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2011 MATHEMATICS (EXTENSION 1) HSC COURSE ASSESSMENT TASK 4

Question 1 (10 Marks) Commence a NEW page. Marks

(a)

The acceleration of a particle moving on the x axis is given by & = 4z + 2 where

x is its displacement from the origin after ¢ seconds. Initially, the particle was

at the origin and had a velocity of 1ms™!.

i. Show that its velocity at any position = is v = 2x + 1. 2
ii. Find the time taken by the particle to reach a velocity of 9ms™?. 3
12
(b)  Find the term independent of x in the expansion of <x2 + —> . 2
x
(c) By referring to the expansion of (1 + x)", show that 3
2(2) + 6(Z> + 12(2) +o (- 1)<Z> = n(n — 1)272
by differentiating and substituting an appropriate value for x.
Question 2 (11 Marks) Commence a NEW page. Marks
(a) Given ) 3
(1 + x)lO(l o x)lO — (1 - 562) 0
and
n\ n
r)  \n—r
find the value of
102102+1021o2++102
0 1 2 3 10
(b) Mr Lim borrows $420 000 to purchase an apartment. The interest rate is 7.2%
p-a. reducible, and the loan is to be repaid in equal monthly repayments over 30
years, with interest calculated monthly. Let A, be the amount owing after the
n-th repayment.
i. By writing expressions for A; and As or otherwise, show that the amount 4
of each monthly repayment is $2 850.91.
ii. Due to a new wave of financial turmoils, the bank drops the interest rate to 4
6% p.a. reducible after 12 months of the loan commencing. Find the new
monthly repayment, correct to the nearest cent. The period of the original
loan remains at 30 years.
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2011 MATHEMATICS (EXTENSION 1) HSC COURSE ASSESSMENT TASK 4

Question 3

(12 Marks) Commence a NEW page.

(a) A particle is moving in simple harmonic motion about a fixed point O on a
straight line. At time ¢ seconds, its displacement x metres is given by

ii.
iii.

iv.

T = cos 2t — sin 2t

Express x in terms of Rcos(2t + a) for some R >0and 0 < a < 3.
Find the amplitude and period of the motion.
Find the initial position of the particle.

Hence or otherwise, find the time when the particle first returns to its initial
position.

(b) A particle if projected from a fixed point O on a horizontal plane at an angle of
elevation o with speed V metres per second.

After

ii.

time t, the horizontal and vertical components of its velocity are
=V cosa y=Vsina—gt

Show that the position P(z,y) of the particle at any time as it moves along
its path is given by
ga?
y =xtana — o2 (1 + tan? a)
If the particle is projected from the origin at an angle of 30°, find the speed
required for it to just clear a vertical wall 4 m high and 12m away from the

origin. Give your answer correct to 2 decimal places, and take g = 10 ms™2.

End of paper.

Marks

N = NN
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STANDARD INTEGRALS

1
2" dx = — "t 1 C, n#-1; x#0ifn<0
n+1

dx =Inx+C, x>0

8]

1
e dx =—e"+C, a#0

a

/
/
/
[osarts =linaic.  aso
/
/
/

1
sin ax dx = ——cosax + C, a#0
a
1
sec? ax dx = —tanax + C, a#0
a
1
secaxtanaxr dr = —secax + C, a#0
a
1 1 o
/mdﬁﬂ :Etan E‘I—C, CL#O

T
=sin!' =+ C, a>0,—a<zxz<a
a

1
/ va? — x2 d

1
/ﬁdfﬂ :n<x+vx2—a2)+07 x>a>0
Ir“ —a
1 /72 2
X

NOTE: Inz =log, x, z > 0



2011 MATHEMATICS (EXTENSION 1) HSC COURSE ASSESSMENT Task 4 SOLUTIONS 5

Suggested Solutions

Question 1

(a) i. (2 marks)
v’ [1] for finding v? = 42% + 42 + 1.
v’ [1] for justifying why v = 2z + 1.

Lod (1,
v2:/4x—|—2dx

=22+ 22+ C
v =42 +4x+ D

DN |

When ¢t =0, x =0 and v = +1

s.1=D
vt =42+ 4+ 1

As v is initially positive,

=424+ 1)2=22+1

ii. (3 marks)
v [1] fort=1iln(2z+1).
v 2] for substituting v =
obtaining ¢ = In 3.

9 and

v=9=2z+1
L 2x =8
r=4

dx
— =2 1
7 T+

dx
2 +1

=1dt

Integrating both sides,

1
§1oge(2:c+1) =t+C

(c)
When t =0, z = 0,

1
510&;1:0"‘0
L C=0

1
St = 5 10g€(2$ + 1)

When v =9, = 4 (from the start
of this part)

(2 marks)

v' [1] for obtaining the typical term in the
expansion, Ty = (1]3) (x2)12_k (x_l)k.

v (1] for Ts = ('2) (= 495).

(x2 + l) ’
T
A typical term in this expansion is
T = <1: ) (@) @'
_ (f) 242k —k
_ (f) 243k
The term independent of x occurs when
24 -3k=0

S3k=24
k=8

12
STy = ( > =495
8

v' 2] for differentiating correctly (twice)
v

(3 marks)

[1] for substituting x = 1 correctly.

(1+2)" = (g) + (?)x++ (Z)ﬂ

NORTH SYDNEY BOYS’ HIGH SCHOOL
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2011 MATHEMATICS (EXTENSION 1) HSC COURSE ASSESSMENT Task 4 SOLUTIONS

Differentiating,

n(l+z)"!
- (T) +2<z>x+3(g>x2
+4(Z>x3 +---+n(Z)x”—1

Differentiating again,

n(n —1)(1 4 )" 2

:2<Z)x+3 x 2(Z>x+4 x 3(2)#

4otn(n— 1)(2);6”2

Substituting x = 1,

n(n —1)2"2
- 2(2) + 6<Z) + 12<Z>

+---+n(n—1)<”>

n

Question 2

(a) (3 marks)

v [1] for recognising x'° is the required
term.

v [1] for using (}) = (,",) on the left to
simplify expression.

v [1] for —252. Relevant working must be
shown to obtain [3].

As the expansion results in a polynomial of
degree 20, yet the expansion only contains
(ljo), hence find the term with 20

Ty x Ty = (f) (17«0) 2 (=1)ra”
()

On the right,

2m =10

S.m =25

Ty = (150> (—1)5210 = _(150>$10

= —252¢°

On the left, the term with z'° occurs when

k+4+r=10
k|
10| O
9 1
0|10

()
()=o)
a3 (0
06 (-0

- 1)

- -
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2011 MATHEMATICS (EXTENSION 1) HSC COURSE ASSESSMENT Task 4 SOLUTIONS 7

(b) i. (4 marks)
v' 1] for A; and A,.
v’ [1] for summing GP.
v [1] for Aseo = 0.
v [1] for M = 2850.91.

e P =$420000,

r = % = 0.006 p-m-

Let the amount outstanding at the
end of the k-th month be Aj.

A; =P x 1.006 — M
AQ = A1 x 1.006 — M
= (1.006P — M)1.006 — M
= 1.0062P — M(1 + 1.006)
e A, =1006"P — M (1+1.006
+ -+ 4 1.006" 1)

a(r™ —1)
.
1(1.006" — 1)
1.006 — 1
=1269.23

Sp =

When the loan is repaid in
30 x 12 = 360 HlOIlthS7 A360 =0.

1.006%%° x 500 = 1 269.23M
1.006360 x 500

M= 1269.23 = $2850.91
ii. (4 marks)
V' [1] for finding A2 = 415895.38.
v [1] for finding new A,
v’ [1] for evaluating sum of GP.
v [1] for final answer.

Find the amount owing after 12
months:

Ay = 420000 x 1.0062

1.00612 — 1>

— 285091
5909 ( 1.006 — 1

=415 895.38

Now in the 13th month, the interest
rate changes to r = Oig6 = 0.005

p.m. with monthly repayment K:

Az = Ao x 1.005 — K
Ay = A3 x 1.005 — K
= (A9 x 1.005 — K) x 1.005 — K
= 1.005% A5 — K(1 4 1.005)

A360 _ 1.005360—121412
— K(l +1.005 +---+ 1.00536071271)

Evaluating the sum of GP with n =
360 — 12 = 348

1(1.0053 — 1)
1.005 — 1
= 934.54

S48 =
At the 360th month, the loan is
repaid. Azgp =0

0 =1.005>® 415 — 934.54K
415 895.38 x 1.005348
K= X

Question 3

934.54
= 2524.50
(2 marks)
v 1] for R=+2
v (1] fora=7.

x = cos 2t — sin 2t
= Rcos(2t + «)

= Rcos 2t cosa — Rsin 2t sin «
Equating coefficients of cos2t and

sin 2t,

Rcosa=1 (1)
Rsina=1 (2)
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8 2011 MATHEMATICS (EXTENSION 1) HSC COURSE ASSESSMENT Task 4 SOLUTIONS

(2) = (1)

tana =1
T
Ca=—
4
T
Rcos— =1
0054
1
Rx —=1

>

~R=v2
T
s =/2cos (2t+Z>
ii. (2 marks)

v 1] for a= 2.
v [1] for T =m.

amplitude = /2
_2m 2m
S n 2

=
iii. (1 mark)

xr = \/§cos <2t—|—z)‘
4/ lt=0

:ﬁxcosgzl

iv. (2 marks)
v [ for2t+Z =21,
!

2
_ 3
| fort=-F.

1= \/§cos (21‘,—1—%)

7r
2t —) -
Ccos ( + 1

ot T T TT
4 4’ 4
3T
2t =0, —
)
3T
t=0,—-
"4

Hence the particle first returns to

_ _3
x—latt—f.

(b) i. (2 marks)
v' [1] for integrating correctly.
v [1] for substituting ¢ =

correctly and
required.

showing what

=V cosa
y=Vsina— gt

T

Vcosa

is

Integrating,

x=Vtcosa+ Cig
y = Vtsina — %gt2+02

Initially, * = 0 and y = 0. Hence
Ci=Cy=0.

Jx=Vitcosa
|y =Vtsina — %th

Remove parameter ¢t to obtain

Cartesian equation,

X

t:
V cosa

T 1 T 2
:v< >__
y V cos o 29 (Vcosa)

gz?
2V2cos?

2
o gxr 2
=xtana — 573 SecT «
2V

2

=xtana — 29—52 (1 +tan2a)

=zxtana —

ii. (3 marks)
v' [1] for substituting o = 30°, z =

72 and y = 4.
v [1] for obtaining v? = 3% or
V3
equivalent.
v [1] forv=181ms™ L
a = 30° =12 y=4
o 10 x 144 2 o
4 = 12tan 30° — BT (1 + tan” 30 )
1
y_ 12 720 (1+ 1)
BT
4 12 960
=572
960 12 4
V2 o3
960
2
Ve = SER
V3
960
V= ]5— =181ms™!
1z -
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