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Section I ** (log, x)5 )
Q3 Using a suitable substitution f — dx may be expressed in terms of u as
10 marks 1
Attempt Questions 1-10 s s
Allow about 15 minutes for this section A f (loge u) du
. ) "
Use the multiple choice answer sheet for Questions 1-10. B Sus p
. —du
o e*
loge 5
Ql Which of the following is the complex number —3 — 3v/3i ? C. f wSdu
1
in
A. -3 5
be D. f uSdu
0
in
B 6e3
2im
C 6e” 3 -, . . .
Q4 Let x € Z. The contrapositive of the statement “If x is even, then 5x — 11 is odd.” is
2im
D. 6e 3

A. If x is odd, then 5x — 11 is even.
B. If 5x — 11 is even, then x is odd.
C. If x is odd, then 5x — 11 is odd.

D. If 5x — 11 is odd, then x is even.

Q2 What is the Cartesian equation of the line r = (é) + 1 (_23) ?

A. 2x+3y—17=0

B 3x+2y+13=0 Q5 Which of the following is the expression for fsin3 xdx ?

C. 2x-3y—-13=0

A. Ecos3x—cosx+(]
D. 3x-2y+17=0
1
B. Ecos3x+cosx+C
1
C. gsin3x—sinx+C

1
D. gsin3x+sinx+C
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BBHS 2022 HSC Mathematics Extension 2 Trial Examination

Q6 A particular complex number z is represented by the point on the following argand
diagram.
Im(z)

Re(2)

The complex number —i Z is best represented by?

A. B.

Im(z) Im(z)

1) Re(z) Re(2)

Im(z) Im(z)
Re(z)

Re(2)

Q7 If 2i — 3 is a root of the polynomial equation 5x3 + mx? + 59x — 13 = 0, where m
is real, then the value of m is

A. 31
B. -31
C. 29
D. =29

5.
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Q8

Q9

Q10

It is given that a, b are real, and ¢, d are purely imaginary. Which pair of inequalities
must always be true?

A. a’c? + b*d? = 2abcd, a?*b? + c?>d?* < 2abcd
B. a’c? + b*d? > 2abcd, a?*b? + c?d? > 2abcd
C. a’c? + b*d? < 2abcd, a?b? + c?d? < 2abcd

D. a’c? + b*d? < 2abcd, a?b? + c?d? > 2abcd

A body is moving in a straight line and, after ¢ seconds, it is x metres from the origin
and travelling at v ms™1. Given that v = x, and that t = 5 where x = —1, the
equation for x in terms of t is

A. x=v2t—9
B. x=—V2t—9
C x=e5t

D x=—et™>

Without evaluating the integrals, which one of the following integrals is greater than
zero?

1
A. f (e""2 — Z)dx
-1

n
z
B. x° sinx dx
T
2
T
z x3

—dx
5+ cosx

O
—
[SIE]

2
D. f tan~*(x3) dx

-2

End of Section I
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Section 11

90 Marks
Attempt Questions 11-16
Allow about 2 hours and 45 minutes for this section

Answer each question on a SEPARATE 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 a SEPARATE writing booklet.
a) Given that z = V3 — i

b)

<)

i) Express z in modulus-argument form.

i) Use De Moivre’s theorem to evaluate z”, and leave your answer in

the form x + iy.
7

z

(z)"’

iii) Use De Moivre’s theorem to evaluate and leave your

answer in the form x + iy.

2. 1.2 1
3tT3/ T3k 17737y

o2 2 2 1
1+§]f and r=gi-z

Let p =
be vectors in 3-dimensional space defined by perpendicular unit vectors
i’ ,j and If

i) Show that p is a unit vector.

i) Show that p, g and T are perpendicular to each other.

iii) Given thatf =ptq+r, show thatf =i—-j+ If

1
—r, finds-t.

iv)  Given that t z V3q +
v 1ven thal =—=p —
~ 3{) ? \/§~ ~ ~

2—x 1 121

1
Show that | ————=— % _dx = —log, ——
ow fo(1+5x2)(1+10x)dx 10 %8¢ g

End of Questions 11

-
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Question 12 (15 marks)  Use a SEPARATE writing booklet.

a)

b)

Find

. 1

i) J.; (1 + log, x)%dx

i) f 1 d

ii ———dx
V2 +x+x

iii) f sin® x cos? x dx

iv) f 2x+7 d
iv _—
Zriox+29°F

Let P(x) = x* + ax® — 40x? + 41x + b where a and b are real numbers.

1-iV3

It is known that x = 7 and x = are zeros of P(x).
i) Explain why x? — x + 1 must be a factor of P(x).

ii) Find a and b.

End of Questions 12
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Question 13 (15 marks)  Use a SEPARATE writing booklet.

a)

b)

<)

d)

e)

Shade on the Argand diagram the region given by

T T
|z—2]<2 n —ZSargz<E

Consider the following two vectors, where p is a scalar constant,
a=6i+pj—13kandb = (1—4p)i+ (p +3)j + 6k,

Find the values of p if a and b are perpendicular.

A particle of mass m is moving in a straight line under the action of a force

m
sz—3(4—7x)

Find the particle’s velocity v ms™?1 in terms of its displacement x, if the
particle has a velocity of —1 ms~! when the particle is 1 metre to the right
of the origin.

Use integration by parts to find f e* cos 10x dx

. 1

i) Suppose f(x) = V1 + x, show that f'(x) < z for x > 8.
-8

ii) Hence, show that V1 +x <3+ xT when x > 8.

End of Questions 13
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Question 14 (15 marks)  Use a SEPARATE writing booklet.

a)

b)

<)

With respect to a fixed origin O, the straight lines L, and L, have respective
vector equations

-1 1 -3 1
rn=|5|+4|-2| and rp,=|1|+ufo0
- -1 1 - 5 -1

where A and yu are scalar parameters.
The points A and C lie on Ly and L,, where 1 = 0 and u = 0, respectively.

i) Find |AC

, in exact surd form.

i) Show that L, and L, intersect at some point B and find its
coordinates.

iii) Find the size of the angle 0, between L, and L.

iv) The point D is such so that ABCD is a kite. Show that the area of the
kite is 16v/3 square units.

The velocity, v ms™1, of a particle moving in Simple Harmonic Motion
along the x-axis is given by the expression

v? =72 4 18x — 9x?
i) Between which two points is the particle oscillating?
i) What is the amplitude of the motion?
iii) Find the acceleration of the particle in terms of x.

iv) Find the period of the oscillation.

i) Use mathematical induction to prove 3™ > n® for all integers n > 4.
ii) Hence or otherwise, show that 3/3 > %/n for all integers n > 4.

End of Questions 14
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Question 15 (15 marks)  Use a SEPARATE writing booklet.

a) A particle of unit mass moves in a straight line with variable acceleration

16
(7 - v) ms~% where v ms~? is the velocity at time t seconds and v > 0,

and x is the displacement. If initially, the particle is at the origin with a

velocity of v = 2 ms™1.

i) Find an expression for the velocity v of the particle at time t
seconds.
ii) Find the limiting velocity of the particle.
iii) Find the displacement of the particle when v = 3 ms™1.
b) i) Use de Moivre’s theorem to express cos 46 and sin 46 in terms of

cos 6 and sin 6.

4tanf — 4tan 60

ii Hence show that tan46 = ————————.
) an 1—6tan?0 + tan* 0

1 240
7 hence show that 4a = tan™! —.

161

ili)  Given a =tan™?!

iv) Write 161 + 240i in the form r(cos 6 + i sin ), express 6 in terms
of a.

v) Hence, find in the form a + bi where a and b are integers, the four
fourth roots of 161 + 240i.

End of Questions 15

11-
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Question 16 (15 marks)  Use a SEPARATE writing booklet.

T
2

a) Let In:f cos"6df, n=0,12,..
0

i) Explain why I, < I,_1 < I,
.. n—1
ii) Provethat [, =——1I,_,, n=234,..
n
iii) Deduce that lim I, = lim I,,_;
n—oo n—oo

T
iv) Use part ii) to show that n X [, X [,,_; = 7 n=1,273,..

s T
2 256 2
V) Given that f “cos119do = =22 evaluate f ? cos®9 do
s 693 ,
T
2
vi) Find an approximate value of f cos2921 9 4@, to 4 significant
0
figures.
. N _(a+byy?
b) i) Show that for all values of a and b, sinasinb < [sm ( )]

ii) Hence show that if sina > 0, sinb > 0, sinc > 0, sind > 0, then

a+b+c+al)]4
4

sinasinbsincsind < [sin (
iii) By choosing a suitable expression for d, show that

a+b+c)]3

sinasinbsinc < [sin ( 3

End of Paper
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Student Name:

Multiple Choice Answer Sheet

Select the alternative A, B, C or D that best answers the question. Fill in the response oval
completely.

Sample: 244= (A) 2 B) 6 ©) 8 D) 9
AO B@® cO DO

If you think you have made a mistake, put a cross through the incorrect answer and fill in
the new answer.

A® B W cO DO

If you change your mind and have crossed out what you consider to be the correct answer,
then indicate the correct answer by writing the word ‘correct’ and drawing an arrow as

follows.
/ correct

A B cO DO
Sty L A0 2O cO 0O
2. A0 BO c¢cO 0O
3. A0 BO c¢cO 10O
4 A0 BO cO bO
5 A0 BO cO 1O
6. A O BO <O 0O
7 A0 BO c¢cO bpO
8 A0 BO ¢cO »bpO
9 A0 BO ¢cO 0O
1. AO BO c¢cO O

13-
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Section 1

Q1

C
[-3-3V3i|=6

2
arg(—3 —3v3i) = —?n

2im
—3-3V3i=6e 3

1 Mark

Q2

A
x=1-312 (1)
y=5+21 (2)
From (1)
1—x
3

Sub into (2)
= 5+2(1 _x)
y= 3

3y=15+2-2x
2x+3y—17=0

1 Mark

Q3

D
es 5
1
sz (log, x) dx
1 X

Letu = log, x

1
du =—dx
x

1 Mark

Q4

“If A, then B” statements, contrapositive is “If not B, then not A”
“If x is even, then 5x — 11 is odd”

Contrapositive is “If 5x — 11 is not odd, then x is not even” which is
the same as “If 5x — 11 is even, then x is odd.”

1 Mark

Q5

A

fsin3xdx

=fsinx(sin2 x)dx

= f sinx (1 — cos? x)dx
=fsinxdx—fsinxcoszxdx
= —cosx +§cos3x +C

1
=§cos x—cosx+C

1 Mark

Q6

B
Z is reflected along the horizontal axis to z, then —i Z rotate
Z clockwise by 90°

1 Mark




Q7 C 1 Mark
If the polynomial is real, then complex roots appear in conjugate pair
If one of the root is —3 + 2i, then —3 — 2i is also a root, let the third
root be y

m
(=34+2D)+(3-20)+y= -3
m
Y= —g +6 (1)
: . 13
(=3+2))(-3-2)y = 3
By = 13
Y=3
1
V=3
Sub into (1)
l__m +6
5 5
m =29

Q8 D 1 Mark
Since a, b are real, and c, d are purely imaginary,
then ab, cd are real, so ab — cd is also real
also ac, bd are purely imaginary, so ac — bd is also purely imaginary
(ab —cd)?> =0
a’b? + c2d? = 2abcd
(ac —bd)? <0
a?c? + b%d? < 2abcd

Q9 D 1 Mark
dx _

a *
dx
[S-[a
x
Inlx| =t+C
x = Aet
Att=5x=—-1
—1 = Ae®
1
A=——=—¢75
es €
x=-exet
x=—el™>
Q10 B 1 Mark

The functions in C and D are odd, so they both equal 0.

A, the function is even but maximum value of e~ —2is —1, so the
integral results in a negative value.

B is the only one that is even and positive for the given boundaries.

Section 2
Ql1ai z=+3-1i 2 Marks
P .
2=2 (cos (_ g) +isin (_g)) Correct solution
1 Mark
Correct mod or arg
Q1l1aii T 2 Marks
2= (2 (COS (_ g) + isin (__ )) Correct solution
; , 7 7
z' =2 (cos (—?) + isin (—?)) 1 Mark
; ; 7T ) 71 Correctly applies De
z'=2 (COS <_ _) +isin (_?)) Moivre’s theorem
V3 1
7=128——+ix=
zZ 2 +1i 2
77 = 643 + 64i
Q11aiii z7 2 Marks
(z) Correct solution
7 7
7 I L (1T
_? (cos 6)+‘5‘“(7 s)) 1 Mark
7 Y 4 isin(ZE Find
27 (cos () + i5in () nds
cos (_ 7 7n) +isin Veis 71r) (277 =2 (eos () 4150 ()
B 6 6 "6 6
_ ( 711) +isi ( 7n)
= cos 3 isin 3
1 V3,
272
Q1l1bi 2 12 2 9 1 Mark
‘p| = (_) + (_) + (_) = |==1 Correct solution
~ 3 3 3 9
~ pis aunit vector
Q11bii _2 1y 1 2\ 2 2 2 Marks
p €—§x<—§)+§x(—§)+§xg—0 Correct solution
1\ 2 2 2\ 2 1
ar=(-3)x5+(-3)%(-3)+3x(-3) =0 1 Mark
2.2 1 2 2 1 Shows one pair of vectors
=-X=-+=-X|—-2 X|—=]=0
I~7 L 3 3 + 3 ( 3) + 3 3) are perpendicular
p,q and r are perpendicular to each other.
Q11biii s=p+q+r 1 Mark
~_(2 ‘~+1~+2k)+( 1 +2k)+( 1 Correct solution
2=y T3t 3:73/73 3:73/73%
_(2 1+2>.+(1 2 2).+(2+2 1)k
$=\37373)LT\37373). T 3737 3)"
s=i—j+k
Q11biv 1 Mark

2 1
s-t:(p+q+r)-(—3p—\/§q+—r)

V3
t 1><2+1><(\/§)+1><1
s't= — — J—
~ - V3 V3
s+ t=0

Correct solution




Qlilc 2—x _ A+ Bx + c 4 Marks
(145x2)(1+10x) 1+5x2 14 10x Correct solution
(A+Bx)(1+10x)+C(1 +5x?) =2 —x

3 Marks
letx = —~ Correct integration
10
142 1
(A+Bx)x0+C 1+5X(_E) =2_(_E) 2 Marks
Correct partial fraction
C=2
_ 1 Mark
Letx =0 Finds the correct value of
(A+Bx0)(1+10x0)+2(1+5%x0%)=2-0
A,BorC
A+2=2
A=0
Lletx =1
0+Bx1)(1+10x1)+2(1+5%x13)=2-1
11B+12=1
B=-1
fl 2—x d
, (L +5x)(1+ 100"
1
=f S S —
o 1+5x2 14+ 10x
1 a1 !
= [—Elogell + 5x2| +§loge|1 + 1Ox|]0
1 o 1
= —Elogell +5x 11| +§loge|1 + 110 x 1]
—(—==l 1 =1 1
1( 70108I1 + 0+ glog| +0I)
= —Eloge 6+ Eloge 11
! 1 6+ ! 1 112
10 %8¢ 10 %8¢
1 I 121
10 %8¢

Q12ai (1 6 2 Marks
I'= f;(l +log, x)°dx Correct solution
Letu =1+ log, x

1
du = ~dx 1 Mark o
x Correct substitution
I= fuédu
u
1= 7 +C )
1+ log, x
2 e X) v
7
Q12aii 1 i 2 Marks
V2 x+Vx Correct solution
1 V2+x—+x

- \/2+x+\/z?xx/2+x—\/§dx
f\/2+x—\/E

= | =———dx
1

24 x—x

=Ef((2+x)%—x%)dx

1 Mark
Correctly rationalises the
denominator

( )3 3
1({(2+x)2 x2
] Y R
2 2
1 3 3
=§[(2+x)2—x2] +C
Q12aiii I= f sin® x cos? x da 3 Marks '
Correct solution
= f(l — cos? x) cos? x sinx dx
2 Marks
= j(cosz x — cos* x) sinx dx Correct integration in terms
ofu
Letu = cosx,du = —sinx dx 1 Mark
Obtains
I=— (uz - u4)du f(lfcoszx)coszxsinxdx
ud b
I=——+—+C
3 5
I cos3x+c055x+c
- 3 5
Q12aiv 2x+7 d 3 Marks
X+10x+29°% Correct solution
_ J' 2x + 10 3 d 2 Marks
T)XZ¥10x+29 x2+iox+25+4°F Completes the square and
makes significant progress
_f 2x + 10 3 4
T )X+ 10x+29 (x+5)2+22 1 Mark
Correct split of the
3 x+5
=log,|x? + 10x + 29| — Etan‘l( 3 ) +C numerator
Q12bi Since P(x) is real, then complex roots appears in conjugate pairs. | 2 Marks
Ifx = 1_;/§ isaroot, thenx = # is also a root. Correct solution
The roots are 71_%6 1+2i\5, a 1 Mark
Identifies
1-iV3 1+iV3 1+iV3
Px)=(x—-7(x—a)|x— x— x =
2 2 2
1-iV/3 1+iV3 b
+ =1=—--
2 2 a
1-i/3\[1+iV3 €
2 2 T T a
Px)=(x—-7Nx-a)x>—x+1)
o (x% — x + 1) is a factor of P(x).
Q12bii P(x)=(x?—(T7+a)x+7a)(x?—x+1) 3 Marks

P(x) =x*+ax®—40x? +41x + b

Compare the coefficient of the x term
—(74+a)x1+7ax(-1) =41
—7—a—7a=41

—8a =48

a=-6

Correct solution

2 Marks
Finds x = —6 as a root and
either a or b

1 Mark
Finds x = —6 as a root




Sum of roots
1-iv3 1+4iV3
+—=2

—-6+7
++2 2

a=-2

Product of roots

_6X7X<1—i\/§><1+i\/§)=_42

2 2
b =—42
3 3
Qi3a |z—2]<2n—-—<argz<— 3 Marks
4 6 Correct solution
3y 7
2 Marks
Correct region with most key
features shown
1 Mark
Correct circle or argument
Q13b X . i . _ 3 Marks
(6£ trj- 13@) |A-4)it+ @+ 3){ +6k)=0 Correct solution
6(1—4p)+p(p+3)—-13x6=0
6—24p+p?+3p—78=0 2 Marks
p?—21p—-72=0 Makes significant progress
@®-2H)(p+3)=0
p=-3,24 1 Mark
Establishesa-b = 0
Q13c F =mi 3 Marks

m
m5€=;(4——7x)

d /1

L (252) = 403 _ 742
dx(ZV) 4x 7x

—v? = J-(4x‘3 —7x7?%)dx

2
) 24x‘2 7x~t ‘e
v? = -
-2 -1
, 4 14
=——+—+C
X2 x
,  ldx — 4+ Cx?
Vo=
22

1
v=i; Cx?+ 14x — 4

v=—-1whenx =1,

1
LU= —;\/sz + 14x — 4

1
_12_?/6“2“4“_4
1=vC+10

c=-9

1
LU= —;\/—9x2 + 14x — 4

Correct solution

2 Marks
Finds

1
v=i; 14x — 4 + Cx?

1 Mark

Finds
d (1
—(=p2) = 4x~3 — 72
dx(Zv) x 7x

Q13d I :J'ex cos 10x dx 3 Marks .
Correct solution
u = cos 10x v =e*
u' = —10sin10x v=e* 2 Marks
Makes significant progress
I =e*cos10x + 10 f e*sin 10x dx
. , . 1 Mark
u’=_sm 10x v - ex Correctly applies integration
u' = 10cos 10x v=e by parts
I =e*cos10x + 10 (e" sin10x — J’ 10e* cos 10x dx)
I = e*cos10x + 10e* sin10x — 100/ + C
1017 = e* cos 10x + 10e* sin 10x + C
= e* cos 10x + 10e* sin 10x tC
B 101
Q13ei fx)=vV1i+x 1 Mark
100 1 a+ )_% 1 Correct solution
X) == X) 2=——7=—
2 L 2VT+x
"(x) =
f&) 2V1+x
Sincex > 8
Vi4+x>+v1+8
Vitx>3
2V1+x>6
1 1
— < -_—
2V1+x 16
“f'0) <z x>8
Q13eii B x—8 2 Marks
Letg(x) 1_ 3+ 6 Correct solution
! = —
g= ? 1 Mark
£l < o x> 8 Shows f'(x) < g'(x)
Sl <g'x), x>8
Also g(8) =3 = f(8)
Lf(x)<gkx), x=8
x—8
.-.\/ms3+—6 , x>8
Ql4ai -1 1 -3 1 2 Marks
rn=|5[+A|-2[,p=[1|+u|0 Correct solution
S ] 1l s 1
A=0,,a=|5], u=0 c=|1 1Mark_
R ) - 5 Finds AC

6
[AC| = J(=2)* + (-4)% + 62
|ac| = V56

[AC| = 2v14




Q14aii At the point of intersectionr; =1, 2 Marks
. T Correct solution
Equate j
5-224=1+40 1 Mark1
22=14 Finds the correct A or
A=2
Equate i
-1+A=-3+pu
A+2=u
u=4
Check k
—-1+2x1=1=5+4x-1
~ The lines intersect
-1 1 1
~B=|5|+2|-2]=]|1
-1 1 1
Q14aiii 1 1 1 Mark
-2|-10 Correct solution
cosf = 1 -1
V12 4+ (=2)2 + 12 x /12 + 02 + (—1)2
I1x14+(-2)x0+1x(-1)
cosf =
V6 x V2
cosf =0
6 =90°
Ql4aiv 2 Marks
L Correct solution
B 1 Mark
L Makes significant progress
|[AB| = 22 + (—4)2 + 22 =24 = 2v/6
_, [-3-1 —4
BC=|1-1|=|0
5-1 4
[BC| = V(=92 + 02 + 42 =32 =42
|4B| = [BC|
~ Itis kite 2
Area of kite = 2 X triangles
1 — —
A=2x5x |AB| x |BC|
A=2V6x 42
A = 16V3 units?
Q14bi v? =72+ 18x — 9x? 1 Mark

72 4+ 18x — 9x? =

—9(x>—-2x—-8)=0

—-9(x—-4)(x+2)=0

x==-2,x=4%

«~ Particle oscillates between x = —2 and x = 4.

Correct solution

Q14bii 1 _ 1 Mark
7% (4-(2)=3 Correct solution
Amplitude is 3
Q14biii v? =72+ 18x — 9x? 1 Mark
1 9 i
02 = 36 4 9x — —x2 Correct solution
2 2
_d (1 2)
= dx \2 v
X=9-9x
Ql4biv ¥=9-9x 1 Mark
#=-3%2(x-1) Correct solution
n=3
2m
T=—
n
T= 2m
K
Ql4ci RTP: 3™ > n3, for all integers n > 4 3 Marks
Correct solution
1. Prove statement is true forn = 4
LHS =3* =81 2 Marks
RHS = 4% = 64 Makes significant progress
LHS > RHS
~statement is true forn = 4 1 Mark
Proves the initial statement
2. Assume statement is true forn = k, where k > 4
ie.38>k3>3k—k3>0
3. Prove statement is true forn = k + 1
e3> (k+1)2 >3 —(k+1)3>0
Consider 3¥*1 — (k + 1)3
3k+1 — (k + 1)3
=3x3k—(k3+3k?+3k+1)
=3x3K—k3-3Kk2-3k—-1
=3(3%— k%) +2k®—3k? -3k -1
=33 —k®) + (k¥ —3k? +3k— 1) + k* — 6k
=33 —k®)+ (k- 1)° + k(k? - 6)
3% — k% > 0 from assumption, so 3(3% — k%) > 0
k—1>0ask>4,s0(k—1)°>0
k?—6>0ask >4,s0k(k?—6)>0
Then3(3% — k3) + (k — 1)* + k(k? — 6) > 0
31— (k+1)3>0
PR Laz IS (k + 1)3
By mathematical induction, 3™ > n3, for all integersn > 4
Q1l4cii 3n >l 1 Mark
1 1 .
(33 > (n?)3m Correct solution
1 1
33 >nn
= 3¥3>4Vn




Q15ai . (16 ) 3 Marks
i=|—-v )
v Correct solution
dv 16 —v*
dc ~ v 2 Marks
2 _ v Makes significant progress or
dv 16 —v? finds
t=—§loge|16—172|+C C=lln12
2C — 2t =log,|16 — v?| 2
Ae™?t =16 — v? 1 Mark
2 _ -2
v?=16—Ae™* Correct primitive function of
v=144/16 — Ae~2t tintermsof v
Since v > 0, thenv = V16 — Ae~2t
t=0,v=2
2=+V16—-A
A=12
LUV =4/16—12¢72t
Q15aii t > o0,12e7%t 50 1 Mark
v->+v16—-0 Correct solution
v-4m/s
Q15aiii dv 16 4 Marks
vdx ) v Correct solution
dv _ 16
dx ~ v? 5 3 Marks
dx __"v Finds the correct value of C
dv 16 —v?
dx  —(16-v*)+16 2 Marks
dv 16 — v? Finds
dx _ 16 dx 2 2
dv 16 —v2 d_v=(4—v+4+v)_1
dx ( 2 + 2 ) 1
dv \4—v 4+v
x = 2logel4+v|—2logel4 —v|—v+C 1 Mark
4+v Finds
x = 2log, El—v+€ v 16
dx v
x=0v=2
0=2I At 2| 2+C
=208 |75
C=2-2log,3
4+v
s~ x = 2log, 4_—U|—v+2—210g93
v=3
4+3
x = 2log, m|—3+2—210ge3
x =2log,7—1—2log,3
7
=21 =]-1
x= 2o (3)
Q15bi (cos 8 +isinf)* = cos 40 + i sin 46 (de Moivre’s theorem) 2 Marks

= cos* 0 + 4icos® @ sinf — 6 cos? O sin? @ — 4i cos O sin3
+sin* @

Equate real: cos 46 = cos* 6 — 6 cos? 6 sin? 6 + sin* 6
Equate imaginary: sin 40 = 4 cos® 6 sin§ — 4 cos 6 sin>

Correct solution

1 Mark
Equate either real or
imaginary

Q15bii tan 46 = sin 46 1 Mark
amEe = cos 46 Correct solution
an 46 4cos®6sinf —4cosfsin®f
AN = 0% 0 — 6cos2 O sin2 0 + sin*0 ~ cos* 0
46 — 4tanf — 4tan® @
A = etan? 6 + tan* 0
Q1Sbii Y 1 Mark
a=tan L 4 Correct solution
tana = z .
1 1
4x(7)—4ax (7
tan4a = —(4> 2 (41) 3
1-6%(z) +(3)
g 240
anda =
tet — tan1 240
=R 161
Q15biv [161 + 240i] = 289 1 Mark
240 i
arg(161 +2400) = tan " T— = 4a Correct solution
161 + 240i = 289(cos 4a + i sin4a)
Q15bv Let z* = 161 + 240i 2 Marks

z* = 289cis(4a + 2km) wheren € Z

1 km
z = 2894 cis (a + 7)

km
z =+17cis (a + 7)
k=0, z =+17cisa
T

k=1, 2z, =\/ﬁcis(a +E)
k=2, z3=+v17cis(a +m)

3m T
k=3, z4=\/ﬁcis(a+7)=\/ﬁcis(a—i)

¢ 1
ana =7
V17 :
1
4
. 4
sihna =—, cosa =—
Vi7 V17

7, =V17(cosa + isina) =\/ﬁ(

zy =4+

Zz:\/ﬁ(cos(a+g)+isin(0{+g)):\/ﬁ(

Z, =—1+4i

25 = V17(cos(a + ) + isin(a + m)) = \/ﬁ(

zz3=—4—1

24:m(cos(a—g)+isin(a—z)):\/ﬁ(

2
zy=1—4i

~theroots4 +i, —1+4+4i, —4—1i, 1—4i

4,1
=7E)

Correct solution

1 Mark

Makes significant progress
and finds one of the solution
ina + ib form




Ql6av

Given that

s

2 256
L= f cos''9do =
0

693

From part iv
T
11><111><110=§

LT 256
072 693
I _637r
107512

1 Mark
Correct solution

Ql6avi

From part iii and iv, asn — oo,
nX I X Iy = nx (I)?

s
2021 X (I021)* = 2
T

I X [—

2021 2042

I5021 = 0.0278789 ...
I5021 = 0.02788 (4 sig. fig)

1 Mark
Correct solution

; 3
Qi6ai 0<x<=, O0<cosx<l1 1 Mark
2 Correct solution
cos™x,asn — o, cos" x = 0F
scos™x < cos™ 1 x < cos™ 2 x
In < In—l < In—2
Q16aii z z 3 Marks
I, = f cos™0do = f cosf cos™ 16 do Correct solution
0 0
U= cos™ @ v’ =cosf i/ll;/lkaer::' nificant progress
u' =—(n—1)sin@ cos™ 260 v =sinf gnitt prog
. n 1 Mark
z 2
I, = [sin6 cos™ ]2 + (n — 1)f sin? @ cos™ 2 6 do Integrate by parts
0
T T
I, = (Sini X cos”’li —sin0 X cos™! 0)
2
+(n-1) [ sin? 0 cos™ 2 6 db
« 0
2
I,=(n-— l)f (1 —cos?6)cos™%6do
OZ
2
I=mn-— l)f (cos™26 — cos™0)do
0
I = (n— 1)(171.—2 - ln)
Li=m—Dhh,—m-1DI,
I+ =D, =0n-1Dl,_,
A+n—-D, =n—-DI,_,
n—
I = T n-2
Q16aiii I_(l_ly 1 Mark
n- n) "2 Correct solution
1
n-ow —>0 1—-—-1
n n
«~lim I, = lim [,_,
n—oo n—-oo
Fromparti, I, <Il,_q<I_,
~ lim I, = lim [,_4
n-oo n-oo
Ql6aiv From part i, 2 Marks
n—1 Correct solution
hh=—I
nxl, x Inil ) 1 Mark
_ n—
=nx Iny X Ins Deduces

(TL - 2) Xy XIn_3
=1xI xI,

n s
= fz(cos 0)tde x fz(cos 0)°de
0 0
s

z z
:f (cos0)deo Xf 1d6
0 0

s s
= [sin6]2 x [0]2

= (sing— sinO) X (g— 0)

_TL’
T2

nXI, XL 4
=(M=-2)xXI ;X3

Q16bi

gatby? o
[sm( 2 )] —sinasinb
[.a b+_b az_(za_(zb)
—[smicosi SmECOSE] — sin xi)sm XE

(_Za 2b_'_z,a b b a+,2b 2
sin® = cos® — sin=cos = sin= cos -+ sin® = cos® =
2 2 2722 72 2 2

2si a a 5 si b b
- smzcosix sin cos>

L ,a zb+-2b Za_*_z_a b . a
sin® > cos® o + sin® - cos® 5 sin cos > sinz cos
Asi a b b a
—4sin-coszsinzcos—

272

L ,a zb+-zb 2az,a b b a
sin® > cos® > + sin® - cos® 5 sin cos>sinz cos
[.a b b ar?
= [smicosi —sinz cos E]

3,

2 Marks
Correct solution

1 Mark
Makes significant progress

Q16bii

a+b
sinasinb < [sin( )]

2
c+d
sincsind < [sin( )]

3 Marks
Correct solution

2 Marks
Makes significant progress




a+b c+d
sinasinbsincsinds[sin( )] [sin( 2 )]

sinasinbsincsind < [sin (

o =)
- )

[ (a+b+c+d
sin

2

me;b)sm(f:d)rs[wwﬂ

()] )

a+b+c+d)]4

~ sinasinbsincsind < [sin( ”

1 Mark
Obtains
sinasinbsincsind

<[_ (a+b) . (c+d
< |sin 2 sin 2

)|

Q16biii

1
Letd=§(a+b+c)

. . . . (a+b+c
sina sin b sin ¢ sin (T)

4
a+b+c+gigi£
<|si
= |sin 4
. . . . (a+b+c
sina sin b sin ¢ sin (T)
3a+3b+3c, a+b+c\1*
< |sin 3 h 3
- 4

. . . . [(a+b+c . (a+b+c +
sinasinb sinc sin (T) < [sm (T)]
a+b+C)]3

~sinasinbsinc < [sin ( 3

1 Mark
Correct solution




