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Student Number:

Section 1: Multiple Choice (10 marks)

Indicate your answer on answer sheet provided.
Allow approximately 15 minutes for this section.

Q1. Consider the polynomial P(x) = 3 +3x+a. If (x —2) is a factor, what is the value

ofa?

A -18

B -30

C 18

D 30

” 3

Q2. An asymptote for the curve y=x'—x2_3—3 is:

A y=x2

B y=-3

C x=-3

D X = —J3_

Q3. The point P (1, 2) divides the interval AB in the ratio k:1. If A is the point (-3,
6) and B is the point (7, -4), what is the value of k?

A 3
2
3
B —_
2
C —_
3
D 6
=
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Q4. The diagram below shows a circle with tangent TA. X and Y are points on the circle
and XY =2xTX.

Which of the following is true?

A TA=3xTX

B TA> =3xTX
C TA? =2xTX?
D TA* =3xTX?

Q5. In the expansion of (x — 2y)10 , the middle term is:

A -8064x"y°
B 6720 x°y°
C 3360 x° y*
D 13440 x*°
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The diagram below shows the path of a projectile launched with a horizontal velocity v
from a cliff of height h.

v

Which of the following values of v and h will give the greatest value of 6.

A v=10,h=30

B v=30,h=50
C v=50,h=10
D v=10,h=50

dx
Using the substitution u = J; , J can be transformed to:
X+ J;

2du
A
u+1
[ du
B 2
Jou tu
[ 2du
C 2
Jou tu

]2[ -
D Al 2
u +u
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Q8. The derivative of y = x’sin™' (2x) is?

2x*
A 2xsin”' (2X) + ———
(2x) V1-4x’

2
B 2Xsin‘1(2x)+x—
1—4x?

2
. -1 X
C 2xsin (2x) — 77—
J1-4x°
X2

D 2xsin™ (2X) + ——
1-2x2

Q9. The velocity of a particle moving in a straight line is given by v=2x + 5 where X
metres is the distance from a fixed point O and Vv is in metres per second. What is the
acceleration of the particle when it is 1 metre to the right from O?

A a="Tms"
B a=12ms"
C a=14ms”
D a=24ms"

Q10. At a university, the probability that a student is studying part-time is p=0.2.

Ten students from the university are randomly chosen to complete a survey.
The probability that 6 of the 10 students study part-time is given by:

A 10C, (0.2)°

B 1oc, (0.2)%0.8)°
C 1oc, (0.2)" 4*
D loc, (0.2)" 4°

End of Multiple Choice
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Section II Total Marks is 60

Attempt Questions 11 — 14.
Allow approximately 1 hour & 45 minutes for this section.

Answer all questions, starting each new question in a new booklet with your student ID
number in the top right hand corner and the question number on the left hand side of your paper.
All necessary working must be shown in each and every question.

Question 11 Start New Booklet 15 marks
a) Find [ xJ4 —x dx using the substitution u = 4 — x. 2
b)  When the polynomial P(X) is divided by (x + 1)(x —2) the remainder is

d)

18x + 17 . What is the remainder when P(X) is divided by (x —2). 2

Find the general solution to 2cosx = JT: .
Express your answer in terms of 7. 2

E
—_

] dx in simplest exact form. 3

Evaluate j
1452
0 X

Question 11 continues on the next page
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Question 11 continued

f)  Inthe diagram, the points A, B, C and D are on the circumference of a circle, whose
centre O lies on BD. The chord AC intersects the diameter BD at Y. The tangent at D
passes through the point X.

It is given that 2CYB= 100° and 2DCY = 30° .

B
NOT TO
SCALE

A
0
100°Xy
X
DI'.'!
C D

Copy or trace the diagram into your writing booklet.
(1) What is the size of £ACB?
(1)) What is the size of £2A4DX ?

(i11)) Find, giving reasons, the size of £ CAB.

End of Question 11
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Question 12 Start New Booklet

b)

d)

Student Number:

x> =9

2x2 -

Show all intercepts on the coordinate axes and all asymptotes for the curve.

Without the use of calculus, sketch the graph of y =

A standard pack of 52 cards consists of 13 cards of four suits; hearts,
diamonds, clubs and spades.

What is the probability that if five cards are selected without replacement,
that at least four of the cards are of the same suit?

Solve sinx+~/§cosx=JZ_ for0 £ x < 2m.

By considering both sides of the identity (1 +x)"(1 +x)"=(1+x)" " and
comparing coefficients, show that :

(30 - () 5)

PQap, apz) and 0(2aq, aq2) are two points on the parabola X = 4ay .
+
2

The equation of the chord PQ is y = [p qu —apg (DO NOT PROVE THIS)

(1) IfPQ passes through the point R (2a, 3a), show that pg=p+g—-3 .

(i) If M is the midpoint of PQ, show that the coordinates of M are:

[a(pqw),%(pwsf—zqu

(ii1)) Hence, find the locus of M.

End of Question 12
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Question 13 — Start New Booklet

b)

d)

Use the method of mathematical induction to prove that 32" s
divisible by 5 for integers n = 1.

1

1
Use the substitution x = cosf to evaluate I 5 dx.

2
State your answer in simplest exact form.

7
The constant term in the expansion of x‘{ 2x% + ;J is 896.

What is the value of m?

If a, B and Y are roots of the equation 2 -3x+1=0,

what is the value of l + l + l ?

« By
A camera, one kilometre away in the horizontal direction from where the
Space Shuttle is being launched, is tracking the ascent of the shuttle.
Assume the Space Shuttle ascends in a straight line in the vertical direction.

Thirty seconds after being launched, the Shuttle reaches a

height h of 3240 metres and is travelling at a speed of 230 metres per second.

The angle 0 is the angle of elevation of the camera as it tracks the shuttle.

At what rate is 0 increasing 30 seconds after the shuttle is launched?

End of Question 13
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Question 14 Start New Booklet 15 Marks

a)  The acceleration of a particle P is given by the equation x = S)C(x2 +1)

where X metres is the displacement of P from the origin O after t seconds.
Initially, P moves from O with a velocity of -2 ms™.

(i)  Show that the velocity of P in any position X is given by
2 -1
v==-2(x"+1)ms . 2

(i) Find an expression for the displacement X in terms of time t. 2

b) A patient was administered with a drug. The concentration of the drug in the

patient’s blood followed the rule C(f) = 1.3¢ P , where t is measured in hours
and C(t) is measured in mg/L.

The graph of C(t) is shown below:
c@

C(t) = 0.1 mg/L
I e — ]

The doctor left instructions that the patient must not receive another dose of the
medicine until the concentration of the drug has dropped below 0.1 mg/L.

Using t = 15 as a first approximation, use one application of Newton’s method
to find approximately when the concentration of the drug in the blood of the
patient reaches 0.1 mg/L. 3

Question 14 continues on the next page
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Question 14 continued.

¢) A young man wishes to have a bowl of hot soup. He heats the soup to a temperature
of 75°C. He then allows it to cool. The soup cools to 65°C in 5 minutes. Given that
the surrounding temperature S °C is 22 °C and assuming Newton’s Law of Cooling

is given by %: —k(T-S):

(1) Show that 7 = § + Ae ' is a solution to the differential equation,
where A is a constant.

(i1) Find the temperature to the nearest degree of the soup 15 minutes
from the time it begins to start cooling.

d)
Y

0

Ol—— k — X

A vertical wall of height h metres stands on horizontal ground. When a projectile
is launched, in a vertical plane which is perpendicular to the wall, from a point on
the ground which is k metres from the wall, it just clears the wall at the highest
point of its path.

The equations of motion for the projectile with angle of projection 6 are:

1
x = (VcosB)t y=(VsinB)t —Egtz

(DO NOT DERIVE THESE EQUATIONS)

(1) Show that the particle reaches the highest point on its path
V'sin®

g
(i1) Hence, or otherwise, show V = %(4!:2 + kz).

when ¢ =

END OF EXAMINATION
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Multiple Choice.

PQ2)=32) +3x2+a=0
Q1 30+a=0
a=-30

Vertical Asymptote

I
| we

-3
2
X
Q2 x )

5

X

A(-3,6)

k Not to Scale
~ P (L2)

4 1

B (7,-4)

Q3 6

(98]

W0 W

?;-..
Il

TA® = XT.YT

TY = XT + YX
=TX+2TX

Q4 =3TX

~ AT" = XT 3XT
= 3XT

11 terms therefore sixth term is middle.

Q5
10C,(x*)(2y)) = = 8064x°)’

Q6 Closest to vertical produced by maximum
height and minimum horizontal velocity.
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u=Jd = u=x
2u.du = dx

Q7 J 2u du

2
u +u

jZdu
u+1

y=x"sin" (2x)

d
2 w' + v’

Q8 dx
. -1 2 2
=2xsin (2x) +x". >
N1 —4x

v= (2x+5)
Vool
v _ 2
5= (& +20x +25)
1 5
)
Q9 * - dx
1
= (8 +20)
atx =1
L]
i= 5(8+20)= 14
10C,(0.2)°(0.8)*
Q10 = 10C,0.2)°0.2)". 4*

= 10,0.2)". 4*
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Question 11

Student Number:

Jxﬂ dx

u= 4—x
x=4—-u
= — du

J(4—u)3J§—du
J ui—w du

) 2 '
_ 25 2 5
——Su 4><3Xu

I
__2__2
—Su 3u +C

5 3

2 S8 2
- @9 S@-v+C

2 marks — correct solution

1 mark — correct
substitution.

P(x) = (x - 2)(x + 1)O(x) + 18x + 17

x=2
18 + 17=153
therefore remainder is 53

2 marks — correct solution

1 mark — correct expression
for Division
Transformation.

5
>
4-x "~
x + 4
5=4-x
x=-1
x=-2 x=0 x=>5
5 5 8]
= -> — =1
621 4_1 1

2 marks — correct solution

1 mark — one correct
inequality only
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2cosx = J§
3
COSX = g 2 marks — correct solution
d 3
coSQ = £ = q=2 1 mark — correct acute
2 6 angle
x=2n T[i%
6 1
J ) dx
2
o 1+—x
J‘ 6 1 3 marks — correct solution
- 1
0 5(2"‘95)61’6 2 marks
b3 — correct integration but
5 J’ 6 ] incorrect substitution of
- Q2+ x2) dx values
e 1 [ ox 2 - Incorrect form of inverse
2X| —=tan | = tan but correct substitution
v 2 0 of values
T | mark
- mar
) 2 0
=J2 | tan —=—tan —= ]
\5 2 — a form of inverse tan as
integral
-1 T
=J2tan | —F
62
"
£ £ ACD=90° (£ ma semicircle) 1 mark — including correct
LACB + 2YCD=90 reasons
LACB=90-30=60°
.. 4 ADX =307 1 mark — including correct
f-ii (angle in alternate segment theorem) reasons
\
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LCAB= 4CDB

(s standing on same chord are =) 2 marks — with FULL

fiii 100° =30°+ 2CDB reasoning
-1ii o

t £ of A = t ya
(e &0 opp interior £) 1 mark — correct value with
2CDB = 70° incomplete reasons

£CAB =170°

Markers Comments
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Question 12

B ¥ -9
y 2
19
=350
therefore hyperbola
9 ) ) 1 3 marks - correct
y= - 7 which has been raised by 5 shape and all required
features.
xzintercepts y=0
“x —9=0 2 marks — correct
. x=43 shape and either
intercepts or
asymptote
1 1 mark — correct
L, o shape or intercepts or
““““““““ 9 -—-7-—:"—'-'-4 .
b, y=3-327 asymptote
+ \‘ FJ
& 4 / \\\ 2 ;/ \.: ¢
x Intercept i /  xIntercept
(-3,0) Y, = ;o (3,0)
\ i
1 I
| I
T !
Four cards of same suit.
BC, X ¥C, x4 143 3 marks — correct
52C5 = 3332 =0.043 solution
Five cards of same suit. 2 marks — one error
3 4 but must be
b Csx4 5148 _ 1.980 x 107 calculating the two
2Cs 3332 cases
therefore 1 mark considers 2
cases and has correct
P(5 same) + P(4 same) = 0.44897 = (0.0449 denominator.
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o]

sinx + J’;cosx =
Rsin(x + o) = Rsinxcosa + Rsinacosx

Rcosa = 1
Rsina = J?:
N
tana = —

1

T

a= —

3

Rz(sinza + cosza) =1+3

R=2
T T s 7Tt
2sin| x +—| = 2 BT
S“{x 3} 2 3=¥T3=7
_[+1TJ 1
Sm| x - | = =
3) &
L m_3m 9
YT3T 4y
_5Sm 23m
1%

3 marks — correct
solution

2 marks — 2 solutions
taking into
consideration the
domain

1 mark — one correct
solution only.

m+n

coefficient of x° in (1 + x)

m+n
— m+nc3:[ 3 ]

i
-GG

R N

2 marks — correctly
identifying comparing
coefficients of X

1 mark — incomplete
explanation of
identifying comparing
coefficients of x°
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_[(pta
y=\"73 pF-arq

o ¥=2a y=3a 1 mark — correct
p+q demonstration
3a= 5 2a — apq
3=ptq-pq
pg=p+tq-3
( 2 2
M= 2ap + 2aq ap” + aq
2 ’ 2
2, 2
ap”+4q)
= a(P+Q'),TJ
/ 2, 2
ap”t4q)
= a(Pq+3),TJ

2_ 2 2
Pptq) =p t2pg+tq

2
(P+q),~2pq = pjwj
(pg+3) —2pq= p +q

n4=[auw+n,§mw+3f—mﬂJ

1 mark correct
calculation

Solution for incorrect M

M= [a(pq+3),§(pq+3)2—2pq]

x = a(pg + 3)
= pg+t3="=
prq 4
I3
Pq 4
2
Y 2la)  “\a
x2 2x
y= -6
2a a

2 marks — correct
solution

1 mark — correct
substitution for either

(pa+3) or pa.
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Solution for correct M

M= [a(pq+3),§[(pq+3)2—2pq])

x = alpg+3)
X
= pgti3=
X
pq:;—3
2
_a i} a [,
Y 2 a 2 a
2
- + 3a
Y 2a o

MSC HSC X1 Trial 2017 - Page 21




Student Number:

Question 13

3 Marks:
Forn=1,3"-2"=3"_2"=5 Correct solution
« S(1) is true
%w ok 2 Marks:
Assume S(k) : ik -2 = 5‘1;‘:: M€ Z Correct S(k) and correct
37 = 5M+2° S(k+1)
13| Show S(k) = Stk + 1):37 2 2% "?=5N, NezZ  Mark
a) 2k+2  A2k+2 42 a2k 2, A2k ark:
-2 =3 06)-@)2 Correct S(1) and S(K).
= 9[5M +27]-4(2 2)
= 45M + 92" - 427
= 45M + 5% = s5[9Mm + 2°
= SN where N € Z
“Sk)y = Sk+1).
B dx . 3 Marks:
x = cos® - 4o — sind Correct solution.
| 1 i
x==-=cos0=—-> 0=— 2 Marks:
B 2 B 2 B 3 Correct integrand and
x=1-cosb=1->06=0 correct primitive function.
| 0 1 Mark:
1—x° J1—cos’® ) Correct substitution
5 dx = — > .—sinBdb
1 X n cos ©
2 3
13 ,
b 0
) Jsin’0 ) —sin’0
= > (—sinB)db = L
n cos @ n cos @
3 3
3 , 3 ,
= J taanBZJ [sec’™@ —1]d6
0 0
S Y
= tanB — 6 b = tang—g
3
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" 7 " 3 Marks:
From [Zx2 + —] a=2x" ,b=—n=17 Correct solution
X X
k
2 Marks:
_ m _ 3 -
T,. =7C,02x") ”{;] =7C,2" Hmx" Correct Tys1 and k=6
4 7—ky, kv, 183k
13 T, =71C,2" By = 18-3k=0 OR
c) k=6 Correct k and m from
7C, (2)(m®) =896 — 14m° =896 — m° = 64 incorrect Ticr
. m=2 1 Mark:
Correct expression for
Th+1
27 _3x+1=0 2 Marks:
3 | Correct solution
- atfry=0,aft+tay+tPy= -, afy= -3
13 2 2 1 Mark:
d) B 3 Correct values for sums and
I 1 1 of+ay+By 2 X products of roots
a By aBy 1
2
Y 4 Marks:
tand = —— = 1000tan®
. 1000 - . Correct solution
d_ i(lOOOta 8)—i(1000ta B)@
it di T - 3 Marks:
Correct expression for
dy , do 5 dB dy/dt and relevant attempt to
——=(1000sec”0y—= 1000[1 + tan 0 }— doe
dt dt dt find —
dt
2
d do
= 1000[ 1+ (L) ]—
13| dt 1000/ | dt 2 Marks:
e) Correct expression for
@b _ _ _ »,d8 dy/dt.
o 230,y = 3240 - 230=1000[1 + 3-24 ]I
1 Mark:
B2 02’ ins 2
dt 1+ 328 rad s Obtains E(lOOOtanB) or
equivalent expression
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Question 14

Student Number:

1, 2 marks correct
d EV solution and working
—= 2 —8x’ +8x
dx
%VZ - I(8X3 +8X) dx 1 mark for C
%v2 =2x*+4x* +C
a (i) t=0, x=0 v=-2
~C=2
v = 4(x4 +2x> +1)
Vi =4(x? +1)
V= J_r2(x2 + 1)
V= —2(x2 + l)
X=0 V=-2
dx 2% 41 2 marks for correct
e (x*+1) working and solution
dt _ 1
=
dx  —2(x"+1) 1 mark for
1 1 1
t=—— dx t=——tan"' x+C
2I X2 +1 ,
. 1 tan x 4 C but incorrect solution.
(ii) 2
x=0 t=0
C=0
t= —ltan"1 X
2
—2t=tan"' X
X = tan(—2t)
X = —tan(2t)
1.3te™®t = 0.1 3 marks for correct
L3te —0.120 solution and working.
C(t)=1.3te™™" -0.1 2 marks for correct
b C'(t)=1.3e""" -0.39te™™"  product rule C’() and obtaining an
' ’ answer of approx. 19.
t=15 However incorrect C(t)
: C(15)
=15~ C'(15) ~17.3 1 mark for correct C(t)
or C’(t), however
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incorrect
approximation.
No marks were given
for making the question
easier due to incorrect
C(t) or C(1).
T=S+Ae™™ 1 mark for correct
solution.
?j—-[ = —kAe™
cW |- krTos)
a solution
T =22+ A 3 marks for correct
75 99 1 Ae® solution and working.
A=353 2 mark for correct A
T=22153™" and k value but
. incorrect T.
65=22+53e"
.. 43 1 mark for correct A
(11) —=e
53 value.
43
-5k =In| — Carry on marks were
53 given for incorrect A
k ~0.041818... value but correct k and
T = 22 4 53¢ 15(0041818) T value.
T ~50°C nearestdegree
. l ., 1 mark for correct
y =Vtsin6 - 9 gt solution.
highest point y =0
d@ |
y=Vsind - gt
(o Vsind
g
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(ii)

Method 1
V'sin@
Att= x=k v=nh
g
J'sinB . Vsmb 1 [ VsmB
k= Vcosb h=Vsnf)—— ——
g 22\ g
. 2.2
V'sinBcosO V7 sin'0
k= ——— h=
g 2g
h Vsin’0 o g _ tanb
k 2g VsinBcos® 2
tan© i
no = —
2k

2h k

§ind = —T7——— cosh =—FT7——
Ji? + 4k’ Ji? + 4k’

Given
. V2sin’0
2g
20h
pi= =
sin O
2
o | M
& 2h
- W+ 4k’
= X
& 45’

g .2 2
= +
E(k 4k7)

;

Method 1
1 mark for both k and h
expressions

1 mark for correct sin
and cos expressions

1 mark for obtaining
required expression.

Method 2
1 mark for sin2(theta)
And cos2(theta)

1 mark for writing
Pythagorean identity.

1 mark for obtaining
correct expression
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Method 2
1
x = VcosO ¢ y= V:’sinE}t—Egt2

_ VsinB

Att =2 x=k,y=>h

therefore

V'sinB

k= Vcosb
o__ ke

- c0s0sind
2kg

B 2cos0sinb
2kg

" sin(20)

2k
sin(20) = 7;5 Eqn (1)

Vsind g v’sin’ 0
g

h = VsinB

 V’sin’®
-

1 _2gh
5(1 —cos 20) = 2

4gh
I—c:0526‘=i2
V

Agh
coszezl-% Eqn @
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(sin 20)” + (cos 28)" = 1

ke | 40h Y
v v

4kg? N (V2 —4ghy’ 1
a v

4% + (V2 — dghy = v*

4k*g* +v' - 8Vgh + 16g°0 = 1*
4k*g” — 8Vgh + 16g°h* = 0
4k*g* + 16g°h* = 8V’gh
4’ + 16g°0
8gh B
48°(K° + ah’)
8gh B

g4
2h

2

V

V2

V=2 @+ )
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