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Section I

10 marks
Allow about 15 minutes for this section

Use the multiple-choice sheet for Question 1-10

1 The polynomial £(.r)=2.x"+54>+4gr—12 =0 has a remainder of -9 when divided by
(xr=1).
The value of q is:

(A) 5

B) 4

© 2

(D) —4

2 The size of the acute angle between the lines y =3x and 2x+ y—3 =0 to the nearest

degree is:

Ay 8

(B) 32°

©) 45°

(D) 82°

3 The integration of J. 12\1+ 3. dr using the substitution # =1+ 3.4 is equal to:

A 3

) 214305 +C
9

B E

® Z (1434 C
27

C il

© Lassr)yaec
18

(D)

2 1
§a+3x%2+c



Which expression is equivalent to 3cos6—+/3sin6 ?

(A) V3sin (9 + %)

B 2v3sin (6 + %)
(© 2v/3 cos (9 - %)
(D) 2v/3 cos (9 + g)

In the diagram below, the line TB is a secant intersecting the circle ABC at the points A

and B. TC is a tangent at the point C. The length x is equal to:

B

T
12
C
(A) 5
B) 9
C) 14
D) 16

Section I continues on next page



How many ways can 9 people sit at a round table, if 2 particular people must sit together?

A 7
(B) 8
€  71x2
(D)  8!x2

The diagram above shows the graph of y =a(x+b)(x+c)(x+ d)2
What are possible values of a, b, ¢ and d?

(A) a=-8b=-1c=1d= -2
(B) a=-8b=1c= —-1,d=2
(©) a=2b=1c=-1,d=2

(D) a=2b=1c=-1,d =-2



x(x—1)
x

Iff(x) =

,which of the following lines will be an asymptote of y = f(x)?

A y=x

B  y=x-1
€ y=x+1
D)  y=x-2

Which of the following is the integral of

[arer
ex+1 X

1
(A) Eloge(ezx +e¥)+C

(B) log.(e*+1)+C

© x —log.(e*+1)+C

(D) —loge( e )+ C

eX+1

The acceleration, a m/s?, of a particle moving in a straight line is given by

v

a =
log, v

where v is the velocity of the particle in ms™?! at time ¢ seconds and the initial velocity of

the particle was 5 ms™1.

The expression that represents velocity is:
(A) v=e?

(B) v=e?+4

(©) v = e\/ﬂ+log35

(D) v=e 2t+(loge 5)*

End of Section I
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Section I1

Answer each question in the appropriate writing booklet. Extra writing booklets are available.

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

Question 11 (15 marks) Use the Question 11 Writing Booklet.

(a) Solve the inequality

3x+1<0
x2—-1"

(b) Find the point P which divides the line AB joining A(4, 6) and B(13,5) externally in
the ratio 4: 1

(c) Evaluate:

. X
Sin=

x-0 X

(d) Find the domain of

f)=vVx+3+vVx—2

(e) Prove that

1

cos™!(—x) =m—cos tx

(f) Differentiate

(g) Prove using the factorial formula for ™P,. that

n+1 _ n n
P.= "P.+r. "P._4

End of Question 11
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Question 12 (15 marks) Use the Question 12 Writing Booklet.

(a)

(b)

1

The curve f(x)=(x"— 9,1’)E is shown below:

(@)

(ii)

=5 —4 3 -2 =1 0 1 2 4 £
-1
L2
-3
4
Taking an initial approximation of x; = —2.5, use one application of

Newton’s Method to obtain another approximation to the root of f(x) = 0
(Give your answer correct to 4 decimal places)

Explain why using x; = —2.5 and Newtons Method does not produce a better
approximation to the root than the original estimate.

A hot pan is cooling in a room of constant temperature 22°C. At time t minutes its
temperature decreases according to the equation,

dT— k(T — 22

where £ is a positive constant.

(@)

(i)

Verify that T = 22 + Ae™ "t is a solution to the equation, where 4 is a
constant.

If a pan initially at 180 °C cools to 100 °C in 6 minutes, how long will it take
for the pan to become cool enough to touch (40 °C)? Give your answer correct
to the nearest minute.



(c)

(d)

(e)

A particle is moving in a straight line with Simple Harmonic motion. At time t
seconds it has a displacement x metres from the fixed point O, on the line where
x = (cost + sint)?, velocity v m/s and acceleration a m/s.

(1)  Show that a = —4(x — 1)

(i1)) Find the extreme positions of the particle during its motion

Find [ sin?2xdx

A spherical balloon is expanding so that its surface area is increasing at a constant
rate of 0.027 cm? per second.

Find the rate of change of the volume when the radius is 7cm.
(Give your answer correct to 4 decimal places)

(The volume of a sphere is given by J/ = %77,'/‘3 , and the Surface Area is

A=4nr*)

End of Question 12



Question 13 (15 marks) Use the Question 13 Writing Booklet.

(a)

/
/
/
/
/
/
/
o /
\\ I
~ o /
5 o /
‘= 4ay y
{F .
—~
/ ™
i g
U, \\
\\
;|8
/
/

In the diagram above, the normal at P(2at,at’) and Q(2aq,aq”) on the parabola

¥ = 4ay are perpendicular.

(1) The equations of the normal at P and Q are x+ ty=at’ +2at and
X+qy=aq’ +2ag. DONOT PROVE THIS.

Show that the relationship between g and ¢ is ¢ = 1
t

(i) The tangents at P and Q are y =fx—ar* and y = gx — ag’respectively.
DO NOT PROVE THIS.

Hence show that the coordinates of R, the point of intersection of the tangents
at P and Q are

e

(iiI) Describe the locus of R and its relationship to the parabola X = 4ay

Question 13 continues on page 11
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Question 13 (continued)

(b)

In the diagram above, the chords BE and CF intersect at the point G. The point 4 is
chosen such that ZBAF = £BGC. AG is produced to intersect CE at D.

Copy the diagram into your writing booklet.

(1) Explain why ABGF is a cyclic quadrilateral

(i) Hence prove that /FCE = ZFAG

Question 13 continues on page 12



Question 13 (continued)

(c)

(d)

The sketch below shows the graph of f(x) = sin™! (g)

1.5

0.5

-1

(@

Determine the inverse function of f(x)= sin”! (fj

(i)  Hence or otherwise calculate the area between the curve y = f(x) and the
x-axis, between x = 0 and x = 3 as shown in the diagram above.

A particle is moving along the x-axis in simple harmonic motion centred at the origin.

When x = 3cm, the velocity of the particle is 8 cm/s and when x =5 cm, the velocity
of the particle is 4 cm/s.

(i)  Determine the period of the motion

(i1)  Hence, write an equation to represent y’in terms of x

End of Question 13
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Question 14 (15 marks) Use the Question 14 Writing Booklet.

(a) Prove by mathematical induction that
sin(x + nr) = (—1)"sinx for all integern > 1

(b) Find the inverse function of:
X —-X

eX —e
f(x):T

(c) Two stones are projected simultaneously from the point O with initial velocities v,
and v, (but v, > v,) in a vertical plane at an angle 6 to the horizontal.
The slower stone hits the ground at a point A.
Attime t, let B(x;, y;) and C(x,, y,) be two points on the respective paths of

flights.
The equations of motion are:
%=0 y=-g
X = v cosb y = —gt+vsind
2
x=vcosOt y=—%+ vsinft
DO NOT PROVE THIS
Uy
v
C(x2,¥2)
B(xy,y1)
h
0
0 A D

(1)  Find the gradient of BC and explain why it is independent of time t

Let QD be a wall of height h on level ground. When the second stone just
clears a wall, the first stone hits the ground at 4.

(i) Prove that AD = h cot6

Question 14 continued on page 15
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Let T be the time of flight of the slower stone. At the same instant, let ¢ be the
angle made by the downward flight of the faster stone with the horizontal.

(ii1)) Show that

tan(—¢) = tanf —
an(=¢) an v,co0s0

(iv) Hence, show that
v, (tan@ + tang) = 2v, tand

End of Paper
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Year 12 Mathematics Extension 1 Trial Marking scheme

Multiple choice

fvm—vdv—f dt
[(lnzv )l = [t
5

(Inv)? — (In5)% = 2t
(Inv)? = 2t + (In5)?
t=0,v=>5.

v=e 2t+(In5)2

Hence, Inv = /2t + (In5)?

1 Solution | Marking Criteria Marker’s feedback
1-7 Multiple choice answers are attached
8 C x2—x=x+1DHx—-2)+2
Oblique asymptoteisy =x + 1
9 J‘ 1 d
C ex+1 *
e*+1—e*
- f e*+1 dx
ex
=]1-
f e*+1 dx
=x—In(e*+1)+C
10 D e
lnv
dv. v
dat  Inw
Inv
—dv = dt
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Question 11

give the correct solution

Question | Solution Marking Criteria Marker’s feedback
Number
a) 3x+1
21 <0
The most common error
(3x + D(x* — 1)? <0 X (x% —1)2 1 mark: Multiplies both | wes not applying the
x2 -1 - * sides by (x%2 — 1)2 restriction x # 1.
Solves the inequality
Bx+Dx+Dx~-1 <0 correctly Moy stndenty failed to-
dramr oo diogrom of the
cubic to-add the
2 Mark: combines with | selution and thusy
?—« X e the restriction x # +1 | making nnnecessary
to give the correct final | &rors
solution Those studenty who
x# +1 resoried fo-testing
1 1 mark only: if both different regions must:
Hence, x<-1, — 3 <x <1 | estrictions are not understond thot this iy
applied o lengthy process ond
where Hime iy precions
s not o recomimended
metiodl
b) A(4,6) and B(13,5) Generally well done,
4:1 2 Marks: substitutes however, there are stll
into the correct formula | stwdents who-do-not-
(13 X4—-1X4 5x4—-1X 6) and correct evaluation | knowhowto-transform
4-1 o4-1 the given infernal
1 mark: substitutes into | dvision formulo to-
P (16,2) the correct formula, but | exfernal division
3 minor error in contents:
evaluation
d) sin= 1 mark: Manipulates the | Well done: But some
= }cl_r}% p 3 expression correctly studenty seem to- think
(All lines of working that yow can take the
1 sin® must be shown) from the angle.
=l fime3 The following solution
37 x50 X W erroneons
(must have this line) 1 mark: Applies the , sinz 1 sinx 1
small angle formulato | x% x 3% x 3




d) Some studentsy presented
fl)=vx+3+vVx—2 1 mark: gives the ¢
domains both question and were not
oworded omy warks.
Domain of vx + 3 +Vx — 2 components correctly Students.
Also, please note that the
x+3>0andx—2=0 1 Mark: combines the region wiere botiv
x>-3 andx>2 two results to give the | inequalities hold good iy
Hence, x = 2. final answer Hhe selution o this
problems A quick sketehs
will be very helpfuls
e)
Let Apart from this studenty
cos”i(—x)=y 2mark: correct proof | hevewsed “‘“"‘::‘:WM
Hence,ﬁ X = COSy . ) shovlzlng all lines of gromhi .
Or x = —cosy mar working H , solutions that jus
= cos(m - y) samounted fo- verifying the
1 mark: expresses X = | relation was not sufficient:
W m—y=cos lx —Cosy
y=T— cos™tx
f) (x) = (t 1 x)z 1 mark: correctly
fx) = (tan 3 applies chain rule Well dowec
X 3
"(x) =2(tan"* =} X
fx) ( 3) 9+ x2
X 1 mark: correctly
6tan~* 3 differentiates tan™! g
T 9+4x2
g) ip = "B 4. "P_,
RHS Studentsy must give the
I C N covrect definidion of "B,
=7 (n—-r+1)!

nl

“(n—r)![ + (n—r+1)]
nl na-r+l-r

- -7 n-r+1

o n n+1
T m-Nin-r+1

_ (n+1)!
T (n—-r+1)!

— n+1P
T

2 marks : correct proof
with all working lines of
working shown

1 mark: correct
definitions for np . and
np,._, and attempts to
take common factor
out.




Question 12 (15 marks) Use the Question 1 Writing Booklet.

(@)D

S (x)=(x3—9x)§
/ N,

initial approximation .t; =—2.5 , use one
appln Newton’s Method

.fmw=§cf—9xf%&#—9>

=(2*-9x) 3(4?*-3)

3 marks Correct
answer from
correct working

2 marks Correct
expression of f(x)
And correct value
of f12.5)

1 mark Correct

A nice algebraic solution given

Most students did well.

-1 mark deducted if solution not
given to 4 dp

Several students had incorrect
answer from insufficient
working and gained 1 mark only

Method does not produce a better
approximation the root than the original
estimate.

As the function is close to vertical
near the root, the tangent drawn at
x=-25 intersects the x-axis further
away from the root.

1 mark correct
explanation

expression of f°(x)
then x, =—x; —L'(f!l
S'(7)
1
3_ 3
- - (x zx)
(x*=9x) 3(x*-3)
3 —
SN C a2}
(x*=-3)
= -4.6154
OR
JS'(-25)=0.8988.....
1
F(=25)=(25*+9%25)
=1.9014....
then x, =~2.5— —@
S ()
=5 1.9014.....
T 0.8988
=—-4.6154
(if) | Explain why using .x; = —2.5 and Newtons Mostly done well, but a

concerning number of students
have a lack of understanding of
this




(b)(®

A hot pan is cooling in a room of constant
temperature 22°C. At time t minutes its
temperature decreases according to the

Mostly done well. Students
should note the requirement to
VERIFY, meaning establish the

equation.
7 correctness of.
7 —#&(Z7" —22) where kis a positive A solution by differentiating is
constant valid and a short answer for 1
mark
T =22+Ae™"
Ao =T 20 1 mark . correct
T calculation
—=—fAec™"
ar
=—4&(7 -22)

(i) | If the pan cools from 180°C to 100 Mostly done well. There was no
°C in 6 minutes, how long will it take penalty for rounding, but the
for the pan to become cool enough to time should be rounded to 19
touch (40°C)? mins to be cool enough to touch

7 =22+Ae™"
t=07=180°C
180 =22+ Ae™*°
180-22=4 3marks correct
A=158 value of ¢ from
7 =22+158¢7% correct working
t=67=100C .
2 marks Correct
_ 64
100=22+ kae Value of 4 and
78=158¢ Correct value of &
7=40°C
40=22+158¢7% 1 mark Correct
18 value of 4
—&t =In(—)
158
I=......




() x=(cosz+sins)? Mostly done well.
1) — cos? #+2sin7cos 7 -+sin 7 Thisisa SHOW THAT question
) Students that skipped steps lost a
=1+2sinzcos”
i mark
x—1=2sinscos/ 2 marks correct
#=2sins(—sins)+2cos#(coss) expression for ¥ ¥=~-4(2sinfcoss)
=2cos”7—2sin* # from correct =—4(x-1)
¥ =4coss(—sinz)—4sins{cos’) working
=-8sin’cos/ . y
¥=-4(2sinscos’) mar . correc.t
expression for.x
=—4x-1) from correct
working
(ii)) | Find the extreme positions of the Many of the students gave long

particle during its motion

Dot Swing

Extreme position when
x=1+2sinf¢

then 0<1+2sint<2

Vv

OR
£=0
2(cos® z—sin’#)=0
cos® £ =sin’*s

cosz=+sins

. T
cosz =sins when 7= Z

x=1+2><l=2
2

. T 3z
cos/ =-sins when z‘=71:——-=T

x=1—2xl=0
2

1 mark correct
answer from
correct working

solutions when considering the
max and min positions of the
function

y=1+2sint

Was sufficient

Many students ignored the
second solution




(@ ‘[sinz 2 v dy Mostly Done well
19 ain2
cos24=1-2sin"2x 2 marks correct Some students tried to use
sin? A= 1-2c0s24 integral substitution unsuccessfully
2
sin?2.4= 1-2cos4A
2
Isinz 2 v = I 1‘2°°S4xdr 1 mark correct
2 integral expression
—- l '[ {—cosdxdr using double angle
2
_ l(x— sm4x)+c
2 4
_x sind.x
2 8
(e) A spherical balloon is expanding so Mostly done well

that its surface area is increasing at a
constant rate of 0.027 cm? per
second.

Find the rate of change of the volume
when the radius is 7cm.

V=i7vr3
3
, W
A=4rnr ar  ar
dA ar ar
—=87rX— =4mri x—
T Ny
dr_0027  _, . ., 0027
adr 8nr 8T x7
_0027x7 _
=
OR

o — — T —

AV _dd_dv

ar dr dA

2 marks correct
answer from
correct working

1 mark correct

. r
expression for —-
ar

Students that were unsuccessful
tried to find an expression for
av

dA
Without using the chain rule

End of Question 12
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Question 14

Sin(x + (k + 1)m)

=sin (x + kr + )

=sin(x + kr) cosm + cos(x + km) sinmw
= (—1)¥sinx X (—1) using (****)

= (=1)**1 sinx

n =k+1 and gives a
conclusion

Only 1 mark: a minor
error in the proof

Question | Solution Marking Criteria Marker’s feedback
Number
a) sin(x + nw) = (—1)"sinx for n=>1
1 mark: proves the Most students recelved
letn=1 result forn=1 the furst twor marks
LHS sin(x + ) = —sinx
RHS (—1)isinx = —sinx. Studdents wio ugeds
LHS = RHS, hence the result is true. Sin(x + (k + 1))
) ) =sin (x + kr + )
Assume the resultis true forn = k 1 mark: writes the =sin (x + 7+ kn
Hence, statements for n=k founds Hhe expansion
sin(x + k) = (—1)ksinx (***¥*) and n = k+1 difficnlt ands Less
suecessful,
We need to prove, if the result is true for 2 mark: proves the
n =k, then it is true for n = k+1. result is true for Note: Always, keep the
results frove previouns

guestionsy v mind: ln
mony cases, they wmay
prove fo- be useful i
solving the later
problems. In this cose,
step 1 and 2 were
wsefuls

b)

e* —e™*
f) = —
Let
ex — e—x

Y =T

2y=e*¥—e™*
Multiply by e*
2ye* =e?* —1

e?* —2ye*—-1=0
o T
2
e*=y+.y2+1
cx=In(yx{Jy?+1)

y <+ J¥2+1, hencex =In (y —/y% + 1)
is undefined, and rejected.

Hence, x = In (y + /¥2 + 1)
The inverse isy=In (x +Vx?% + 1)

1 mark: forms a
quadratic in e* and
solves for x.

1 mark: gives
reasoning for
rejecting In (y —
Jy?+ 1)asaroot
and gives the inverse
function

Very poorly done: Those
il whe Ldendified
Hhis os o guadiaetic tin
e* were move successfule




b)(i)

B(x;, y1) and C(x,, ¥,)

Gradient of BC 2 marks: correct well done
Y271 answer from correct
X2—X1 working
2 2
—%-F v, Siné t+%— vy Sinft
v2¢050t-v1c050t 1 mark: minor error
in workin
(vy—vq)sinf t €
- (vy—v1)cosBt
= tan®f which is independent of t
b)ii) vy
studenty must refer fo-
v the result from (o) to- get
&) 1 mark: identifies the full mark for thiy
. gradient of AQ =
Gaz) \ gradient of BC Mang students wsed
A\ e lengthy processes
b L 1 mark: proves AD = | wasting significant
hcotf with working | amount of fime: Again,
undervionding the
From (i), gradient of BC = tan® ing of the resuld
Hence, gradient of AQ = tan yow prove iy very
umportont:
Hence, in AADQ ,
tanf = —
AD
Hence, AD = hcotf
b)(iii} v,
v A Please note:
Blxy,y1) tan(_d)) * %
% Gradient iy difference
Clezya) ¢ | iy over difference in
’ N i w Bosic principles
] ~q remaii the seame
¢ A b 1 mark: writes
expressions for y and | Please do-not waste your
At the point Qattime T, % tme trying to- fudge the
resulis

y = —gT + v,sinb
X = w,cos0

Hence, tan (—¢) = i’-
_ —gT+vysing
B v,c056
-gT
=9 1 tanb

V5056

1 mark: gives the
expression for

tan (—¢) =<

X




b){iv)

AtA,y=0
2

gt :
Ly = —T—{- vy8inft = 0

~t=0,
—Z 4 vysind = 0
ThenT =t = 2vaSing
. . oy _-gT
Substitute T in tan(—¢) = m——r + tan6
—g X 2v,sinf
tan(—¢) = g L + tan®
gv,cosf
—2'!71
—tan¢ = " tand + tanf
2

2v,
-;—tane = tang + tanf
2

2vitanB = vy(tang + tand)

1 mark: proves the
expression for T

1 mark: substitutes
into tan(—¢) =

~gT
9+ tand result
vyc088

and proves the result.

Genervolly, well done:
studentsy must wse the

2vysing
T= L prove

this resul:
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