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Teacher;: . -

Class:
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2015

HIGHER SCHOOL CERTIFICATE PRELIMINARY COURSE
ASSESSMENT TASK 1

Mathematics Extension 1

Time allowed: 1% Hours
{plus 5 minutes reading time)

Syllabus | Assessment Area Description and Marking Guidelines Questions
Outcomes
P3 performs routine arithmetic and algebraic manipulation
involving simple rational expressions 1
PE3{a) | solves problems involving inequalities
ps understands the concept of a function and the relationship 2
between a function and its graph
PE2 uses multi-step deductive reasoning in a variety of contexts 3
P4(a) chooses and applies appropriate algebraic techniques 4
HE7 Synthesises mathematical solutions to problems and 5
communicates them in an appropriate form
Total Marks 62 Question | Outof | Marks
Attempt Questions 1-5 Q1. /12
Q7 | /12
Q7| N2
Q4 7| /M2
General Instructions: Qs /] /4
« Questions 1-5 are to be started ina new booklet Percent:

The marks allocated for each question are indicated

In Questlons 1-5, show relevant mathematical reasoning and/er calculations,
Marks may be deducted for careless or badly arranged work.

Board - approved calculators may be used

Question 1:

. ’35.65
{a) Find 3 e correct to 3 significant figures,

@Tactorisc fully 81x* —16*

() Solve for x: [4x—3|=7

i1

2141

{d) Rationalize

(e) Solve for x: (x—+13)sz
r—

Question 2:
{a) For the functionf(x) =24+1-x:

i.  State the domain and range of the function.
ii.  Draw a neat ' page sketch of the function.

I-x, x20

. Find the value of
x+2)2 , x<0

(b) A function is defined by f(x)= {(

SO+ (0)+1(1).

(c} Show that f(x) =(x—_[);(f+—1) is an odd function.

(4} For the function y = x4 :
x+1

i.  PFind the horizontal and vertical asymptotes.

il.  Draw aneat ¥% page sketch of the function, showing all features.

[12 marks]

2

2]

Bl

12]

[3

[12 marks)

121
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Question 3: {12 marks]
(2) Find the value of xand y. m

() QRS is a straight line, with PO =0R and PR= RS as shown below. Copy the
diagram to your answer booklet,

P

1 #
Q R 5

On your diagram, label ZPQR =8 and ZPSR = &, and then prove, giving all reasons,
that 8+4a =180. )]

Question 3 continues over page...

(c) Two parallel tangenfs fo the circle, centre @, meet the circle at points A and N, A third
tangent to the circle, at point P, meets the other two tangents at K and L, as shown in the
diagram below.

Copy the diagram inte your answer booklet and use it to
i.  Prove that KO bisects ZMKP. €]

ii. Hence show that a circle with diameter X7, passes though the centre O of the
original circle, 13

Question 4 Starts next page...




Question 4: ) [13 marks}

(2) The diagram given below shows the line x+3y —1=0 and the points 4(2,2),

B[Q,:3—1] and C(-2,1).

i.  Find the distance BC.

ii.  Find the distance (in exact form) of the point A(2,2) from the line
x+3y-1=0.

iii. Hence find the exact area of triangle ABC,

{b) Using the ‘%’-Method, find the equation of the line thal passes through the intersection
of the lines 2x+3p—3=0 and x+2y=2, which also passcs through the point

o(-14).

(¢} Find the equation of a line with a positive gradient that is inclined at 45" to the line
x+42y—6=0 and has the same y-intercept.

(d) The point 7'(2,-3) divides the interval between the poinis A(—4,-2) and B(x,5}in
the ratio 2:3. Find the co-ordinates of point B.

[

n

u

Bl

13

Bl

Question 5: [14 marks]

(a) ABCD is a cyclic quadrilateral. The perpendicular from D meets AR produced st E, and
the perpendicular from B meets CD at F, as shown in the diagram below.

Copy the diagram into your answer booklet and prove AC|| EF. ' [41

2 f—
(b) Draw a neat ¥ page sketch of y = X —x+2

I

, showing all asymptotes and intercepts. (4

(c} For the equation y= IZx mli + |x +1| :
i By determining branches or otherwise, draw a neat skeich of this graph. 13)

fi.  Hence determine {algebraically) the value(s) for which |2x - ]| +|x+11 <4, [&]]




2015 Preliminary Mathematics Extension | Task
112 marks]

Quest_ion 1:

@

(b

()

{d)

(e)

=1.83602680308 (by calc.)
=|.84 {to 3 sig.figs)
Factorise filly 8138 =16y

= (9.:54 + 4yl)(9x4 —’4y2)

=(ox* +4yl)(3x3+2y)(3x1 -2y}

Solve for x: [4x_3| =7
4dx-3=7 or 4x-3=-7

4x=19Q dx=—4
e 21 x=~1
2
Rationalize J‘} 11

J3-1 2J“ 1
2Bl 2fA-1
_6—3-243+1
121

_7-33

TR

Solve for x: (H_ ?) <2

x=1)'(x+3)

)

{35 65 )
Frnd 3 A correct to 3 significant figures.-

12}

t21

3

|

<2(x-1)’

(x—1j{x+3)g2(x-1)

‘(x—l)(x+3)72(_1:—1)2-_<__0

{x- 1)[(};+3)—-2(x—1):| <0

(x-1){5-x)=0
»-(x—‘l)(x—S)S 0

TARER

Hence x<—-Lx25

131

Marking

O Answer
© Sig. figs correct.

0 first difference
0 second correct

@) two cases for
abs val correst,

O for Jr=2i
2

O for x=-1

0 x conjug;aie
comrect

0 Answer

O correct algebra

+| to quadratic’

O diagram (or
other equivalent) to
justify answer

0 Answer

Solutions

Comments

Question 1 was

| generally well done

overall,
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Questmn 2:

. [12 marks]

“ (@) For t]xefmcrronf(x) 2+ \[l—

i.  Statethe dommn rmd range of the

Sunetion.
Domain: x<1
Range: y>2

{2]

i, Draw a néaf ¥ page sketch of the

.

Sfimction,

e

~14

(b) A funciion is defined by -

f(){“’

(x+2)
f("‘)+f(0)+f(1)-
SUOWI0)
:(“1+2)1
=1+1+0
=2
(c) Show that f(x)

Junction,

7)1

_{(=-1) (_—.x+1)

—x .

pees

+(1-0)+(1-1) "

___(.r—l)(x+[) '

)(( )

>0 .
. Find the value of

12

is an odd

]

(1] Doim{in
O Range

"0 Shape correct

0 in‘tércept‘ &
labels

© Shows which

function is used
Sy

0 Answer

O minus signs
placed carrectly for

f(=x)

o

Solutjons

Well done.

‘Some curves were
-net smooth. .

-~

Some studenis used
the wrong function,

This wasn’t well
done.

Need to show how
the minus sign
resalves.

Page | 2




i.

ii.

=7

(d} For the finction y=

2015 Preliminary Mathematics Extension [ Task

=_(x+l)(x—l)

2x—-4
xyl

Find the horizontal and vertical
asymplotes.

e

_2x—4

x+1

(y=2)(x+1)=—6
Hence y—2#0 x+41%0

y£2

x£—]

“Thus horizontal asymnptote is y =2 and

vertical asymplote is x=-1.
Draw a neat ¥ page sketch of the

Jinction, showing all features. i3]
| 8
]
i
t
I
I 44
|
1
___________ P SR

1

T T T I ¢

I 3 20 2 i H i
I
I 24
I
I
1-47
! J
i
i

O resolves for odd
function comectiy

@ both asymptotes
correct

0 asymptotes
stated above
comrectly graphed

© hyperbola shape
that matches
asymptotes stated.

0 intercepts &
labels

Solutions

Some students only
found the vertical
asymptote,

Some students
didn’t find the
intercepts and thus
drew the incorrect
shape.

Page |3
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[12 marks]
(8} Find the value of xand y. 12l

¥

x_ 3
8 345
8x=24
x=3
2 3
24y 345
- 16=3(2+y)
16=6+3y
C3y=I10
i
y:3§
(b) QRS is asiraight line, with PO =0R and
PR = RS as shown below. Copy the diagram
fo your answer booklet.

P

H
(44

a R 3

On your diagram, label £ZPQOR =8 aiid
ZPSR =, and then prove, giving all

reasons, that @+4éc =180. [4)
£RPS =q(base /'sis0s.A)
ZPRQ =2a (e.xté =swm opp.interior £ '.r)
£RPQ =2a(base /' sis0s.A)

6+ 2a+a=180{Asum)
+d4a=180

O x value and
similarity eqn.
correct

@ p value and
similarity eqn.
Correct

© diagram and
infonmation correct

0 isos A's
used correctly

-0 Bxtn, Z's

-or equivalent
comecling A's
0 Asumto
resull

Solutions

Well done
exceplt for some
careless errors.

Well done

Page |4
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(¢) Two parallel tangents to the cirele, centre O,
meet the circle at points M and N. A third
tangent to the circle, at point P, meeis the
other two tangents at K and L, as shown in
the diagram below.

Copy the diagran into your answer booklet
and use it to
i.  Prove that KO bisects ZMKP. 13)
Join 0P, OP and OK.
In A'sOMK,0PK
0 A0MK = £0PK (: 907, radii_L!(mgenr)
#YOK iscommon 7
1i)OM = OP (radiiof cirele)
~AOMK = AOPK (RHS)
- LOKM = ZOPM (corr. £'scong.A's)
Hence KO bisects ZMKP,
ii, Hence show that a circle with

diameter KL passes though the cenire

O of the original circle. 131
Let ZMKO =o hence ZPKC=o fromi).
Similarly, #PLO=ZNLO(= ).
Now
ANLP+ ZPEM =180 (co—:‘n!.é's,giv.en MK || NL)
Hence 2a+24 =180

a+ =90

As ZOPK =90( from i)and
LEOP+a+90=1 BO(Asum)

LEOP=90—a
Similarly ZLOP=90—74

O diagram copied
and information
added to support
proof attemnpted

O proof correct

0 conclusion from
proof correct.

@ result for
sum to 90

0 connects
angles across
triangles

Solutions

A shmple

congnience proof

was required.
Students used OK
bisects MP to
prove the result,
This can be proved
only after it is
shown that KO
bisects angle MKP
ot before.

Very poorly done.
Many students did

not know where to
start.

Page | 5
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Hence ZKOL=/ZKOP+ /POL
=90—o+90-4
=180—(a + )
=180-90
=90

- Thus O lies on a circle with diameter
KL (Lin senricire :93’).

Question 4: 112 marks]

(a} The diagram given below shows the line
x+3y—1=0 and the points A(2,2),

b [2,%‘} and C(~_2,1).

=3

2 -1 ) iR 3 3
B
43y—i=0

-1
i.  Find the exact distance BC. 1y

-»J t, \:1 +(y, y‘

2

= J(=2-2) + 1——

\/‘T

l44+16

_J_

—
-+

ii. Ema’ the distance (in exact form} of
the pofni A(2,2) from the line
x+3y-1=0. Iih

© comrect circle
property to give
circle
connection

O comect
distance in
simplest form

Solutions

Some students
didn’t give exact
value or answer
in simplest
ffmn.

Page| 6
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d:[m:+by+c|
vJal +b?
_ix2e3x2—|
VI 43! A O comrect
__r _@ distance
Jiol 10 :

iil.  Hence find the exact area of triangle
ABC. _ ta

a=Lon
2

[ 4410 7
= ——

2 3 10

14

3

2 ;
= 4= sq.umits

3 O Answer
(b) Using the 'k’-Method, find the equation of

the line that passes through the intersection
af thedines 2x+y—-3=0 and x+2y=12,
witich also passes through the point

2(-L4). e
The equation through the intersection has the
form:

0=2x+y—-3+k(x+2y~2) .
Through @(—1,4):

€ equation using
f=method correctly

0=2x(—1)+4=3+k((-1)+2x4-2) formed
=-1+5k
k =1 " O £ value carrect
5

- 0=2x+y—3+~;4(x+2y~2)

=10x+5y—154+x+2y-2
=Hx+Ty-17
(c) Find the equeation of a line with a positive
gradient that is inclined at 45 to the fine
x42y—~6=0 and has the smine y-intercept.
i3

O comrect equation
using the k-method

Forx+2y—6=0
Zy=6-x

1
=3ty
¥ 3%

Solutions

Generally well
done.

Many again
ignored the
instruction to
give an exact
areq, s0 lost the
mark, .

Some studenis
iried to solve
simultancously
aid thus gained
no marks for not
following the
instructions fo
us the &-
method..
Qtherwise
generally well
done.

Page |7
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Thus m, = ﬁ% . Letting the gradient of the

required line be 1, mecting-at 45 gives

)
iy, —| —
N2/

tan 45 =y

Q comect
relationship

I, 1] . .
2-m,

ie 2—uy =2, +1, refect u,—2=2m,+1
3m, =1 n,=-3

_1 <@
thy =3 . O correct m,

With 2 y-intercept of 3, the required equation
is y= 1 x+43,0r
3 - ¥

0=x-3y+9 0 comrect equation

(d) The point T{2,~3) divides the interval
between the points A(—4,~2} and B(x, )
in the ratio 2:3. Find the co-ordinates of
point B. ’ 131
A(-4,-2) B(x,»)

Ratio 2:3 gives
7(2,-3)

Solutions

Many did not
use absolute
value and lost a
mark,

Students who
did’t use the
two cases allen
lost the nark as
they chose
incorrectly (the
negative
gradiend) and
didn’t consider
the other
altemative.
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ence

T(2,ﬁ3):[

Sk (242,
243 ’ 2+3
_ 1242 _—6+2y
5 5
10312+ 2, —15=—6+2y,
22=2x, -9=2y,
xn=11 ” _=_4%

Iy + l'yﬂ+ky,J
k+l ' k4!

0 cquations set up
with correct values

0 xvalue
0 y value

Solutions

Many Liad the
formula conrect
but then did not
substitute the
vafues in the
correct
corresponding
positions.

Page |9
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Question 5:

{14 marks)

Solutions

(a) ABCD is a cyclic quadrilateral, The perpendicular front D meets AB produced at E,
and the perpendicular from B meets CD at F, as shown in the diagram below.

Copy the diagram into your answer booklet and prove AC|| EF.

Construction: join AC and EF. {as shown above).
Prooft ZCAB=-ACDB {£'s in same seg on arc
BC) )
Considering quadrilateral DEBF;
LDEB+ ZABFD =90+90

=180
Hence DEBF is a cyclic quadrilateral, thus there is

- acircle through DEBF.

Now ZCDB =/ZFDB (as C, F and D are collinear}
Thus £ZFDB=/FEB {£'s in same seg on arc
B) S

Hence ACAB=_/FEB and are in a comesponding
position for lines FA and FE.

Thus AC|| EF (cor. £'s eq.)

@ correct
property
applied to
link cor. £'s

 link to 2™
Cyclic quadrilateral
identified

O identifies other
linked pair of equal
angles

@ correct reason
for conclusion

14]
Many non-
attempts at this
part
A few siudents
recognised the
angle in the sune
arc, fewer deduced
the other cyclic
quad,
Only a hand(ul
managed 1o
identify and
explain the final
lintks to complete
this question, -

Page | 10
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) X -xt2 . ' . Many students could correctly identify the critical Thus when
(b) Draw a neat ¥ page sketch of y 2W, showing all asymptotes and intercepts, 14] points (vertices) but not use them correatly. y<—l:
AMox+2 Most found the =(2r=)~(4
:W x#] asymptote, =2r+l-x-1
A()_ 1-+2 but fe\'.: derived =3y
the oblique one
(A 1) correctly. Dividing —1 <)__<l.
O asymptotes all terms by x only 2
(-\' - i) correctly found vrorks onuce the y= —(2«‘-'— )+ ('\ +
2 polynomials are of =2+ 1+ x4
_(x—l) equal or lesser =—x+2 T
(y-—x) (x— [) =2 degree in the
numerator., 1
Asymptotesare y = x,x#1 0 intercept x>—
- intercept: y =0+~ correctly found Many found the y- y:(?x—l)+ (_\.+ )
(0 l) and/or graphed intercept, but a -
=2 ‘ o few then ignored it =Zr—lbxt
' s © praph towards | in their graph! =3x
: > asymptotes
/f/ correctly drawn Many drew graphs
. / ’ that ended up
. - O sketch —shape going away from
. , correct and in the asymptote
g correct regions rather than \
- converging on it,
o L TR ' ' Some even crossed
},."'_IQJ an asymptote.
e
e Many graph
. / N shapes were L T
/ . poorly drawn,
% t some even
,/ « becoming a
relations rather Alternative using
than a finction, absolute value -
graphs:
(<} For the equation y :|2x-ll+|x+ll;
i. By determining branches or atherwise, draw a neat sketch of this gr aplr (3]
Branch points when 2x—1=0 and x+[=0 .
Ix=1 x=—] © detenmines
I critical points
-y {vertices)

Page | 11 Page| 12




O determines branch equations (or equivalent)

O sketch correct

2015 Preliminary Mathematics Extension t Task - Solutions

Domains were
often poerfy
explained or
notated.

Four options were
also often given,
indicating a lack
of understanding.

Graphs often
didn’t even match
incorrectly
calculated
equations from the
algebra above.

Most who tried
this aliemative
could not resolve
the two absolute
value graphs into
the final graph
required.

Page| 13
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Solutions

ii. _ Hence determine (algebraically} the value(s) for which |2x—|f+|.\:+ ll <4, 13

Il

13

le-— [[+Ix+ 1! <4 when (frem branches when

)c>i and x <~—1);
9 ,

“Ix<4  and 3x<4
Jc>—li x<l£-
) 3 3

Thus 71l<x<l.l
3 3

0 determines
branches to use
{either visually or
algebraically)

O x values correct
for branches

@ correct domain
stated

Very few used part
(i) to help
deteninine the
correct branch lo
use — aften all
branches were
calculated, but no
attempt was made
to resolve to the
required domain.
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