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a.      

 
fig 1 

 
fig 2 

fig 1   fig 2 

21)3( 22
=+=r  21)3( 22

=+!=r  

2

1
sin =!  or 

3

1
tan =!  

6
cos

!
" =  or 

1

3
tan =!  

6

!
" =   

3

!
" =  

6
cis2

!
=u  !

"

#
$
%

&
'=

3
 cis2

(
v  

 
b. )31)(3( iiuv !+=  
      2

333 iii !+!=  
      i232 !=  ̀    A1 
 
 
 
 
 
 
 
 
 
 

!  
3!  

1 

2 

Im(z) 

!  

3  

1 
2 

Im(z) 



MAV SPEC MATH EXAM 2/2005   SOLUTIONS 
 
c. 
 
 
 
 
 
 
 
 
 
 
 )3(12

iui +!=  2)1()3( 22
=!+!=r  

 i2u i!!= 3  
3

1
tan =!  

 i2u =  2cis !
"

#
$
%

&
'
6

5(  
6

!
" =  

     A1 
        
d.  
 
 
 
 
 
 
 
 
 
 
 
             i2u                                        v 
 

 

e. =ui
2 2cis !

"

#
$
%

&
'
6

5(  from c. 

 )31(23
iiivi !"=  

       )31( ii !!=  
       i!!= 3  

       !
"

#
$
%

&
'=
6

5
cis2

(    A1 

Multiplication by i represents an anticlockwise 
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perpendicular, if u is rotated by 1800 (i2) and v 
rotated by 2700 (i3) then the two complex 
numbers will coincide and hence will be equal.
      A1 

Question 4   

a. kN
dt

dN
=  

     ! += cdN
Nk

t
11  

     clog
1

+= N
k

t
e

 

When 700,0 == Nt    M1 

     
700log

1
e

k
c !=

 
      ( )700loglog

1
ee

N
k

t !=  

      !
"

#
$
%

&
=

700
log
1 N

k
t

e
 

   
700

N
e
kt
=     

    kt
eN 700=     A1 

 
b. When 550=2= N,t  

k
e
2

700550 =  

!
"

#
$
%

&
=

700

550
log
2

1
e

k  

12.0!=k     A1 
 
c. 50700

12.0
<

! t
e  

 years22
700

50
log

12.0

1
=!

"

#
$
%

&
'>

e
t  A1 

  

d. mNP
dt

dN
+=  

     ! +
= dN

mNP

m

m
t

1  

     ( ) cmNP
m

t
e

++= log
1  

When 488,3 == Nt  

( )mP
m

c
e

488log
1

3 +!=   A1 

( ) ( )mP
m

mNP
m

t
ee

488log
1

3log
1

+!++=

   !
"

#
$
%

&

+

+
='

mP

mNP

m
t

e

488
log

1
3   M1 

mP

mNP
e

tm

488

)3(

+

+
=

!     

            
m

PemP
N

tm
!+

=
! )3()488(   A1 

 



MAV SPEC MATH EXAM 2/2005   SOLUTIONS 
 
e. i. If 60=P and 05.0!=m  

  
m

PemP
N

tm
!+

=
! )3()488(   

05.0

606.35 )3(05.0

!

!
=

!! t
e

N  

When 8=t  645=N penguins A1 
 

   ii.   As !"t , 1200
05.0

60
=

!

!
"N  penguins

      A1 
  

   iii. 800
)488( )3(

<
!+

!

m

PemP
tm

 

As !"t  0)3(
!

"tm
e  since 0<m  A1 

 800<
!

"
m

P  

  mP 800>!       since 0<m  
 mP 800!<"     A1 
 
Question 5   
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