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Section |

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

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

1. Let P(x) = x% + bx + ¢ where b and ¢ are constants. The zeros of P(x) are o and o + 1.
What are the correct expressions for b and c in terms of a?
(A) b=-Qa+1) andc=d" +a
(B) b=2a+landc=a2+a
C) b=d+aandc=—2a+1)

(D) b:a2+aandc:2a+1

2. What is the derivative of tan_1(2x -1)?

1
(A) g
4x —4x+2
2x—1
(B) o
2x —-2x+1
2
©
2x —-2x+1
1
D —
2x —-2x+1
3. An experiment consisted of tossing a biased coin three times and recording the number of tails
obtained. This experiment was repeated 1000 times and the results are shown in the table.
Number of tails Frequency
0 219
1 427
2 292
3 62

Based on these results, what is the probability that the coin shows tails when tossed?

(A) 03
(B) 0.4
€ 05
(D) 0.6
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4. Which of the following expressions is equal to cos(x) + sin(x)?
(A) ﬁ sin (x + Z—O
B 2 si ( +Z )
(B) sin| x 1
(©) Jiﬁn(x—g)
D) 2 '( —@)
(D) sin| x 1

3, d’y ady

The equation y =e™ satisfies the differential equation d, q, + d— —-6y=0.
b

What are the possible values of a?

(A) a=—2or a=3
(B) a=—lor a=6
(©) a=2or a=-3
(D) a=lor a=-6

6. The direction (slope) field for a first order differential equation is shown.

A
LV N =s
T T T 7 S Y I I |
VYN =3+ ]
| VN N —2+/ /[ | |
\\NNN—11v .,/ [ | |
777220888 19
[/ /7 7 —2+ \ V1 ||
[/ /7 =3+ V1 1 1|
[ A L L L
[ Y B A R O I I B

Which of the following could be the differential equation represented?

dy _ 3
@ L=
(B) ;i)yc=x(y+1)
©) %:(x+l)y

dy _ (5 -
D) = (x—1)y
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7. The position vectors of points A and B are ¢ and b respectively. Point C is the midpoint of OB and
point D is such that ABDC is a parallelogram.

A

B
C D
0
Which of the following is the position vector of D?
(A) 3b+a
®) 3b-a
1, 1
© 3b-3a
(D) lb -a
2 ~ ~
8. Which of the following functions is a primitive of S ?
4 — 9x2
(A) %sin_l%x
(B) ésin_l%x
©) ésin_l%x
(D) %sin—l?’—zx
9. A curve C has parametric equations x = cos 2t and y = 4sin 2t for t € R.

What is the Cartesian equation of C?
(A) y=l-xfor0<x<1

B) y=4-4xforxeR

C) y=4-4xfor0<x<1

D) y=1-xforxeR
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— = — =
10. The diagram shows OABC, a rhombus in which OA =CB =g and OC=AB=c.

139}

A B

1
1Q

o ¢ C

To prove that the diagonals of OABC are perpendicular, it is required to show that
(A) (g+¢) (g¢+¢)=0.

B) (@a-¢)-(a-¢)=0.

©) (¢-¢)-(a+¢)=0.

D) a-c=0.
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Section Il

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

Answer each question in a SEPARATE writing booklet. Extra writing booklets are available.

In Questions 11-14, your responses should include relevant mathematical reasoning and/or calculations.

Question 11 (15 marks) Use a SEPARATE writing booklet.

(a)

(b)

(©)

(d)

Consider the function f(x) = x” —4x + 6.

(i) Explain why the domain of f(x) must be restricted if f(x) is to have
an inverse function.

(i) Given that the domain of f(x) is restricted to x <2, find an expression for f -! (x).
(iii) Given the restriction in part (a) (ii), state the domain and range of f -1 (x).

(iv) The curve y =f(x) with its restricted domain and the curve y = f 71(x) intersect at
the point P.

Find the coordinates of P.

xdx

Use the substitution u =9 —x?, to find the primitive function of = .

9—-x"
Use ¢-formulae to solve the equation cosx — sinx =1, where 0 <x < 27.

The work done, W, by a constant force, F', in moving a particle through a displacement, s,
4
is defined by the formula W= F - 5. A force described by the vector F' = ( 2) moves a
particle along the line [ from P(-1, 2) to Q(2,-2).
. . H .
(i) Find s = PQ and hence find the value of W.
(ii) Hence, verify that W is also given by W= (F - 5)|s|.

(iii)) Find the component of F' in the direction of /.




HSC Mathematics Extension 1 Trial Examination

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

(a) A proposed plan for a garden is shown in the diagram. The curved boundary of the garden

is modelled by the function f(x) =6 sinz(’—;i“) ,0<x<8.

yA
0] é e
(i) Use the identity sinAsinB = %[cos (A - B)—cos(A + B)] to show that 2
sinz(ﬂj = 1(1 - cos@)
8 2 4
(i) Use the result from part (a) (i) to find the area, A, of the garden. 2

Question 12 continues on page 8
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Question 12 (continued)

(b) A state-wide housing study found that 36% of adults in NSW have a mortgage.

(i) A random sample of 25 adults in NSW is to be taken to determine the proportion of
those who have a mortgage.

Show that the mean and standard deviation for the distribution of sample proportions
of such random samples are 0.36 and 0.096 respectively.

(i) Inasample of 25 adults, find the probability that 9 adults have a mortgage.
(Give your answer correct to four decimal places)

(iii) Part of a table of P(Z <z) values, where Z is a standard normal variable,
is shown.

z | +0.00 | +0.01 | +0.02 | +0.03 | +0.04 | +0.05 | +0.06 | +0.07 | +0.08 | +0.09
2.4 10.9918{0.9920{0.9922|0.9925|0.9927|0.9929|0.9931|0.9932 | 0.9934 | 0.9936
2.5 10.993810.994010.9941|0.9943|0.9945 [ 0.9946 | 0.9948 | 0.9949 | 0.9951 | 0.9952
2.6 {0.9953]0.9955|0.9956(0.9957|0.99590.9960 | 0.9961 | 0.9962 | 0.9963 | 0.9964

Of a random sample of 25 adults in NSW, use the table to estimate the probability

that at most three will have a mortgage. Give your answer correct to four
decimal places.

Question 12 continues on page 9
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Question 12 (continued)

(c)  The diagram shows the graph of y = 21
x +1

andthegraphofyzl—%c for 0<x<1.

0 >
e
(i) Find the exact volume of the solid of revolution formed when the region bounded by 2
the graph of y = 21 , the y-axis and the line y = 1 is rotated 360° about the y-axis.
x +1 2
(i) Find the exact volume of the solid of revolution formed when the region bounded by 2

the graph of y =1 - )—26, the y-axis and the line y = % is rotated 360° about the y-axis.

(iii))  Use the results from parts (c) (i) and (ii) to show that In2 > % 1

End of Question 12
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Question 13 (15 marks) Use a SEPARATE writing booklet.

(a) A particle is projected from a point O on level horizontal ground with a speed of 21 m 5!

at an angle 4 to the horizontal. At time T seconds, the particle passes through the point
B(12,2).

Neglecting the effects of air resistance, the equations describing the motion
of the particle are:

x = Vtcos@
y=Vtsinf - %gt2

. . S 2. . .
where ¢ is the time in seconds after projection, g m s ~ is the acceleration due to gravity

-2 . .
where g =9.8 ms = and x and y are measured in metres. Do NOT prove these equations.

(i) By considering the horizontal component of the particle’s motion, show that

T=§sec€.

(ii)) By considering the vertical component of the particle’s motion and, using

the result from part (a) (i), show that 4 tan 26’ -30tand+9 =0.

(iii)  Find the particle’s least possible flight time from O to B. Give your answer correct
to two decimal places.

(b) Prove by mathematical induction that 4” +141is divisible by 6,

for all positive integers n(n=1).

3tan@ — tan 36

(©) (i) Prove the trigonometric identity tan36 = 5
1-3tan 6

(ii)  Use the identity from part (c) (i) and let x =tan &, to find the roots of the

cubic equation x° —3x” —3x+1=0 and hence find the exact value of tan % .

10
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Question 14 (15 marks) Use a SEPARATE writing booklet.

(a)  The diagram below is a sketch of the graph of the function f(x) = -

x+1

RS

|

|

|

|

|

|

|

|

|

|

: .

0 B

|

e e e y=-1

|

|

|

|

|

|

|

x=-1
(i) Sketch the graph of y = ( f(x))z, showing all asymptotes and intercepts. 2

(i) Sketch the graph of y = x + f(x), showing all asymptotes and intercepts. 2
(iii))  Solve the equation ( f()c))2 = f(x). 1

Question 14 continues on page 12

11
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Question 14 (continued)

(b) TheareaA cm? is occupied by a bacterial colony. The colony has its growth modelled

by the logistic equation % = 2—15—A(50 —A) where 7> 0 and 7 is measured in days. At time

t = 0, the area occupied by the bacteria colony is % cm”.

. 1 1(1 1 )
Show that ———— = —( ~ + —|.
@) Show T AGO_A) 50\A "50-4

(i) Using the result from part (b) (i), solve the logistic equation and hence show that
50

A=—2
1+99¢ 2

(i)  According to this model, what is the limiting area of the bacteria colony?

(c)  The table shows selected values of a one-to-one differentiable function g(x)

and its derivative g'(x).

by -1 0
g(x) -5 -1
g0 |3 |3

Let f(x) be a function such that f(x) = g_l(x).

Find the value of f'(-1).

End of paper

12
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Mathematics Advanced
Mathematics Extension 1
Mathematics Extension 2

REFERENCE SHEET

Measurement
Length

0
1—360><27rr

Area

0 2
=——=X7r

360
= g(a +b)

Surface area

Financial Mathematics

A=P(1+r)"
Sequences and series

T,=a+(n-1)d

n
Sn=§

[2a+ (n—1)d] :g(a+l)

n n
g _a(l—r)_a(r —1),”&1

A=27r +27rh oLy r-l
2
A=4rr =—|r <1
Volume
1
V=zAh
3
V= gﬁr3
Functions Logarithmic and Exponential Functions
1
xz—bi«/b2—4ac logaax:x:aog“x
2a
3 5 log 1= log, x
Forax™ + bx" +cx+d=0: ““log,a
CZ+,B+7/=—Z—7 x _ xlna
a =

af+ ay+ fy= 2—;

and afy= d

a
Relations

(x=h)*+ =k =1

13
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Trigonometric Functions Statistical Analysis
sinA = 2PP. cosA:a—dj, tanA = 2PP Ty An outlier is a score
h adj P less than Q| — 1.5 x IOR
1 or
= Eab sinC more than Q5 + 1.5 x IOR
2 o
a_ _ b -_C¢ V2 > 1 Normal distribution
sinA sinB sinC 450
497 O
c2:a2+b2—2abcosC 1 :
|
2 .2 2 |
cosC = a+b—_c 30° |
2ab 2 D :
[=r0 < | | : | | >,
° -3 -2 -1 0 1 2 3
A= lr26? VAU .
2 1 » approximately 68% of scores have
Trignnometric identities Z-Scores between _1 and 1
secA = L cosA # 0 * approximately 95% of scores have
0sA z-scores between —2 and 2

* approximately 99.7% of scores have

1 .
cosecA = sinA’ sinA # 0 z-scores between —3 and 3

COtA = C9SA, sinA =0 E(X)=u
sinA ) ) )
. Var(X) = E[(X - 1) 1= E(X ) — u
cos x+sin x=1 p -
robability

Compound angles
P(AnB)=P(A)P(B)

P(AUB)=P(A)+ P(B)- P(ANB)
P(ANB)

sin(A + B) = sinAcosB + cosAsinB
cos(A + B) = cosAcosB — sinAsinB

tan(A+B):M P(AIB)= P(B) ,P(B)io
1 — tanAtanB
A > Continuous random variables
Ifr= tanz then sinA = —=" 5 r
b1 P@Sﬂ:jﬂmw
2
COSA = 1- t2 a
1+¢ b
24 P(a<X<b)=J f(x)dx
tanA = ——
1-7 “

Binomial distribution

1
AcosB == A-B)+ A+B -
COSA cos 2[COS( ) + cos( )] P(X=r)= nCrpr(l _p)" d

sinAsinB = %[COS(A —B)—cos(A + B)] X ~ Bin(n, p)
= P(X=x)
. 1. .
sinAcosB = E[sm(A + B) + sin(A — B)] =(n)px(1 ) T x=0.1. .
X
cosAsinB:%[sin(A+B)— sin(A - B)] E(X)=np

.2 1 Var(X) =np(1-p)
sin"nx = 5(1 — cos2nx)

cosznx = é(l + cos2nx)

14
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Differential Calculus

Function
y=fx)"

y=uv

vy =g(u) where u = f(x)

<
1l
1

y = sinf(x)
y = cosf(x)
y = tanf(x)

y= o

y = Inf(x)

= al®
y =log, f(x)
y= sin” f(x)
y=cos f(x)

y= tan” ' f(x)

Derivative

n—1

4 = nf ()]
X

dy_,4dv du
ar tax T Vx

dy _dy  du
dx du dx

du dv
V— —u—

dx dx

Q.l&
= I=<

2
%

& = f(x)cosfx)
X

& = f (sinfx)
X

D (x)secf(x)
dx
L= pme™

dy _f'(x)
dx  f(x)

L~ (nayf (v)a"
dx

dy_ ()
dx (Ina)f(x)
&y f'@)
“ T
dy _ f'(x)
@ r
dy_ )

d

s ]

Integral Calculus

_[ F LA dx = ——= [ f()]

where n # -1

f'(x) sinf(x)dx = —cosf(x) + ¢
.f’(x) cos f(x)dx =sinf(x) + ¢
}(nsm%myu:umﬂn+c

f'(x)ef(x)dx =e ) +c

| J%dx= In| f(x)| + ¢
¥ f(x)
Ina

+c

dx = sin

Ja® — [ f0)]

dx = —tan

@+ [f0] @

" dv du
udxdx—uv—jvdxdx

b

[ f(x)dx

a

b

~
~

S (@) +£(b) + 20 flxp) +

where a = X and b = x,

PERAEY @),
a

f'(x) Lo &),
a

n+1

+c

o+ flx, D1}

15
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Combinatorics

n n!

" (n-r)!

(n):"c __n
r " orl(n-r)!

n n ny n-1 n\ n-r r n
(x+a) =x + | X  a+..+ X a+..+a

-
Vectors
. . 2 2
|u| = |xi +yj|=Nx"+y
u -y =ully[cos O=xx, +y¥,,

where u=xi+y,j
and y =x,i +y,j

r=a+A4b

Complex Numbers
z=a+ib=r(cos@+isinb)
i0
=re
[r(cos O+ isin@)]" =r" (cosnb+ isinn6)

n in@
= e

Mechanics
d_zxzcﬂ:vd_v:i(;vz)
x=acos(nt+ a)+c
x=asin(nt+ ) +c

xX= —nz(x -c)

16
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Student’s Name: , Teacher’s Code: 7 J 7% S
A ¥ 157 1 )

Year 12 Mathematics Ext 1 — Multiple Choice Answer Sheet

Select the alternative A, B, C or D that best answers the question.
Fill in the response oval completely.

Sample: 2+4= (A) 2 B) 6 (C)8 (D) 9
AO B@ ¢cO DO

A
‘\
TS

= Ifyou think you have made a mistake, put a cross through the incorrect answer and {ill in the new
answer.

A@ B cO 1O

» If you change your mind and have crossed out what you consider to be the correct answer, then
indicate the correct answer by writing the word correct and drawing an arrow as follows.

correct
v
Ar@ B cO pO

. A @ B © ¢ ©O D O
2. AO0 B O ¢ O D @
Nangs 3) Ao B @ c O D O
4+ A@®@ B O Cc O DO
5. A0 B O ¢ @ D O
6 A O B O C ® D O
7 A 0O B ®@ ¢ O D O
8 A O B O € O D ®
9 A O B O ¢ @ D O
0. Ao B O ¢ ® D O



Start your answer here.

OUGGESTED SOLUTIONS ( Ma\“r'@io Ci':m‘cm.}

Al P@E) = 3*+br +C f'@
ZUOD Qe a =0 _and Xx= of+t|
aum of rodly = o + o+ | *producmﬁmim_.;_mﬁttg\p
= 2ot | = of2 ke
20+t = (%) - azro= (%)
2otl =74 d?+o = C
b = - {ZOH‘I) s C= o2+ o
Q_ —~1 !/ !
02 dy. tai'f@x) = fla) (D)
U g2 "/
|+ [F@a)]

d.% ""Cln_" (2]':_—*!) = 9
1+ (2x-1)"

- 2
|+ 4x? -4x + |

2 B |
4x2 -4x+ D .

= 200
2 (222 -2y +1)

g
|

i

Jx?2-)x+ |




_______________ 2 f Fx.
| Nemssr of Tasty Fio_o‘ uqr\t\i
O 219 0
! 427 427
2 292 584
3 62 186
e Zfx = 1197

Pl = 2966 = 0399 (= o04)

>

Q4 Rein (a+o) = R[einxcmx + Cgm*.ssino(]

= Rainvcmoy + R ool Sindg

Faudlo.  4.(@X +4 &indX = Rena cmX -+ Reme Gnx.

Reoyx = 4. ...9)

m =0 Yanot =1

="y

O+ O’ R2 (sin2or FUD'Y) = 2'

R=\3 .

Fen(x+%h)

7

Additional writing space on back page.




Start your answer here.

5 y- e Ay qet Py - ate Q)
dac 5525 ="
dL
ket M %L N 6\! =0
) ozeoJL +qg¢e bem‘ = ()
et :Q2+(l~" 6] =0
e | (a4 3]((‘1-—2)] = O
Q= 2;H\3
Qb A+ (0,0) d%.—.o “ NOT A ©
A (-1,1) H=0 - NT 8o D
O eomect anpwer v C.
=5 — =
Ql__©o0 = 90OC Y CD (®
L =2 —2
= 20B + AR
. —
- 508 + M) + OB




(D)

>

6 A <A

g=4 -4x for O<x <1

Q).

o .k CA :
OB = & +C ch_=

a - C
AV ™

—~J

e ?upmdi&ulm need ‘o ohowy

-, oine they

ch o =D
g:‘i‘

(g-¢)Marg) =0

Additional writing space on back page.




Start your answer here
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Start your answer here.

MarRero  Commanln

A e (oX.= i“_tz Ginx= 2t

+t? R
- X _
WhQ_LQ‘t-"’QﬂZ a“m%l&gw
=t - 2t =4 00 excorc tom gt
i 'i"‘ti I_”i"‘tl TaAnl UJ‘;'UHO
‘ - tq '=’2t = i
b+ ™

| ~t2 -2t = 1+t"

D = 2t*+ 2t Sevech peopi
O = Z«t (-qb_e. l) M;&A vp M\‘)ﬂf"j
2+=8 _ or t+1 =0
£t<0 t=-| eualoste T
“'(U')%’ = 0 ’i’m%’ ==
v =0,27 x= 1 Adiy 2 b
Ld) _eubet ihdle .
| ) :
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