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General Instructions Total marks — 100
* Reading time — 5 minutes -
L ( Section I Pages 2-5
« Working time — 3 hours 10 marks
« Write using black or blue pen » Attempt Questions 1-10

Black pen is preferred » Allow about 15 minutes for this section

* Board-approved calculators may
be used (Section II  Pages 6-12
* A table of standard integrals is
90 marks

provided at the back of this paper )
* Attempt Questions 11-16

« Allow about 2 hours and 45 minutes for this
section

+ In Questions 11-16, show
relevant mathematical reasoning
and/or calculations




SECTION 1 (10 marks)

Attempt Questions 1 - 10

Allow about 15 minutes for section.

Use the multiple choice answer sheet for questions 1 - 10

1. Ifw is anon-real cube root of unity the value e equal to

1+w  1+w?

A -1 B o <O 1 (D) none of these

2. What is the remainder when x3 + x? + 5x + 6 is divided by x +1

(A) 7 —4i B) 7-—6i (C) 5—4i (D) 5+ 6i

3. The gradient of the tangentto xy3 + 2y =4 atthe point (2,1) is

1

A) -8 ®) © 38 D) =

4. The eccentricity of the ellipse 3x% + 5y? — 15 =0 is

(A) ﬁ (B) \E © jé D) \E

5. The polynomial 3x3 —2x%+x—7 =0 hasroots a,f,y.

Which polynomial has roots %%% ?

(A) 3x3—4x% +4x—56 B) 7x®—2x24+8x—24=0
(C) 9x3—2x2—27x—49=0 (D) 24x3—8x2+2x—7=0

6. Theargof iz where z=1+1 is

@) = ® © = o) =



7. Find [ x sin(x? + 3)dx

(A) —Zcos(x?+3)+C (B) —-Zl-sin(xz +3)+C

(®) %cos(x2 +3)+C (D) 2xcos(x2+3)+C

8. The polynomial equation P(x) = 0 has real coefficients, and has roots which include

x=-2+i and x=2.
What is the minimum possible degree of P(x)?
A) 1 B) 2 <€ 3 D) 4

9. What is the value of fol < d

1+e*
A) log.(1+e) - B) 1
© log, (2% | (®) log,%-2

10. Which of the following is the sketch of y =log, x +3 ?
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Question 11 (15 marks)

a) Letw=+v3+i and z=3-+31

i) Find wz (1)

ii) Express w in mod/arg form (2)

iii) Write w* in simplest Cartesian form. (2)
b)

i) Mark clearly on an Argand diagram the region satisfied simultaneously by 2)

|z+ 2] <2 and 0<argz<%n
ii) Solve simultaneously 2)
|z4+2] =2 and argz=%n

Write your answer in the form a + ib

¢) A polynomial P(x) hasadoublerootat x = a,ie P(x) = (x — a)?Q(x)
i) Prove that P'(x) alsohasarootat x = a (2)
ii) The polynomial Q(x) = x* — 6x3 + ax® + bx + 36 has a double rootatx =3 )
Find the valuesof a and b

iii) Factorise Q(x) over the complex field. (2)
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Question 12 (15 marks)

a)
i) Show that (cosx —sinx)? =1 —sin2x )
ii) Evaluate
2)
A
3
f V1 —sin2xdx
0
b) Using the substitution u = 1 — x, find 3)
f xV1—xdx
c)
i) Find the value of the integral (2)
[ =
——dx
0 16 — x2
ii) Find the integral of (2)
[ o=
16—z
d) 1L, = [ x(nx)"dx, n=0,1,23, ...
e? n
i) Show that [, = -~ 51 n=1,2,3, ..... (3)
ii) Hence evaluate 2)

e
f x(Inx)3dx
1
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Question 13 (15 marks)

a)

2 2
i) Show that the equation of the normal to the hyperbola % — lb]; =1 3)
at the point P(asec@,btan®) is axsin® + by = (a* + b*) tan 6
ii) If the normal in part (i) intersects the x axis at A and the y axis at B, find the 2)
co-ordinates of A and B.
iii) Show that the co-ordinates of M, the midpoint of AB are given by 2)
_ 1,2 2 _ 1.2 2
x—Za(a + b*) secH, y—-Zb(a + b“)tan 6
iv) Hence find the equation of the locus of M in Cartesian form. (2)
v) If a = b, what can you say about the locus in part (iv) (1)

b) The region bounded by the portion of the curve y = ﬁ , and the x axis

is rotated about the line x = 2

i) Using the method of cylindrical shells, show that the volume 6V of a typical (D
shell at a distance x from the origin and with thickness dx is given by

X
= - x). )
6V =2m(2 — x) 00 x

ii) Hence find the volume of this solid. “4)
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Question 14 (15 marks)

a) Consider the function f(x) = (3 — x)(x + 1) on separate axes sketch, showing the important

b)

c)

d)

features the graphs of
) y=fx
i) ¥y =[f(0l
iii) y = f1(x)|
iv) [yl = F(x)
v) y?=f(0)?

Given a + b = m, prove that, fora >0, b >0, andm > 0

1 1 4
) —+-=—
1)a b m
1 1 8
)zt 2o

lim 1-cosé@
Evaluate ——
-0 7]

i) Use De Moivre’s Theorem to express cos 36 and sin36 in terms of
powers of sinf and cos 6

ii) Hence express tan 30 as a rational function of ¢, where t = tan 6

(1)
)
(1)
(M
@)

@)

@

)

@)

(M
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Question 15 (15 marks)

a) As shown below, a circle has two chords AB and MN intersecting at F. 4)
Perpendiculars are drawn to these chords at A and at N, intersecting at K.
KF produced, meets MB at T.
Prove that KT is perpendicular to MB (Hint: Join AN and let ZANF = 6°)

b) If V;=1,V, =5 and V, = 5V,_4 — 6V,,_, for n > 3, show that 3)
V,=3"—2" forn>1

¢) Consider the curve y = Inx sketched below.

Use the method of slicing to find the volume obtained by rotating the region bounded by 3)
1<x<e, 0<y<Inx,about the y axis. '



Question 15 (Cont’d)

d) The equation x3 — 3x? — x + 2 = 0 hasroots a, 8, y. Find equations with roots
) 2a+B8+y, a+20+y, a+p+2y (3)

ii) Find the value of the sum of the squares of the roots of the equation formed in (i) )
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Question 16 (15 marks)

a) Find [ sin® Ocos*0 d6 3)

b) Ifx?+y%+xy=3
. : dy
i) Find o 2)

ii) Sketch showing critical points and stationary points the graph of 3)
x2+y2+xy=3

c)
i) Ifx; > 1 and x, > 1 show that x; + x; > \/x1x; (3)
ii) Use the Principal of Mathematical Induction to show that, 4)
Forn= 2, ifx; > 1 where j =1,2,3,...... n then,
In(xy 4+ x5 + v v e Fx) > E;l_—l(lnxl +Inx, + v +Inxy)

END OF PAPER



Find [ x sin(x? + 3)dx
(A) —-%cos(x2 + 3)+c ®) —-—;-sin(x2 +3)+¢

(C) %cos(x2 +3)+c (D) 2xcos(x?+3)+c

1
1+w?

If w is a non-real cube root of unity the value of 1—:;0— + is equal to

(ay -1 B) 0 <o 1 (D) None of these
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EXT 2 trial mark breakdown 2014 NAME

COMPLEX NUMBERS

question mark

1 /1

2 /1

6 /1
11ai /1
11aii /2
11aiii /2
11bi /2
11bii /2
14di /2
14dii /1
TOTAL /15

POLYNOMIALS
guestion mark

5 /1

8 /1
1ici /2
11cii /2
11ciii /2
15di /3
15dii /2
TOTAL /13
HARDER 3U
question mark
14bi /2
14bii /2
14c /2
15a /4
15b /3
16¢i /3
16cii /4

TOTAL /20

CONICS
question mark
3 /1
4 /1
13ai /3
13aii /2
13aiii /2
13aiv /2
13av /1
TOTAL /12
VOLUMES

question mark

13bi /1
13bii /4
15¢ /3
TOTAL /8
SUMMARY
COMPLEX NUMBERS
CONICS
GRAPHS
POLYNOMIALS
VOLUMES
HARDER 3U
INTEGRATION
TOTAL

/15
/12
/12
/13
/8

/20
/20

/100

GRAPHS
question mark

10 /1
14ai /1
14aii /1
14aiii /1
14aiv /1
14av /2
16bi /2
16bii /3
TOTAL /12
INTEGRATION
question mark

7 /1

9 /1
12ai /1
12aii /2
12b /3
12ci /2
12cii /2
12di /3
12dii /2
16a /3
TOTAL /20
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