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Total marks — 84
Attempt Questions 1-7
All questions are of equal value

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

Marks
Question 1 (12 marks) Use a SEPARATE writing booklet.
d.
(2) Find J * 2
49 + x2
(b) Using the substitution u =x*+ 8, or otherwise, find sz «/xA +8dx. 3
. sinSx
(¢) Evaluate lim . 2
x>0 3x
(d) Using the sum of two cubes, simplify: 2
sin® 0+cos® 6 _1
sin@+cosf
for 0 <6 <z
2
(¢) For what values of b is the line y=12x+b tangent to y=x>? 3

Question 2 (12 marks) Use a SEPARATE writing booklet.

(@ Let f(x)=sin(x+5).

®
6y

(iii)

® O

6

State the domain and range of the function f(x).
Find the gradient of the graph of y = f(x) at the point where x=-5.

Sketch the graph of y=f (x)

By applying the binomial theorem to (1+x)" and differentiating,
show that

n(1+x)"_1 =[;L]+ Z(ZJX 4o +r[:l]xr_1 et n(Zan—l .

Hence deduce that

n3" = [n]+ +r[nJ2"1 et n[nJZ"‘l .
1 r n

Question 2 continues on page 5

Marks




Question 2 (continued)

©

y

The points P(2ap, ap?), 0(2aq,aq”) and R(2ar,ar®) lie on the parabola
x*=4ay. The chord QR is perpendicular to the axis of the parabola. The
chord PR meets the axis of the parabola at U.

The equation of the chord PR is y= %( p+ryx—apr. (Do NOT prove this.)

The equation of the tangent at P is y=px—ap®. (Do NOT prove this.)

(i) Find the coordinates of U.

(ii) The tangents at P and Q meet at the point 7. Show that the coordinates
of Tare (a(p +g), apg).

(iii) Show that TU is perpendicular to the axis of the parabola.

End of Question 2

Marks
Question 3 (12 marks) Use a SEPARATE writing booklet.

z

+

(@ Find [ sin’x dx. 2
0

(b) (i) By considering f(x) =3log, x—x, show that the curve y=3log, x and 1

the line y=x meet at a point P whose x-coordinate is between 1.5 and 2.

(i) Use one application of Newton’s method, starting at x=1.5, to find an 2
approximation to the x-coordinate of P. Give your answer correct to two
decimal places.

(c) Sophie has five coloured blocks: one red, one blue, one green, one yellow and
one white. She stacks two, three, four or five blocks on top of one another to
form a vertical tower.

(i) How many different towers are there that she could form that are three 1
blocks high?

(ii) How many different towers can she form in total? 2

Question 3 continues on page 7




Question 3 (continued)

@

]

The points P, Q and T lie on a circle. The line MN is tangent to the circle at T
with M chosen so that QM is perpendicular to MN. The point X on PQ is chosen
so that 7K is perpendicular to PQ as shown in the diagram.

(i) Show that OKTM is a cyclic quadrilateral.

(ii) Show that LZKMT =/KOQOT.

(ili) Hence, or otherwise, show that MK is parallel to TP.

End of Question 3

Marks
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Marks
Question 4 (12 marks) Use a SEPARATE writing booklet.
(a) The cubic polynomial P(x)= B+ r+ sx+1, where r, s and 7 are real numbers,
has three real zeros, 1, @ and ~c.
(i) Find the value of r. 1
(ii) Find the value of s+1z. 2
(b) A particle is undergoing simple harmonic motion on the x-axis about the origin.
It is initially at its extreme positive position. The amplitude of the motion is 18
and the particle returns to its initial position every 5 seconds.
(i) Write down an equation for the position of the particle at time ¢ seconds. 1
(i) How long does the particle take to move from a rest position to the point 2
halfway between that rest position and the equilibrium position?
(c) A particle is moving so that X = 18x3 + 27x% + 9x.
Initially x=-2 and the velocity, v, is —6.
(i) Show that v>=9x*(1 + x)%. 2
(ii) Hence, or otherwise, show that 2
J-—-l———dx =-3t.
x(l+x)
(iii) It can be shown that for some constant c, 2

1
log, (1+;)= 3t+c. (Do NOT prove this.)

Using this equation and the initial conditions, find x as a function of z.

Marks
Question 5 (12 marks) Use a SEPARATE writing booklet.

(a) Show that y=10¢%7+3 is a solution of ? =-0.7(y - 3). 2
2

(®) Let f(x)=log, (1+e’” ) for all x. Show that f(x) has an inverse. 2

©

A hemispherical bowl of radius 7 cm is initially empty. Water is poured into it at
a constant rate of kcm’ per minute. When the depth of water in the bowl is
x cm, the volume, V cm®, of water in the bowl is given by

V= gxz (3r—x). (Do NOT prove this.)
G) Showthat E= F 2
A dr  7wx(2r—x)
(ii) Hence, or otherwise, show that it takes 3.5 times as long to fill the bowl 2

to the point where x= %r as it does to fill the bow! to the point where

Question 5 continves on page 11
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Marks

Question 5 (continued)

@ (i) Use the fact that tan(o—f)= tang—tanf to show that

" l+tanatan f

1+tannf tan(n+1)0= cot@(tan(n+l)9—tann9) .

(ii) Use mathematical induction to prove that, for all integers n21,

tan® tan26 + tan26 tan30 + -+ + tann6 tan(n+1)0 = —(n+1) + cot@ tan(n+1)0.

End of Question 5

~11 -

Question 6 (12 marks) Use a SEPARATE writing booklet.

(a) Two particles are fired simultaneously from the ground at time #=0.

Particle 1 is projected from the origin at an angle 8, 0 <6< g, with an initial

velocity V.

Particle 2 is projected vertically upward from the point A, at a distance 4 to the
right of the origin, also with an initial velocity of V.

y

It can be shown that while both particles are in flight, Particle 1 has equations
of motion:

x =Vitcosf
y=Vtsinf — lgt2 s
2
and Particle 2 has equations of motion:
x=a
L)
=Vt -g17.
y 2 g
Do NOT prove these equations of motion.

Let L be the distance between the particles at time £.

Question 6 continues on page 13
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Question 6 (continued)

(i) Show that, while both particles are in flight,
I? = 2v%? (1 - sin8) — 2aVicosd + a®,
(i) An observer notices that the distance between the particles in flight first
decreases, then increases.

Show that the distance between the particles in flight is smallest when
t= ﬂfﬂ and that this smallest distance is a 1-sing .
2V(1-sm6) V 2

(iii) Show that the smallest distance between the two particles in flight occurs

while Particle 1 is ascending if V > _M .
2sin8(1—sind)

(b) Inan endurance event, the probability that a competitor will complete the course
is p and the probability that a competitor will not complete the course is
g=1-p. Teams consist of either two or four competitors. A team scores points
if at least half its members complete the course.

(i) Show that the probability that a four-member team will have at least
three of its members not complete the course is 4pg> + q*.

(ii) Hence, or otherwise, find an expression in terms of ¢ only for the
probability that a four-member team will score points.

(i) Find an expression in terms of g only for the probability that a
two-member team will score points.

(iv) Hence, or otherwise, find the range of values of g for which a
two-member team is more likely than a four-member team to score

points.

End of Question 6

— 13—

Marks
Question 7 (12 marks) Use a SEPARATE writing booklet.

A gutter is to be formed by bending a long rectangular metal strip of width w so that
the cross-section is an arc of a circle.

Let r be the radins of the arc and 26 the angle at the centre, O, so that the
cross-sectional area, A, of the gutter is the area of the shaded region in the diagram on

the right.

Gutter

(a) Show that, when 0 <8 < g the cross-sectional area is 2

A=r2(0—si Beos ).

(b) The formula in part (a) for A is true for 0< &< 7. (Do NOT prove this.) 3
By first expressing r in terms of w and 6, and then differentiating, show that

dA _ w?cosf(sin@—0cosb)
do 26°

for 0<B<m.

Question 7 continues on page 15
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Question 7 (continued)

(© Let g(6)=sin@ —Ocosd.

By considering g’(6), show that g(6) >0 for 0 <6< 7.

(d) Show that there is exactly one value of 6 in the interval 0 < 8 <7 for which

.
a6

(e) Show that the value of 8 for which % =0 gives the maximum cross-sectional

area. Find this area in terms of w.

End of paper

~15-

Marks

STANDARD INTEGRALS

1
n _ n+l 1 :
Jx dx iy EA nz-l; x#0,ifn<0
1
“dx =nx, x>0
x
ax 1 ax
e dx ==e%, az0
1.
cosax dx = sinax, az0
. 1
sinaxdx = - cosax, a#0
2 1
sec”ax dx =Etanax, a#0

1
Jsecax tan ax dx =—secax, a #0

1
Jﬁdx =ltan_1—)£, a#0
a +x a a

.1 X
dx =smlz, a>0, —a<x<a

J#=

J;dx =1n(x+\/x2—a2), x>a>0
[2_ 22

fﬁdx =In(x+x/x2+a2)

NOTE : Inx=log,x, x>0

- 16 —
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2006 HicHER ScHooL CERTIFICATE
SOLUTIONS .

MATHEMATICS EXTENSION 1

QUESTION 1

(a.)[ dx =f 1 dx
49 + %2 724 2
=—;—f:a'n‘1$+0
(b) Given u = x%+8,
ﬂ=43r:3
du = 423 dx.

(from Standard

Integrals).

Nowfx3\/x4+8 dx = ji—f\/x4.+8.4x3 dx

1
= -j—i—fuz du
3
iz
=Z 3 +C
2
~L23
= 21.3u +C
_1 .3
= 6.u :—C
= l(x 1'8) +C.
6
(@ limZROT _ 5y, S0
>0 38z 3 xs0 Bx
= §X1 since limsmx
3 >0 X
=35
3
(@ a2+5% = (a+5)(a? b b2).
sin39+c0536_
Sin 6 + cosf

_ (sm@+cos€)( 20— $in Hcosh + cos? 9)

(sm6+ 0059)
sin? @ - sin@cosf +cos? -1

]

= —sin fcosf.

1—ginfcos8—1 (smce sin?@+cos? @ = 1) )

2008

)|

-1 1

(e) Fory = 12x+b to be atarigentio y = x2 , the
gradients must be the same at the point of
contact.

The gradientof the tangenttoy = o is given by
L _ 32,
The gradientof y = 12z +bi8 12,
322 = 12
2= 4

o Tx =12

When x = 2, y=(2)° =

Substitutinginto y = 12x+5

8 = 12(2)+b

b = —1i

y= (—2)3 ==
-8 = 12(-2)+b "

b= 16

When x = ~2,

b = 116.

QUESTION 2
(a) f(x) = sin
(i) Domain:

1z 45),

A<x+5<1
-6 x <-4

Ie f(x) g

Range:
= sind (g £ 5) "¢ VI

G y
Ly
dx 2

. The gradientof 3 = flx)is¥ats = 5.

 Page 4l

TR i

(D

B

% 45 % B 2 4 o 1

~Z
2

®»© (L) =U U (g)xz+
el

Differentiate Both sides with respectio x:

all+a) ™ = o+(;‘)+2(gjx+
. %r(’-})x"1+-~-+n(njx”"1.’
. r \

G) Letx = 2

_1 p—
t+2) 7 =[P e[ P2
n{1+2) [1)+ (2 +
} '+r(n)2"‘1+3--+n'(n)2"‘1
Lo\r n) .
n3» = [n)+---+r(n)2"1+-~-
1 r

n gn—1
n

(as U isthe

(¢) ) Put x = 0 in equation of PR
- y-interceptof FR)

y = %(p+1’-)0—[zpr

_ y = —apr.
"-. U has coordinates (0, -—apr).

(i) Bquations of tangents-at P and § are:

y=px- -0
= gx <d@g? —@
Solve smmltaneousl‘y'm_m o
D-@: 0= pr—bx—ap® +ag’
T o=lp-g)a-al(p?-4?)
- (p-g)x = olp*-2?)
=a{p-a)p+a)
£ = a(p-Fq) as p#gq.
Substituting into @: .
y = pa(p+q)-ap?
= ap” +apg - op”
= apq.
ONNA -

- T has éoordinates (a(p+ @), apg).

i) METHOD 1

Gradient TU = q_(_@r)
5 G(P'*’Q)“O
ap(g+7)
o(p+q)
_pla+r)
- ’ p+q )
Since @ and R have the same y value,
then ctq2 a? E
. g =tr :
But g # 7 as@Q and B are on oppos1te sides
of the y-axis,
o - g =—r.
-, GradientTU = E(E_—q)
p+qg

. TU isparallel to the x-axis, which makes
it perpendicular to the y-axis, the axis of
the parabola. ’

METHOD 2 -
Gince QR is perpendicular to the y-axis,
ag® = ar?

. q2_ 7.2 =0

a- r)g+r)=10

g=-r, {g=r).

The ¥ value of T is apg,

-, they value of T' = —apr-
This isthe yﬂvalue of U.
Since T' and U have the same y value, TU
is perpendicular to the y-axis which is the

axis of the parabola.
QUESTION 3
(a) cos2x = 1—2sin®x

sin®x = ‘-;—(1— cos2x)

¥4 Z
J’ési:nzx dx = -;—Jé(l—cosz:r) dx
0
b3

i
= l[x—-]lsm2x]— i
2 2 0 3
l[ﬁ-lsiﬁﬁ—[o——l-snon
214 2 2 2
z_1
8 4
(b) () Tofind P, the point of intersection, solve

simultaneousiy: = 3log,x —d
y=z —C

Saaa 40



Substitite @ into @:
3log,x==x
3log,x—~x=0
». Therootof f{x) = 3log, = ~ x gives the
x-coordinate of P.
The function f(x) is continuousforx > 0.
When x =1-5, f(1.5) = 8log,1.5—1.5
- = -0-2836...
< 0. )
£2) = 3log,2-2
= 0-0794...
>0 "
Since f(1-5) < 0 and f(2) > 0, thereisa
ro0t of f(x) in the interval 1.5 < x < 2.
@) flx) = 8log,x—x
Pl = 8xE-1

=21
x

Whenx = 2,

3log,1.5-1.5
3 -
= 1
1.5
. =1.5-(-0.2886...)
= 1.7836... '
=178 (2 decimal places).

(e) 5blocks: 1R, 1B,1G,1Y,1W
" @) 3blockshigh: 5x4x8 = 60 ways

‘ or 5p, = 60.

(i) Number of different towers
2blocks high: 5x4= 20
3blocks high: . 5x4x3= 60
4 blocks high: x4x3x2=120

5blockshigh: 5x4%x3x2x1 =120
= 320

.. Total = 320 different towers,
ortotal 5P, +%P+°P, + 5B, = 320.

(@

() £QKT = 90° (supplementary £s, TK L PQ)
LQMT = 90°  (supplementary £s, QM 1 TM)
LQRT £ ZQMT = 180°.

. QRTM is a eyclic quadrilateral, as
opposite angles are supplementary.

(i) Since QKTM isa cyclic quadrilateral,

LEKMT = LEKQT  (Zsinthe same segment
of cirdde QKTM, on KT').

i) LPIN = £PQT (£ between tangent and
chordisequal to £
in alternate segment)

But LKQT = LPRT
LPIN = LRMT (as ZKMT = £KQT)
MK | PT'  (apairof corresponding /s

are equal).
QUESTION 4
(@) @ Plx)=x2+re+sx+t
The sum of the zerog = ——
a
1+o+ (—a) =-Z
1
r=-1
() METHOD 1 R
Sinee 1is a zero of P(x), ) >
then P(1) =0 (Factor theorem)

P@) = (P +r02+s)+¢
0= 1+r+"s+wt.
But r = -1, =
O0=1-1+s+¢
s+t =0.

METHOD 2 g
The productofzeros = ——.

ixax{-a) =L

(b) @ x= acos(nt—l-a).
Amplitnde = 18, .~ =18

Period: 2% = 5 (asthe initial position
n i8 an endpoint)

. n= 2F =

‘ 5

So x = ISCos(gg—t,;

2006 4 Page4d
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Given ¥ = 18 when £ =90,
18 = 18cos[2?75 0+ (x}
cosx =1
o =0
So % = 18605[2?7[ t).

Noteif x = ash:(nt+(x);

then x=18sin(2—”t+ﬁj.
513

(i) Find £ when z.= 9.
9= 18Eosz—ﬂt
. S 5
cos—'zﬁt =
5
2z,
5
=

(need theé first time only)

mi|mw]a DO | b

2 LItfakes g seconds.

£ = 1823+ 2727 1 9z

d;ix(%vz) = ]§x3+27x2+9x

() @

2 18 4 27 5.9 ,
V= — x4 — + =
2 3x 2x+c
2

v? = 2x4+9x3+4§x +e.

DO o |

. When x =2, ¢ =-6.
1 2 g vy 3 9 2
=({=g) = Z{ - Z (-
>(-6) 5 2l o(=a) (-2 +e

Y18 =18+¢ -

e=0.
1 Z__Q_ 4 3 2 2
20 = Zx + 9% +.2x
v% = 9x* +182% + 92
~ = 9x2(:¢2+2x+1)
=99c2'(x+1)2

= 947 (l+x)2, asrequired.
@ v=38x(x+1) or v= —3x(x+1)
When x = ~2,
v=3(-2)(-2+1) or v = -3(-2)(-2+1)
= —6x-1 =6x-1 ¢
=6 = -6.

Since initial conditionsare x = -2, vy = -6, -

then v = —3x(x+1).

So LE ~3x(x+1)
dt

a _ A
dx  8x{x+1)

4]

- ‘éj x(il)

j 1 dx = ~38¢, asrequired.

(i log,

x(1+x)

(1+-1—) = 3t+c.
x

When ¢t =0, x = -2,
1oge(1+,—12-] = 3(0)+e

So

e =log, (%)

= Tlogé 2.

log, (l + —i-) = 3¢t =-log, 2.

Need to find x in terms of £:

log, (i + lJ+ log,2 =3¢
x

1og, [2(1+l]] - &
x N
log, (2+2J =3
x

2+— = e3t

= eét_2
1
e _2
. _2

-9’

IR R NI

®
Il

QUESTION 5

(a)

y =109+ 3
B 07x106707
dt

-0-7(y-8) = ~0-7(10e~07 +.3_3)

= —0.7x10e~%7¢
%
ds”

oy = 107%™ + 3 is a solution

ofgl

di

=—07(y-3).

(b) METHOD 1
fx) = log, (1 + e’“) forallx

=) =

X

.e
+e*
ex

1+e%

e* > 0 forallvaluesof x,




> 0 forallx.

T ite”
o f{x) ismonotonicincreasing.

" This means thatfor every value of y there is
only one x. Any horizontal line will cutthis
graph only once.

». Aninverse function exists.
METHOD 2
Every funiction has an inverse.
Forflx) =y = lo‘g(2 (1+ e’), to find the
inverse F(%), interchange x and y.
x = log, (1 +e?
Nowfind y in terms of .
Raising_,]_ooth sides to the power of e:
2 = 1+¢”
e" =g*-1.
Takmg log ofboth sides:
= log, (e - 1)
- f‘l(x) = log, (e7-1).
This inverse ig a function for x > 0.

dx dx dV
© O =7 @
Now V= Ex (37‘—x)
3
= mre? - 2
ﬂ = 27rx - Wx?
dx
1
dV  omrx - mx?
% =k (givem)
é{ = ____E_f__.xk
di  27rx—mx?
R dx &
1e, _—— e,
dt ~ mx(2r-x)

dx k
clt. ﬂx(ZT—- x)
dt  wx{2r—x)

2006

et ¢, be the time taken to fill theé bowlto
pointwhere x = %, and %, be the time taken
1o fill the bowl to & point where x = %

Whenx=g£,
3 3
2r
7 (27)2 (?J
ATRE) T -
S (;v__s;) )
k2L 9 81
= 287 5
81k
When x = =

5
[

o
X2
w
[N
[o5]

o

dn

tang =

1+tan(n +1)0 tann9

1+tan(n+1)8

= cot8 [tan

() METHOD1 (i
1et S tanefanze

+ tanne’

For n = 1 show-S;

9 Pageds

&

= cotHtan 26 -2
= RHS. .
- The resaltistrueforn = 1.

METHOD 2
1HS = S
= tan ftan 20
= ﬁn16)<._gjégfz_
 1-tan?0
_ 2’0
1-tm?6
RHS = -2+ cotHtin 20
2tand
an0(1-tan?49)
_ ~2tan8(1-tan’ )+ 2tan 6
" tan8(1-tan?9)
2tan® @ '
tan 6(1 - tan?9)
_ 2tan®0
T 1-tan?@’
- LHS = RES. .
. The resultis true forn = 1.
Let % be a value for which-the resultis true,
ie. S = ~(k+1)+ cotOtan(k +1)0.
We.need to showthat
8yu1 = ~(B+2)+ cotOtan(k +2)6.
8158+ T

(for n= 1)

Now Ty, = tan{+1)8tan{k +2)6-
= cotG[ (+ 2)9
) tan(k+1)6]-1,
using resultin (i).

Spe1 = ~{241)+cotBtan(k+1)8
+cot9[ (k+2)6‘
-tan(k+1)6]-1

= —k~1+ c5tOian(k+1)0
+cotftan{k+2)6
—cotOtan(k+1)8-1

= ~(k+2)+cotOtan (e+2)6.
ntherestﬂtlstmeforn R ¥

*, by the Fi-:ncap/e of maﬂemdgw
-in ductron , e resalt o5 Frue
for afl inegers 3!,

AnAn

QUESTION 6
(a) (1) Atanyiime # the coordinates of particles 1

and 2 are | Vicosf, Vising— %‘g‘tz) and

(a, V- —;— g‘tZJ respectively.

By the distance fornmla;
= (VtcosO— a)2
+ (Vtsine—--;—gtz —Vt+%gz‘2)
= V22 c0s? 0~ 22V cos 8 + a2 :
+(Vising-v2)°
= V22 cos? 6 - 2aVtcos § + &?
+ V%2 sin? 6 — 2V#2 5in 6 + V242
= V22 (cos? 0 +sin? 6 2sin B +1)
— %aVicosh +a?
=V%2 (2 - 2si_no9) — 24Vt cos8 +a®
=2V22(1-5in6)~ 2aVicos6 + a2,
- . asrequired.
(i) METHOD 1 i
I? = 2V2(1-5in6)#* - 2aV cos bt + a
The nght—hand side of F? isa quadratu:
int, which has a minimum value since

2V*(1-5in8) > 0 for 0< < g

Thlémmmnnoccurswhen
t‘!= _l —2aV cos 6
2 2v%(1-gin0)
acosf
T ov(ic 51119)
NB Fory = ax +bx+c themlm.zmmvalue:f
5 1.6 i
a>00ccurswhenx—————=—-— -, 4
2a 2 a 4
Subsutumng thisinto L2, we get
2
I2 = 2v? (1—sm9)[———~"2 cos” 6 -
4v2(1-5ing)
—2chosB£—a——cos,9—J+aZ
2V (1-sing)

d?cos?8 | aPeos®B | -
+o

o{1—snb) 1_sind

o o?cos? @ 2 ;
2(1-sin6)
2 i i
= —~ (1-'SH129)4_GZ
2(1-sin6) .
—a?(1-5in0)(1+sin8) 5 :
= +a i
2(1-sing) | s
_ —a?(1+sin6)+ 20
2
_ @*(1-sing)
N 2




~L=a 1‘;”9 (L >0).

METHOD 2
- %(Lz) = 4V%£(1—sinf) - 2aV cosf
Stationary points occur when %(Lz) =0.
4V2£(1-sinf) - 2aVeos8 = 0
he _ 2aV cosb
4V2(1-5in6)
_ __acosf
2V(1-sing)’ .
d'2

And —2(L2) = 4V2(1-sin6)

> 0, sinée V2> 0
and 1-sinf >0 for0<0<g.
%058 012,
2V (1-sin6) :
shown in Method 1, gives L = a -1:—;’11—9:

Substituting ¢ =

(iif) Particle 1is ascending wheny > 0.
y =Vsin®- gt
VsinO-gt >0
g o Ysind
g
.. Smallest distance occurs while particle 1
isascending if
acosf Vsinb
2V (1-sin8) g
agcosf P
2(1-sin6)sinf
__ageosb ‘(o).
2sin 6(1-sin0)

b) Let X be the number of competitors from a

4 member team who do not complete the course.

P(X=k) = (‘;)34"%”'

[63) P(at least 8 competitors do not complete
the course)
=P ( exacily 3 do notcomplete the course)
+P (all 4 do not complete the course)

= P(x=3)+P(X=4)
- (‘;)p4—3q3+(i)p4—4q4

= 4pg®+¢* asrequired.

MATHEMATICS .Exrengion 1

@) P(4 memberteam scores points)
= 1—P(4 member team doesn’t score points)
= 12 P(at least3 competitors do not

complete the course)

= 1-(4p?+¢*) '
=1-4(1-g)¢*-¢*
= 1—4q?+4q4—q4
=1-4¢%+34%

@) P (2 merrber team scores points)

’ = 1—P(2 memher tearn doesn’t score points )
= 1—P(both do not complete the course)
—1-g%

(v) Find g such that:
P (2 miember team scores poim‘s)-
> P(4 member team scores points)
1-¢2 > 1-4¢%+3¢*
0> 8¢*-4¢°+¢%
2(382-4g+1)<0
¢?(3g-1)(g-1)<0.
Let A(g) = ¢*(3¢-1)(g~1).
Sketch A(g).
Alg ‘ .

AN

™ T ¢
2\

1
Fromthe graph, A(g) < 0 for 3 <g<l

.. The two-member teaipis more likely to
seore points than ’,chei__ﬂ?ur-member team

When%<qg1.

QUESTION 7 o

@ PN

. 120
rl,', s,

w .
Cross-sectional area = aréaiof segment

ONR @ Pamad7

06 Hieter ScrHoor. CerTIFICATE

42212 99 L26n0p
2 2
= 7'29——:]2:7‘2.2si119c059'
=20 -r?sinBcosb -
A = 72(6-sinf cosh).

(b) Using £ = 8, w = rx 20,
w

r= 2—9-.
Substititing r = = jnto A,
S, 20
A= w _ gin !
(29) (8 smeco_se)

2
= 4&62-(9—@9@059).

METHOD 1 Using quotientrule:
1
4 p2

4 wz[92(1—cosze)—(e—%smze).ze}

} as sinBcosd = %SinZ@.

o
02— 0% cos26 - 26% + esi,née]
P

- 2| 62 g2 (2cos29—1>—262+9.23in9co59

4 ot

w?| —26% cos® 6 + 26sin O cos 0

4 e
w? co50(sin @ ~ HeosH)
26°

METHOD 2 Using product rule:
w262

A== (6 -sinBcosd)

dA - w2 2 . 2
'dﬁe = E[l—(cos 0 —sin 6):’ \
+(0—sin9co§3')xiwiL

2
= E—(l—co529+si.n26)
46%
-2 (p—sin6eosa),

26° )
2 2
= L(Z—Zcosz 6)’—L(8—sinf)cos¢9)
2 263
using sin?@ = 1—cos? 9,
w? ) w? .
= ?3—(9- 90032 9) - E‘E(Q—SIHQCOSQ)
w2 (0~ Beos? §— 04 5in Oeosd)
263
w? cos&(sin § — fcos8)
263 ’

(o)

e

(@ 2(6) =sinf—0Ocosh.

20 = cos0—(0x—-sn b+ cosfx1)
= cogf +0sin b — cosb
= fsinb.
For 0<8<7m, >0 and sinf>0
L g >0fr0<f<m.
Since gradient of g(8) is positive for 0 < f < 7
then g(B) mustbe increasing for 0 < 6 < 7.
g(0) =0 >
g6 >0 for 0<8 <.

(d) % =0, 0<8<m
o wzéose(SmB—-Gcos@)
26° -
Since sinf—fcosf >0 for Q<< 7,
from part (c), then only cosé = 0. '

9=%for0<9<7t

=0

. Thé only value of 8 for the interval
N .
O0<f<mis—.
2

dA - w? cosB(sinG— Béose)
a9 26°

Now w? (sinB —8cos8)
, 26°

. Sined  cos8 >0 for0<9<§ )

-d—A—>0 foro<6< X
de 2

>0 for 0<B<m.

and since cos8 < 0 'for;27£<6<7r -

idé<0 for Z<f<n
a6 2

.. The maximum cross-sectional area occurs

when 8 =z
2

2
) . w T .7
.. Maximmm area = (——sm—cos—ﬂ) :

_ END OF EXTENSION 1 SOLUTIONS
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