or equivalem  ment

o Indicates  coi'reci  amplitude,  or equivalent  merit

a)

l

Sample  answer:

Ill  =  +4, m2 =  (i)2 =  l

r4 +  I  - 6 =  0

.'. m2 +  m -  6 = 0

(171 -  2)(m  +  3) =  0

m =  2 or  m =  -3

.'. t'  =  2 or  t'  =  -3

t =  8 t =  -27

Question  13  (d)

Criteria

ii  Provides  conect  solution 3

ii Provides  correct  pnmitive,  or  equivalent  merit J

ii Attempts  to integrate  tlie  expression,  or  equivalent  merit 1

Sample  answer:

-dV = -E'T when r = 0, V = 0
dl  l +  r

r  IG
I 2t

V=l -  dr

0 l+r

=[in(i+t2)]g'o

=  ln(101)  -  lnl

=  In(101)  (:4.615...)

After  10 seconds  the volume  of  water  m the  tank  is in  101 litres

Question  14  (a)

Sample  answer:

v =  4 + 3 si n ').i

Question  14  (b)  (i)

Sample  answer:

JS

- 15 - - 16 -
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Question  14  (b)  (ii)

Sarnple  answer:

x7  (81  il
= -i  1 +  4 i -  i +  -  i

181 l 2 l 2 I

xri  =-iA1
= -l  -  +-l

18i 2 2 i

. 1:  [ a+,:JS ]

Question  14 ib) (iii)

Sample  answer:

18A =x[3+4Jjl

Questton  14 (cl (i)

Sample

C  =Ae"

= kC,  as required

Question  14  (c)  (ii)

Sample  answer:

r = 5730 C = #CO
C(O)  =  A

C(Ol=-A

5730k

-  5730

k =  -0.00012

-17  - - 18 -
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Question  14  (c) (iii)

Criteria Marks

ii  Provides  correct  solruion 3

*  Obtains  an expression  for  the iu'ea involving  k with  integration  complete,

or  equivalent  merit l-
i  Auempts  to use integration  to find  the area  of  the  shaded  region,

 or  equivalent  merit l-
Sample  answer:

C(t)  =  0 9A  r =  ?

0 9A  =  ,<ek'

ln(0.9)  =  kr

In(0.9)

tn(0.9)
t=

k

In(0.9)

-0.00012

=  870.9777...

=  870  years

using  k =  -0.00012

r =  878.0042...

r =  880  years

Question  14  (d)

Sample  answer:

Area = 2 l (I-  x2) - 2k(x2-l))dy

=-JO't=-i=-

6kl 3 Ig

=  4k

.. 4k  =  8

&:2
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Question  15  (a)

Criteria Marks

o Provides  correct  solution 3

* Finds  a correct  equation  for.i,  or equivalent  merit ')

o Makes  some progress l

Criteria Marks

ii Provides  correct  solution )

ii Obiains  M, =  X(  10035)  -  2500,  or eqriivalem  ment ii

Sample  answer:

bABC,  aACD,  bADE  are congruent (given)

So angles  IBAC.  ICAD,  and IDAE,  are equal  (corresponding  angles

ii'i congrhient  tnanglesl

IAED  ts the base angle  of  an isosceles  triangle.

2 X fAED  + x = 180  (angle  sum of  a triangle)

180-;r
So IAED  =  -,-

IAED  + IEAB  =  180

Criteria Marks I
ii Provides  correct  solution 3

ii Obtains an expression for ff=s with at least one series suinn'ied,
or equivalent  merit

)

ii Obtains an expression for M48, or equivalent n'ierit l

180  -  x
180

5.t =  180

(cotnteriorangle  -AB  ED)

Question  15 (b) (i)

Sample  answer:

0.042

=  X(1.0035)-2500

u2 = ((X(1.0035)- 2500)+ X)1.0035 - 2500

=  X(1.0035)o +X(1.0035)-2500(1.0035)-2500

=  X(1.00352  + 1.0035)  - 2500(1.0035  + l)

Question  15  (b)  (ii)

Sample  answer:

At the end of 4 years = 48 months, M4g = 80 000

X(1.003548  +-+  1.0035)  -  2500(1.003547  +-+  l)  =  80 000

I i.oo:isfi.oois-'s - i1 :sooh.oois-'8 - i1

i O.0035 0.0035

ri.oo:isti.ooss48 -s

i O.0035

X=4019.42

 21 
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Question  15  (c)  (i)

Criteria , A'Iarks

o Provides  correct  solrition 13
a Obtains  cubic  equation  in r, or  equivalem  merit l=

 * Finds  _i, or.,,  or  equivalent  meiit
I l-

Sample  answer:

Particle  l  wlien  t =  0 x  =  O v =  3 and  a  =  6+ + e-'
II  I

v, is a primitive  of  a,

v =  ''  + -e-'  + k

3?  -  e-'  + k

Wlsen  r =  0 v =  3
I

3 =  3 X 0 -  eo + k

=  -l  +  k

4 =  k

So  v =  3r'  + 4-  e-'I

Question  15  (c)  (ii)

Sample  anssver:

V i   V :i

37" + 4 -  e-' =  6/  + 1-  e-'

3;  -  6t  + 3 =  0

3(t2  - 2+ + l) =  0

3(t-1)2  =  0

/=l

Question  15  (c'l (iii)

Sample  answer:

Show  that  the particles  do not  meet  for  t > 0

=  3fa + 4 -  e-'

3t3
=  -  + 4t  + e-'  + C

3

When  + =  O x  =  O
I

O=O+O+l+C

So  C =  -l

.c =  r'*4t*e-'-+

6t2

Wl'ien  t = 0 .r,  =  0

3 x 02 + 0 + l + k =  0

k =  -l

So .r, =  3?  + t + e-' -l

r3 + 4t  + e-'  -  1 =  3i2 + t + e-' -l

t(t2  - 3r + 3) =  0

t =  0 (at  origin)

9-12  < 0  so quadratic  has no solutions.

.'. particles  do  not  meet  for  t > 0

(alternatisie  merliod)

Since  both  particles  start  at tlie  ongin,

2 I -r  S
v =  37 + 3 + i l-  e iI ,,

=  3t'  + 3 + (v,  -  6t)

=  p, + 3(t2  -  2i  + l)

=  v, + 3 ({-l  )2

So P is never  slower  than  p,.I 

They start together. P, starts faster than P2

and  never  gets  slower.

.'.  P, will  always  be ahead  of  P,

.'. The  particles  never  meet  (r > O).

 24 
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Question  16  (a) (i)

Sample  answer:

By  Pyiliagoras'  theorem

AE  = r

DE  =  9 -x.  so

L = r  + m

Question  16  (a)  (iii

Criteria Marks

- Provides  correct  solution 3

x  9 -  x
s Obtains  -  = -  or  equivalent  meiit

r  p  a J

* Correctly  diffeieimates  , Or equivalent  ment l

Sample  answer:

dLv(9-.r)

d" - sG'\Js 2

sin  a =  sin  p

since  ' aACE

Question  16  (a) (iii)

Sample  anssver:

sin  a  =  sin  p <  a  =  [3 (since  a,  p acute)

tsACE  aBDE  (equiangular)

7.y =  45  -  5t

3
=  3-

4

Question  16  (a)  (iv)

Sample  answer:

(/L
From  parts  (ii)  and  (iii)  tliere  is only  one value  of  x for  which  -  =  0 for  0 <.r  < 9

(/.1

For.y=0

Forx=9
dL  9
-  -  -  > 0
dr  -  ,Eh

Hence.  since  .i =  3-! lies  between  l  =  0 and  x =  9 then  ilus  must  be a minimum.

 )5  26 
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Question  16 (b)

Criteria A4arks

o Provides  correct  solution 3

i  Shows  BD  =  DE,  or equivalent  merit J

o Sliows  ABDM  is sinular  to aEEC,  or equivalent  merit l

Criteria Marks

l'Provides correct solution 3

a Obtaii'is  -l  < ]-  q < 1, or equivalent  ment
J

J

b Recognises  -"  =  2, or eqriivalem  mei'it
1-  r

l

Sample  answer:

a =  l -r
2

a
r=]--

2

Now  r  < l so l- 3a < l

l<l-fl<l
, Criteria  Marks

li Provides correct solution 2

lo Shows IFAC = IACE, Or equivalent m6ri( jl2 >  a -  2 >  -2

4>(7>0

0<a<4

Question  16  (c) (i)

Sainple  answer:

Since BM  =  MC

then  BD  =  DE

(given)

(equal  intercept)

BD  =  DA + AE

BD  =  DA + AC  (given)

DA + AE  =  DA +  AC

AE =  AC

Hence,  tsACE  is isosceles  (two  equal  sides)

Question  16  (c) (ii)

Sample  anssver:

M F
C

E

Since AF ii DM and
EC  DM  then

AF  EC

IBAF  =  IAEC  (corresponding  angles,  parallel  lines AF  E C )

IAEC  =  IACE  (base angles  of  isosceles  tnangle  ACE)

IACE  =  ICAF  (alternate  angles,  parallel  lines  AF  and EC}

So IBAF  =  ICAF,  ie AF  bisects  IBAC
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