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Question 1 Begin a new page
(a) Consider the functions f(x)=|x|+1 and g(x)= I-6—I .
X

(i) Solve the equation f(x) = g(x).

(ii) Sketch the graphs of y= f(x) and y=g(x) on the same set of axes.

(iii) Solve the inequality g(x) > f(x).

(b) Consider the function f(x)=1~2cosx, - T <x < 7.

(i) Sketch the graph of y= f(x).
(if) Use your graph in (i) to sketch the graph of y={f(x)} z,

(iii) Use your graph in (i) to sketch the graphof y = 1 .

J(x)
(c) Consider the function y= sin™ (e ") .

{i) Find the domain and range of the function.

(ii) Sketch the graph of the function showing clearly the coordinates of any endpoints

and the equations of any asymptotes.

Question 2 Begin a new page

- e’
(a) (i) Find f 'e—;:-i dx .

(ii) Find J (—e—e;l—); dx

2
(b) Findj Z—x—z—)——-%- dx using the substitution x =sin8, ~£<9 <
1-x

N

2
3 1

(c) Evaluate f ————— dx using the substitution ¢=tan% .
o S+d4cosx 2

16
(d) (i) Use the substitution x =u*, u>0, to show that J ~—-‘E—1~ dx = 4+42In3-InS5.
x—
4

* In{x-1)

(ii) Hence use integration by parts to evaluate J‘ Nps dx in simplest exact form.
4 X

[ ]
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Question 3 Begin a new page

(a) (i) Find the values of real numbers @ and b suchthat (a+ib)*=5-12i.
(ii) Hence or otherwise solve the equation ix*+3x+(3—i)=0.

{b) Itis given that z=cos6 +isind where O<argz<%.
(i) Show that z+1=2cos -g (cos -g +i sin—g-) and express z~—1 in
modulus / argument form.

(ii) Hence show that Re (—Z—-j) =0.
z+1

(c) The fixed complex number ¢ issuchthat O<argor <%.Inan Argand diagram

o isrepresented by the point A while ior is represented by the point B. z isa
variable complex number which is represented by the point P.

(i) Draw a diagram showing A, B and thelocus of P if |z—a|=|z—ia].

(ii) Draw a diagram showing A, B and the locus of P if arg(z~ )= arg(ict).

(iii) Find in terms of o the complex number represented by the point of intersection
of the two loci in (i) and (ii).

(d) z, and z, are complex numbers.

(i) Show that lz,l Iz2 !=|z1 Z, I .

(ii) By taking z, =2+3i and z,=4+5i, express 533 (the productof 13 and 41)
as asum of squares of two positive integers.

(iii) By taking other values for z, and z,, express 533 as a sum of squares of two
other positive integers.
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Question 4 Begin a new page

2 2

Consider the ellipse . L1

16 12

(a) (i) Find the eccentricity of the ellipse.
(i1) Find the coordinates of the foci and the equations of the directrices of the ellipse.
(iii) Sketch the graph of the ellipse showing clearly all of the above features and the
intercepts on the coordinate axes.

(b) (i) Use differentiation to derive the equations of the tangent and the normal to the ellipse
at the point P(2, 3).
(ii) The tangent.and normal to the ellipse at P cut the y axis at A and B respectively.
Find the coordinates of: A and B.

(c) (i) Show that AB subtends a right angle at the focus § of the ellipse.
(ii) Show that the points A, P, S and B are concyclic.

(iii) Find the centre and radius of the circle which passes through the points 4, P, § and B.

Question 5 Begin a new page

(a) The equation 2+ 3px —1=0, where p isreal, hasroots ¢, f and 7 .

(i) By first replacing x by Jx, orotherwise, show that the monic cubic equation,
with coefficients in terms of p, whose rootsare o>, f° and y * is
£+ 6px’ + 9p’x — 1=0.

(ii) Hence or otherwise obtain the monic cubic equation, with coefficients in terms of p,

whose roots are ﬁ_’}’ ) ra and % .

o P

(b) (i) Show that the general solution of the equation cos50 =—1 is given by
6 =@n+1)%E, n=0, £1, £2,....
Hence solve the equation cos50 =—1 for 0<6 <27,
(ii) Use De Moivre's Theorem to show that cos 50 =16 cos 59 —20cos’6 +5cos .
(iii) Find the exact trigonometric roots of the equation 16x° —20x° +5x +1=0.

(iv) Hence find the exact values of cos %+ cosZ& and cos %. cos2E  and factorise
3 5 3 5

16x° —20x° + 5x +1 into irreducible factors over the rational numbers.

SRS
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Question 6 Begin a new page

(a) A lifebelt mould is made by rotating the circle x*-+y* = 64 through one complete
revolution about the line x =28, where all the measurements are in centimetres.

(i) Use the method of slicing to show that the volume Vem?® of the lifebelt is given by

8
V= 112717j J6a=y% ay.
8

(i) Find the exact volume of the lifebelt.

(®)

h P
LIS LTSS TS ST

One end of a light inextensible string of length 1 is attached to a fixed point O which is
ata height ;1; I above a smooth horizontal table. A particle P of mass m is attached to

the other end of the string and rests on the table with the string taut. The particle is projected
so that it moves in a circle on the table with constant speed v.

(i) Copy the diagram. Show the forces acting on the particle P.
16mvy?

(if) Show that the tension in the string has magnitude T = T
l

(iii) Show that the reaction R exerted by the table on P has magnitude R = m( - -ﬁ] .
151

. , 15!
(iv) Hence show that v < —-4L . Explain what would happen at a higher speed.
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Question 7 Begin a new page

(a) A, B and C are three distinct points on a horizontal straight line that is on the same
level as the foot P of a vertical tower PQ of height /. The distances AB and BC
are both equal to d and the angles of elevation of the top Q of the tower from the
points A, B, C areequalto ¢¢," 8, v respectively.

(i) If the line ABC passes through the foot P of the tower so that 4, B, C areall
on the same side of P, show that  2cot f=cota +coty .

(i1) If the line ABC does not pass through the foot P of the tower, use the cosine rule
ineachof AABP, ACBP toshowthat h*(cot’ar ~2cot®B +cot’y )=2d"

(b) After ¢ minutes the number N of bacteria in a culture is givenby N = I:If_'"— for
e

some constants a>0, b>0 and ¢> 0. Initially there are 300 bacteria in the culture

and the number of bacteria is initially increasing at a rate of 20 per minute. As ¢ increases
indefinitely the number of bacteria in the culture approaches a limiting value of 900.

(i) Show that ¥ = £ (a= NN .
dt a
(ii) Find the valuesof a, b and c.

(iii) Show that the maximum rate of increase in the number of bacteria occurs when
N =450. Sketch the graph of N against ¢.

Student name / number .........cccoooeiiiiieiiinen

Marks

Question 8 Begin a new page

F-N

(a) A die is biased so that in any one throw there is a constant probability p, where p#0-5,
that the die shows an even number. In 8 throws of the die the probability of 2 even
numbers is four times the probability of 5 even numbers. Find the value of p.

(b) The equation x*—~ 3px+q=0, where p>0, g#0 areboth real, has three
- distinct, non-zero real roots.

(i) Show that the graph of y=x’—3px+g hasa relative maximum value of 3
q+2 p‘[‘b— and a relative minimum value of ¢ —2 p‘[p_ .

(ii) Hence show that ¢* <4p°. 3

(c) Itis given that if a, b, ¢ are any three positive real numbers, then _a+_:l)’)-l_-__c_ = 3‘/abc .

If a>0, b>0 and ¢>0 arereal numbers such that a+b+c=1, use the given result
to show that

1
i) — >2
M —he 7 1
(ii) Lyl lsy 2
a b c
(i) (1—a)(1—b)(1 ~¢) = 8abc 2
6




IVAALINCHAZLILY IVALTIIDIVUN & AHUCPUCHUTIIL A idl £10% LUVl &
Question 1
(a) Outcomes Assessed: (i) P4 (ii) P4 (iii)) PE3
Marking Guidelines

¢ DUIURIVID @aly Ivial kil ulaenies

Criteria

Marks

(i) * one mark for values of |x|
* one mark for values of x
(if) » one mark for graph of y= f(x)
« one mark for graph of y= g(x)
» one mark for solution of inequality

Answer

0 (i)
1 = y

I«
|x[ +|x]-6=0
(x]+3)x}-2)=0 =2

5|20 = |x|=2
x=%2 (iii)

LA Jx|+1

Ix]
(b) Outcomes Assessed: (i) H5 (i) E6 (iii)) E6
Marking Guidelines

= —-2<x<0 o O<x<2

Criteria Marks
(1) * one mark for coordinates of endpoints and intercepts
* one mark for graph 2
(if) » one mark for coordinates of endpoints and intercepts
* one mark for graph 2
(1if) » one mark for coordinates of endpoints, intercept and equations of asymptotes
» one mark for graph 2
Ansiwer .
@) (ii) (iii)
54 3
-m,9) W (.9 !
(.3 w3 20 ) |
|
1 ! 1
i / e i)/i o n&(”’ 2
0 I | Iz >
_E (A po g AN < » 3 | . NRE *
3\ 3 -z z ¥ ! / \ :
' x==£ b=z
y=1-2cos x y=(1-2cos x)’ ? =3
_ 1
Y 1-2cos x

A A~ ) aav

Marking Guidelines

Criteria Marks
(1) * one mark for domain
* one mark for range 2
(ii) » one mark for coordinates of endpoint and equation of asymptote
* one mark for graph 2

Answer
& : (i)
y =sin“1(e”)
Domain Range
~-1ge"<1 O<e” <1
O<e*<1 0<sin"(e")5%
" {x:x<0} {y:0<y512£}
Question 2

(2) Outcomes Assessed: (i) H5 (ii) HE6

Marking Guidelines

Criteria Marks
(1) * one mark for answer 1
(ii) » one mark for expression in form f iz du  orrecognition of pattern j fr7 oax 2
u
* one mark for final answer
Answer
' e’ x . x
) f——x—dx = In(e +1)+c (ii) u=e +1 = du=e”*dx
e +1
e 1 1
J——x—2~dx=j——2du=~—+c=-—-x +c
(e +1) u u e +1
(b) Outcomes Assessed: HEG6
Marking Guidelines
Criteria Marks
» one mark for expression in form Jtanze a0
3
* one mark for expression in form tan 6 — @ +¢
* one mark for final answer
Answer
x? tan* @
e dx = | —— 6d
x=sinf, ~%<6 <% J(l—-x’)g J’mse cos 6 d6 . 1
dx = cos df (1-2%)
2 _ 209
(1—-x2)a=(00326)%=cos30 ftan 6 do —f(sec 6-1) do .
% _ sin’0 _ tan®0 =tnf - 6 +c
(l_xz); c0s*0 cos =—2% - sin'x + ¢
(-2’




Marking Guidelines

Criteria

+ one mark for expression in form %—[ tan ™ (3’)] »

)
+ one mark for expression in form f o dt
o 1+t

0

* one mark for final answer

Answer

dt=-§—sccz§~dx

2dt=(1+t2)dx x=2 = 1=/3 =2
dx ———-—dt

1+12? =4

4(1-1? 2 =2

5‘+4cosx=5+—(~)=git— T3

1412 1+122 z

=9

(d) Outcomes Assessed:

(i) HE6, ES8 (i) E8

Marking Guidelines

¥ 4
o S+4cosx o

Criteria

(i) * one mark for expression in form J‘

* one mark for expression in form [Zu + In

du
u-1

1 1

* one mark for expression in form f (2+ —_— ———) du

-1 u+1

———” or equivalent

* one mark for final answer

(ii) * one mark for expression in form [ZJ— In(x— 1) - 2f dx

* one mark for final answer

Answer
@)
x=u’ u>0
dx =2udu
_J; _u
-1 w2

xX=4 = p=2
x=16 = u=4

(if)

Gy

s I= [Zu +1In

S I=4+m3—-In5+In3 = 442In3 -In5

L 1“(1’;_ D gy = [245 In(x-1)] * f

=2(41n15-21n3)—2(4+21n3 ~In5)
=2(4In5+2 In3) -2(4+2 In3 ~In5)
=10In5 - 8 3

f )/——'1' = j::zujl du =
O T g

u—17 3 1
u+l”z =2(4-2)+In? - mi

Question 3

(a) Outcomes Assessed: (i) E3 (ii) P4, E3

Marking Guidelines

» one mark for final answer

Criteria Marks
(1) *one mark for equating real and imaginary parts 5
« one mark for values of a and b
(ii) » one mark for use of quadratric formula 5

Answer

®

(a+ib)*=5-12i = (& —b*)+ 2abi =5-12i

. a’~b*=5 and ab=-6

at ~a*b* =50 = a' - 54> -36=0
(a%+4)(a1-9)=o ~a*>0 = a*=9

a:3 (l=-'3
"{b=~2 o b=2

(b) Outcomes Assessed: (i) P4, E3 (ii)) E2, E3

(i)

Lox=-—1

Marking Guidelines

ix* +3x+(3-1)=0
A=9-4i(3-i) =5-12i
_ 3%JA

= _;_'{—31-

Criteria Marks
(i) * one mark for expression for z+1 3
« one mark for modulus of z—1
» one mark for argument of z—1 1

(ii) « one mark for answer

Ahgwer
@
z+41=14cos@ + i sinf
= 29 i in cosé
=2 co8 5 + l(Zsmzcosz)

=200sg-(cos-g-+isin%)

(i)
Then

|

— -1
z___l_l =tan% and arg(-z-——)

z—1=—(1—cosf)-+isinb

=-—2s1n + i (2 sm COs 7
=2sin? (~sin+icos g
2 2 2

=2smf {cos(—’§+%)+isin (-’2£+

6y_6 _=z zz1l
-2-)—2_2 = = itan

z+1

nje

(-
z+1




3(C) LVBLLUIIES  ASSESSEU. () DD (Y B (1) KD

Marking Guidelines

Criteria Marks
(i) *one mark for answer I
(i1) » one mark for answer 1
(iit) « one mark for answer 1

Answer
Let z=x+iy, x, y real

—

{i) Locus of P is perpendicular bisector of AB. (if) Locus is ray from A parallel to OB

/
Y4 [ Locus of P Y4 -
B.\\ - B‘\/ P /I Locus of P
\ /
-~ S~ \
)(\ /*,-A ) X / X
o / eo -
Yy 45°, X X \\/ 45/ X
0 x (} ;
/
'

—

(iif) I P is the point of intersection of these loci, OAPB is a square and the diagonal OP represents the
sum of @ andic. Hence P represents (1+i)c.

(d) Outcomes Assessed: (i)E3 (ii) E3 (iii) E2, E3

Marking Guidelines

Criteria Marks
(i) < one mark for answer 1
(ii) * one mark for answer 1
(iii) * one mark for choice of z,, z,
» one mark for answer 2
Answer
®

y=a+ib, z,=c+id = z,z, =(ac- bd)+i(ad + bc)

l2,2,]" =(ac—bd)* Had+bc)* = a’c? ~2achd + bd* + a*d* +2adbe + b7

s =@+ ) <fe o
(i)

4, =2+3i =|z,| =4+9=13
7, =4+5i = |z, =16+25=41
7,2, = =T+ 22i ::»lz,.zzl2 =7% 4227

o 333 =13 x 41 = 7* 4227

- Jallel=az]
(ii1)
For example :
z,=34+2i, z,=5-4i, 7,.2,=23-2i

e =18, [of =41, [o,0,]f =237 422
o 533=13%41=23% 422

5

Question 4
(a) Outcomes Assessed: (i) E4 (ii) E4 (ii) E3

Marking Guidelines

Criteria Marks
(1) *onemark for eccentricity 1
(i) * one mark for coordinates of foci
» one mark for equations of directrices 2
(iii) « one mark for graph with intercepts
* one mark for showing foci and directrices 2
Answer
) (D (iif) ¥
x? 2 Joci (tae, 0) r /
— + —=1 2.5 \A\ /

16 12 §%=2,0), $(2,0)

I

| /P
[

i /‘ /8
|

I

directrices x=+2 s = -
e*=}, e=4 - e -8 -4\ 2 o} 2 /4 8l 7,
x=-8, »=8 .1B
x=-8 _2\6. x =8

(b) Outcomes Assessed: (i) E4 (i) E4

Marking Guidelines

Criteria Marks
(i) * one mark for expression ify—-: -3
dx 4y 3
* one mark for equation of tangent
» one mark for equation of normal
(ii) » one mark for coordinates of A and B 1
Answer
® (&) (iif)
2 2
x ¥ 2x | 2y dy , )
— tia=l =» 4 L =0 —1
TR T2 3 O Tangent at P(2,3) has gradient —1 and equation
dy  x y  3x y=3=-3(x-2) = x+2y-8=0 = A0, 4)
dx 8 6 4y Normal at P(2,3) has gradient 2 and equation
at P2,3) %:..% y=3=2(x~2) = 2x-y-1=0 =  B(0,-1)
4(c) Outcomes Assessed: (i) P4, E2 (i) PE3, E2 (iii) P4, PE3
Marking Guidelines
Criteria Marks
(i) «one mark for the gradients of AS and BS 2
* one mark for showing AS 1 BS
(ii) * one mark for showing points A, P, § and B are concyclic 1
(iii) » one mark for noting A B is diameter
* one mark for centre of circle 3
* one mark for radius of circle
Answer
® (i) (iif)
5(2,0) A(0,4) B(O,-1) APB=90° (tangent 1. normal) Diameter AB

grad AS . grad BS = —2 x % =-1  ABsubtends equal angles of 90° at P and S.

<A, P, S, B areconcyclic

5

- ASB =90°

centre (O s %)

ius 2
radius 5




Questivn o
(a) Qutcomes Assessed: (i) E4 (i) E2, E4
Marking Guidelines

Marks

Criteria
(i) * one mark for the equation in the form Jx(x+3p)=1
+ one mark for the final equation X
. . 1 1
(ii) * one mark for rewriting roots in f01:m pra -ﬁ—z s -7-,—2
1
« one mark for replacing x by o
« one mark for the final equation
Answer
M (i)
»*'+3px~1=0 hasroots o, B, Y aBy=1 =
(J;)S +3p(ﬁ)~l =0 hasroots ¢?, B% y*
Similarly

J;(x+3p)=1 = x(x2+6px+9p2)=
Required equation is  x* +6 px* +9p*x—1=0

Multiplying **by —x°,
By ya aB

+6p
1 1
’67’ 'E’i" Yz
P ﬁ,

¥ -9p*s—6px~1=0

P +6px’ +9p*i—1=0 hastoots a”, %, v

() verl2) +9P( )

has roots

L ra af

Y

equation with roots

5(b) Outeomes Assessed: (i) HS (ii)E2, E3 (iii)) E2, E4 (iv) E2, E4

Marking Guidelines

Criteria Marks
(1) * one mark for general solution
* one mark for particular solution 2
(if) *one mark for expression for Re{cos@ +isinf )* in terms of cos 8, sing 3
» one mark for expression for Re(cos 8 +isin6 )5 in terms of cos 8
* one mark for final answer
(iii) » one mark for noting that x =cos§ where cos 50 =—1 2
« one mark for solution
(iv) » one mark for value of cos % 5 T+ cos-5—- 3
* one mark for value of cos%. cos 3;’
» one mark for factorisation
Answer
® (i) 16x° —20x>+5x+1=0
cos 58 =~1 = 50=(2n+1)x has solutions x =cos & where cos50 =-—1.
0=2n+)Z , n=0, 1, £2,... x=cos £, cos 3;”, cosy , cosZZ 75” , cos%ﬂ
0<6 <21 = =%, 22 7 Z, & x=cos %, cos §, cos %, cos &, ~1

(it) Using the binomial expansion,

Re {(cos 6 +isin 0)5}
= cos® 6 +10cos’ § (isin6)* + Scos (isin 9)"
= cos* 0~ 10cos® 0 sin* 8 + 5cos Hsin* 6
= cos® 6 —10cos® 8 (l—cc»s2 9) +5c0s6 (1 —cos? 6)2
=1600s°0 —20 cos®6 + 5cos 6

Using De Moivre's Theorem,
(cos@ +isin® )*® = cos 50 + i sin 50

Hence  cos58 =16cos’® @ ~20c0s>0 +5cos @

iv)
D=0 = 2(cosE+cos¥)-1=0
. 3z . 1
. cosE+cos3fE = 4

Product of roots is — -

16
—(cosZ . cog3E) = L
(COSS'OOSS) =716
. 4 3z _ _ 1
. cosZ.cosF = -1

(since cos£>0, cos¥ < O)
Then cos-s— , CO§ 3-5”— are roots of
the equation 4x* ~2x —1=0. Hence

16x° —202% +5x +1= (x+1)(4x2 ~-2x - 1)2




Question 6
(a) Outcomes Assessed: (i) E2, E7 (i) HS

Marking Guidelines

Criteria

Marks

(i) * one mark for identifying slice as annular prism, thickness 8 y
» one mark for inner radius r in terms of y
» one mark for outer radius R in terms of y
» one mark for simplified value of 6 V intermsof y

» one mark for expression for V
(ii) * one mark for using area of semi circle, or appropriate integration process
* one mark for final answer

Answer

@

YA R
T8 r

L ey
{1 L) -
-8\-x 0 x/8
x =28

x2+y2 =64

™

Sy—0

B
(ﬁi)f Joa—y* ay =+m.8°=32% (Areaof semicircle radius 8) = V =35847x"
-8

Exact volume of lifebeltis 35847 * cm®

(b) Outcomes Assessed: (i) ES (ii)E2, ES ('iii) E2, E5 (iv)E2, ES

Marking Guidelines

Volume of slice is
6V=n:(R2—r2)5y
=g (R+r)(R—r)by

=7.56.2/64—y* .8y
V = lim §‘11271."/64—y2 Sy
y=-8

8
=112nj J6a—y% dy
-8

Criteria Marks
(1) * one mark for showing tension, reaction and weight forces on a diagram 1
2
(ii) * one mark for using horizontal component of resultant force to give T€inf = = 2
r
* one mark for expression for T’
(iii) » one mark for using vertical component of resultant force to give Tcosf + R=mg 2
* one mark for expression for R
(iv) * one mark for noting R>0
* one mark for obtaining inequality for v 3
» one mark for stating particle would lift off the table

Answer
®
0 Forces on P Resultant force on P
0 R has magnitude
L ! T my*
4
-
1 r P It Sl . . ,
SIS SIS S SIS S S SIS LSS S s P ?:,ii ;3?:;?3 ni;;)gr Z;?;;tj 4
cos 8 2%’ sinB:-’,?;, y=1Ising mg circle of motion.

6(b)
(ii) Horizontal component of resultant
2

. my .
force on P has magnitude —— . force on P is zero.
r

(iii) Vertical component of resultant  (iv) Particle in contact with

table provided R=0

4y ? 15g1
2 s £ = v < [~
Tsing = 22 Tcosf +R=mg s 8 V4
. r ) 4y? Particle would lift off table
r=""_ - 16my Remg—3T =m|g - 151 for higher speeds
= e = or highe .
Isin’6 151 ghersp
Question 7
(a) Outcomes Assessed: (i) P4, E2 (ii)) P4, E2
Marking Guidelines
Criteria Marks
(i) * one mark for expressions for AB, BP CP
» one mark for noting that AP — BP = BP — CP 3
* one mark for final expression
(i) » one mark for appropriate statement of cosine rule in AABP
« one mark for appropriate statement of cosine rule in ACBP 4
» one mark for noting that cos ZCBP = —cos ZABP
» one mark for final expression

Answer
®
Q
d=AP ~BP = hcota — hcot f3
d=BP—-CP = hcotf — hcoty
i hcote — heotf= heot B — heoty
o 2cotf = cotor+coty
(Similarly if A isclosestto P by
interchanging A<>C, x>y . )
A d p d ¢ P

@D
In AABP,

In ACBP,

since cos(mw—6 )=—cos 8

/O

h*cot> o =h*cot? B+d* —2dhcot B cos 6

h*cot®y =hcot® B+d* —2dhcot B cos(n—6)
h*(cot?oc+cot>y)=2h*cot? B +2d* +0

< h*{cot® o —2cot? B +cot*y) =24




7(b) Outcomes Assessed: (i) HE3, E2 (ii) P4, H3 (iii) H6, HE3
Marking Guidelines

Criteria Marks
. . dN .
(i) * one mark for expression for ey interms of ¢ 2
» one mark for final expression
(ii) * one mark for value of a
« one mark for value of b 3
» one mark for value of ¢
(iii) * one mark for showing maximum rate of increase when N =450
» one mark for correct shape of graph of N' against #, with inflection at N =450 3
» one mark for showing initial value of N and asymptote for limiting value of N
Answer B
(i) (i)
dN ¢
=% o & N=—2X _ Z_S-NN
o Ttbe ™ be N ! 1+be™ dt a( )
- N—>900 as t 50 = a=900
W o —a(tbem) (~bce™)
dt 2 =300 b=2
— e N* (a 1=0 1+b T
e Ty N=300 b =
c
=< (a-N)N %:20 °(a-300800=20  :c=f
(i)
dN . .
Graph of T against N is a concave down parabola.
a . R
dt dN 1 N
2.5+ — E:—-(%O—N)N
i 900
|
I
! _ .
0 450 900 N . N
1 P
0 7 t

Hence maximum rate when N =450.
Question 8

(a) Outcomes Assessed: HE3
Marking Guidelines

Criteria Marks
* one mark for expressions P(n even) = *C, p”(l—p)a"", n=2.,5
« one mark for equationin p, (1—p) with numerical values of binomial coefficients 4
» one mark for simplifying equation
* one mark for final answer
Answer
28 (1-p)°
PG oens)='C, P 0-p) PG ovens) o

P(5 evens)

PS evens)=*C, p*(1-p)” w2p=1-p = p=%

//

8(b) Outcomes Assessed: () HS (ii)PE3, E2

Marking Guidelines

Criteria Marks
(i) *one mark for stationary values of x
* one mark for relative maximum value 3
» one mark for relative minimum value
(ii) » one mark for relative maximum value positive and relative minimum-value negative
* one mark for product negative 3
» one mark for inequality

Answer
@
y=x>-3px-+q
% =3x2—3p=3(x1—~ )
%:0 = x=*%p
i 2
& i-22>0 Jor x=[p
——=0x = dx
dx? d*y
~&?<O Jor x=~[p

When x=./p, graph has relative minimum

pP-3pJp+q = q-2pJp

When x= ——J[_J » graph has relative maximum
=P +3pyfp+a = g+2pp

(i) Graphhas 3 distinct, non-zero x intercepts
and y >+ as X —>+ o

y 1} 3
y=x-—3px+qg

/ R
Hence g+2p[p>0, g-2pfp<0

(q+2 pJ;Xq—ZpJE)< 0

©g*-4p® <0 = ¢*<4p?

(c) Outcomes Assessed: (i) PE3 (i) PE3, E2 (iii) PE3, E2
Marking Guidelines
Criteria Marks
(i) +one mark for answer 1
(i) * one mark for replacing a, b, ¢ by 1 s %, 1 respectively 2
a c
« one mark for final answer
(iif) * one mark for use of l—l~ ~11;+l =29 2
a c
» one mark for final answer

Answer
® (it (iif)
1(1 1 1) ; 1)(1)1 (1-a)1-b)1~c)
e EoR SRRt (| | .
3ab€ . atb+c 1 3la b e a\b (c) =1—(a+b+c)+(bc+ca+ab)-—abc
T3 3 [ = (bc +ca +ab) —abc
. — == —
abc £ 5 a c abc. 1 1 1
: s =abc (—+—-+-—) - 1}
_b_z 7 >32p7 a b c
abe 2abc(9 -1
11,1, © =)
a b ¢ ~(1-a)1-b)1~c) 28 abc

/2




