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STANDARD INTEGRALS
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n+1
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=le‘”‘, a0
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1.
=—ginax, a#0
a .

1
=-——cosax, a#0
a

=ltanax, a#0
a

1 .
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1, ax .
==tan? =, a0

a a

X
=sin" =, a>0, -a<x<gqg
a

=1n(x+«/x2.—a2'), x>a>0

(i)

NOTE:. Inx=log;x, x>0



Section I
10 marks

Attempt Questions 1-10
Allow about 15 minutes for this section

Use the multiple-choice answer sheet for Questions 1-10.

1  The point 4 has coordinates (-6,4) and the point B has coordinates (5,1) .
Find the coordinates of the point which divides 4B internally in the ratio 3:4.

@) (-39.13)

12 23

® (“7’ 7)

o [44) \
2 16

® [7’—7‘]

2 What is the remainder when the polynomial P(x)=5x>—17x%—x+11 is divided by
x—+27

Ay -147
B) -95
€ -19
® 1

3 A function is represented by the parametric equations
x=2t+1
y=1t-2.

Find the Cartesian equation of the function.
(A) x-2y+3=0
®B) x-2y-3=0
(C) x+2y+5=0

D) x—2y—-5=0

2
3-x

<1?

What is the solution to the inequality

(A) =x<1
®B) x>1
C) 1<x<3

D) x<lorx>3

Find [ -2
14+9x
(A) tan™'3x+C

®B) %tan" 3x+C
(C) %ta\n’l 3x+C

|
—tan” 3x+C
) 27

A particle is moving in Simple Harmonic Motion and its displacement, x units, at time ¢
seconds is given by the equation

x=Acos(nt)+2.

The period of the motion is 47 seconds and the particle is initially at rest, 12 units to the
right of the origin. :

Find the values of 4 and n.
1
4=10, n=—
@ n=s .

(B) 4=10,n=2

1
A=12, n=—
© n=3

D) 4=12,n=2



Which of the following could be the equation of the graph shown above?

&)
®
©
®)

A Mathematics department consists of 5 female and 5 male teachers.

How many committees of 3 teachers can be chosen which contain at least one female
and at least one male?

GY)
®)
©
®)

.y X
y=sin™t 22
2

)

. x
y=sin"=.
7

y—”sin‘lx
-2

2 ..
y=-sin"x
7

100
120
200
2500

[SYE

10

A particle is acted on by short bursts of radiation. After each short burst the particle
moves forward one unit, backward one unit or does not move.

The probability that the particle moves forward one unit after a single short burst is p
where 0< p < % . The probability that the particle moves backward one unit after a

single short burst is also p.
What is the probability that after two short bursts the particle is at its startiﬁg point?

@ p

®) 29
(C) 5pt—4p+l
D) 6pt-dp+l

12
What is the term independent of x in the expansion of (1 + ZJC)2 (2x +lj ?
. Ty

(12) .
(A) p x2



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

60 marks
Attempt Questions 11- 14
Allow about 1 hour and 45 minutes for this section

(@  Let a, S and ¥ be the roots of the equation x* —3x> ~6x—1=0.

o) Find 2a+26+2y.
Answer each question in a SEPARATE writing booklet. Extra writing booklets are available.
C ()  Find o® + 8%+
In Questions 11— 14, your responses should include relevant mathematical reasoning and/or

calculations. (b)  The function f(x)=e™ —x hasa zero near x=0.5.
Ques tion 11 (15 marks) Use a SEPARATE writing booklet, . Use one application of Newton’s method to obtain another approximation
. to this zero. Give your answer correct to two decimal places. -
T 1
(8 Use the substitution 4 =1+Inx to evaluate Jm dx. 3 . ﬁc{) A standard die with faces numbered 1 to 6 is tossed 7 times. Find, correct
1 to 3 decimal places,
(b)  Find j 4sin® x dx. A 2 ) the probability that exactly 5 sixes are tossed,
(¢)  Newton’s law of cooling states that the rate at which an object loses heat is (i) the probability that exactly three sixes are tossed, with the third six

proportional to the difference in temperatures between the object and its oceurring on the seventh toss

surroundings. That is,

: .(d)  The diagram below shows a sketch of the cubic polynomial function
dar
*;1‘;'=k(T—S) . J’:f(x)-
where T is the temperature of the object in degrees Celsius after ¢ minutes,
kis a constant and S is the temperature of the surrounding: in degrees y=f(x)
Celsius.
@ Verify that T =5 + de* satisfies the equation j—f =k(T-8). 1
(i) A liquid is cooling in a room which has a constant temperature of 3 ) -1 ~ x
20°C. The initial temperature of the liquid is 80°C and it cools to , (2,0)
50°C after 15 minutes. '

State the value of S and find the values of 4 and £.

) ) ' The graph intersects the y-axis at y =2 and the x-axis at x = ~1 and
(i)  Draw a clearly labelled graph showing the temperature of the 2 x =2, The point (2,0) is a stationary point.

liquid, 7, against time, 7.

@) Find an expression for the cubic polynomial f(x).
cod 4 (x=10 '
@ @ Find :ix—cos ! (x—lo—) . , 2 (i) Let g(x) = f(x) for x<0, Sketch a clearly labelled graph of the
' o ' : . inverse function g™'(x).
(i) Hence, or otherwise, evaluate J [20%— . 2 @iii):  Find the gradient of the inverse function y = g™'(x) at the point

4 where the curve intersects the y-axis.



Question 13 (15 marks) Use a SEPARATE writing booklet.

(a)  Viotor is standing at a point ¥ watching a weather balloon being released 3
from a point W which is 100 metres away on the horizontal ground. The
weather balloon rises vertically at a constant velocity of 5ms™.

Let @ radians be the angle of elevation of the weather balloon at time ¢
seconds and let x metres be the distance the weather balloon has travelled
in that time.

p——-)

[
14
§rmmmmmme 100 m-----~ >W
Find the rate of change of the angle of elevation of the weather batloon,
7
hen 0=~

W 4

. (b)  Giventhat cos§ =—;— and 0 <4 < %, find the exact value of tan % 2
| 1+x)"
© @ Use the binomial theorem to obtain an expression for . 1
x

(i) By differentiating both sides of the identity obtained in part (i), 2

show that for n22,

FER -

Question 13 continues on page 9

Question 13 (continued)

@

©

The diagram below shows the diameters AC and BD of a circle with
centre O. The tangent to the circle at 4 meets BD produced at E.

A

Prove that ZOBC = ZAED + ZBAO.

Prove by mathematical induction that, for all positive integers n,

_1__+ 1 +L+...+_1_=1_l+_l._l ot 1 1_
n+l n+2 n+3 2n 2 3 4 2n-1 2n

End of Question 13



Question 14 (15 marks) Use a SEPARATE writing booklet,

@

®)

©

Find the general solution to the equation cos26 +cos@+1=0.

A particle is moving along the x-axis, starting from a position 1 metre to
the right of the origin (that is, x =1 when ¢ = 0) with an initial velocity of
2ms™ and an acceleration given by ¥ = x .

@ Prove that v =+/x> +3, where v is the velocity of the particle.

(i) Using part (i) and the standard integrals given, find an expression
for x in terms of £.

A projectile is fired from the origin towards the wall of a fort with initial
velocity ¥ ms™ at an angle o to the horizontal,

y

0 I l X
On its ascent, the projectile just clears otie edge of the wall and on its
descent it just clears the other edge of the wall, as shown in the diagram.

The equations of motion of the projectile are

x=Vtcosa and y=Vtsina —%tl . (Do NOT prove this.)

2 .
. 2
® Show that the horizontal range R of the projectile is V_sin2a

: (ﬁ) Hence show that the equation of the path of the projectile is

x
=x|1~> [tana .
g ( R)

(ii)  The projectile is fired at 45° and the wall of the fort is 10 metres
high, Show that the x coordinates of the edges of the wall are the
roots of the equation

2= Rx+10R=0.

(iv)  If the wall of the fort is 4.5 metres thick, find the value of R.

End of Paper
10
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2014 TRIAL HIGHER SCHOOL CERTIFICATE EXAMINATION
MATHEMATICS EXTENSION 1 - MARKING GUIDELINES

Section I
10 marks

Questions 1-10 (1 mark each)
Question 1 (1 mark)

Outcomes Assessed: PE2
Targeted Performance Bands: E2

Question 4 (1 mark)
QOutcomes Assessed: PE3
Targeted Performance Bands: E2-E3 RO
Solution Answer ‘Mark
5 -
—<1
3y L
2(3-x)<(3-x)
6-2x<9—6x+x S
. D 1
x —4x+3>0
(x-3)x-D>0
x<l,x>3
wx<lorx>3

Question 5 (1 mark)
Outcomes Assessed: HE4
Targeted Performance Bands: E2-E3

Solution Answer Mark

Solution

The point dividing A(—6,4) to B(5,1) in the ratio 3:4 is
(4x-6+3><5 4x4+3><1)

>

j _ dx
14+9x* ) 1+(3x)

=él-tan’l 3x+C

Question 6 (1 mark)
QOutcomes Assessed: HE3
Targeted Performance Bands: E3

Solution

The centre of the motion is x =2 and an exfreme 6{ the moti
x=12. This gives the amphtude A=10.

Given the period of the motion is 47 , 2z =4r, .,
X . oo

3+4 3+4 C 1
(-2 1_9_)
7’7
Question 2 (1 mark)
Outcomes Assessed: PE3
Targeted Performance Bands: E2
Solution Answer Mark
The remainder when P(x) is divided by (x—2) is
P(2)=5x2>-17x2*~2+11 C 1
=-19
Question 3 (1 mark)
Outcomes Assessed: PE3
Targeted Performance Bands: E2
) Solution Answer Mark
t=y+2
nx=2(y+2)+1 D 1
x-2y-5=0
1
DISCLAIMER

The Information contalned in this document s Intended for the professional assistance of feaching staff, It does not constitute advice to students, Further It s not the Intention of CSSA to
provide specific marking outcomes for all possible Trial HSC answers, Rather the purpose Is to provide teachers with information so that they can better explors, understand and apply HSC
marking requlrements, as established by the NSW Board of Studies.

No guarantes or warrenty is mada or mplled with respect lo the application or use of CSSA Marking Guidetines In relation to any specific trfal exam quastion or answer, Tha CSSA assumes no
lability or responsibility for the acturacy, or usefulness of any Marking Guldelines provided for the Tral HSC papers.
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DISCLAIMER 4oy

The Information contained in this document s Intended for the professional assistance of toaching stalf, it does not constitute advics to students, Further it Is not the lnlen!lon of CSSA to
provide spedific marking outcomes for all possible Trlal HSC answers. Rather the purposs is to pwvlds teachers with Information 5o that they can better explore, undersland and apply HSC
marking requirements, as established by the NSW Board of Studies. iR
No guarantee or waranty Is made or implied with respect to the appiication or use of CSSA Marking Guldalines In relation to any specic trial exam question or answef. The CSSA asqumes no
liabiiity or responsibllity for the acciiracy, completeness or usefulness of any Marking Guidefines provldad !or the Trial HSC papers.




Question 7 (1 mark)
Outcomes Assessed: HE4
Targeted Performance Bands: E3

Question 10 (1 mark) BRI P
Outcomes Assessed: HE3 PR PRTI
Targeted Performance Bands: E4 FUL ey

Solution Answer Mark

Solution Answer Mark

y =sin™! (ij gives an inverse sine graph with a range ——;E <y S%
7

and a domain —1S2—x$1,i.e., Tex<Z,
% 2 2

Question 8 (1 mark)
Outcomes Assessed: PE3
Targeted Performance Bands: E3

Solution Answer Mark

If the committee of 3 is to contain at least one female and at least one
male, it can either have 2 females and 1 male, or 1 female and 2 males.

(55 (5)(5 A 1
The number of ways of doing this is 2l + il =100,

Question 9 (1 mark)
Outcomes Assessed: HE3, HE7
Targeted Performance Bands: E4

1 12
(1+2x)? (2x +—)

x

6
= (L+dx+ 4x2)[(2x)'2 [ )(2x)“ (l) (12) 20 (}_) N
x 6 x
12), 1

[7J(2x) [ ] +.. +[x) ]

= (1+4x+4x2)[212x" +[12} 2!y +..+(12)2‘S +(12)25 Lz+..+—117]
1 6 7 x x

The term independent of x is [162)26 +4x (172> (162J26 + (172) 27

Solution Answer Mark

To be at its starting point after two short bursts, the particle could have:
» moved forward one unit then backward one unit; this would

have happened with probability px p= p?,

¢ moved backward one unit then forward one unit; this would
have also happened with probability px p = p*.

o not moved for either of the short bursts; this would have
happened with probability (1-2p)x(1-2p)=1-4p+4p*.

Therefore, the probability that after two short bursts the particle is at its

starting point is (p2)+(p2)+(1—4p+4p2)=6p2 ~4p+1.

3
DISCLAIMER
The Information contained In this document Is Intended for the professional assistance of taaching staff. It does not constitule advice to students. Further it is not the Intention of CSSA to
provide speclfic marking outcomes for all possible Trlal HSC answers. Rather the purpose Is to provida teachers with information so that they can better explore, undarstand and apply HSC
marking requirements, as established by the NSW Boerd of Studies.
No guarantes or warranty s made or Imptied with respect to the application or use of CSSA Marking Guidellnes in refation lo any specific trial exam question or answer. The CSSA assumes no
liabllity or rasponsiblity for the accuracy, d or useh of any Marking Guideines provided for the Trisl HSC papers.
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The Information contained In this document s Intended for the professionat assls!anoe of teaching staff, It does not constitute advice to students, Further It Is niot the htqnl!on of CSSA lo
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marking requirements, as established by the NSW Board of Studies, i Al B

No guarantee or warranty Is made or implled will respect to the application or use of CSSA Marking Guldelines in relation to any specific trial exam question or e
liabifity or responsibility for the accuracy, completeness or usefulness of any Marking Guldelines provided for the Trial HSC papers.




Section II

60 marks
Question 11 (15 marks)
(2) (3 Marks)
Sample answer:
u=l+1nx:>£d—z-‘-=l:> du =£
dx x X

x=lDu=1
x=e=u=2

e

J __‘b‘___fff_
x(1+1nx)s 1 u

1

©® (1 Marly |

Sample answer:
T=5+de"
T .

e apy
7 kde

%Tt*=k(T—S), since e =T - §

(o) (iii) (2 Mar];s)

Sample answer:

.| Sample answer:

(b) (2 Marks) /

Sample answer:

c0s2x=1-2sin’ x = 4sin2x=2-20052x

f4sin2xdx 5f2—200s2xdr

=2x—sin2x+C

(©) (ii) (3 Marks) |

Since § is the surrounding temperature, § =20,

When =0, T =80
" 80=20+4e" = 4=60.

When t=15, T'=50

50=2o+60e**'5=>k=_1_1n[1‘1)=_1_m L
15 (60) 15 \2

> (minutes)

AT =20+ Ade".

o T =20+60e"

i

Question 11 (continued)

(d) (i) (2 Marks)

Sample answer:

X — -1 1
—(Lcos'l x 10)—"— X——
dx 10

-1

- J20x-2*

Question 12 (15 marks)

(@) () (1 Mark)

Sample answer:
2a+2f+2 =2(a+p+y)

4
{3

(b) (3 Marks)

Sample answer:

f@)=e7=x, f(=-c"-1

I (%)
X =Xy~
1 0 Af,(xo)
—0.5_0.5
=05- "_EM =

=0.56631...0.57 2d.p.)

(©) (i) (2 Marks)

Sample answer:

(d) (i) (2 Marks) l
Sample answer:

10
2
o 20x—x

10

)

10

;]

1 -1 1
=—cos™ (0)~~cos (—5)
_ T 2
T2 3
o
6
(a) (ii) (2 Marks)

Sample answer:

at+pr+y? =(a+ﬂ+y)2—-2(aﬂ+ay+ﬂy)

- (-2

=21

(©) () (2 Marks)

Sample answer:

. . 1
P(tossing a six) = r

: 5
, P(nottossing a six) = T

o (1Y (5Y
P(5 sixes in 7 tosses) = (SJ(EJ (—g)

P(7" toss gives the 3" six) = P(2 sixes in 6 tosses) x P(tossing a six)

9ol

=0.033489...~0.033

i
!
|
1

=0,001875...~0.002 (3 d.p.)



Question 12 (continued) '

(d) i) (2 Marks) @) (i) (1 Mark)
Sdmple answer: -

f(x)= k(x+1) (x—2)2 . Sample answer:
SO =2=2=k(0+1)(0-2)" ~k=1 g

S f(®) =—;—(x+l)(x——2)z

(d) (i) (2 Marks)“,

-Sample answer:
Inverse function y = g™ (x) is given by

=30+ (-2

.iz_=%(y+1)xz(y—2)+%(y“2)é

3y
= 70’ -2)
.2
de 3y(y-2)
. gradient of the inverse function at the y-intercept, y =1, is 2. .2
: '3(—1)(—1—2) 9
Question 13 (15 marks)
(8) (3 Marks)
Sample answer: .
The weather balloon rises at Sms™ = & = ! Therefore,
| z 0_do_ i
at de dt
x 2
tan =—"— cos” 8
- 5
100 100 *
x=100tan @ n
dx : cos® =
;9—:1_005%26 : = 1004 x5
df _cos’ @ L
de 100 - 40
. = 0,025 radians per second
(b) (2 Marks) L '
Sample ansgwer: g 5.5 = 1472
Let ¢ = tan, then cosf =g, 62 =4
|
) | fz = Z
cosf = 3 ’
2, .
_p 1 t=\/;(smce91s acute,t=tan—€>0)
1+ 5 | 2

g

Question 13 (continued)

(©) () (1 Mark)

Sample answer:

ey O e

(©) (ii) (2 Marks) |

Sample answer:
Differentiating both sides of the identity in part (i), we get

o) () (0)_2[2]2(3)3(4j(1)(j

When x=-1 [
(;1)4-3[2]—“'+(7—1)(:)(_1)H (
(

3)"{"3(2)— +(n—1)(:](_.1)" (Since (__l)n—z - (_l),,)

(;’J—z(:)+3(2j_...+(—1)n(n—1)(:)=1 (since (g]=1) . |

| (d) (3 Marks)

X

Sample answer:

Let ZAED =a and ZBAO=pf

ZOAE =90° (radii are perpendicular to tangents at their point of contact)
ZABE =90°-a—- 8 (angle sum of ABAE is 180°)°
ZABC =90° (angle in a semicircle is 90°)
ZOBC = /ABC = AABE
=atfl .
= ZAED 4+ /BAO



Question 13 (continued) ’

(e) (4 Marks)
Sample answer:
1
Let P(n) be the given proposition. P(1) is true since RHS =1—% = ) =LHS.
Assume P(k) is true for some positive integer £. ‘ '
1 1 1 111 1 1

e s — = e e e

M kA2 k43 2% 23 4 2%-1 2k

Prove P(k+1) is true:

R S SR SV S

k+2 k+3 2k 2k+1 2k+2 )

=(L+L+_1_+...+_l_j__l_ 1
k+1 k+2 k+3 2k} k+1 2k+1 2k+2

Y (PO S0 S0 SUPPRIEE SIS S U S fUR S
U273 4 2k—1 2k) 2k+1 \k+1 2k+2

=1_%+l_l+...+1 1,1 (2-1]

) (using the assumption)

3 4 2%k—1 2k 2k+1 \2k+2

~1-1y gL, 11
T 273 4 2k-1 2k 2k+1 2k+2

Therefore, by the Principle of Mathematical Induction, P(n) is true for all positive integers n.

Question 14 (15 marks)

(a) (3 Marks)

Sample answer:
cos26+cosf+1=0

2c08*@—1+cosf+1=0
cos(2c0s6+1)=0

cos@ =0, cosB=-—1-
2

O = i—;i+ 27n or :tZTﬂ+ 27n , for all integers n.

1

(b) (i) (2 Marks) -

Sample answer:
i=x

AR
a\2’ )"
1, 1,

2v ~2x +C
x=ly= 3
=ly=2=C==
: 2

v =x? 43

. Therefore, the horizontal range R is

. |
Question 14 (continned) !

Since the particle has a positive displacement, and hence positive acceleration, initially (as well as a

positive velocity) the particle will continue to move to the right. The particle's displacement will

always be positive, and so its accelerat] i " oo
velocity t‘o*th S eleration will always be positive and it will move with increasing

(b) (ii) (3 Marks) /

- [ 2 |
Sample answer: t—ln(x+ ¥ +3)~1n3 ;
& _ [ [T 7 f
g o Ver3 rﬂ,{ii.ﬂ j
a_ 1 3
d \x*+3 3¢ =x+vx?+3

f=1n(x+m)'+c

“=0,x=1=>0=1n(1+\/12+3)+c
=C=-In3

3¢’ —x=m
9e¥ —6xe’ +x% =x2 +3
‘ 6xe' =>9e2r -3
_9e¥ -3 .
6¢' . i

(©) (i) (2 Matks) *

Sample answer: :
For the horizontal range R, first solve ¥ =0 to find the time of flight

0=I(Vsina——g—t)
2 ) .

‘= 2V sine

»8ince £ # 0 for the horizontal range

When £ = 2V sing .
g

o si
X=V( Vsma]cosa
g

_V2sinacosa
g
7 sin 20
4

V? sin 20
P




Question 14 (continued)
(o) (if) (2 Marks) |

Sample answer:

x=Vtcosg=>1t=
) Veosa

Substituting into y =Vtsine —%tz gives the equation of the path of the projectile:

2
x gl =x
y=V(VcosozjsmtZ Z(Vcosa)

sing_, sina [ g
—x —
cosa cosakZV sina cosa

y=x
t 2 tan o i)
y=xtana—x m

b
=xi{1—-— tana
¢ x( R]

(c) (i) (1 Mark) l

Sample answer;
a =45°

For the x coordinates of the edge of the wall, solve y =10
10= x(l-i)xtmms"
R

10R = x(R~x)
x* ~Rx+10R =0 .

© Gv) (2 Marks)

Since x,, x, are the roots of the quadratic x? ~Rx+10R =0, using the quadratic formula we have

R+JR*-40R R—R*-40R
X = — and X, =——‘—‘—ﬁ—-2 .

2

Since the wall of the fort is 4.5 metres thick, x, -x,=45
AR =40k =45
R —40R—20% =
4R* ~160R-81=0
(2R+1)(2R-81)=0

. Since R is the horizontal range, R>0, .. R =40.5 metres



