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                                                                                          SPECIALIST MATHS 

                                                                                                  TRIAL EXAM 2 

                                                                                                                 2000 

                                                                                                     SOLUTIONS 
_______________________________________________________________________________ 

Question 1 

a.  i.  
iz 43

11

1 −
=  

              
i

i

i 43

43

43

1

+
+

×
−

=  

              
169

43

+
+

=
i
 

              )43(
25

1
i+=           (1 mark) 

ii.  






 −
= −

3

4
tanArg 1

1z  

                  '853°−=    to the nearest minute  (1 mark) 

iii.  left side = )2)(43(24 iii −−+++−  

                   48362 −−−++−= iii  

                   i10−=  

                   = right side      Have verified.    (1 mark) 

iv.  Let                  ,,    where432 Ryxyixwiw ∈+=−=  

So,  iyixyix 43))(( −=++  

        iyxyix 432 22 −=−+  

        ixyiyx 43222 −=+−  

Equating real and imaginary parts, we have 

                    322 =− yx       _______(A) and ixyi 42 −=          (1 mark) 

                                                                                
y

x
2−

=        ________(B) 

(B) in (A) gives 3
4 2

2
=− y

y
 

                             
24 34 yy =−  

                   043 24 =−+ yy  

             0)1)(4( 22 =−+ yy  

Since 04, 2 =+∈ yRy  has no solutions                         (1 mark) 

So, 1±=y  

When 2,1when  and2,1 =−=−== xyxy  

So the roots are ii −+− 2 and 2                               (1 mark) 

b.  i.  We are looking for the locus of points for which the distance from the complex number 

i−2  is equal to the distance from the complex number i+− 2   Mark each of these two complex 

numbers on the Argand plane.  Mark the midpoint of the line joining these two points.  Draw a 

straight line which passes through this midpoint and runs at right angles to the line joining the two 

complex numbers.  The diagram below shows this. 
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(1 mark) 

 

ii.  Let yixz += , so we have iyixiyix −++=+−+ 22  

                                       
2222
)1()2()1()2( −++=++− yxyx                                                       

                               12441244 2222 +−+++=++++− yyxxyyxx  

                                                         048 =+− yx  

                                                                       xy 2=              (1 mark) 

iii.  For all points in 
3

2tanand2tan,00except , 11 π
θ ≠=+ −−iS  so Sz ∉4 . 

An alternative solution is as follows. 

            )
3

sin
3

(cos34

ππ
iz +=  

                 i
2

33

2

3
+=  

So, 
2

33
and

2

3
== yx  

For complex numbers belonging to the set of S the relationship between x and y is given by 

xy 2= .  Clearly for 4z , 
2

3
2

2

33
×≠  and so Sz ∉4        (1 mark) 

iv.  Now, iz
2

33

2

3
4 +=  from part iii. 

So the subset that we require is 












+−=−− izizz 43
2

33

2

3
:  

                                                                                  (2 marks) 1 mark for each side of the equation 

 

Total 11 marks 
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Question 2 

 

a.  When y = 0, we have 1
16

0
2
−=

x
 

So,                                   
2

16
1

x
=  

                                     162 =x  

                                       4±=x  

The x intercept of the function f is (4, 0).  Note that x = -4 is not in the domain of f.        (1 mark) 

b.    1
16

)(
2
−=

x
xf  

                 116 2 −= −x  

So, 
332)(' −−= xxf  

When 1
32

,1)('
3

−=
−

−=
x

xf  

So, we need to solve the equation 0323 =−x                 (1 mark) 

To solve this analytically, we have 

      { } 0323232 3

2

323 =








++− xxx  

Now,                       03232 3

2

32 =








++ xx  has no solution (a quick sketch on a graphics 

calculator will reveal this), and so we have  

       0323 =−x  and so 1748.3=x  (to 4 places) 

Now, 5874.0)1748.3( =f  (to 4 places) 

So, )6.0,2.3(),( =nm  correct to 1 decimal place          (1 mark) 

To solve this question using a graphics calculator, just graph 323 −= xy  and find the point 

where this graph crosses the x axis. 

 

c.  This can be evaluated numerically using a graphics calculator.  Alternatively an analytical 

approach could be taken. 

The corner points of the cross sectional area are (1, 15), (4, 0), (-4, 0) and (-1, 15) 

                          area ∫+××=
4

1

)(21512 dxxf          (1 mark) 

                                 ∫ −+=
4

1

2
)1

16
(230 dx
x

       (1 mark)  

                               

4

1

1

1

16
230 








−

−
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−

x
x

 

                              

4

1

16
230 




 −
−

+= x
x

 

                             { })116()44(230 −−−−−+=  

                            48=  units              (1 mark) 
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d.  Since we are rotating around the y axis, our terminals of integration must be y values.  

                 volume required ∫ ∫−=
15

0

15

1

22 dyxdyx ππ   where the first integrand pertains to           

                                                                                    the function f(x) and the second integrand 

                                                                                   pertains to the function g(x)        (1 mark) 

Now, for f(x), let         1
16

2
−=

x
y          and for g(x), let      114 2 += xy  

                          so,   
1

162

+
=

y
x                                   so, 

14

12 −
=

y
x  

 

So, volume required  ∫∫
−

−
+

=
15

1

15

0
14

1

1

16
dy

y
dy

y
ππ                        (2 marks) 

                                   [ ]
15

1

2
15

0
214

)1(log16 







−−+= y

y
ye

π
π  

                                  { } { })15.0()155.112(
14

1log16log16 −−−−−=
π

π ee  

                                  ππ 716log16 −= e  

                                 )716log16( −= eπ  cubic units                    (1 mark) 

Total 10 marks 

 

Question 3 

a.  i.  distance from origin )2(cos2)1)2sin(2( 22 tt ++=  

                                          )2(cos21)2sin(22)2(sin2 22 ttt +++=  

                                          1)2sin(22))2(cos)2((sin2 22 +++= ttt  

                                          1)2sin(2212 ++×= t  

                                          )2sin(223 t+=                                                   (1 mark) 

ii.  Particle A is furtherest from the origin when )2sin(223 t+  is a maximum.  This occurs 

when                           0,1)2sin( ≥= tt  

                                           
2

9
,

2

5
,

2
2

πππ
=t  

                                             ...
4

9
,

4

5
,

4

πππ
=t                                         

                                               
+∈+= Jnnπ

π
4

                      

So furtherest distance that particle A can be from the origin is 223+ metres and this occurs 

when 
+∈+= Jnnt π

π
4

                                          (2 marks) 
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b.  To Show:        speed kr ==
~
ɺ  where k is a constant 

                                        
~~~

)2sin(22)2cos(22 jtitr
A

−=ɺ                                     (1 mark) 

                                       )2(sin8)2(cos8 22

~
ttr

A
+=ɺ  

                                              ))2(sin)2((cos8
22

tt +=  

                                              8=  

                                              22=        which is a constant                                      (1 mark) 

                                                 Have shown 

 

c.   i.     )2cos(
3

4
tx =             and tty cossin4=               (1 mark) 

                                                               )2sin(2 t=  

So,   )2(cos
3

16 22 tx =             and )2(sin4 22 ty =  

So, )2(cos
16

3 2
2

t
x

=                and )2(sin
4

2
2

t
y

=  

So, )2(sin)2(cos
416

3 22
22

tt
yx

+=+  

So,   1
416

3 22

=+
yx

   is the required Cartesian equation        (1 mark) 

 

ii.  Now ]
3

4
,

3

4
[ so,,0 and)2cos(

3

4
−∈≥= xttx       (1 mark) 

Also, tty cossin4=  

             ]2,2[,so,0 and)2sin(2 −∈≥= ytt                  (1 mark) 

 

iii.   
 

 

 

 

 

 

 

 

 

 

 

 

(1 mark) 
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d.  To show:  
BB

rkr
~~

=ɺɺ    where k is a constant 

Now, 
~~~

cossin4)2cos(
3

4
jttitr

B
+=  

                 
~~

)2sin(2)2cos(
3

4
jtit +=  

So,     
~~~

)2cos(4)2sin(
3

8
jtitr

B
+

−
=ɺ  

So,    
~~~

)2sin(8)2cos(
3

16
jtitr

B
−

−
=ɺɺ                       (1 mark) 

Now, left side 
B

r
~
ɺɺ=  

                       
~~

)2sin(8)2cos(
3

16
jtit −

−
=  

                       = ))2sin(2)2cos(
3

4
(4

~~
jtit +−  

                       4where
~

−== krk
B

 

                       = right side 

                                                Have shown                                                                           (1 mark) 

 

e.  Particle A and B collide iff ttttt cossin4)2cos(2AND)2cos(
3

4
1)2sin(2 ==+   

  (1 mark 

Now,                                                                                                     )2sin(2)2cos(2 tt =  

                                                                                                                    
2

2
)2tan( =t  

                                                                                                                            6154.02 =t   

                                                                                                                               3077.0=t  

It is not necessary to solve the other equation since for a collision to occur, both the equations must 

have the same value of t.  Since 3077.0=t  occurs outside the required interval, a collision cannot 

occur in the first one tenth of a second of the particles' motion.                         (1 mark) 

 

Total 14 marks 

 

 

Question 4 

 

a.   

 

 

 

 

 

 

 

 

 

 

(1 mark) 

θ
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b.  Using part a., we have, resolving horizontally, θcos
3

220 g
Fr =      ________(A) 

and resolving vertically we have g
g

N 20sin
3

220
=+ θ      ____________(B) 

Since the suitcase is on the point of moving, NFr µ= , so NFr 5.0=    _________(C) (1 mark) 

Using (B), we have θsin
3

220
20

g
gN −=      ________(D) 

In (C), we have        )sin
3

220
20(5.0 θ

g
gFr −=     ________(E) 

To show:  θθ cos
3

220
)sin

3

220
20(5.0

gg
g =−  where °= 45θ  

                                             Left side )
2

1

3

220
20(5.0 ×−=

g
g  

                                                            
3

20g
=  

                                           Right side 
2

1

3

220
×=

g

3

20g
=                           (1 mark) 

c.  The suitcase is on wheels and therefore has smoother contact with the ground.    (1 mark) 

d.  i. 
 

 

 

 

 

 

 

 

 

 

 

 

 (1 mark) for forces around the backpack                   (1 mark)  for the forces around the suitcase 

ii.  At the point of moving, 11 NFr µ=  

Now, resolving around the suitcase we have gPN 20sin1 =+ θ  

                                                                                        
2

90
201 −= gN  

So,                                     )
2

90
20(5.01 −= gFr  

                                                 2.66=  correct to 1 decimal place 

Resolving around the suitcase, we have θcos1 PTFr =+  

                                                                      20
2

1
901 −×=Fr  

                                                                             6.43=   to 1 decimal place 

Since 2.666.43 < , we see that the friction is not at a maximum and so sliding is not about to 

happen.                                                                                                                                  (1 mark) 

θ

1N
2N

1Fr

2Fr
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e.   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(1 mark) for forces around the backpack and (1 mark) for forces around the suitcase 

 

f.  Using the diagram from part e., and resolving around the suitcase, we have, 

 

                                            
~~
amR =  

So, 
~

1
~

1 20)30cos20()30sin20300( iagNiFrTg =°−+−−°−  (1 mark) 

So, equating components in the 
~
i  direction, we have 

                    aFrTg 2010300 1 =−−−      ________(A) 

and equating components in the 
~

j  direction, we have 

                            0
2

3
201 =×− gN  

So,                                            gN 3101 =  

Also,                                        11 NFr µ=  

                                                       g3105.0 ×=  

                                                       g35=  

So, we have from ____(A),       aggT 203510300 −−−=       _______(B)       (1 mark) 

 

Resolving around the backpack we have 

              
~~

2
~

2 8)30cos8()30sin8( iajgNigFrT =°−+°−−                  (1 mark) 

So, equating components in the 
~
i  direction, we have 

                              agFrT 842 =−−                   _________(C) 

and                       0
2

3
82 =×− gN  

                                               gN 342 =  

Also,                                      22 NFr µ=  

                                                      g346.0 ×=  

                                                      g34.2=  

1N

2N 1Fr

2Fr

°30

°30
°30

 

~
i~

j

 



 

_______________________________________________________________________________ 

THE HEFFERNAN GROUP 2000                                  Specialist Maths Trial Exam 2 solutions 

9

Substituting this into (C) gives 

                                aggT 8434.2 ++=         _________(D)            (1 mark) 

Equating (B) and (D) gives 

    aggagg 2035103008434.2 −−−=++  

                            gga 34.71430028 −−=  

                                32827.1=a  

So,  
2m/s3283.1=a          (1 mark) 

 

ii.  Since the pulling force is constant, the acceleration will be constant.      

For constant acceleration, 
2

2

1
atuts +=  

                                        
23283.1

2

1
040 t×+=  

                                           8.7=t  secs (correct to 1 decimal place)       (1 mark) 

 

Total 15 marks 

 

Question 5 

Now,               )2)(3( +−= CC
dt

dC
 

So,                  
)2)(3(

1

+−
=

CCdC

dt
 

And        ∫ ∫ +−
= dC

CC
dC

dC

dt

)2)(3(

1
                  (1 mark) 

                                                                                    Let 
)2()3()2)(3(

1

+
+

−
≡

+− C

B

C

A

CC
 

                                                                                                                     
)2)(3(

)3()2(

+−
−++

≡
CC

CBCA
 

                                                                                                      True iff )3()2(1 −++= CBCA  

                                                                                            Put BC 51,2 −=−=  

                                                                                                                  
5

1
−=B  

                                                                                             Put AC 51,3 ==  

                                                                                                                  
5

1
=A            (1 mark) 

                                                                                    So, 
)2(5

1

)3(5

1

)2)(3(

1

+
−

−
≡

+− CCCC
 

So,              ∫∫∫ +
−

−
= dC

C
dC

C
dC

dC

dt

)2(5

1

)3(5

1
 

                                  kCC ee ++−−= )2(log
5

1
)3(log

5

1
         where k is a constant 

so,                        k
C

C
t e +

+
−

=
2

3
log

5

1
         (1 mark) 
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Now, when 6log
5

1
,3 etC =−=  

So,                     kee += 6log
5

1
6log

5

1
 

So,                                0=k  

And so                           
2

3
log

5

1

+
−

=
C

C
t e                   (1 mark) 

 

b.                                 
2

3
log5

+
−

=
C

C
t e  

                                  
2

35

+
−

=
C

C
e t

 

                      3)2( 5 −=+ CeC t
 

                     32 55 −=+ CeCe tt
 

                         32 55 −−=− tt eCCe  

                       32)1( 55 −−=− tt eeC  

                                    
1

32
5

5

−

−−
=

t

t

e

e
C  

So,                              
t

t

e

e
C

5

5

1

32

−

+
=                     (1 mark) 

 

c.  Now,                      
t

t

e

e
C

5

5

1

32

−

+
=  

So at 00000001.2,4 −== Ct  

So at 4=t , the pathology sample is °00000001.0  below °− 2 Celsius          (1 mark) 

 

d.  Use a graphics calculator to graph the function.                  

We see that initially, say for ]1,0(∈t  the temperature  

increases at a rapid pace. (1 mark) 

The rate at which the temperature increases then slows  

dramatically and the temperature approaches °− 2  Celsius  

                                                                     (1 mark) 

e.  Now, 
t

t

e

e
C

5

5

1

32

−

+
=                              and so, 

2

321 55

−
+− tt ee  

                                                                                           22 5 −te  

                                                                                          ________ 

                                                                                                       5 

So,         
te

C
51

5
2

−
+−=       (1 mark) 

As 2, −→∞→ Ct  

(since as 0
1

5
 so,,1so,,

5

55 →
−

−∞→−∞→∞→
t

tt

e
eet  from below 

and so 2
1

5
2

5
−→

−
+−

te
 (1 mark) 

Total 10 marks 

 


