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2009 North Sydney Boys High School Year 11 Extension 1 Preliminary Examination

Question 1

3.24* -2.1° -
a) Evaluate ————==— correct to 3 significant figures.
\36+2.1

2x* -1
b Simpli
) plify 1-2x*
n+2 n
¢ Simplify 3
31’1
d) Given that tan o = 2 where o is an acute angle,

find the value of tan 20 in exact form.
e) Solve % <2

x—

1) Find correct to 2 decimal places log;12

Question 2 Start a new page

a) Find the acute angle between the lines 4x—y=0 and y=x
to the nearest degree.

b)  Solve [15+4x| <3

) Given that R(x, y) divides the interval joining P(— 4, 5) and

Q (-1, 9) externally in the ratio 3: 5, find the coordinates of R.
d) Find the period and amplitude for the graph of y = 3sin (2nx).

e) i) Without calculus sketch the graph y=x 32-x)

11) Hence, or otherwise, solve the inequality x> (2-x) <0.
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Question 3  Start a new page

a) Write 0.12 as a fraction in simplest form

o 5x+1 2 3
b) Simplify fully D)D) + T 1ix

c) i) Prove that (cosec’x —1)sin® x = cos® x
i1) Hence or otherwise solve:

(cos ec?x - l)sin2 x= % for 0<x< 360°

d)

In the quadrilateral ABCD shown in the diagram, ZBAC = ZCAD =a..
ZABC = 120°, ZADC = 90°, BC = x, AC = 2x, and CD = 3+/3 cm

i) Use the triangle ABC to find the value of sin .

i) Hence, find the value of x.
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Question 4  Start a new page

1
A(0,45)

v

C(5.0) x

The lines AB and CB have equations x—2y+9=0 and 4x— y—20 =0 respectively.

1) Find the coordinates of the point B. 3

ii) Show that the equation of the line AC is 9x+10y-45=0. 2

1ii) Calculate the distance AC in exact form. 2

iv) Find the equation of the line perpendicular to BC which passes 2
passes through 4.

V) Calculate the shortest distance between the point B and the line AC. 3

Hence find the area of the triangle ABC.

Question 5 Start a new page

A, B, C, and D are four points on a circle with centre O, such that
A
ZADB =25° /DBC = 80° and ZOAD = 40°.
AT is a tangent at A to the circle. ‘A T

i) Show that the triangle AEB is isosceles.

@

ii) Show that quadrilateral OEBC is cyclic.
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Question 6  Start a new page

a) The first and last terms of an arithmetic series are 5 and 165 respectively, and the

sum of these terms is 1785. Find the number of terms in the series.

b) 1) Write down a single expression for the sum of the first n terms of the
geometric series 1+x2+x*+x5+--
ii) When does the sum to infinity exist (in terms of x2) ?

iii) ~ What is the sum to infinity when x = % ?

Question 7 Start a new page
a) Differentiate with respect to x
. _ 8 _ 1
i) y = 4x =
ii) y = (3x%+7)8
x3
1i1) y = 211
b) A particle moves in a straight line so that its position, x m, from the origin at time,
tseconds, is givenby  x = t3+ 3t? — 9t
Find 1) its initial displacement, velocity and acceleration.
ii) when the particle is stationary and its position at that time.

iii) the distance travelled in the first 2 seconds.
Question 8 Start a new page

a) Forthecurvey = x3 + 3x? — 24x + 2
i) Find the stationary points and determine their nature

i1) Find any points of inflexion
iii) Sketch the curve
b) A farmer has 30m of wire fencing. He wishes to make a rectangular enclosure
using the side of tﬁe barn as one wall. What is the largest area that the fenced

enclosure can have ? Justify your answer by using calculus.
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Question 9 Start a new page

a) Ifsin® = % and sin «< = %,find cos (p—x) if aand @ are acute

b) Find the exact value of sin 105°. Express your answer with a rational denominator.

c) Solve cos (Zx - E) S E where 0 < x <2m
6 2
d) A ship is sailing on a bearing of 205° from port A to port B. If port B is 70

nautical miles west of port A, find how far the ship has sailed.

Question 10  Start a new page

a) Consider the function y=f{x). If the point (4,8) is a maximum turning point
on the function what is the value of f'(4) ?

b) On the same curve y=f{x) a tangent is drawn from the point (3,6) and
this tangent has a y intercept of 10. What is the value of f'(3) ?

c) On separate axes sketch the following graphs, showing all important features,
and state their domain and range

i) y = 4sin2x 0° < x < 360°
ii) y =vV4—x2
i) y=47*
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Question 11  Start a new page

a) Points A, B and C lie on horizontal ground so that ZACB is 90° and A and B are 200m
apart. Point D is h metres vertically above C. The angles of elevation of D from A and B
are 20° and 23° respectively. Draw a half page diagram to show this information and

find the value of h correct to 2 significant figures.
2
b) Solve log, x—log,(x—2)= glog2 27
¢) The radius of curvature R of a function y = f{x) is a measure of how sharply a curve is

bending.
3
[1 + (-dl)z] %
It is defined as R = .

Use this formula to find the exact radius of curvature of the curve y = Jx atx=1.

d) Find the domain and range of the function f(x)=+/3— Jx

3
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Suggested Solutions

Question 1 (Weiss)

(a) (1 mark)

3.242 — 2.12
o —0.986
V36 +2.1
(b) (1 mark)
202 — 1
I |
1 — 212

(¢) (2 marks)

3 43r P+

3n ;e
=9+4+1=10
(d) (2 marks)
2tan
tan2q = ——
1 — tan? «

Substitute tan o« = 2 results in

2x2 4
tan 2o = =—-
1-—22 3

(e) (3 marks)
4
2
z—3 x(x—3)2
x (x—3)2
Az —3) < 2(z —3)?
20 —3)? —4(x—3)>0
2 —-3)(r—3-2)>0
2(x —3)(z—5) >0
r<3orxz=>5

IN

v
64?
4 —+
24?
—t—Q— 1
1 2 3%\ 4,5 6
—92 1 N_7/

(f) (1 mark)

logo12

logs 12 = = 2.26

loglo 3

Question 2 (Lowe)
(a) (2 marks)

dr—y=0 =m; =4
y=x =>mg=1
tang — | M2
1+ mimo
_j4-1] 3

o |1+4] 5

—13 org/

.0 =tan 3:3058

(b) (2 marks)

|15 + 42| < 3
—-3< 15 +4x< 3
—15 —15 —15
—18 <4x < —12
+4 =4 +4
29 <z < -3
7 =%>
(¢) (2 marks)
P(—4,5) -3

As R divides PQ externally,
5(—4) + —=3(—1) 5(5) + —3(9)>

R(x’y):( —3+5 ' —3+5
(-4
(d) (2 marks)
y = 3sin (2rz)

e amplitude a = 3.
e period:

2
— ﬂ-_l

-9 ==L _
! T 2T
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(e) i. (2 marks)

y = %2 — 1)

/ 0 2\( v
i, (1 mark) (d)

23(2 — ) is below the x axis when
z<0orz>2

Question 3 (Rezcallah)

(a) (2 marks)

r=0.122. ..
10z =1.222. ..
100z = 12.222- ..
90z =11
11
T
(b) (2 marks)
or + 1 2 3
(z+D)(@—-1) 1-z 1+
RS 2 3
Tt -1 741 (2)
_ GBr4+1)-2x+1) -3z —-1)
(x+1)(z—-1)
x4+ 1-2x—-2-3cx+3
B (x+1)(z—-1)
2 2

ICECE R

(1—-z)(x+1)
(c) i. (2 marks)

(cosec2 T — 1) sin® x

(1)
=|——=——1)sin"x
sin“ x

=1—sin’z

= COS2 T

ii. (3 marks)

(cose<32 T — 1) sin’x = Z

3
2 —
oS T =7

3
cosxT = :I:g

x = 30°,150°,210°, 330°

i. (2 marks)
Applying the sine rule in AABC,

sin 120°
T 2z
sin120° /3

2 4

sin av

c.sina =
ii. (1 mark)

In AACD, sina = 32£
x

But sina = @,

V3 _3V3
4 2
20 = 12
.x=6

Question 4 (Lam)

(3 marks)

z—2y+9=0 (1)
dr—y—20=0 (2)
8r—2y—40=0 (2

Subtract (2°) from (1),

—7r+49=0
Tr =49
r=7—(1)
7T—2y+9=0
2y =16
y=28
. B(1,8)

LAST UPDATED SEPTEMBER 22, 2009
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2009 MATHEMATICS (EXTENSION 1) YEARLY EXAMINATION SOLUTIONS 3

(b) (2 marks)

-0 9
m = = —_——
AC= 05 10
y-3_ 9
x—0 10
9 N 9
y =——— 4 2
x10 X}é) ><210
10y = —9x + 45

9z + 10y — 45 =0

(¢) (2 marks)

(d) (2 marks)

(e) (3 marks)

Perpendicular distance from (7,8) to 9z +

10y —45 =0is

_ Jaxy +byr + |
Va2t

19(7) + 10(8) — 45|
- V92 + 102
163 +80 — 45|
VAT

dy

e
—_

S
Il

o
>

X

X

O© N~ N
}_‘\
©
oo
[a—

|
1)
o[ B

|

.5 units®

Il
)
=~

Question 5 (Trenwith)

(a)

(3 marks)

LTAB = 25° (angle between a chord
and a tangent is equal to the angle in
the alternate segment).

ZOAT = 90° (angle between a tangent
and a radius.

e . ZOAB = 65° (by subtraction).
o /AEB = 40° + 25° = 65°.

(exterior angle of AADE equals the
sum of the opposite interior angles).

.. AAEB isosceles as it has 2 equal angles.

(2 marks)

ZABE = 50° (angle sum of AABE)
.. LABC = 50° 4 80° = 130°.

. reflex ZAOC = 260°

(Angle at the centre is twice the angle
at the circumference subtended by the
same arc AC'.)

Hence ZAOC = 100°
revolution at the centre O).
.. OFEBC is a cyclic quadrilateral as its
opposite angles ZCOE & ZEBC are

supplementary.

(angle of

Question 6 (Barrett)

(a)

(b)

(2 marks)
a=>5 {=a+ (n—1)d =165
S, = 1785
n
1785 = S(a+0)
3570 = n(5 + 165)
3570
=220 9
170
i. (2 marks)
a=1 r=x’
Sn_a(r" 1)
r—1
@)1
o2 —1
_x2"—1
22— 1

NORTH SYDNEY BOYS’ HIGH SCHOOL
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ii. (1 mark)
Ir| <1
|:c2‘ <1
S 0<a? <1
L-l<e <l
iii. (2 marks)
_a  a
Cl—r  1-—a?
_ 1 19
SR
Question 7 (Barrett)
(a) i. (2 marks)
y = 4z® — r2
d
% =322 + 5567%
ii. (2 marks)
Y= (3x2 + 7)8
d
=86 (32 4+7)"
— 48z (322 +7)"
iii. (2 marks)
23
YT
u =23 v=a>+1
u =322 v =2
dy  wvu' —w'
de 02
B (322) (2% +1) — (2z) (z3)
(a2 +1)°
_ 3zt + 322 — 224
(a2 +1)°
B xt + 322
(a2 +1)*

(b) i. (3 marks)

ii. (2 marks) Particle is stationary when

v(t) = 0.
32 +6t—9=0
2 +2t—-3=0
(t+3)(t—1)=0
Ast >0,

t=1

z(1l)=14+3-9=-5
The particle is 5 units to the left of the
origin when it is stationary.

iii. (2 marks)
z(0)=0

z(l)=14+3-9=-5

2(2) =8+12-18 =2
The particle travels —5 units between
t =0and ¢t = 1, then from ¢t = 1 to
t = 2 travels from —5 to 2 (7 units).

Total distance travelled: 5+ 7 = 12
units.

Question 8 (Trenwith)
(a) i. (3 marks)
y:x3—|—3x2—24:c+2
y' =32 + 62 — 24
y" = 6x +6
Stationary pts occur when ¢y’ = 0,
327 + 62 —24=0
2?+22-8=0

(x+4)(x—2)=0

cox=—4,2
y":6x—|—6 y":6x+6
r=—4 r=2
=6(—4)+6<0 =6(2)+6>0
Hence x = —4 is a local maximum and
x = 2 is a local minimum.
T —4 2
I I
y + 0 — 0o +
|

) /82\_26/

LAST UPDATED SEPTEMBER 22, 2009
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dA _

ii. (2 marks) Maximum area occurs when % =0
Points of inflexion occur when 3y’ = 0
with a change in concavity: 30 — 4x = 0
y' =6z +6=0 H=4
62+ 6=0 15
6x = —6 2
z=-1 .. maximum area is
y”:6$+6 y//:6$—|—6
r=—2 =0 A= .%'(30 — 2.’IJ) 15
<0 >0 T=5
15
Concavity changes x = —1. —\9 (30 —15)
225
y =+ 32% — 24x + 2 =" m?
r=—1 2
=—-1+3+24+2=28
(—1,28) is a point of inflexion. Question 9 (Lowe)
iii. (2 marks) (a) (3 marks)
)
4
13
A ] 5
3
12
. 4 .
sing = 5 sina = 3
s 3 12
cos¢ = - cosa = 7o

(b) (4 marks)
cos(¢ — a) = cos ¢ cos « + sin ¢ sin «

312 4 5
=l-x—=]4+=x—=
(5 13> (5 13)

36420 56
. . 65 65
(b) (3 marks)
30 — 2z sin 105° = sin(60° + 45°)
= sin 60° cos 45° 4+ sin 45° cos 60°
A= 2(30 - 22) :<§xi>+<ix1>
2 2
= 30z — 222 V2 V2
dA _ V3+1 o V2
=30 4a N REE
G _ Vo4 V2
dx? - 4

NORTH SYDNEY BOYS’ HIGH SCHOOL LAST UPDATED SEPTEMBER 22, 2009
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(¢) (3 marks)

6)
cos (2z — =) =
6

2

T -1
2——:
T — 5 =cos ( >

As x € [0,27], then 2z € [0,4n].

& S

x = 0 is inserted as z = 27 is also a
solution and = € [0, 27].

(d) (3 marks)

cos 65° = w0
x
T = 70 = 165.6 nm

cos 65°
Question 10 (Weiss)
(a) (1 mark)

fl4)=0
(b) (2 marks)
oy 010 4

()

i. (3 marks)

Y
y = 4sin 2z

— 2
ol 1$0° 27k°  360°

-9 4

-4 4+

D ={x:0° <z <360°}
R={y:—4<y<4}

ii. (3 marks)

D={z:-2<z<2}
R={y:0<y<2}

iii. (3 marks)

\ } z

D={z:2zeR}
R={y:y>0}

LAST UPDATED SEPTEMBER 22, 2009
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Question 11 (Ireland) (c)
(a) (4 marks)

200 m
tan 20° = N tan 23° = —
sl =ue e =po
h h
¢= tan 20° ¢ = tan 23°

Using Pythagoras’ Theorem in AABC,
AC? + BC* = 2007

= 200
tan? 20° + tan? 23°
h? (tan? 20° + tan? 23°
( aln an ) _ 2002

tan? 20° tan2 23°
x tan? 20° tan? 23°

h? (tan2 20° + tan? 23°)
= 2007 (tan® 20° tan® 23°)
o 2007 (tan®20° tan® 23°)
~ tan2?20° + tan? 23°
j, 200 (tan 20° tan 23°)
V'tan? 20° + tan? 23°
= 55.26
=55m (2 s.f.)

x tan? 20° tan? 23°

(b) (3 marks)

2
logy x — logy(z — 2) = 3 log,y 27

log, <L2) = log, 275

x_

T )—9
x—2/)
r=9xr — 18
8r =18
8 8

9
= -
4

(3 marks)

(3 marks)

fle)=/3- vz

As the expression within the radical is > 0

3—Vx>0

3>V

0<z<9
D={z:2ec[0,9)}
fO)=Vv3  f9) =

.‘.R:{y:ye [0,\/5”

NORTH SYDNEY BOYS’ HIGH SCHOOL
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