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SPECIALIST MATHEMATICS 
Units 3 & 4 – Written examination 2 

 

 
 

 

2010 Trial Examination 
 

SOLUTIONS 
 
SECTION 1:  Multiple-choice questions (1 mark each) 
 
Question 1 
 
Answer: B 
 
Explanation: 
By completing the square, the equation of 4844 22 =−−− mymxyx

 
becomes  

( ) ( )
( ) ( )
( ) ( ) 1

4
2

442

44442

2
2

22

2222

=+−
−

=+−−

=++−−−

mymx

mymx

mmymmx

  

This is a hyperbola with centre (2m, -m)  and the semi-axes a = 2 and b = 1 
 
Question 2 
 
Answer: A 
 
Explanation: 
 
For )(xf to have non-stationary point of inflection at 1=x , second derivative at this point 
must be zero. Because )(xf is an increasing function, the first derivative must be positive. 

 22)(     ,12)(
x
BAxf

x
BAxxf −=′′+−=′  

When 1=x , 02     ,012 =−>+− BABA  

After substituting 012 into  2 >+−= BAAB , we have 
4
1

>A  and 
2
1

>B  
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Question 3 
 
Answer:  D 
 
Explanation: 
 

,  ,4)( 32 +∈−= Raxxaxf  is defined when 04 32 ≥− xxa . 

Solving the inequality graphically, 




 +∞∪



−∈ ,

2
10,

2
1

aa
x . 

 

 
 
Question 4 
 
Answer: D 
 
Explanation: 
 
For the stationary point of inflection, both )(xf ′ and )(xf ′′ must equal zero which is true at 
(0, 0). 
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Question 5  
 
Answer: B 
 
Explanation: 
Alternative A is obviously incorrect as for { } { }333:3: ≤−−∩≤= izzzzS ,  z belongs to 

the shaded region , and therefore 
2

)(0 π
≤≤ zArg . 
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Further, for every z from the shaded region, .3≤z The minimum value of OAz = .  

As  323 −== BCOA , it follows that  .3)12(3 ≤≤− z  
 
Question 6 
 
Answer: E 
 
Explanation: 
 
Substituting iyxz +=  into  izz 21+=−  and rearranging   

( ) iyxyx

iiyxyx

)2(1

21
22

22

+++=+

+=−−+
 

Equating real and imaginary parts,  02 =+ y , 122 +=+ xyx  and solving for x and y gives  

2,
2
3

−== yx .  Therefore, iz 2
2
3
−= . The only correct alternative is  .

2
5

=z  
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Question 7 
 
Answer: C 
 
Explanation: 
 
The polynomial has real coefficients. By the conjugate root theorem, aiz += 1  is also a 
solution. The quadratic factor is  

222 12)1)(1()11( azzaiaizaiaiz ++−=−++−++−  
 
Question 8 
 
Answer: E 
 
Explanation: 
 

( ) ( )kjiba nnn −+++=+ 1316  ,   kjic 532 ++−=  
The scalar product of these two vectors must be 0. 

10)1(5)31(312)( =⇒=−+++−=•+ nnnn cba  
 
Question 9 
 
Answer: C 
 
Explanation: 
 
 
 
 
 
 
 
 
 
 
Question 10 
 
Answer: A 
 
Explanation 

Let 
2

1
2

1

1
cos  and  

1

1cos
a

a

a +
=

+
= −− βα .  

Then  
a

a
a

a

a

1tan  and  tan
1

cos  and  
1

1cos
22

==⇒
+

=
+

= βαβα . 

Using the addition  formula for tangent,  ( )
a

aa
a

2
1

11

1

tan
2 −

=
+

−
=− βα  
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Question 11 
 
Answer: D 
 
Explanation: 
 

)1ln(
1

1ln x
x

y +−=
+

=             yep
dx
dyx =+  

  Substituting  
xdx

dy
+

−=
1

1 into  yep
dx
dyx =+  yields   
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Question 12 
 
Answer: A 
 
Explanation: 
 
Using the chain rule: 

dx
dt

dt
dy

dx
dy

=  

tb
dt
dytby

ta
dt
dxtax

cos  ,sin

sin  ,cos

==

−==
 

The gradient of the tangent is  
ta
tb

dx
dy

sin
cos

−= .   

For 
4

3π
=t , the gradient of the normal is 

b
a

b
a

−=
4

3tan π  

 
Question 13 
 
Answer: B 
 
Explanation: 
 
Let dudxuxxu =−=+=   and  2    then,2  

du
u

u

du
u

udx
x
x

∫

∫∫








 −=

−
=

+
−

5

2

5

2

3

0

52                   

52
2
12

 



2010 SPECMATH EXAM 2 
 

 TSSM 2010                                                                                                                                                        Page 6 of 15 

Question 14 
 
Answer: E 
 
Explanation: 
 
The slope field given in this question appears only in the first and third quadrant. The 
corresponding differential equation is defined only when x and y are both positive or both 
negative.  

 





=

x
y

x
y

dx
dy ln  is defined for 0>

x
y .  

 
Question 15 
 
Answer: D 
 
Explanation: 
 
The graph below shows the relation 45 242 −+−= xxy . 

 

 enclosed area ∫ =−+−=
2

1

24 646.4454 dxxx   

 
Question 16 
 
Answer: C 
 
Explanation: 

∫

∫

∫∫

−=

=

=
+

xdxxx

dxxx

dx
x

xxdx
x

xx

cos)sin1(sin
2
1                          

cossin
2
1                           

cos2
cossin

2cos1
cossin

22

32

2

5252

 

The substitution  duxdxux == cos,sin  gives  ∫ − duuu )(
2
1 42 . 
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Question 17 
 
Answer: C 
 
Explanation: 
 

gramsxt 5001050,0 =×==  

500,0   ,
50

224

50
283

)(0

==
+
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−×=
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−×=

xt
t

x
dt
dx

t
x

dt
dx

tRateRateV
xRateionConcentratRate

dt
dx

outin
outinin

 

 
Question 18 
 
Answer: A 
 
Explanation: 
 

( ) 1.0,0,1  ,,   , 0011 ===+=+= ++ hyxyxhfyyhxx nnnnnn ,  )(log),( yxxyxf e +−=  

0 1

1 2

 1      0 0.1(1 log 1) 0.1
1.1,    0.1 0.1(1.1 log 1.2)

                      0.1 0.11 0.1log 1.2
                      0.21 0.1log 1.2
                    

e

e

e

e

x y
x y

= = + − =

= = + −
= + −

= −
 

Question 19 
 
Answer: A 
 
Explanation: 
 
When .10  and  0,0 21 −=== vvt   

32
1

2
1 3 3 tdttstv ==⇒= ∫

  
tt)dttstv 102106( 10)6( 32

2
2

2 −=−=⇒−= ∫  
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Question 20 
 
Answer: D 
 
Explanation:  
 
 
 
 
 
 
 
 
 
 
 
Sum of perpendicular components = 66.1630sin1050sin3060sin40 =°+°−° (2 dec.pl). 
 
Question 21 
 
Answer: B     
 
Explanation:                                                   

 
Resolving horizontally :  0sin =−+ αµ mgRF                                          
Resolving vertically : αα cos0cos mgRmgR =⇒=−  
Therefore, )cos(sincossin αµααµα −=−= mgmgmgF . 
 
Question 22 
 
 Answer: B 
 
Explanation: 

3 22
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SECTION 2 
 
Question 1  

                
 

a. Region ( )






 =+=

4
1: πzArgzA  represents a ray with gradient of 1 with the domain 

( )+∞− ,1 , while region { }21: =+= zzB  is a circle with centre at (-1, 0) and radius 2. 
 

 
                                                         Ray with correct domain (excluding -1) and gradient    A2 
                                                                                 Circle with correct centre and radius      A2 
 
b. 1,1 −>+= xxy             A1 

     ( ) 41 22 =++ yx             A1 
 
c. Method 1 

If 21 0 =+ z and 
4

)1( 0
π

=+ zArg , then the polar form of 1+z0 is 







+=

2
2

2
22

4
2 icis π . M1 

221 iz ++−= , as required.         M1 
 
     Method 2 
 
Solving the Cartesian equations simultaneously yields   
( ) ( ) 21411 22 ±−=⇒=+++ xxx        M1 
As 1−>x , 2,21 =+−= yx  and therefore, 2210 iz ++−= .                                  M1 
 
d.    

i   ( )
4

621 66
0

πcisz =+                                                                            M1 

                      
i

i

64
2

3sin
2

3cos64

−=







 +=

ππ
                                                                                    A1              

    ii    
2
1

0 4
21 






=+

πcisz  9 72    and  2 2
8 8 8

cis cis cisπ π π = = − 
 

                              A2 

 
 

o
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Question 2  

a. b
2
1a +=

→

1AA ,   ab
2
1

1 −=
→

BB                                                                                                          A2 

 
b.    

 







 +==

→→
ba

2
1

1 nAAnAN    (1)  ,     





 −==

→→
ab

2
1

1 mBBmBN                                                        A1 

Also,   
→→→

+= BNABAN   

             aba
2
mmAN −+=

→

  (2)                                                                              M1

        

Equating  (1) and (2) yields   baaba nnmm
2
1

2
+=−+   

                                              baba
22

1 nnmm
+=+






 −  

                                               
2

  ,
2

1 nmnm
==−                                                                     M1      

Solving the last two equations simultaneously gives 
5
2  ,

5
4

== mn . 

Therefore,  1:4:
5
1  ,

5
4

1111 =⇒==
→→→→

NAANAANAAAAN                                                             A1 

 

c.    





 −•






 +=•

→→
a

2
1bb

2
1a11 BBAA                                                                                                     

M1 

                           bababa •−+−•=
4
1

2
1

2
1 22

                                   

                           
22

2
1

2
1

4
3 baba +−•=       (1)                                                                        M1 

 
(2)    

4
3 

2
1

2
3        

60cos

2kkk =××=

°=• baba
                                                                                             A1 

Substituting (2) and k=a , ba
3
2

=  into equation (1), we have   

2222
11 16

19
8
9

2
1

16
9 kkkkBBAA =+−=•

→→
  A1 

1A

A
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N

B

1B

1C

1D
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Question 3 
a. Let   .θ=∠CAD               

                                                                                   
From the triangle ACD,  

x
x 8.1tan

tan
8.1

=⇒= θ
θ

,        A1 

From the triangle ABD,  ( ) x
x 2.3)tan(

tan
2.3

=+⇒
+

= θα
θα

 .                                               A1 

Further,   
x

x

x 2.3
8.1tan1

8.1tan
=

×−

+

α

α
                                                                                               M1 

                 

76.5
4.1tan4.1)76.5(tan

tan76.52.3tan8.1

2.3
tan8.1
tan8.1

2
2

2

+
=⇒=+

−=+

=
−
+

x
xxx

xxx
xx

x

αα

αα
α
α

                                                        M1     

 
b.      

i.      
76.5

4.1)( 2 +
=

x
xxf

 

             

( )

( )

( ) required. as  ,
)76.5(

76.54.1         

M1                                                                                          
)76.5(

276.54.1         

 M1                                                                                
)76.5(

24.176.54.1)(

22

2

22

22

22

2

+
−

=

+
−+

=

+
×−+

=′

x
x

x
xx

x
xxxxf
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A

B
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D

α
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ii. The angle α  will have a maximum value when αtan  has a maximum and  

  therefore when f(x) has a maximum.                                                                                        
M1                        

     4.276.5   when0)( ±=±==′ xxf . As x > 0,  x=2.4     M1  

             °=
+
×

= − 26.16
76.54.2
4.24.1tan 2

1α                                      A1  

c. 
dt
dx

dx
d

dt
d αα

=                                                                                            

    12.1 −−= ms
dt
dx  

secondper  degrees...626978.1  ,4   when,
76.5

4.1tan 2
1 −==

+
= −

dx
dx

x
x αα  (calculator)        M1 

1.626978... 1.2 1.952374.. 2d
dt
α
= − ×− = ≈ degrees per second.                  pos. rate              A1 

                                                                                                                  correct value          A1 
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Question 4 

a. 
     m

eey
mxmx

2
2−+

=
−

          
 

         

2
     

2
mxmx

mxmx

ee
m
meme

dx
dy

−

−

−
=

−
=

                                                                                                     M1 

required. as ,
4

2           

4
2           

4
)(

22

22

22

mxmx

mxmxmxmx

mxmx

ee

eeee

ee
dx
dy

−

−−

−

+−
=

+−
=

−
=








                                                                                         M1 

 
b.                      

 
 

        

A1                                                                                                )(  

                      
2

2  

        M1                                                                                
4

)(2  

4
22  

A1                                                                               
4
212

0

0

0

2

0

22

0

22

∫

∫

∫

∫

∫

−

−

−

−

−

+=

+
=

+
=

++
=

+−
+=

d
mxmx

d mxmx

d mxmx

d mxmx

d mxmx

dxee

dxee

dxee

dxee

dxeel

 

          [ ]
m

eeee
m

mdmdd
mxmx

−−
=−=

0

1       , as required.                                                  M1 

                   
c.    

i.  When ,
32
1  and    ,20 === mdxh we have 

16
1

220
3232 −+

=
−

dd

ee
                                     

 

The solution can be found by using a graphics calculator  ....135438.34=d  
The distance between the poles is 68.27 metres (2 dp).     A1 
    
ii  The length of the cable is 81.975607…≈81.98 metres.                                               A1          

dx
dx
dylengtharc

b

a

  1  
2

∫ 





+=
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d. 
m

ee mm 4040
100

−−
=                                                                                                          M1 

       03.0....02956814.0 ≈=m                                                                                                A1 
 
 
Question 5 

 
a. i.  ( ) ( )jir )sin(22)cos(1 ktktA +++=  

 

    
2

2)sin()sin(22

1)cos)cos(1
−

=⇒+=

−=⇒+=
yktkty

x(ktktx
                                                                              A1 

Squaring both equations and then adding them results in the given equation. 
2

222
2

2)(sin   ,)1()cos 





 −

=−=
yktx(kt  

1
4

)2()1(    ,1)(cos)(cos 
2

222 =
−

+−=+
yxktkt                                                            M1 

 
ii.  ( )jir 23 32 tttB −+=  

     2323 3232, xxyttytx −=⇒−== , 0x ≥                                                               A1 
                                                                                                          (domain must be given) 

 
 

b.  

 
                                                   Both graphs correct, including the domain for particle B     A2 
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c. The velocity of particle A is  ( ) ( )jir )cos(2)sin( ktkktkA +−=&                                                 M1 
and the speed is  

 
)(cos31     

)(cos4)(sin
2

2222

ktk

ktkktkA

+=

+=r&
                                                                                                            M2 

The maximum of   )(cos31 2 kt+  is 4. Therefore, the maximum speed of particle A is 2k     A1 
 
d. The points of intersection are (1.573, 0.361) and (1.899, 2.876)                                      A2 
 
 
e. The particles will collide when they are at the same position at the same time.  
 
For the first point,  573.1== xt , so ...610808.0573.1)573.1cos(1 =⇒=+ kk                  M1 
Now, for ...6393.3)573.1610808.0sin(22...,610808.0 =×+== yk , so this is not  
a point of collision. 
For the second point ,  899.1== xt                                                                                        M1 

...23871277.0899.1)899.1cos(1 =⇒=+ kk  and 
.....8758.2)899.123871277.0sin(22 =×+=y , so this is the first  point of collision.  

Therefore, the minimum value of k is 0.239(3dp).                              A1 
  

 


