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Q2dii  Diagonals of a parallelogram bisect each other. M is the 
midpoint of diagonal PS. 
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Q3bi  Since 02 ≥z and 04 ≥z  for real z, 
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Let φ=∠PQR . 

φθ +=∠TSP  (Exterior angle equals sum of opposite interior 
angles). 

φ=∠RPT  (Equal angles in alternate segments). 
φθ +=∠TPS  (See diagram). 
TPSTSP ∠=∠∴ . 

 
Q7bii  cTPTS == ( TSP∆ is isosceles) , acRT −=∴  and 
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Q7ciii  ( ) tevbb
dt
dx

v α−−−== 0 ,  

( )[ ]∫ −−−= dtevbbx tα
0

( )
c

evb
bt

t

+
−

+=
−

α

α
0 . 

At the start of the drift, 0=t , 0=x , 
α

0vb
c

−
−=∴ , and 

( )10 −
−

+= − te
vb

btx α

α
. 

Given ( ) tevbbv α−−−= 0 , 
0vb
vb

e t

−
−

=∴ −α  , 








−
−

=
vb
vb

t e
0log

1
α

 

and 
0

01
vb
vv

e t

−
−

=−−α . 

αα
vv

vb
vbb

x e

−
+








−
−

=∴ 00log . 

 

Q7civ  Given b
b

v 1.0
100 == , when b

b
v 5.0

2
== , 

( )4.08.1log
5.01.0

5.0
1.0

log −=
−

+








−
−

= ee

bbb
bb
bbb

x
ααα α

b
19.0≈ . 

 
 
 
 

Q8a  The statement: ( )
θ
θ

θθθ
sin2
2sin

12cos...3coscos
n

n =−+++ . 

When 1=n , LHSRHS ==== θ
θ
θθ

θ
θ

cos
sin2
cossin2

sin2
2sin

. ∴the 

statement is true when 1=n . 
Assume it is true when kn = ,  

i.e. ( )
θ
θ

θθθ
sin2
2sin

12cos...3coscos
k

k =−+++ . 

When 1+= kn , 
=LHS ( ) ( )( )112cos12cos...3coscos −++−+++ kk θθθ  

( ) ( )θθθθ 12cos12cos...3coscos ++−+++= kk , 

( ) ( )
θ
θθ

θ
θ

sin2
22sin

sin2
12sin +

=
+

=
kk

RHS  

θ
θθθθ

sin2
2sin2cos2cos2sin kk +

=  

( )
θ

θθθθθ
sin2

cossin2cos2sin212sin 2 kk +−
=  

θ
θθθθθ

θ
θ

sin2
sin2sin2cossin2cos2

sin2
2sin 2kkk −

+=  

θθθθ
θ
θ

sin2sincos2cos
sin2
2sin

kk
k

−+=  

( )θθ
θ
θ

++= k
k

2cos
sin2
2sin

 

( ) ( ) LHSkk =++−+++= θθθθ 12cos12cos...3coscos . 
∴ the statement is true for 1+= kn . 
Hence it is true for 1≥n . 
 
Q8bi  

( )







 −
+++==∑

= 2
12

cos...
2
3

cos
2

cossin2 2

1

δδδ
δπ

n
RAA

n

k
k  



















=











=

2

2

2

2

sin2
sin

2
cos

2
sin22

sin2
sin

sin2
δδ

δδδ
π

δ
δπ

n
R

n
R  

δ
δ

π nR sin
2

cos2 2= . 

Since 
2
π

δ =n , 
n42
πδ

=∴ , and hence 
n

RA
4

cos2 2 π
π= . 

 

Q8bii  As ∞→n , 1
4

cos →
n
π

, 22 RA π→  ( 2
1 of the surface 

area of a sphere). 
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Q8ci  ( ) ( ) ( )ntbabntatf −−+= sinsinsinsin , where 0>a , 
0>b , π<+ba and 0≠n . 

( ) ( ) ( ) 00sinsinsin0sin0 =−−+= babaf . 
 
( ) ( ) ( )ntbanbntantf −++=′ cossinsincos  

( ) ( ) ( )ntbanbntantf −−+−=′′ sinsinsinsin 22  

( ) ( )( )ntbabntan −++−= sinsinsinsin2  

( ) ( )tfntf 2−=′′∴ . 
 
Q8cii  
( ) ( ) ( )ntbntbabntantatf sincoscossinsinsinsincoscossin −−+=  

ntbantbabntabnta sincossincossinsinsinsincossincossin +−+=  
ntbabnta sincossinsinsincos +=  

( ) ntbaba sinsincoscossin +=  

( ) ntba sinsin += . 
 

Q8ciii  
( )
( ) b

a
ntb
nta

sin
sin

sin
sin

=
−
+

, ( ) 0sin ≠− ntb  and 0sin ≠b . 

( ) ( ) 0sinsinsinsin =−−+∴ ntbabnta , 

i.e. ( ) 0sinsin =+ ntba . 

Since π<+< ba0 , ( ) 0sin ≠+ ba ,  

0sin =∴ nt  and ( ) 0sin ≠− ntb . 

Hence πknt = , 
n
k

t
π

=∴  where Jk ∈ . 
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