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The locus of P is a circle of radius 1 unit and centred at ( )0,1 , 
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Q3ai  ( )xf −  is the reflection of ( )xf  in the y-axis. 
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Q3b  The zeros of 353 +− xx  are α , β and γ . 

3−=∴αβγ , 5−=++ γαβγαβ  and 0=++ λβα . 

Let dcxbxx +++ 23 be the cubic with zeros α2 , β2 and γ2 . 
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Q3di  Vertically, 0cossin =−+ mgNF θθ ……(1) 

Horizontally, 2sincos ωθθ mrNF =− …………(2) 
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Q4a  Consider LAM∆ and PAG∆ . 

APBALB ∠=∠ , subtended by the same arc on the 
circumference. 

AQBAMB ∠=∠ , subtended by the same arc on the 
circumference. 
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Q4di  ( ) s−=− αβα , s=∴ βα 2  

( ) ( ) r=−++− αβαβαα , r−=∴ 2α  
( ) q−=++− βαα , q−=∴β  

( )( ) sqr ==−−=∴ βααβ 22  
 
Q4dii  Since Rr ∈  and rir 22 =−=α , ri±=∴α . 
Hence there are two purely imaginary zeros and they are 
( ) ri−=−α  and ri=α . 
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Assume it is true for kn = ,  

i.e. 1

12

2
24

2
1...

2
13

2
121

−

−
+

−=





++






+






+ k

k kk , then 

( ) ( )
k

k

kk

kkkk 





++

+
−=






++






++






+






+

−

−

2
11

2
24

2
11

2
1...

2
13

2
121

1

12

 

kk

kk
2

1
2

424 +
+

+
−=

( )
( ) 112

214
2

34
−+

++
−=

+
−= kk

kk . 

∴it is also true for 1+= kn . Hence it is true for all 1≥n . 
 

Q6aiv  As ∞→n , ( ) 0
1

84

1
84

→
−

+
=

−
+

n
n

nn
n . 

Since ( )1
84

2
2
1 −

+
<

+
− nn

nn
n , 0

2
2
1 →

+
∴

−n

n  

and the series 4
2

24 1 →
+

−=
−n

n . 

 



© Copyright 2007 itute.com                                                                                                         NSW BOS Mathematics Extension 2 Solutions 2007  4

Q6bi  






 +
=

−

2
log5

4.14.1 tt

e
eex , tt

x

eee 4.14.152 −+= . 

Implicit differentiation with respect to t: 

( )tt
x

ee
dt
dxe 4.14.15 4.1

5
2 −−= , 
















−

=∴
−

5

4.14.1

2
7 x

tt

e

ee
dt
dx , 










+
−

=∴
−

−

tt

tt

ee
eev 4.14.1

4.14.1

7 . 

 

Q6bii  tt
x

eee 4.14.152 −+= , ( )24.14.1

2

52 tt
x

eee −+=









, 

24 8.28.25
2

++=∴ − tt
x

eee . 
2

4.14.1

4.14.1
2 49 









+
−

=
−

−

tt

tt

ee
eev











−=
















−

=















−+

=
−−

5
2

5
2

5
2

5
2

4.24.2

149
4

4449
4

249
x

x

x

x

tt

e
e

e

e

ee . 

 

Q6biii  5
2

5
2

2

5
491

2
49

2
1 xx

ee
dx
dv

dx
dx

−−

=









−=






=&&  

2
2

2.08.9
49

1
5
49 vv

−=







−= . 

 
Q6biv  22.0 v−  represents the air resistance during the fall. The 
negative sign shows the direction of the air resistance is opposite 
to that of motion. 
 
Q6bv  Assuming the raindrop has reached terminal velocity, 

0=x&& , 02.08.9 2 =− v , 7=v ms-1. 
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2
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∫∫ <∴
xx

dtdtt
00

1cos  where 
2

0 π
<< x . 
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2
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( ) xxxf +−=′′ sin . For 0>x , ( ) 0sin >+−=′′ xxxf , since 
xx <sin . ( )xfy =∴  is concave up for 0>x . 

 
Q7aiii  ( ) 0>′′ xf  for 0>x . ( )xf ′∴  is an increasing function 
for 0>x , and since ( ) 00 =′f , ( ) 0>′ xf  for 0>x . 

( )xf∴  is an increasing function, and since ( ) 00 =f , ( ) 0>xf  
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i.e. ( ) θφθ sinsin =+  where 0≠φ . 
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Q8bi  The series is geometric, 1=a , 2zr = . 

( ) 1
11

112

2

2

2

2

1
1

1
1 −

−

−

−

−−










−
−

=
−
−

=
−
−

=
−
−

= n
nnnnn

n z
zz
zz

zz
zz

z
z

z
zS . 
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Q8bii  Let θθ sincos iz += , 
( ) ( ) θθθθ sincossincos1 iiz −=−+−=− , 

θθ 2sin2cos2 iz += , …,  
( ) ( )θθ 22sin22cos22 −+−=− ninz n , 

θθ ninz n sincos += , ( ) ( )θθ 1sin1cos1 −+−=− ninz n  

( ) ( ) θθθθ ninninz n sincossincos −=−+−=− . 
LHS ( ) ( )[ ]θθθθ 22sin...2sin22cos...2cos1 −+++−+++= nin  

RHS ( ) ( )
( ) ( ) 








−−+
−−+

=
θθθθ

θθθθ
sincossincos

sincossincos
ii

ninnin  

           ( ) ( )[ ]θθ 1sin1cos −+−× nin  

θ
θ

sin
sin n

= ( ) ( )[ ]θθ 1sin1cos −+− nin . 

 

Q8biii  Equate the imaginary parts on both sides and let 
n2
πθ = . 

LHS ( )
n

n
nn

πππ 1sin...2sinsin −
+++= . 

RHS ( )
n

n

n
n

n
n

n

n
2

cot

2
sin

2
cos

22
sin

2
sin

1
2

1sin

2
sin

2
sin π

π

π
ππ

π
π

π

π

==





 −=

−
= . 

 

Q8ci  

( )

n

n
n

n

n

n

ndd n π

π

π

π

π

π

sin

1sin
...

sin

2sin

sin

sin
... 11

−

+++=++ −  

( )

nnn

n

n

n
n

nn n

n

2
cos

2
sin2

sin
cos

sin

2
cot

sin

1sin...2sinsin
2

2

πππ

π

π

πππ
π

π

==

−
+++

=  

n2
sin2

1
2 π

= . 

 

Q8cii  np = , ( )11 ...1
−++= ndd

n
q , 

2
22

11

2

2
sin2

2
sin2

...






=






=

++
=∴

− n
n

n
n

dd
n

q
p

n

ππ . 

 

Q8ciii  

2

22

11

2

2

2
sin

22
sin2

...


















=





=

++
=

−

n

n
n

n
dd

n
q
p

n π

π
ππ . 

As ∞→n , 0
2

→
n
π , 1

2

2
sin

→

n

n
π

π

, 
2

2π
→∴

q
p . 
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