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Mathematics

General Instructions

¢ Reading time — 5 minutes

e Working time — 3 hours

e Write using black or blue pen

e Approved calculators may be used

All necessary working should be shown

in every question

*  Answer each question in a SEPARATE Writing Booklet

Total marks —120
o Attempt Questions 1 -10
e All questions are of equal value

3

Care has been taken to ensure that this paper is free of errors and that it mirrovs the format and style of past HSC papers. Moreover,
some questions have been adapted from previous HSC examinations as well as from trial examinations from a variety of schools, in an

attempt to provide students with exposure to a broad range of possible questions.

However, there is no guarantee whatsoever that the 2009 HSC examination will have similar content, style or format. This paper is
intended _only as a trial for the HSC examination or as revision leading up to the examination.

STANDARD INTEGRALS

Ix”dx =Lx"”,n¢ -1;x20,if n<0
n+l
1
I—dx =lnx, x>0
x
ax 1 ax
Ie dx =—e™, a#0
a
1,
J'cosaxdx =—ginax, a #0
a
. 1
_[smaxdx =——cosax, a#0
a
Jsec2axdx, =ltanax, a#0
a

1
Isec axtanaxdx =-—secax, a#0

a
1 1, ,4x

Jz—zdx =—tan" —, a#0

a’+x a a

I—I% =sin“£, a>0, —a<x<a
a

J.%dx =ln(x++vx*—a?), x>a>0

J—l-—dx =In(x++x? +a*)

NOTE: Inx =1log, x, x>0

2009 Trial HSC Mathematics




Question 1 (12 marks) Use a SEPARATE page/ booklet.

@

(®)

©

@

©

®

Find the value of 15 %, Write your answer to three decimal places.

Rationalise the denominator of 5

3-47
, . Sw

Write the exact value of s1n~4~—

Find the value of log, e+ log,1

Find Isecz 2x dx

Differentiate e”* —5x with respect to x.

Marks
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Question 2 (12 marks) Use a SEPARATE page/ booklet. Marks
(a) Given the points A(1,2), B(3,1), C(-1,4)
(1) Find the equation of the line BC. 1
(i) Find the perpendicular distance from point A to the line BC. 2
(iii) Hence, or otherwise, find the area of A ABC. 2
(b)  Find the sum of the first 15 terms of the series
143+ 43 +34 4 2
(c) Find the maximum area a triangle can have if the sum of its base and height is 10cm. 3
(d)  The area of a sector AOB of a circle centre 0, radius 4 cm is 28 cm?. Find the length of

the minor arc AB.
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Question 3 (12 marks) Use a SEPARATE page/ booklet.

(a) Differentiate with respect to x:
@ y=x*Inx

() y=sin?2x

®) Find:
) Icos 2xdx

@ [

D x+1

(c) If % = 6x~1 and the function passes through (1, 2.5), find y as a function of x.

(d)  Use the trapezoidal rule with four function values, to find an approximate value of

the area under the curve y =37, bounded by the x axisand x =1 and x =4

Marks
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Question 4 (12 marks) Use a SEPARATE page/ booklet.

Marks
(a) Sketch the graph y = 4sin2x in the domaim —-% <x< % 2
(b)  Solve the equation 9* -10(3")+9=0 2
c The mass M in grams of a radioactive substance may be expressed as M = Ae® ,
p
where t is the time in years and k is a constant.
® At time t=0, M=10. Find A. 1
(ii)  After 5 years the mass is 9 grams. Find the mass after 20 years. 3
@ @  Showthat 0 -1 1 1
4x° =25 2x-5 2x+5
dx
ii Hence evaluate | ——— 3
w I 4x* =25
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Question 5 (12 marks) Use a SEPARATE page/ booklet. Marks

(a)
T S
P
NOT TO
SCALE
Q
R
The equal sides QP and RP of the isosceles triangle QPR are produced to S and T
respectively, such that PS=PT.
2PQR=70° , 2/PSR=30%and ZPRS = x°
® Find the size of x. 2
(ify  Prove there is another angle equal to x0. 2
® ® I y=,find Y 2
dx
2 20
(i)  Hence, or otherwise, evaluate leez dx 2
0

:
(©) Find the equations of the tangents to the parabola y = x*>~2x—3 at the points

where the line y =5 cuts the parabola. 3

(d)  Isthe following series an arithmetic or geometric progression? Justify your answer.

In(x) + In(x?) + In(x*) + In(x*) +........ 1
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Question 6 (12 marks) Use a SEPARATE page/ booklet. Marks

®

®)

©

Find the value(s) of m for which the equation 4x* ~mx+9 =0 has
exactly one real root. 2

Madi is planning to buy a computer. She investigates the payment plans of two companies.
Payments are made at the end of each month for both plans.

Pel Computers Hot Computers
Pay a deposit of $1510. The first
monthly payment is $120, and then
each successive payment is $20 more

Pay a deposit of $3160. The first
monthly payment is $500, and then
each successive payment is $10 less

than the previous. than the previous.
@) Calculate in terms of n, where n = monthly repayment, the total amount
paid, if Madi selects Pel computers. 2

(i)  Calculate how many months it will be before the total amount paid
into the Pel computer plan would be the same as the total paid into
the Hot computer plan, . 4

David and his father are playing with a wind-up toy, the velocity v cm/sec of the toy
is given by v = 60 —3t*, where t is the time in seconds after the toy starts.

O After 10 seconds the toy is 15 cm from David. How far was the toy from David
at the start. 2

(ii)  Determine the maximum velocity of the toy. 2
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Question 7 (12 marks) Use a SEPARATE page/ booklet.

@

®)

©

@

The temperature in the kitchen of Nameeta’s new home is controlled by a thermostat.

The temperature can be modelled by the equation: 7'=21.7+ sin(—tz—) where T is the

temperature in degrees Celsius and t is the time in minutes since Nameeta

entered the kitchen.

How long will Nameeta have to wait before the temperature gets to 22.5° C.

@) Sketch the curve y =x* from x=0tox=4 and y=-5x+6 onthe same
number plane, showing the point of intersection.

(ii)  Hence find the area enclosed between the two curves and the y axis.
x3
Find the maximum and minimum turning points on the curve y = 5 3x? +8x+4

The volume V cm® of a balloon is increasing such that its volume at any time

t seconds is given by V' = %t— - f—é— +~;— Find the rate at which the volume

is increasing whent=2
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Question 8 (12 marks) Use a SEPARATE page/ booklet.

CY

()

©

@

The curve y = 4Inx, between x = 1 and x = e, is rotated about the y-axis.

@) Show that the volume formed is given by

4 05y

V7rJ.

(i)  Hence, find the exact volume.

(@)  Prove (a+ ) =’ +3a2B +3ap +

(i)  If @, Bare the roots of 2x* —3x—1=0, find the value of &* + £°.

Find the value of p, where x =p is a vertical line that divides the area

between y = J% ,x =16 and the x-axis into two equal parts.

Given the sum of the first n terms of a series is given by
S, =3" +2n?, find the 13" term.

Marks
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Question 9 (12 marks) Use a SEPARATE page/ booklet. Marks

. 4 . .
() (i) Provethatthecurve y=x+5— g increases as x increases,(x #1). 2
x—

(i) Find the co-ordinates of the two points on the curve where the gradient is 2. 2

(iii) If the tangents at these points meet the x-axis at P and Q, find the length of PQ. 1

(b)  The velocity, v metres per second, of a particle at time t seconds is given by

3
v= 4Tt — 4% + 6t +1. Show that the acceleration is never less than 2 metres

per second per second. 3

(c)  Jason borrows $50 000 from a bank at an interest rate 6% per annum compounded
monthly. The loan will be repaid over ten years by equal monthly

instalments of $M. Tet R=1+ 91%6_ .

(i) Show that the total amount owing, A, after n months is given by:

A=50000R" = M(1+ R+ R #.......R"™) )

(if) From this expression, calculate the monthly repayments for the loan to be repaid
after 12 years. 2
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Question 10 (12 marks) Use a SEPARATE page/ booklet. Marks

(a) Sonia is in a dark room selecting socks from her drawer. She has only six socks in her
drawer, a mixture of black and white. If she chooses two socks, the chances that she

draws out a white pair is % .

What are the chances of drawing out a black pair? 3

(b)  Solve log, x—log, (x -2)= %log2 27 2

{©) The radius of curvature of function y = f(x) is the radius of the circle that most closely
approximates a curve at a given point. It is one measure of how sharply a curve is bending,

The radius of curvature of
fx)at x=a

)
a
3
(1 + (%)2 ) %
@) Given: radius of curvature = 5 use this formula to find the
d°y
dx2
radius of curvature of the parabola y = x? atx=1. 3

(i)  Use the above formula, to show that the radius of curvature of

the circle y = /#*> - x” is r at every point. 4

END OF PAPER
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2009 Trial Higher School Certificate Examination Marking Guidelines: Mathematics Examination

ANSWERS QUESTION 1 and 2

Criteria

. . Q1 (a) One for approximation and one for rounding. (b) One multiplying by the conjugate and one for simplification (c)
Trialmaths Enterprises L

One for N and one for neg sign. (d) One for In 1= 0, one for simplification. (e) One for tan 2x one for dividing by 2 ()
2

One each for derivative of €** and 5x Q2 (a) (i) One for the correct answer.(a) (i) One for substitution into formula, one
for simplification. (iii) One for distance of be, one for simplification. (b) One for substitution into formula, one for
simplification. (c) One for finding A in terms of b, one for stationary point and one for maximun area. (d) One for & and

one for the length,
1(a)157 =0.01721... = 0.017(3dp) (D)1+3+3%+3% +3% 4.
o () 5 s X3+\/7=5(3+\/7) a(r"—l)
Mathematics S T 2 =
L NN S | 15 _
(e)sin r=sin == Sis =33 11=7174453
. a2 . ] 2 = =
* Selutions including marking scale ()log, &* +log,1=2+0=2 ©
Let b be the base and h the height
(e) '[SGCZZxdx=%tan2x+c b+h=10"k=10~b
A=Lon=Lupx(10-2)
4 2 2
25 2
(f)—ag(e ‘—Sx)_zeX—s A=5b_%b2
dd
_ ~ —=5-b
2(a)(i)m=2=—3~=—3 db
‘31“3 -4 4 0=5-brb=5
y-1=(x~3) 2
4 d—A=—1<0.'.maxarea=l><5x5=12.5cm2
4y—4=-3x+9 a2 2
3x+4y—-13=0 (d)A=—l~r29
o 3+a@-13] |2 2 2
We== = 1=[5]"5 L
32 44 51 S5 28 =5(4) [
(i) dy, = JO+DF (-2 =5 7€
f=—
Area=1x5x£=lsqunit 2
L L=r0
—ax?
2
=14cm
These suggested solutions and marking schemes are issused as a guide only. Individual teachers may find many acceptable
responses and employ different marking schemes.
1 2009 Trial Mathematics solutions 2
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ANSWERS QUESTION 3 and 4

Criteria

Q3 (a) () One for product rule, one for simplification. (if) One for derivative of sin 2x and one for simplification (b)

(i) One for sin 2x and one for a % (ii) One for integration and one for simplification. (c) One for integration and one

for simplification. (d) One for substitution into trapezoidal rule and one for simplification.
Q4 (a) One for shape of curve and period, one for x intercepts and amplitude (b) One for quadratic equation, one for

simplification. () (i) One for correct answer. (¢)(if) One for% =g

3% | one for finding k, one for simplification. (d) (i)

One for correct answer. (ii) One for setting up the integral, one for integration, one for simplification.

ANSWERS QUESTION 5 and 6

Criteria

3(a)(i)ixZ1nx=x21+1nx><2x=x(1+2mx)
dx x
(ii)%sinZ 2x =2sin2xx2cos2x = 4sin 2xcos 2x
(b)® costch=%sin2x+c
3 it
if) | —dx=|3In(x+1)| =3m2-3In1=3mn2
e

(c) D 6x1
dx
y=3x—x+c
Sub(1,2.5)
25=2+c¢c
1

2
Cy=3x —xas
Sy=3x x+2
1 1
(d)AzE[3+34+2(32+33)]z5[84+72]~78u2
4 (a) Amplitude =4

Period = 27 _ T
2

4 (b)
9% _103%*)+9=0
32% _103%)+9=0
(3%)2 -103%)+9=0
v2 ~10v+9 =0 where v=3%
v=-9r-H=0
v=3¥=95x=2
y=3¥=1->x=0
©DOM = A

10 =4

A4=10
(i) M =10e"

9=10e%*

9
_=gsk

10
In(9/10) = 5k
k =%m(9/10) =-0.021072103

M= 108—0.021072103)(20

derivative equals zero, one for simplification.

R5(a) (i) One for finding ZQPR , one for simplification (a)(ii) One for showing two steps of proof, one for conclusion.

1

0

1
3 3
(b) (i) One for 6x2 , one for o2* (ii) one for J.xzez" dx = é(ebj ] and one for simplification (c) One for points of
0

intersection, one for differentiation, one for equation of tangents (d) One for correct answer. Q6(a) One for
discriminate, one for simplification (b)(i) One for substitution into formula and one for simplification.(ii) One for total

amount for Hot computer plan in terms of n, one for 1510 +10n2 +110n=3160- 5n2 +505n, one for

3n% ~79n~330=0 and one for simplification. (c)(i) One for finding ¢ and one for finding s.(if) One for second

4 M =6.561...
M = 6.6grams
e @
T 5 11 _@e+5)-(x-5)__ 10
2%—5 2x+5 (2x—5)(2x+5) 4x2-25
@y
.[ dx =i“ dx _,[ dx }
4x2 —p5 10LI2x-5 J2x+s
_i[lIde 1 m}
1002 J2x-5 2 J2x+5
1 1 2x -5
= [m@x-5)~In(2x+5]=—In|
20 [m@x=9)=In2x+s]= 55 (2x+5)
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QP =RP(given)

PT =PS(given)

ZLTPQ = £SPR (vertically opp)

. ATPQ = ASPR (SAS)

- £TQP = ZSRP =x {coir. Z's of cong.A's)
®

3 3
y =6 % = 6x2e™
(i)
y= era
D22

y=x2-2x-3andy=5
x2-2x-3=5
x2-2x-8=0
(x—4)(x+2)=0
i.e.(4,5)and(-2,5)

Gradient of tangents at x=4 and -2

(5)(@)(i) 6(a)

PQ =PR (given) A=b?-4ac

ZPQR = /PRQ = 70° (base anglesiss. triangle) =(-m)? - 4(D(©) =0
ZQPR = 40° (third angle) m? —144=0

ZQPR = ZPSR +x(ext. angle of triangle) m==12
x=40"-30° =10° ®®

[61)] Pel computers

ATPQ = ASPR since total amount paid

=1510+%[2x120+(n—1)20]
=1510+g(240+20n—20)

=1510+10n% +110n
(i)

Totalamount paid for Hot computers

= 3160+%[2x500—10(n-—1)]

= 3160+§(1000—10n+10)
=3160- 51 +505n

Pel computers = Hot computers
1510+10n2 +110n =3160— 512 +505n
15n% ~3951-1650 = 0

3n% ~79n-330 =0

- 79+4/(=79)% - 4(3)(=330)

@3

=—3gor 30
3

It will take 30 months before the total amount paid into the Pel
and Hot computer plans will be the same.

4
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(5) (c) continued ©@®
Yoo v=60-32
s 3
=6atx=4 §=60t—¢t" +c
=—6atz=-2 15=60(10)~103 +¢
Equation of tangent atx = 4 c=415
v3 Z 6(1"94) v 8 =600~ +415
]};ﬁ * . ) when ¢=0
quation of tangentat x = - s=415cm
y-5 = -6(x+2) @
y=-6x-7 Maximum velocity occurs when
d2v
(d) Test for GP: —=0
mx?  2Inx a
= =2 =6t =0
Inx Inx
3 =0
Inx” 3lx_3  gp ~v=60cm/s
1nx2 2lnx 2
Test for AP :
Inx? -lnx=2Inx-lx=lnx
Inx3 -nx? =3Inx—2Inx=Inx
AP
ANSWERS QUESTION 7 and 8
Criteria

Q7 (a)One for 0.8=sin(t/2), one for simplification (b)(i)One for sketching both curves, one for points of intersection
(i) One for A= f(% 6-»)dy+ £J;@ , one for the integration and one for simplification, (c) One for st. Pts, one

for second derivative and one for finding the nature of both. (d) One for the differentiation, one for
simplification.Q8(a)(i) One for making x the subject, one for simplification. (i) One for integration and one for
simplification. (b) (i) One for the correct answer. (ii) One for sum and product, one for simplification.(c) One for
integration, one for substitution, one for finding p (d) One for forming expression, one for simplification.

® ©

y=x2 =—5x+6
22 +5%x-6=0
(x+6)(x—1)=0
ie. (LD
(it)

1
4= [[C-nar+ [ oy

6 il
_|6r_ +[Zy3/z}
s 0] (37 |

36 36, 6 1. 2
={——)-(———)}4+—

5 10) (5 10) 3
=3lu2

6

i
(c)y=?~3x2+8x+4

@

2
o x2_6x+8
X X

Stpts
O=(x~4)(x—-2)

.'.[4,9ljand[2,lozj
3 3

2
atx=4,9250.. rel.min.at(4,9l)
de 3

2
atx =2, %’; < 0. rel.max.at

@
m w1
=——— e —
3 6 2
L
dt 3
when t=2
Ny 22
dt 3
=&cma/s
3

(2,103)
3

¥
x? =e?
¥
.'.v=7r£e2dy=7r£eo‘5ydy
(i)
4
Y
L 2_5 0
v=rx T ﬂ[Ze 2e:l
2 1o

=7I[292 —2] =27t[e2 —1:| W

(b))

(cB)’ =(cctB) o 2003+
=’ 1207 prap? +o’pr2up’+4°
= +30%p+30p +p’

@i

2x2-3x-1=0 where a+B=2iand af= -%

@+ =(atp)’ 307p-30p’
=(otB)’-3ap(e:+B)

R

10.079... =10.08(2dp)

S
il
|
~
=
=N
=
ol
—
=
It
w
¥}
wir
il

8(d)

Sy =3" +2n2

T13 =813 -S12

=313 +2x132)- (312 +2x122)
=1062932

@) ®)(2)(0)
T=2l.7+sin(%) y=dlny

‘ ifx=1y=4mInl1=0
22.5=21.7+sin(§) ifx=ey=4ne=4

nowy=4nx
0.8=sin(>)
2 Y= Inx
t 4
E =0.927 y
¢ =1,854minutes =1 minute 51seconds et =x
2
Y
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ANSWERS QUESTION 10

ANSWERS QUESTION 9

Criteria

(10) (a)(i) One mark for probability of selecting one sock i.e. x/6, one mark for forming equation for selecting two
Criteria

(9) (a) (i) One for derivative, one for conclusion. (ii) One for finding x values, one for finding y values. (iii) One for
the correct answer. (b) One for differentiation, one for completing the square and one for simplification (c)(i) One for
finding equation after two months, one for simplification. (i) One for noting it is a GP, one for simplification.

socks, one mark for simplification (b) One mark for forming equation log, LZ =log, 9 ,0one mark for
¥ —

simplification. (¢)(i) One mark for first and second derivative, one mark for substitution and one mark for

9 > simplification.(ii) One mark for first and second derivative, one mark for simplification of second derivative, one for
@ @0 substitution into formula and one for simplification.
M)y =x+5— 4 el Let A, be the amount owing after # months. (10) @) '
x-1 A =50000R~ M Let x be the number of white socks in the ©)
4 4 drawer. The probability that Sonia picks a white (ii) y = (rz - xz)%
E=1+( 7 Ay =(50000R- MR- M .
X — o X o . N _
&  50000R2 - MR- M sock is 5 and the probability that she picks two % =%(r2 _xz) 2 (-25) =<x(r2 _xz) Yy
As — is always positive, the function is 5 white socks is 2 3 B
dx . . A3 =(50000R“ -MR-M)R-M x x=1 x(x-1) d%=(—x)x_—l(r2—x2)2 ><(—2x)+(—1)><(r2—:;:2)2
always increasing, 3 2 AV AL 2
y 4 =50000R> ~ MR* ~ MR~ M 6 5 30 PR S
{iHl+ 5 =2 3 5 ,g_x(x—-l) == (r —x) ~(r —x)
(x-1) =50000R" - M(1+R+R*) IR =(r2_x2)—73[—x2~(r2-x2)]
4 o Ay =50000R™ =M1+ R+R2 +..+R"™1) *(x-1)=20 B
(-1? (i) x%—x-20=0 == (=)
(x_1)2 =4 A144 =0 G=5)x+4)=0 - radiusof curvature ,
3
¥-1=12 %50000R144 x=3 [1{—):(,2_,:1)_71] ]1 afa 2yt g
i > = — xS (rf-x
l('f:)(3’6) and (-1.6) a+R+R2 +..R"7) So Sonia has 5 white socks and 1 black sock - =[ ( )_3 ]
i o - =
144 ., Thus probability (black pair) = 0 22522
At (3,6) gradient =2 = Mﬁn(ﬁ (note GP) (®) 3 ( )
— 2_ .2, 2\
y—6=2(x—3) R 1 y ro=x +x)
1 -1 -2)=logy 27/ =1 9
y=2x ~ 50000(1.005)14* % 0,005 0g2 ¥~ logy (x=2) = log 082 (? _xz)% (rz)%
meets x axis at P(0,0) (1.005)144 -1 logy ﬁ =logp 9 A =2
At(-16) _ 512.6877039... x (rl—xz)%
y=6=2(x+1) 1.0507508... 2
y=2x+8 =$487.925114.. ©=09x_18
meets x axis at Q (—4,0) =$487.93 8x=18
.. Length of PQ =4 units 9 ) 1
® TR
3 9
=%—4t2+6t+1 (c) (=’
a2
a=4* -8t+6 %=2xand dx;’—z
=4 (t 2 2t) +6 3 3
) [1+@t ] (1+as)2
= 4(t ‘2”'1)“'5—4 - radius of curvature= g a—
=4(r-1 +2 atx =1
now (t—l)2 > 0forallt (1+4)% ,
- 3 _ -
~.theleast value of a is 2m /s> == 5\/5_ =5.590....=5.6
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