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HSC Mathematics Extension 1 Trial Examination

Total marks 84
Attempt Questions 1-7 ’
All questions are of equal value

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

Marks
Question 1 (12 Marks) Use a SEPARATE writing booklet.
(a) Express (ﬁ -1 )4 in the form of a+/2 + b, where a and b are integers. 2
(b) Evaluate lim M 2
x=0 2x
(©)  The point (6, 4) divides the interval joining (4, 2) to (9, 7) in the ratio of 1k 2
Calculate the value of k.
(d) Determine the exact value of sin”" (sin %—T) . 2
. x
© Sketch the graph of the function: y = H 2
X
x
24
(f)  Determine the exact value of j sin’6xdx. 2
0
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Marks
Question 2 (12 Marks) Use a SEPARATE writing booklet.
1
f 2
(a)  Use the substitution x = cos@ to evaluate j l—zx-dx 3
l X
(b) The graphs y= * and y=x+6 intersectat (3,9). 3
Determine the size of the acute angle between the line and the carve at (3, 9).
Give your answer in radians correct to two decimal places.
() (i) Determine the domain and range of y=1+ 2sin ' 3x. 2
(i) Sketch the graph of y = 1 + 2sin”'3x. 1
(@
&
P (cosb, sinf)
1
(: 1 K (cosa, sina)
a >
0 x
The diagram shows unit circle centre O. Points P(cosé, sind) and K(cosq, sin@) are on the
circumference of the circle.
(i) Use the cosine rule in APKO to find an expression for (PK)Z. 1
(i) By using Pythagoras’ theorem, the distance formula, or otherwise, determine a 1
different expression for (PK)2 than the expression in part (i).
(ii)) Hence show that cos(6 — @) = cosBcosa + sinfsina. 1
Copyright ® 2608 Neap
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. Marks HSC Mathematics Extension 1 Trial Examination
Question 3 (12 Marks) Use 2 SEPARATE writing booklet.
- . X Marks
(2)  Solve the inequality 77 22. 2 Question 4 (12 Marks) Use a SEPARATE writing booklet.
. a sina
tans = ———.
(2) (i) Prove that tan =1+ cosa 2
(b) A couple takes a $300,000 bank loan to buy a home. The bank charges 4 (ii) Hence find the value of tan, & <a<2n, when sima = 3 2
interest on the loan at a rate of 8.4% p.a, compounded monthty. If the couple 2’2 5
wishes to fully repay the loan at the end of 25 years, calculate the amount of
their monthly repayment. . . "
(b) () Show that there is a Toot to the equation 2tanx + 2x -7 =0 between x=06 and 1
x=0.75.
(i) Start with x=0.6 and use one application of Newton’s method o approximate the 2
rootto 2tanx +2x - =0 in 0<x<7—2£.
(¢©) Use mathematical induction to prove that 3°"~" + 5 is divisible by 8, for all 3
integers n,n 2 1. © y NOT
TO
SCALE
(d) 3 A B
(7~
y = sinx
NOT 2] X > x
TO
SCALE . . .
The diagram shows a rectangle inscribed under one archofthecurve y=sinx in  0<x<m
(i) 'The coordinates of point A are (x, sinx). 1
Explain why the coordinates of point B are (7 - x, sinx)
_ (i) Show that the area A(x) of the rectangle is given by A(x) = (7 — 2x)sinx. i
In the diagram AT is a tangent at T to the circle centre O. Points B, C and D lie on the
circuniference of the circle. ZBCO =50° and ZTDC = 106°. (i)  Using question 4(b) part (ii) , or otherwise, determine the dimensions of the 3
) rectangle with the largest area that can be inscribed under one arch of the graph
Copy or trace this diagram into your writing booklet. of y=sinx.
Determine the size of the obtuse angle ZTOC and the size of angle LATB
\\ \\
4
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Marks
i k ATE writing booklet. Marks
Question 5 (12 Marks) Use a SEPAR. writing bookle Question 5 (continued)
(a)  One of the factors of P(x) = a7 +kx+4 s (x—4) and the remainder when P(x) R . .
N . (c)  Andrew hit a golf ball with a velocity of 15 m/s at an angle of 50° to the ground. The ball
is divided by (x-1) is 6.
just cleared a tree 10 m horizontally away from Andrew, as shown in the diagram below.
(i) Determine the values of a and k. 2 .. .. .
Place the origin at the position where the ball was hit.
() Calculate the sum of the roots of P(x). 1 ‘You may assume the equations of motion, L.e. y = vtsin — %gt2 and x=vtcosf.
Assume the acceleration due to gravity is 10 m/s’.
(b)
YA
NOT
TO
x*=ay SCALE
/ NOT TO
T SCALE v
@) k=10 m—) level
ground
@p. p . . . .
P~ (i) Calculate the height of the tree in metres. Give your answer correct to one 2
Tx decimal place.
K (i) How far beyond the tree did the ball hit the ground? 2
The diagram shows the graph of the parabola = 4y and the tangentsat T(2r, 12) and
P(2p, p2). The tangents intersect at point K.
(1) Prove that the equation of the tangent at T'is y = tx— £. 2
(ii) Show that the coordinates of point K, the point where the tangents at T and P 2
intersect are (p + t, pr).
(i) The angle TKP is aright angle. 1
Show that the locus of X is a straight line.
Question 5 continues on page 7
[ TENME_QA_DBFM Copyright © 2008 Neap
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Marks Marks
Question 6 (12 Marks) Use a SEPARATE writing booklet. Question 7 (12 Marks) Use a SEPARATE writing booklet.
(a) 4 @
NOT
TO
NOT SCALE
TO
SCALE
Cooking oil is being filtered. The oil is in a container that is in the shape of a cone and it is
dripping into a cylindrical container at a rate of 2887 cm’ /min .
The diagram shows a water wheel that is rotating once every four minutes in an anti- The height and radius of the cone are equal. The radius of the cylinder is 10 cm.
clockwise direction. As the wheel rotates the marker moves up and down. The . . )
distance y represents the height of the marker point above the centre O of the water (i) At what rate is the depth of the oil in the cone decreasing when the depth is 12 cm? 3
wheel. (i) At what rate is the depth of oil in the cylinder increasing when the depth of oil in the 1
o e . . . . cone is 12 cm?
The marker point is moving in Simple Harmonic Motion given by the equation :
P = -75 m/s?
= 4 ®) The velocity of a particle, v m/s, when it is x m from the origin is given by v= e,
Initially the particle is at the origin.
Initially the marker point is at position A going into the water. 1
- . i @) Prove that -‘Z— lv2 =%
(i) Find A,nand ¢ if y = 4sin(nt +a) . 2 dx\ 2
(i) How far is the marker below the surface of the water at ¢ =1 minute? 2 (ii)  Find the acceleration of the particle at the origin. 1
(iti)  Prove that the displacement, x, from the origin at  seconds is given by: 2
x=Iny2t+1
(b)  Consider the function f(x)=— .
-
(i) Find the domain of y= f(x). 1
(i) Show thaty= f(x) is monotonically decreasing throughout the 2
domain. i
@il) Giventhat y= f(x) is an ODD funciion, sketch the graph of y = f(x) 2
clearly labelling all essential features.
(iv) Find the largest domain containing the ori gin for which f(x)has an 1
. - —1 '
inverse function /™ (x).
1
(v)  Caloulate [f()dx 2
A
8 TENME?_0A_08 Pt Copyright © 2008 Neap
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Question 7 (continued)

(¢)  The following net is used to construct a square pyramid S4BCD with base ABCD
and apex S. All the edges are of equal length.

In the resulting pyramid:
i show that the angle between the edge S4 and the base ABCD is 45° 2

ii. calculate the angle between the face SBC and the base ABCD to the nearest
degree.

End of paper

10
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Question 1

Sample answer

Syllabus outcomes and marking guide

@ (B 4B ¢ 6B 40 S3) 4 1
=4-8.2+12-4.2+1

HE3 .
* Givescorrectanswer ................ 2

“17-12.3 . Sho\a{s the first line in the worked
, SOION: . ..o v L 1
®  nm HRAX_, HE4
1m0 Ax « Givescorrect answer . ........ e 2
tim sin3x _3 i sin3x .
0 2x  2x50 3x ¢ Uses lim sinAx) 1 1
3 x>0  Ax )
=2x1=3
2 2
4k+9 2k+7 P4
C =6 and ==~ =4 X
(© L+l T+k « Givéscorrectanswer ................ 2
4+ 9 =6k Gramn < = Determines a correct equation ink ..... 1
k=15
.._|.5.7z__._1—l HE4
(@ sin (S"‘T) =sin (:/‘5) » Givescomectanswer.......... ...... 2
. S
== * Obtains 57” ol 1
P HE3
1 . « Givescorrectanswer ................ 2
i i i
y== :
&
o
z z H5
2 Rer
® J' *sin6xdx = % J' %1 = cos12x)dx * "Gives Correct answer . ............... 2
A A '
z +  Obtains an expression
ro1. .,
= El: - 33sin 12x:| involving j(l —cosl12x)dx........... 1
7

Copyright © 2008 Neap
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Question 2
Sample answer _ SyHabus cutcomes and marking gnide
(2) x = cosf HE6 X
* Gives correct answer............ veen. 3
de _ . -
Z_=—_sinf e
db * Makes significant progress . .......... 2
dx =—sinfdf « Makes some progress, e.g. determiries the
When x=1,6=0. ) value of the limits in terms of. 6 or shows
N RPN L
Whenx—2,0—3‘ that@~—sm9 .................... 1
o f 3
L—]——?ﬁ X —sinfd6
Z  cos'f
3
z
= JztanZGdO

0

z
= J.B( sec’6 - 1 ydf
(]

= _o1
={tanf t9]o

- BT

(b)  Gradient of the line y=x+ 6 is 1.

P3

Gives correct answer, ignore rounding .. 3

Fory= x
y'=2x ¢ Gives 0= r.an“’(%) ................. 2
mp=3x2
] =0 » Determines that m, =6 and m,=1 .. .1
tand = l 61 l
I+6x%x1
=3
7
6=0.62
Copyright © 2008 Neap [N 8
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Question 2 (Continued)
Sample answer Syllabus outcomes and marking guide
. o1 1 HE4
© (® Domain: 3 £x< 3 « Both domain and range correct ........ 2
Range: 1-7<ys1+x - Either domain or range correct . ....... t
) Y, HE# :
ek o + Draws correct graph. ... ............. ]
| y=1+ 2sin 3%
1
- 1
1
1 1 :
3 Rl
+ + > X
! 1
: 3
————— T—ml
@ @ ZPOk=6-a PE2
2 2 2 * Givesthe correctanswer ............. 1
(PK)’'=1"+1"-2x1x1Xcos(@-a)
=2-2cos(8-a)
(i) P PEZ .
+ QGivesthe correctanswer ............. 1
sinf — sina
cosa — cosf
(PK)2 = (cosa — c:ose)2 + (sinf — si:ncc)2
= cosa + cos 0 — 2 cosa cosf
+ sin®6 + sin"a—2sinfsina
=2~2cosccosf ~ 2sindsina
(iii) 2—2cos(9—a) =2~ 2cosacosf-2sinf sina PE2
. X « Givesacomectproof ................ 1
2¢08(6 ~ ) =2cosacos + 2sinf sina
cos(6 —a) = cosBcosa + sinfsina
Copyright © 2008 Neap TENME?, 55,08FM 4
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Question 3

Sample answer

Syllabus outcomes and marking guide

(@ x#1
Multiply both sides by (x—1)°.
x(x=1)=2(x- 1y
x(x=1)-2(x-1)"20
(x=-1)(2-x)20

l<x<2

PE3
« Gives correctsolution ............... 2

« Indicatesthat x# 1

(b) () 08x08=064

HE3
e Gi}cs/correctanswer ................ 1

5 2 3_ . (’L 2 |pES
(n) C3(08)7(02) W (' QO% « Gives correct aniswer, ignore rounding. .. 1

(iii) Need zero, (m T two women.

HE3

CO(O + ¢, (0. 8) (0 2)+ 124 )10(0 2) .~ Gives correct answer, 1gn_ore rounding .. 2
558 = Uses the correct terms in the appropriate
binomial expansion . |
(c) Testforn=1: 3®* D=1 4 5 =8 which is divisible by 8. Thus |H5, HE7 ’
lees acompleteproof............... 3
it is true for n = 1.
Assume 8 divides 35! 4 5. » Provides a proof that lacks a minor

~3%7' £ 5=81 where 1 is an integer

ie. 3% '=81-5

Testforn=k+1:
gRED-1 o g2 a2kl g
=9%(84A~5)+5
=724 -40
=8(91-5)
8(94 —5) is divisible by 8 as 94 — 5 is an integer. Thus if
3"~! 4 Sis divisible by 8 for an integer value of n, then it is
divisible by 8 for the following integer value of n. Since it is

divisible by 8 for n =1 and n =2, it is divisible by 8 for all
positive integers n.

component

« Makes some progress towards a proof, e.g.
shows that 3%"~! + 5 is divisible by 8 for
n =1, and begins to test divisibility for
n=k+ 1 on the assamption that the

Copyright © 2008 Neap
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Question 3 (Continued)

Sample answer

Syllabus outcomes and marking guide

(d) 4£TBC=74° (Opposite angles in a cyclic quadrilateral add

up to 180°.)

£TOC=148° (The angle at the centre is twice the angle at
the ¢ircumference, standing on the same arc.)

Join TC in ATOC.

ATOC isisosceles as OT= OC (radii).

».ZOCT = 16° (Base angles of an isosceles triangle are

equal)

=~ ZTCB = 66°

ZATB = LT CB (The angle between a tangent and a chord is
equal to the angle in the alternate segment.)

S LATB = 66°

PE2
*  Gives both angles correctly with supporting
B 3

*  Gives one angle found with supporting
reasons and the other angle without
SUPpOrting reasons . . ... .........o... 2

* Both angles found without supporting

reasons.
OR
*  One angie found with supporting
TEASONS -« vttt s e ieienenan e 1
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Question 3

(b)

Monthly rate: 0.7% = 0.007

Number of monthly répayments: 300

Let P be the monthly repayment

Let 4, be the amount owing afler » months.

So, 4, =30000001.007)— P
A, =300000(1.007)% — P(1.007)— P

4, =300000(1 007)* - P(1 007)? — P(1.007)— P

Ay =300000(1 007)™ = P(1.007)™ — P(1.007)™ —-.. = P

Argy = 300000(1.007)™ = P1.007)™ +(1.007)** ... +1
300

Gt

6Pt r=1.007 a=1 =300

00
A = 30000001007  pIAO0T 7 -1

0.007

Solve: 4y, =0

3
0 =300000(1.007) - P 100" -1

0.007

007" -1

300000(1.007)*° = PI(%]
300000(1.007)** x 0.007 _

P
(1 007)** ~1

$2,395.50 = P (nearest cent)

Copyright © 2008 Neap
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Question 4
Sample answer Sylabus oufcomes and marking gnide
" a_  sina P3, P4
@ @ tanz = 1+ cosa + Gives a complete proof .............. 2
) 2sinZcos% «  Uses two different half angle results
RHS = 2 2 appropriately ....... . ..ol 1
2
1+c0s Z- sinlg
2 2
. a o«
2sin=cos%
_ i cos 3
2cos =
sing
-2
a
cosy
a
= tan—
2
=LHS
Note: an alternate approach is 10 use the t results.
. : . FiA o P3, P4
(i) sina>0 and 2 <a<2m. ..o isinthe second o Gives COITECt ANSWET . - ..o v oo oo 2
quadrant. ‘
e Impliesthatcosa=— ..... ....... 1

Copyright © 2008 Neap
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Question 4

(Continued)
Sample answer Syllabus outcomes and marking gnide
) @  Jo)=2tnx+2x-z PE3, PG .
0.6)=—-057 * @Gives a correct demonstratien......... 1
£0.75)=0.22

As there is a change in sign on a continuous curve there

is a root between x = 0.6 and x = 0.75.

HSC Mathematics Extension 1 Trial Examination Solutions and marking guidelines

" fieD) PE3, P6
& BERTES + Obtains either 0.71, 0.7161... or 0.72. . .. 2
)= 2sec’x +2 »  Makes progi‘ess towards a solution, e.g. finds
F€0.6) = 4.93609 - the value of £(0.6) ..ot 1
X,=06 _—0.573319
4.93609
=0.716148
=0.71 or 0.72
(c) (i) The value where y = sinx crosses the x-axis is 7. P4
By symmetry, the length of the line joining s to the * Gives a correct demonstration . ........ 1
right side of the rectangle is x. Thus the x-coordinate
is 5t — x. The y-coordinate is sin(sr —x) and
sin (7 — x) = sinx.
(i) 'Thelengthof ABis % — 2x. The height of the rectangle | H5
o * Gives a correct demonstration . ........ 1
is sinx
area = length X breadth
= (- 2x) X sinx
dA ) H5, PE3
(iii) ol 2sinx + (7 - 2x)cosx +  Provides the correct solution
OR
—2sinx +cosx - 2xcosx =0 *  Providesa solution correct with respect
cosx =0 is not a solution, so divide through by cosx, topart®) () ..o 3

—2tanx+x—-2x=0
2tanx +2x -7 =0

(the solution from part (b) (ii))

* Provides solution with minor errors
or omissions, e.g. omits a test

formaximum .................L 2
x=0.71
Test: « Makes some progress toward a correct
dzA solution, e.g. uses the product rule to
—— ==2c0sx —7sinx — 2¢0sx + 2xsinx correctly differentiate the equation and
dx equates the derivative to zero. .. ....... 1
=—4cosx + (2x ~m)sinx
=-4.16 when x =0.71
The stationary point is a maximum.
The dimensions of the rectangle are 1.72 by 0.65.
Copyright © 2008 Neap TENME1 S5 TaENR 8

Question 5§
Sample answer Syllabus outcomes and marking guide
§ 3 2 PE3
@ o P =ax’ ~Tx +hx+4 » Obtains the correct values foraandb ... 2
P(4)=64a—112+4k+4=0 ,
64a+ 4k=108 « Determines one correct equation relating a
adb. oo 1
16a+ k=27
PO =a-T+k+4=-6.
a+k=-3
16a+k=27
a+k=-3
15a=130
a=2,k=-5
- 7 PE3
(ify  sum of the roots = 2 » Gives a correct answer with respect to
(Formula for the sum of roots = —é. ) part @ @. ... 1
. 12 PE4
) ® y= e » Givesacorreclproof . ............... 2
y'=15x * Provesy'=t.
OR
at (2, 12), ¥ =l %21 « Derives the equation without
2 proving y =17 .....iiiiiiiiiaans 1
y'=t
2
y-tr=1x-21)
y=tx— 2847
y=tx-1
. . 2 2 . PE4 .
=1x— =px— 1
(i) solving y=tx— and y=px—p simultancously »  Gives Comect anSWer .. ovevanannnn. 2
px—p2=tx—t1 - .
2 2 » Correctly demonstrates either the
px—wx=p 1 x coordinate or the y coordinate.
x(p-0)=(p~-D{p+1 OR
p#Et » Makes an error in determining one of the
coordinates then uses the wrong value to
x=pt correctly determine the other value... ... 1
y=tp+t)- £
=1p+ s
=1p
K=(p+1t,1p)
(iii) as £ TKP=90° PE4 ) ) ‘
*  Gives a correct demonstration .. ... ... 1
pXit==1
s Kis(p+1,-1),

which is a point on the line y=~1

Copyright © 2008 Neap
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Question 5 (Continued)
Sample answer Syllabus outcomes and marking guide
(© G

15sin50

15¢c0s50
y=155in50¢ = 5¢
x=15¢0850¢

need the value of y when x =10

. 10=15co0s50¢1

r=— 2t
3cos50
= 15850 X —2— _ (_Lﬁ)z
y-15s1n50><3cos50 Sx 3cosS
- 2 0)2
-—10tan50—5(3c035
=6.53%91 m

=6.5 mto 1 decimal place

HE3

+ Obtains a height of 6.5 m, ignore
rounding

+  Determines the equation 10 = 15¢cos50°
or equivalént.

(i} Need the value of x when y=0.
When y=0, ~-5¢(t~3sin50°) = 0.
1 =35in50° is required.
Calculating x gives
x=15e0s50° x 35in50°
=22.16 m
The ball landed 12.16 i past the tree.

HE3

Gives correct answer, ignore rounding .. 2

¢ Determines x =22.16, ignore rounding.
OR

» Correctly determines the distance past the
tree using the range calculated by a valid
method but including a minor ervor. . . .. 1

Copyright © 2008 Neap
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2 e
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®

E’/ /f i-=03 - s = 3 *

. T
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(b wary wdher L?‘uwﬁm and M”i"i“’ﬁ”j t=1 g

y = —3@/ &
Depbh Aidows avalee an -3 -(-3A) =(E-3Im

b -

Alternative _soluﬁon:

In 1 miinute the wheel ‘will have rotated 90° in an
anticlockwise direction.

Alternative solution approach:

» Gives correct solution .........aeetn 4
. 3 .
sinf = 6 » Determines that point 4 is approximately
o 5.2 metres below the centre of the wheel at

§=30 t=1 minue. oo oo 3
B =60°
¢ =30° » Determines the values L
d of G, fand g .....oeiiniiiiin 2
= =c0830°
6 « Determines that the wheel has rotated
d=5.196

through 90° at z=1 minute
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Question 6

®)

=

¥ -4

by o & +4)
re==Gt

(). Domain: x#2,-2

fii), Both the denominator and the numerator are positive for all real values

of x.So the derivative is negative for all real values of x, and, hence,

monotonically decreasing.

(v) -2<xs<2

) Since the function is odd, there is symmetry, and the integral is 0.

av_ 2887 cm’/min
dt

HES
« Gives correct answer

*  Makes significant progress towards the

@)

r=h
Ve %]”z B e solution. .......... ... il
L3 1+ Obtains 4¥= 28
_gﬂh ains = 8.
dV—-nhz OR
an AV _ 2
* Obtains = =g;h".
dh
The value of % when k=12 is required. OR
. ¢ Obtains ﬂl =—d—h— Xﬂ/ ................
dh_gh_xdv dr dV ' dt
d: dv'd:
=L x2s8n
Th
288
144
=2 cm/min
HE3

dh is constant.
dr

V=mx10®xh

In 1 minute:

2881 =7 x 10* % h
h=238

Gives correct solution

Qui:e;’stion 7 (b)

® LH.S.:i[i}xﬂ ® 2

dvi 2.

dt dx

dt =eu dx
13 x
dt = |e¥dx
fo=
=L
2%+1 = e~

2x=ln(2t+1)
x= l1n(2t +1)
2

x= lnwﬂ2t+1i

F==2eH

when x =0, ¥=—-2m/s’




Question 7

. Let the edge length be: 2a
Let the centre of the square be O and the midpoint of BC, P

L Consider the square ABCD:

Using Pythagoras® Theorem AC =+/84” = 242
0O is the midpoint of AC, so 40 = a2

Now, A4S =2a

Call the angle

AO
So —=cosx
AS

ii. Look at triangle SBP:

Using Pythagoras” Theorem: SP = 1/(2a)i -a’ =
Now, OP=q
Call the angle 6

In triangle SOP

or a 1

—— =cosé ——= =088 —==c0s68
sp a3 B

4 2a B
S
2a
B P
SP= a\/g
f=55°




