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STANDARD INTEGRALS

1
m—e ™ g xw0,ifr<0

n+l
=hx, x>0
=le“, azl
a

1.,
=—sinax, ¢#0
a
1
=——cosax, g=(
a
I
=—tangx, a¥(
a
1
=—gecax, a#0
a

T, ogx
=—tan” =, %0
a a

s a X
=gin" =, a>0, -a<x<a
a :

=ln(x+\[3?-_az), x>=a>0

=1n(x+m)

NOTE: Inx=log x, x>0
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Section T

10 marks
Attempt Questions 1-10
Allow about 15 minutes for this section

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

1 A particle is moving in a cireular path of radius r, with a constant angular speed of @
Which of the following is the correct expression for acceleration?

&) ro
(B)
©) ro’
D) (o)

2 What is the value of j; secAxtandxdy 7

(A) ul%
® -2
© 2

® 13

3 What is the volume of the solid formed when 1he region bounded by the curves y=2x’
and y= 2 is rotated about the x-axis? Use the method of slicing.

(A) Eiis cubic units
14
107
—— cubic unit
(B) T cubic units
S .
(93] - cubic units

[{8)] I()Trr cubic vnits

8
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The normal to the point P{cp, £) on the rec!émgu]ar hyperbala xp =¢* has the equation
P .

p*r—py+c—ep® =0, The normal cuts the hyperbola at another point Q{cq, 5.
. q

What is the relationship between p and 47

(A) pg=-1

B) plg=-1
© pg=-1
® plg=-1

Which of the following is an expression for I

L tan™! [Edat)] +C
2 4

g
x*-6x+13
(A)

(B) %tan" =3,

© Len'& e
4 4

ltan’1 =3 +C

g 2

. . 2
What is the number of asymptotes on the graph of y=——7
x

-1
(G
@ 2
© 3
D) 4

What is (—1+7)" expressed in modulus-argument form? (n is a positive integer)
ni

(A) [008%4“ fsinT)

(\EY (cosﬂ+ isirl%}

C) cos£+' i 3):‘[]

Egmn)

(D) (ﬁ)ﬂ [cos—+isin}—%£J

Tet cr, £ and ¥ be the roots of the equationx’ +2x% +5=0.

3
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Which of the following polynomial equations have the roots &2, * and y*?

(A) x'—4x’—20x-25=0
B) »*—d4x’-10x-25=0
(C) »*—dx*—20x-5=0
D »—dx*—10x-5=0

What is the derivative of sin” x—1-x? 7
Vitx
(GY]
l-x
1+
(8) i
l-x
i+x
©)
I-x
(D) T+x
1-x

The chord P subtends a right angle at (,0).

Which of the following is the comect expression?
2

A tanﬂtan?zﬁ-zrf
B} 1an9lan¢=—a—

bl
(O) tanftang=—
a
al

(D) ianﬂtangﬁﬁ-f

2 2
Points P{acos#, bsin®) and O(acosd, bsing) lie on the ellipse -'L2+
. a

¥
2=,
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Section I

90 miarks
Attempt Questions 11 — 16
Allow about 2 hours and 45 minutes for this section

Answer each question in the appropriaie writing booklet.

Your responses should include relevant mathematical reasoning and/or calculations.

Question 11 (15 marks) Marks

{a) (i)  Onthe Argand dlagram sketch the graph of I (V2 + 2 1)| 2
(i)  Find possible values of 2| and arg z if z satisfies |z-—(J§+J2_i)‘ =1. 2
(b (i)  Find real numbers a, b and ¢ such that 2
Iyt -3x+2 a bvc +e
(2x—1)(.9::2 +I) 2x-1 x*+1
(il  Hence evalnate in simplest form 2
J- It —3x+2 .
(2x-1)(x*+1)

- : 1 -
Use the substitution x =1* {u>0)to evaluate {————dx.
© ( Fom 3

(d) Let z,=cosd +isinf, and z, =cosd, +isiné,, where ¢ and &, are real,

(iy  Show that zl =cosf, —ising,. 1
1
(iiy  Show that zz, =cos(d, + Bl)fisin(gl +8,). 1
a b
(&) Letg= o and z, i where 4 and b are real numbers. 2

What is the value of g and b, if 2, 4z, =17
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Question 12 (15 marks)

~2 T
Sketch {1 h of arg| — J =z
(a) i 1? graph g(z+2r’ >

(by Tet z=1+i be aroot of the polynomial 2* —biz+¢=0 whete b and c are
real numbers. Find the value of b and ¢.

(c) The parabola y=4—x7 is rotated about theline y =4 {x:0<x<2}to
form a solid. Use the method of slicing to find the volume of the solid.

2 r
d) The point P lies on the ellipse 2 42 1 where a»b>0.
i p a2 bl

y

P(acosd bsing)

- _r
N

(i) Use the parametric representation of an ellipse to show that the

equation of the tangent is 2 cost +%sin g=1.
a

(ii)  The tangent at P culs the x-axis at A, y-axis at B and C is the foot of
the perpendicular from P to the y-axis. Show that OCx0B=b",

(c) Consider the function f(x)=x"~4x>.
(i) Sketch the graph of y = f(x).

(i)  Hence or otherwise find the number of real roots of the equation
x! 4% = kx, where kis a positive real number. ’

Marks
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Question 13 {15 marks)

' 2 2
(a) The hyperbola —rT —% =1 has a focus S on the positive x-axis and the
a

corresponding direcirix cuts the asympiotes to the hyperbola at the points P
and (3 in the first and fourth quadrants respectively.

{1 Show that PS is perpendicular to the asymptote through P.
(ify  Showthat PS=b.

(iii) A circle with centre § touches the asymptotes of the hyperbola.
Deduce that the point of contact are the points P and 0.

(iv)  The circle with centre § touches the asymptotes of the hyperbola and
cuts the hyperbola at the points R and 7. Show that BT is a diameter
of the circle if a=b. '

(b} Two light inextensible strings 4B and BC each of length / are altached to a
particle of mass m at B. The other ends 4 and C are fixed in a vertical line
such that AC is also the length I The pacticle describes a horizontal circle -
with constant angular velocity @, T1 and T3 are tensions in the strings AB
and BC respectively.

{D) Find the tensions in the strings.
(i)  What is the least value of @in order for the strings to be taut?-

2
X

€ Let fG)=——

O y=|fE)
Gy - y=log,[f(x)]

. Draw separate one-third page sketches of these functions.

Marks
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Question 14 (15 marks) Marks Question 15 (15 marks) Marks
(@ ()  Show that zZ =[2f for any complex number . 1 - o6 s ot
i ! is gi i fal P(x) has a double rootat x =g . 2
1 be by the rule z, = d 2 @ o 1e polynomia
i) A semience ;)f ccm}.)lex 1Tum rs zH] is glve;; ¥y ; l’l.l e z, w1 an POyl 20 s ol
= ex
z, =VZ, .w here W is & given complex number and v is a comp () “The polynomial P(x)=x* —ax® 4 has a double root at x=ct. ,
number with modulus 1. Show that z, =w. Lopoynoms s

() LetI = j:s'm" xdv , where n is positive integer. (b) Aand Barconthecurve y=x"+4x at x=a and x = f respectively.
The line y=mx+b is a langent {o the curve at both points 4 and B.

. % 4 on2 " 2 -

® Show that £, =(n-1) Io sin"" xcos” xdv when 722 2 (Y  Thezeros of the equation #*+dxt—mxb=0 are a,a, fand B. 1
(n-1) Explain this result.

" _ S
(i) Prove that 1, n L When n22. 2 {ii)  Find the values for m and 5. 3
(iii}  What is the value of 1,7 1 .

() Anrockis dropped under gravity (g} from rest ai the top of a cliff. The air
resistance is proportional to the velocity (v) of the rock.

(¢) A sobid is formed by rotating about the y-axis the region bounded by the 4 p
curve ¥ =log, x and the x-axis between 1< x <e. Find the volume of this ) Explain why Ev_ =g-hy. 1
solid using the method of cylindrical shells. ‘
(fi)y  Show that v =%(l—e"’) when £20. 3
1 g g . Ay dy
ifiy  Show that x=——v—=-log,] —— | by using —=v—.
(i YR g‘( ~kv] YIS T e 3

nl»l_l
for nz1, 3

(d) Show that if x =1 then I+x+x"+..4x" = xr
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Question 16 (15 marks) Marks
{a) Let z=r(cos&+isind) where z#0,

© Use De Moivre’s theorem to show‘that z" ~i* =2fsinnd for 2
. z

positive integers n21.

H
(ii) Expand (z—l] and show that sin® & =%(sin 58 —55in30+10sind) 3

z
(b) Show that (a+b+c)® £3(a® +b +c%). 2.

(c) Tangents P4 and PB are drawn to a citcle, Point { is on the minor arc 4B.
Perpendiculars QL, QM and ON are drawn from O to P4, AB and PB
respectively. :

B
@) Show that ABNQ ||| AAMO and A4LQ [ ABMQ . 3
(i) = Hence show that ON, OAf and O form a geometric sequence.

xle*

{(d} Showthat T+x+ 5 >e" for x>0. 3

Eund of paper
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ACE Examination 2015 tan @ :h% or 6 :375 ety =Pelorr=y2

HSC Mathematics Exfension 2 Yearly Examination ) 3r .. 3«
~1+7§ =Ji(cosT+zsm—)
Worked solutions and marking guidelines 7 ' 1 Mark: D

-1+ = (\[_) [cos—+:sm37]r]

Section I nf  Sag er]
=142 2 isin
Solution Criteria (I) (COS 4 isin 4
1 Acccleration for uniform circular motion. 1 Mark: If , f and ¥ are zeros of x* +2x” +5 =10 then the polynomial
a=ro’ equation with reots &, £° and y*is:
% p—
5 VXY + 2% +5=0 .
j‘sec4xtan4xdri|:isec4x] 8 (=) +2(vx) \ [ Mark: A
2 |7 4 1 Mark: A _ (x) =-(2x+5)
=l[se(:2—ﬁ—secn]:fll x =457 +20x+25
4 3 2 ¥ —-4x* -20x-25=0
Slices are taken perpendicular to the axis of rotation (x-axis). The | @ | 1 1
base is an annulus. pro - ~-2~(1 —x%) Tx-2x
N
A=y’ =ty =a(@Vx) ~(2')) ST
= r(dx—4x*)y = dn(x— %) 9 = - ! N = N ' 1 Mark: A
1
3 V= }E%§4ﬁ(x—x‘)§x ' f Mork: D SR . S 5.2 Result defined for —-[<x <1
“_[14 (em x4 _I'l(rfxs)cb: JUA(1-x)  Jl-x
=), a(x=x")dv=dr) ( .
¢ x] = ¥ Placosd,bsin)
| X | —an (iml_)_g:|=m_” Tl
2 1) 27 7
Ofeq, E) is on the normal and satisfies the equation. _a! T x
q
o4 N .
4 pscq;p;Jrc_cp“ =0 : 1 Mark: C | ' Dlacosd,bsing)
12 4 2 2 2
pg-prgrgp =0 PO is aright-angled iriangle. Therefore OP* + 00 = PO,
Palg-p)=—~Ag-por p'g="1 101 22 cos? 0457 sin? 0.+ a* cos? @+bsin’p . I Mark: B
5 j R 61 +13;ir=J'( ?j§§+22 =%tan"@+c 1 Mark: B =a*{cosf—cosg) +b*(sin 6 --sin )’
x o al a*(cos® §+cos” @) +b(sin’ & +sin’ ¢)
x#lory# -l = a*{cosf—cos @) + b (sin # —sinp)’
2 " .
y= 21(;‘ _1)+ 221 ., T 22-" rym 22" -0 ) {0 =—24" cosfcosp—2b" sinfsing
6 (=1  (&*-D -1 (x*-1) 1 Mark: C g .
25" sinfsing =-2a cosfcosyp
As x—>w theny —>2x o y 2
sinfsing 24
. x=1, x=-1and y=2x are the asymptotes of the graph, W =- 2 or tanPtangd = —b—z

Hence
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Seetion II
Solution Criteria
11(a) Al 2 Marks:
® lz (ﬁ * \/EI)I =1 Carrect answer.
Represents a circle with centre (\ﬁ, \ﬁ) and radius of 1 unit,
: 1 Mark: Draws
a circle or states
the radius or
cenire,
} X
-1
I(a) 2 2 2 Marks:
iy |OC= \](\5 )y +{(2) =2 Correct answer.
. OE=1and OD =3 and thersfore 1<|2| <3
Arg OC T 1 Mark: Finds
4 |z| Or arg z or
1 T 1 7 shows some
sin ZAOC 25, LAOC :“6—‘ sin ZBOC =5, £LBOC =g‘ understanding'
Euuﬂ;s arg z$£+£ or is arg z SS—E
4 4 4 6 12 12
léi()b)- *-3x+2 a Jbrte 2 Marks:
(2x— l)(xz n 1) 1 w41 Correct answer.
3 -3x+2=alx* + 1) +(bx +2)(2x 1) 1 Mark: Makes
1 ’ S0me progress
Let x =3 and x=0 in finding a,5
5 5 2=a+e(-1) ore.
Z:axz ora=1 e=-—1
Equating the coefficients of x¥* 3=a+2b orb=1
na=sl b=lande=-1
1) | 52 _3y42 1 x-1 2 Marks:
ii ; dr = +- )dx
(ii) I(Qx—l)(xz +1). I[Qxﬁl PR Correct answer.
- J( 1, 2"' 21 de 1 Mark:
2x-1 x*+1 x*+1 Comectly finds
1 i 4 one of the
=§log¢|2x—1|+510g, .r2+1|-tan x+C intograls.

:%log‘ [ 20 -1 (x* +1)]—tﬁm‘1 x+C

t1(c) 2 de 3 Marks:
Lot x=u" then e 2u or dv=2udy Correct answer.
f ! dx =I ! 2udu -
x(l+ \[_{.) WL+ 2 Mar.ks.. Flnds
the primitive
= 2I L du function.
u(l+u)
:zj(l, 1 ](h I Mark: Sets up
u l+u the integral in
=2{log, n—log,(1+u)] terms of »
u
=2log,[—+C
Bellhu
Jx
=2lo —=+C
T
1 | 4 s el I Mark: Correct
() Z:(CDSB‘ +ising) answer.
= ¢0s(—8, ) +isin(—8) De Moivre's theorem
=cosf —ising,
H(d) | 2z, —(cos8, + isin O)(cos 6, +isinb,) 1 Mark: Correct
(@ =cosf) cost), —sin 8 sind, +i(sinf cosd, +cosd sind,) answer.
=cos(f, +6,)+isin(f + &)
11(e) a b 2 Marks:
1+ 1+2i 1 Correct answer,
I Sl S Y o S
T+ b=i 1428 1-2i I Mark:
a—ia b—2ib . Substitutes into
+ -=1 7 +2, =1 and
2 5 17 %

[a b) .[a Qb)
—+Z —i =25 =1
25 2 5

Comparing real and imaginary parts.
ﬂ+~b—=1 and E+g§—=(}
25 2 5

Sa+2b=10 (1) Sa+4b=0 (2)
Equation (1) — (2)

—2b=100rb=-5

Substitute b =-5 into equation (2)
Sa+4x—-S5=00ora=4 .

Therefore a=4 and b=-5.

uses the
conjugate,
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12(a) P R 2 Marks:
arg - |=arg(z—2)—arg(z + 20 = - Correct answer,
z+2i 2
Angle in a semicircle.
¥ 1 Mark: Shows
1% some
' -7 nnderstanding
t y el D), of the problem
-i 1 2 3
1 4
argfz +24)
oaY—
33
1200) | 2144 satisfies the polynomial z° —biz+c=0 %Marks:
: t .
Q41 ~bi(l+) 4o =0 orrect answer,
1+2l—1—b!+b+(ﬂ:=0 1 Mark: Uses
(b+ey+(2-h)i=0 the factor
Equating real and imaginary parts theorem.
Thercfore 5=2 and c=-2
12(c) ¥ 3 Marks:
8T y Correct answer.
yd
/'/
e 2 Marks:
Tk = Correct integral
l\‘\\ for the volume
\\ of the solid.
N\
N 1 R 1 Marks; Sets
’ X it £
Same volume as y=x’ rotated about the x-axis. ;{3@ sll?;rea °

Area of ihe slice is a circle radius is y and height x

A=zy

=nrx'
SV =845x

Sx-0

2
¥ =lim Zﬂx"c?x
=0

n

|
&2
t
§
e
g
<~
g
E.
&
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12(d) | To find the equation of tangent through P 2 Marks:
® y=bsing Correct answer
% =hcosf 1 Mark:
v — e *
x=acos Correctly
W sing calculates the
40 gradient
& _& 40
dy d8 dx
=bcosfx 1 =—ﬁbc.osg
-asing  asing
Equation of the tangent
y—y=m(x-x)
y—bsind = —bcfosg(xgacosﬂ)
aysin —absin® 6 = ~bxcos & + abcos® §
breos#+aysin 8 = ab(sin® @+ cos” 8)
Y coso+2sing =1
a b
12(d) ¥ 2 Marks:
(i) B Correct answer
/EA S, Plecos0 bsing) 1 Mark: Finds
. the coordinates
! M 4 orBor (.
0 Y.
AtB x=0 and -cost9+;sm9 =1 or y = beosect
a
Point B is (0,bcosec#) and Point Cis (0,bsin8)
OCx OB = bsinfx beosec = b '
12(€) | fry=at -4, f1(x) = 45" —1257, £ *(x) = 12° — 24 3 Marks:
(i Correct answer,

Stationary points f'{(x) =0

453 -12x? =0 or dx*(x—3)=0orx=0or 3
S (0 =0 possible point of inflection.
S"(3)=36>0(3,-27) is a Minima

Points of inflection f*(x)=0

1262 ~24x=00r 12x(x-2)orx=00arx=2
FH07)>0and f7(0") <0

Hence (0,0} is a point of inflection
S2)<0and (2% >0

Hence (2,-16) is a point of inflection

2 Marks:
Makes
significant
Progress,

1 Mark: Finds
stationary point
or shows some
understanding.
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-2
12(¢)} | The real solution of x* - 4x* = kv is given by the x values where | 1 Mark: Correct
(i) y=x'—4x* and y = kv intersect. If k>0 then from the graph | ANSWeL.
there are 2 real roots.
13_(a) ¥ 2 Marks:
® / Correct answer.
P 1 Mark: Finds
/ 5 . the coordinates
g of P or shows
Paj some
understanding
of the problem,
. . a b
Focus S(ae,0)and at P (directrix x =— and asymptote y=—x
e a
).
b
AtP x=2 and y=£x£:é .‘.P(—‘l,—)
2 a e e e e
2 b
Gradient PS=—2—= 7~ Gradient OP =~
“<—ge a(i—e’) a
L, = x—b—— b “ﬁ—*~
i all—-e®) a a(-¢) -b*
Hence P8 is perpendicular to OP.
13‘@ a opY 1 Mark: Cormect
iy | PS*= (Z —-ae] + (;J answer,

=e—12[a1(l—ez)2+b’:|
:;lf[u_bZ(l—e*)w’]

~Llpe]
e

PS=b
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1?'(_3-) Perpendicular distance from §to P is b (from parts (i) and (if)). 1 Mark: Correct
(D) | Tangent to a circle s perpendicular to the radius through the ASWE.
point of contact, Therefore P is the point of contact of a circle -
with centre S and radius . Similarly, by symmetry Q is the point
of contact of a circle with centre S and radivs b.
133 | 1f g=b then b? =a*(e*-1) 2 Marks:
(iv) B =B (e 1) Correct answer.
2
=2ore=\2 1 Mark: Finds
Hence S(av/2,0) the eccentricity
. - . P or the a-
Using the loeus definition of a hyperbola with SR =ST =5 coordinate of R
b — or T'in terms of
x—L a,bande.
b=e(x—2
a+h _a+a
x= =—= g\ﬁ
e 2
Therefore, if @=4 R and 7 have the same x coordinate (a\/i )
as 8. Hence R, S and T are collinear and RY is the diameter of the
circle with centre S.
]3.(b) _ 4 Marks:
() Correct answer.
3 Marks:
Makes
significant
Resolving the Torces vertically and horizontally at B progress
towards the
T cosfi—T,cos0—-mg=0 T, sin @+ 7, sin 8 = mra’ so‘iution.
1
‘:(>le?=2—1=i sing==
But 2 But ! 2 Marks:
! 1 P Resolves forces
Iixo—Txg—mg=0 T]TH;fmrml and finds

5T, =2mg (1} T +T, =mle® (2)
Adding equations {1} and (2)
s fn*
20 =2mg+mlw” or T, =m 3"+g
Then from equation (2)

i 2
m(l%hg]ﬂ”2 =miw® or T, :m(%—g}

2 2
T =m[li+gj T, :m(li—g)
Therefore o\ 2 and 2

expressions for
sind and cosé@

1 Mark:

Resolves forces
in the vertical
and horizontal
directions a B,

13(b) | Least value of @ for the strings to be taut: 7, > 7, and 7} > 0 1 Mark: Correct
(i) 2 answer.
T =m(liﬁg)> 0
: 2
178
PR
@’ >2£ or @> 1’3&
i /
13@) 2 Ky | : 2 Marks:
o |»y= 1 = +1)(r—1)| (asymptote at x=+1) Correct answer.
2 1] 1 Mark:
= = + = .
y ] x—>teo, y— 1 {asymptote at y=1) Determines the
* asymplotes or
¥ shows some
4% understanding,
3,,
2 L
f—t—t M x
43221\ 23 4
2_.
3 L
13.@ ¥ 2 Marks:
(i) at | Correct answer.
431 &
Mat &
e Uy e 1 Mark:
< - A x Determines the
432 —11 123 4 asympioies or
21 1 shows some
31 understanding,
-43
14_(’3) Let z=a+ibh where a and b are real. 1 Mark: Correct
8] 77 =(a+ib)(a—ib) answer.
=gt —ith
=a’+b* = | z|2
14,@) Now z,=w, z, =VZ =vi7 and [ =1 2 Marks:
iy _ Correct answer.
z, =VZ,
=V¥XViW 1 Mark: Uses
=}Tg the formula to
2 . obtain an
=" w from (i) expression for
=W

2.

10
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14-(b) Integration by parts 2 Marks:
i .
(i} - _[ i v sin e Correct answer.
LA 1 Mark: Sets up
x 5 the integrati
= [sin" xcos i +(1-D)sinExcos” xde the ingraion
=(n l)j'%sin"'2 xcos” xax o i
= (-1}’ ] understanding.
14(b) ST 2 2 Marks:
(i) 1, =(”‘1)L sin”™ x cos” xelx Correct answer.
=(n-1) _[ Fsin™? x(l—sin? ¥)dx
°‘ 1 Mark: Makes
=(n-1) _[ ! (sin®2 x —sin" x)dv S0IME Progress
° towards the
s-D,,-1]=@# S A solution.
nl =11,
In = (n_l) In-!
]
14(by |- 4-1 1 Mark: Correct
i | 4 :TI 2 answer.
3 (2-1
-5,
3 1% In
==x | de="=
3% =T
14(c) ; 4 Marks:
Correct answer.
3 Marks:
Correct infegral
for the volume
of the solid.
'] + } >
3T q—/z/ } 2 Marks:
Cylindrical shell — inner radius x, outer radivs x-+J5x height y. Correct '

5V = JTI:(:c+5x)2 —:;'2}):
= zz'[2xc5‘.r + é‘x’] y=mn{2x+8x)(log, x)5x

¥ =2xlim ,Zd: (2% +8x)log, x6x = 217L= (xlog, x)dx

= L Sl L
_2:r[|:10g, x x-i:-. :Il “L [51‘ X I}ir]

e
=2rr[iez —lf xdr]ﬁrr[el u[x—] =Z(e*+1)
2 AL 2 h 2

expression for
5,

1 Mark:
Detenmines the
radivs or height
of the
cylindrical
shell.

11

14(d) Step 1: To prove the statement trme for n=1 3 Marks:
L _ Correet answer,
LHS= 14y and RE§=X 1 CGHDE=D
x-1 (x-1}
It for ne o 2 Marks:
Result is true for n=1 Proves (he
Siep 2: Assume the resuit true for n=4% result true for
s L B n=1 and
I+x4+x" +..4+x = 1 attempts to use
‘ . the result of
To prove ths result is true for n=4k+1 n=k lo prove
k2
2 p,oan_x -1 the result for
IHx+x" 4.+ +x7 = 1 n=k+l.
THS=1+x+x% +o bttt
kil 1 Mark: Proves
Xl the result true
x-1 for n=1
_ .X‘hl -1 . .‘(Hl(_\“—' 1)
x-1 x-1
E+l F42 k41 k2
_x —1+x U 1 —RHS
x-1 x-1
Result is true for n=k+1 iftrue for n=Fk
Step 3: Result true by principle of mathematical induetion.
1 i()ﬂ) P(x) = (x—a) 0(x) 2 Marks:
1 Correct answer.
P(x) = (x—a) Q'(x)+2(x —e)3(x)
= (- a)[(r-a)2'()+20()] 1 Mark: Finds
Therefore Pi(e)=0 and x=« is aroot of P¥{x). Py
15@) P(xX)=x"—ar’+bhasatootx=a 2 Marks:
@iy Pla) = —aa +b=0 (1) Correct answer.
I’ — A _
Plx)=3x" —2ax 1 Mark: Shows
5
o B4 _ e 3 some
Pa)=5a" —2aa =00t a 5 a =25 understanding
Substituting a = 2.5¢* into equation (1) éﬁhe problem.
a —Ea’ xa? ¥h=0
2
b=2a =150
2
sa=2.5a® and b =154
15() | solving the equations y = x* +4x° and y =mx +b I Mark: Correct
ey answer.

simultaneously has two solutions {x=¢ and »= #).

S % +4x) —mx—b =0 is degree 4 with multiple roots at x=ot
and x=f. Zerosare a,c, fand 8.
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15(6)
(i)

a+a+ﬁ+ﬁ=—£
2(a+ﬁ):4aor a+f=-2
ac+af+afraf+raf+ pf=
&+ +dafi=0

(a+ B +2af =0
aff =-2

ale

aaff+aaff +afff+aff = —g- and
2ef(c+ B =m

ni=8

aafif ==
a
(epy = b
b=-4

3 Marks:
Correct answer.

2 Marks:
Makes
significant
PIORress
towards the
solution,

1 Mark: Uses
the
relationships
between the
roofs and
coeflicients.

15_(0) Newton’s second law: I Mark: Correct
6y ¥=g-kv answer.
dv
w8 8 b
15@) | @ 3 Marks:
(i) i g—kv Correct answer,
da 1
& g—kv 2 Marks:
Correctly

= —%log,(g—kv)+ c
Initial conditions t=0 and v=10

0 ﬁ~»1~loge(g)+c
k
c:lm
1 2.8

t =—%log,(g—kv)+%log, g

kt:log{%)
=t
g—kv
ge® kv =g
hve' = ge¥ — g
v:%(lue y

substitutes the
initiat
conditions into
the expression
for ¢

1 Mark: Finds
the correciion
expression for 1.
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1?_(.0) dv_ dv 3 Marks:
(i) A dx Correct answer.
dv
voo=gky 2 Marks:
dv g iy Makes
W st
& -7 towards the
dv g—kv solution.
g,
g—kv 1 Mark: Uses
1 g results for part
ﬁ#;1’~?loge(g~kv)+c (i) to determine
an expression
Whenx=0andv=10 dr
1 for —
0=—Ex0—k;2;loge(gﬁkx0)+c dv
g
c =Flﬂg, g
i g, g
x=——v—2lo — k) +-2 1o,
£Y T g )+ log, &
= —lv —%logg _&
k k g—kv
Ié(i%a) z" =[cosd+isinOT" 2 Marks:
i
=cosuf +isinngd Correct answer.
1 P
—2; =[cosf# +isind] 1 Mark: Uses
3 9 isinnd De Moivre's
=cosnf—isinn theorem
z" —iﬂ =cosné +isinnd —cosnf +isinnd
=2isinng
16{a) iy 1 Py J 3 Marks:
(ii) (2—‘;) =2"+5z' [“;)HOZ] (‘;J +102* (‘;) Correct answer,
5 1y Y 2 Marks:
LA Rl B Makes
; | significant
= (z’ _—,]—s[z’ ——3]+10(zﬁ—] progiess.
z z

(2isin 8)* = 2isin 58 —10isin 38+ 20isin &
sins0=i~lg(sin59—55n139+losin9)

I Mark: Writes
the binomial
expansion.

14
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16(b) | (a+b+c) <3(a® +h*+c%) 2 Marks:
a? + 85+ ~(a+b+cP 20 Correct answer.
Ha® +5 +c)—[a* +2ab+ 2ac+ B +2be + 2] 2 0 1 Mark: Makes
Wa +8* +ct—ab—ac—be) =0 SOMe Progress
BV (N (B oA towards the
(a—b)y +(a—-cY +{(b—c) 20 True solution.
16(c) | Consider ABNQ and A4MQ. 3 Marks:
0 ZOBN = ZOAM (angle between a tangent and a chord equals | Correct answer.,
the angle in the alternate segment)
o . 2 Marks;
ZONB = Z0MA4 =90" (perpendiculars from 0) Makes
S ABNQ ||| AdMQG (Two angles of one triangle are respectively | significant
equal o two angles of another triangle) progress
AALQ||| ABMQ is a similar proof. to;vs:x:ds the
solution.
Consider A4LQ and ABMO. HHon
ZOAL = Z0OBM (angle between a tangent and a chord equals 1 Mark:
the angle in the altemate segment) Applies a
ZOLA= Z/QMB=90" (perpendiculars from Q) :ﬁlevam cirgle
eorem.
S AALQ| ABMQ (Two angles of one triangle are respectively
equal to two angles of another triangle)
16(c) | ON OB iching sides in similar triangles ABNQ || AdMg | 2 Marks:
ii) OM 04 Correct answer.
)
OM (B TS . 1 Mark:
=— ==_ (matching sides in similar triangles A4LQ ||| ABM :
QL Q4 ¢ e & 2l ) Matches the
ON OM sides in the
oM = oL similar
. . iriangles,
This represents a geometric sequence ON, OM, OL,...
16(d) x'e 3 Marks:

721

Let f()y=1+x+ 5

2 x

F'(x) =1+%(xlex +e*2x)—e" =1+xe" + I; —e
J0)=0

f(X)=xe"+e +%(x2eI +e"2x)-¢"

x

v7e”

=2xe"+ >0 forx>0

Therefore f'(x)> 0 (increasing) for x>0 and f(0)=10

xlex

Sia+ —-e" >0
2

e,

sErx+ >e

Correct answer,

2 Marks:
Makes
significant
progress
fowards the
solution.

1 Mark: Sets up
J(x) and uses
caleulus,
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