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2012 MATHEMATICS (EXTENSION 1) HSC COURSE ASSESSMENT TASK 4

Question 1 (8 Marks) Commence a NEW page. Marks
d (1 d?

(a) Prove . <§v2> = d—tf 2

(b) The velocity of a particle moving along the x axis is given by

Initially, the particle is at x = 1 with velocity v =4ms™".

v =4(1+2?)°

1

i. Find value of the initial acceleration. 2

ii. Show the displacement of the particle as a function of time is 3

t <2t+ ﬂ)
T = tan —
1

iii. Explain why 0 <¢ < g for this motion to be valid. 1

Question 2 (7 Marks)

Commence a NEW page. Marks

(a) Consider the expansion of (1 + 2z)™.

i. Write down an expression for the coefficient of the term in z*. 2
ii. The ratio of the coefficient of the term in z* to that of the term in 29 is 3
5 : 8. Find the value of n.
(b)  Find the coefficient of 2% in the expansion of (1 — 2x)¥¥(1 + 3z)!". 2
Question 3 (9 Marks) Commence a NEW page. Marks

A particle is projected from ground level with an initial speed of 50ms™! towards a
wall which is 60m from the point of projection, and 20m high and just scrapes past
the wall (i.e. does not collide with it).

Take g = 10ms~2.

e
50ms~t -7 T
y g
= o
X
|
[ 60 m >|
a Show that the equations of motion for this system are 3
(a) q y
x = 50t cos
y = —5t2 + 50t sin a
(b)  Show that 9tan?a — 75tana + 34 = 0. 3
(c) Hence or otherwise, find the angle(s) of projection for which the particle will 3

just scrape past the wall, correct to the nearest degree.
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2012 MATHEMATICS (EXTENSION 1) HSC COURSE ASSESSMENT TASK 4

Question 4 (7 Marks) Commence a NEW page.

Samuel Sung opened a warehouse on 1 July 2012, distributing SolarSystem S8 mobile
phones to retailers.

His initial stock was 10 000 units of the phone. During any month, he sells 25% of the
existing stock at the beginning of that month. In order to keep up with demand, he
purchases an additional 100 phones on the last day of each month.

(a)

Show that the number of phones in the warehouse at the end of the second
month is

Ay = 10000 x 0.75% + 100(1 + 0.75)

Show that A,, the number of SolarSystem S3 phones in stock after n months is
given by
An =9600 x 0.75™ + 400

After how many months of opening the warehouse will Samuel distribute less
than 500 phones to retailers?

Question 5 (8 Marks) Commence a NEW page.

(a)

By considering the expansion of (1 + )", show that

2<Z> +6<§> +12<Z> +...+n(n_1)<z>  n(n — 1)272

i. State the number of terms in this geometric series:

I+ (1+2)+(1+2)+Q+z)+ +(1+2)"

ii. BExpress 1+ (1+2)+(1+2)?+(1+2)>+---+(1+2)" in simplest terms,
using the formula for the sum of a geometric progression.

iii. By considering the coefficient of ", where 0 < r < n, in the expansion of

I+ (1+2)+(Q+2)’+(1+2)° +- + (L+2)"

Gy ()0 ()= ()

Prove that

End of paper.
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STANDARD INTEGRALS

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

dx =Inz+ C, x>0

Sl

1
e dx =—e" 4+ C, a#0
a

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

sin ax dx = ——cosax + C, a#0
a
1
sec? ax dx = —tanazx + C, a#0
a
1
secaxtanax dx = —secax + C, a#0
a
1 1 4
/mdﬂ? zatan —|—C a#()

i
=sin"! = +C, a>0,—a<z<a
a

1
/ Vva? — x2 d

1
/ﬁd%‘ :n<x+\/x2—a2)+(§’, x>a>0

1
- _ 2
/ x2+a2daz n<x—i—\/az +a)—|—C

NOTE: Inz =log, x, z > 0



2012 MATHEMATICS (EXTENSION 1) HSC COURSE ASSESSMENT Task 4 SOLUTIONS 5

Suggested Solutions

Question 1 (Ziaziaris)

(a) (2 marks)

% <%v2> = div <%1)2> j—z (chain rule)
_dv
dx iii.
_dz dv
T dt da
_dv d*z
dt — dt?

=a

(b) i. (2 marks)

v' [1] for differentiating to obtain
a = 8x(1+ 2?)

v [1] obtaining @ = 8ms™? after
substitution and evaluation.

v? :4(1—|—:U2)2

d (1 ,\ d o2
=2-2¢-2- (1427
:856(1—|—:U2)

r=1

= 16 ms 2

ii. (3 marks)
1] for obtaining %% = 2(1 + 2?).

v o
v [1] for obtaining tan™!x = 2t + C. Question 2
o

(a) i.

1] for value of C.

v? :4(1—|—:U2)2

When = 1, v > 0. Hence use
positive square root.
dx
=—=2(1+2°
v a ( +x )
d
T 24t
1+ 22
Integrating,

tan "tz =2t +C

When t =0, x = 1.

(1 mark)
v' [1] awarded only for fully justified
answers.

As it is not physically possible to
cross t = 5§ when x = tant (which
makes particle “teleport” from x =
00 to z = —o0!), inspect the domain

of tant in its first period only:

us us
D={t:-Z<t<7}
2< <2

Inspecting the domain of

tan (2t + %):

s v v
D:{:—— o+ I _}
biog <2+ <3
PR L
1 4 4
Ast >0,

D:{t:0§2t<%}:{t:0<t<—

(Lowe)
(2 marks)
v’ [-1] if the term (rather than

coefficient only) is given.

(14 22)" = f: (Z) 9k ik

k=0

Coefficient of term in z*:

(5)
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6 2012 MATHEMATICS (EXTENSION 1) HSC COURSE ASSESSMENT Task 4 SOLUTIONS

ii. (3 marks) The coefficient of 23 appears when k+r =
v 1] for simplifying ratio of 3:
coefficient of term in z* to term
in 8. k r|lk+r Coefficient
v [1] for obtaining quadratic after 0 3 3 18) (17 9033
equating with ratio of %. 0 3
v’ [1] for justifying n = 8 only. 1 2 3 _(18) (17 9132
The term in z% is 1 2
2 1 3 273
<n> o6 2 1
6 18 17\ 3.0
30 3 - 2°3
2) (6
Ratio of term in z* to that in z5:
Hence the coefficient of the term in z3 is

(§) x 26 bl
’ 6><5><;¥!1u/6‘)’!'2g22
30

0 3 1 2

ABIHRRBIE

DxP  F T (5 () (1) ()

4(n —4)(n —5) (Stop at this point and ignore any further
= 15 working to simplify)
2(n—4)(n —5)
The terms are in the ratio 5 : 8: Question 3 (Fletcher)

il 3

3 (a) (3 marks)
[

= - v [1] for correct basis equations
Fn—1(n—5) ¥ |

12 = (n—4)(n —5) P20 j=-g

2 —
nt—9n+20 =12 v [1] for each correct derivation of x and y

n?>—9n+8=0 in terms of ¢.
(n—=8)(n—1)=0

.m =8 onl .
n only 520
as n = 1 produces no z* or 2% term. J=-g

(b) (2 marks) inding = by integrating twice

v’ [1] for pairs of k and r that add to . .
x:/xdt:/Odt:Cl

required index.

v' [1] for final answer.
When ¢t = 0, the component of velocity is

(1= 20) (1 +32) Z = 50cos
18 18 17 17
. T = 50t cosa + Co

The typical term in this expansion is
When ¢t =0, x = 0. Hence Cy = 0.

18 17 kokaor k+r
<k><r>(_1)23x .z = 50t cos a

LAST UPDATED AUGUST 21, 2012 NORTH SYDNEY BOYS’ HIGH SCHOOL




2012 MATHEMATICS (EXTENSION 1) HSC COURSE ASSESSMENT Task 4 SOLUTIONS 7

Finding y by integrating twice: (c)

y:/@dt:/—gdt:—gt—i-(;'g

When ¢ = 0, the component of velocity is

y=—g(0) + C3 = 50sin «
. C3 =50sin o
= —gt +50sin

L
:/—gt—l—SOsinadt
1, ,
= —§gt + 50t sin a 4+ Cy
When ¢t =0, y = 0. Hence Cy = 0.

1 2 .
Sy = —§gt + 50t sin «

(b) (3 marks) (a)
v [1] for Cartesian equation, eliminating ¢.
v [1] for substituting x = 60, y = 20.
v’ [1] for final answer.

x = 50t cos «
T

{y = 5t + 50tsina

~ 50cos

Substitute to y = —5t2---:

T T
-5 < ) 50 <
Y 50 cos a + 50 cos a

g’ Lt
=— T tan a
B x5 x 102 cos? o
2
= —$—sec2a—|—xtana
500
22 9
= =00 (1 + tan a) + xtan
When particle scrapes past, x = 60 and
y = 20.
9
5 X 107 15
2(5 = —% (1 +tan2a) —i—,@CYtana
X

x5
25 = -9 —9tan®a + 75 tan o

s 9tan’a — Thtana + 34 = 0

)sina (b) @3

(3 marks)

v' [1] for tana = % V489 (or unsimplified

equivalent,)

v [1] each for a = 26° or o = 83°

Let m = tana.

9m? —T5m+34=0
754 /752 — 4(9)(34)
o 2%9

75+ 31/489

- 18

25+ /189

18
25 + /489

18
o = 26°,83°

m

cotana =

Question 4  (Lin)

(2 marks)
\/ [1] for Al.
v [1] for A

A; =10000 x 0.75 + 100
Ay = Ay x 0.75 4 100
= (10000 x 0.75 + 100) x 0.75
+ 100
= 10000 x 0.75% + 100(1 + 0.75)

arks)
1]
1] for S, = 4(1 — 0.75™).
1]

m
v' [1] for correctly generalising to A,.
v o
v o

for final answer.

A, = 10000 x 0.75"
+100 (140.75+ -+ +0.75"")

GP:a=1,r=0.75
1(1-0.75")  (1—0.75")
Sn p— pu—
1-0.75 1
= 4(1-0.75")

oA, =10000 x 0.75™ + 400 (1 — 0.75™)
= 0.75" (10 000 — 400) + 400
= 9600 x 0.75" + 400
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2012 MATHEMATICS (EXTENSION 1) HSC COURSE ASSESSMENT Task 4 SOLUTIONS

Question 5

(2 marks)
v [1] for A, x 0.25 < 500.

v [1] for final answer.

(b)

e The number of phones distributed is
A, x 0.25 (distributes 25% of what is
in the warehouse).

(9600 x 0.75" 4 400) x 0.25 < 500

500
9600 x 0.75" + 400 < 025 2000

9600 x 0.75" < 1600
+9 600 +9 600

1
0.75" < =
6

1
nlog0.75 < log 6

log %

= 6.228 -
log 0.75

n >

Less than 500 phones will be distributed
after 7 months.
(Ireland)

(3 marks)
v' [1] for correctly differentiating each time.

v' [1] for substituting z = 1 and obtaining
correct expression.

Differentiating,

n(1+z)"" = (?) +2<Z>x+...+n<z>xn_1

Differentiate again,

n(n —1)(1 + z)" 2

:2<Z> +3.2<g>$+...+n(n_1)<z>xn2

When x =1,

n(n—1)2"? = 2(2) +6<g> +etn(n— 1)<Z>

i.

ii.

iii.

(1 mark) n + 1.

(2 marks)

v' [1] for correct substitution into
sum of GP formula.

v’ [1] for final answer.
I+(1+2)+Q+2)+1Q+2)° +-+(1+2)"
GP:a=1,r=(1+2x).

L((14z)"tt —1)

S =
n+1 (1 T 1_) 1
1
—— 1 n+1 -1
Ly -)
(2 marks)
v [1] for finding coef in z" as (7) +
(") e+ ()
v [1] for obtaining coef of "1 which
is (711)-

= 1+(1+z)+(1+2) %+ - +(1+z)"

Examine the coeflicient of z" in

1

(1 +a)"tt—1):

e 1" term appears when the power
is > r. Relevant terms are:

r r+1 r42 n
r r r r
In 1+ (142)+(142)%+- -+ (1+2)",
the term required is "' as z~!

exists to reduce the index by 1. The
coefficient is thus

n+1
r+1
Equating coefficients in z",
1 -1
(7)) 0)
r r r r

_(n+T
S \r+1
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