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                                                                     SPECIALIST MATHS 

                                                       TRIAL EXAMINATION 1 

                                                                           2003 

                                                                    SOLUTIONS 
 

 

_____________________________________________________________________ 

Part I - Multiple-choice answers 
 

1. D 7. E 13. C 19. A 25. D 

2. B 8. E 14. A 20. B 26. E 

3. C 9. B 15. B 21. A 27. A 

4. D 10. C 16. E 22. C 28. E 

5. B 11. D 17. C 23. A 29. D 

6. B 12. B 18. E 24. B 30. E 

___________________________________________________________________________ 

Part I- Multiple-choice solutions 
 

Question 1 

 
The ellipse in the diagram has its centre at (0, 1). Its semi-major axis length (parallel to the x- 

axis) is 3 units and its semi-minor axis length (parallel to the y-axis) is 1 unit. The required 

equation is 
( )

1
1

1

9

22

=
−

+
yx

. 

The answer is D. 

 

 

 

 

 

Question 2 

 

Options C and E give the equation of an ellipse and hence there would be no asymptote. The 

equations of the asymptotes of the hyperbola with equation x
a

b
y

b

y

a

x
±==−  are 1

2

2

2

2

. So the 

required equation would be 1
259

22

=−
yx

. 

The answer is B. 
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Question 3 

 

The graph is that of the function 





= −

a

x
y 1Sin . 

Method 1 

The graph of 





= −

a

x
y 1Sin  is produced when the graph of )(Sin 1 xy −=  is dilated parallel to 

the x-axis by a factor of a

a

=
1

1
. 

Method 2 

Consider the inverse function of this function which we find by swapping x and y. 







= −

a

y
x 1Sin  

Now rearrange, 

)Sin(

)Sin(         So

xay

x
a

y

=

=
 

The graph of this function involving the restricted sin (x) function is shown below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

The reflection of this graph in the line xy =  is what is given in the question. 

The answer is C. 

 

 

Question 4 

 

( )

( )

( )( )

( )( ) ( )

( )
( )
( ) ( )12cosec12cot2

12sin

12cos2

212cos12sin1

12sin

12sin

1

12cosec

2

2

1

−−−=

−

−−
=

×−×−−=

−=

−
=

−=

−

−

xx

x

x

xx
dx

dy

x

x

xy

 

The answer is D. 

  

2

π

2

π
−
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Question 5 

 

i

iii

zzziz

z

iz

izi

iz

28

5343434

  So

5

916

34

34

34

−=

+−−++−=

+−+

=

+=

+=

+=

−=

 

The answer is B. 

 

 

Question 6 

 

 

 







=







 −=

















=







=

=









=

=

+=

+=

−

6
cis

63
cis

6
cis2

3
cis2

3
cis2

diagram) fromquadrant (1st     
3

1

3
tanArg

2

31

31

1

π

ππ

π

π

π

π

v

u

u

u

u

iu

 

The answer is B. 

 

 

Question 7 

 

Since the coefficients of the terms in the polynomial equation are real, the complex roots must 

occur in conjugate pairs. Since ( )iz 3−  is a factor, iziz 3 and 3 −==  are roots. So options A 

and B are correct. We have 2 complex roots which are a conjugate pair and the third root must 

be real since the coefficients of the polynomial are real. So we have two complex roots and 1 

real root. Option E is not correct. 

The answer is E. 

  

3
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Question 8 

 

( )

( )

π
π

θ

π
π

θ

π
θ

π
θ

π
θ

kr

kr

r

rr

iz

+==

+==







=

=





==+=






=

+=

−

8
8

2
4

2  and  8

Moivre) (De   
4

cis82cis

42

2
tan  and 822  since 

4
cis8cis

22

4

2

2

1222

2

 

mselves.repeat the  of  valuesThe

8

7
,1Let 

8

9
,1Let 

8
,0Let 

θ

π
θ

π
θ

π
θ

−
=−=

==

==

k

k

k

 

So the two solutions are 















8

9
8  and  

8
8 44 ππ

ciscis . 

The answer is E. 

 

 

 

 

 

 

Question 9 

 

∫ ∫
−

=
−

dxu
dx

du
dx

x

x
2

1

2 2

3

2

3
 

      

cx

cu

duu

+−=

+×=

= ∫
−

23

2
2

3

2

3

2

2

1

2

1

 

If 0=c , then an antiderivative is 23 2 −x . 

The answer is B. 

 

 

2,1,0,1...−=k  

x
dx

du

xu

2

2   where 2

=

−=

(first quadrant) 
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Question 10 

 

∫ ∫ ×
+

=− dx
dx

du
u

u
dxxx

2

1

2

1
12 2

1

 

      

( ) ( )
c

xx

c
uu

duuu

+
−

+
−

=

+
















+=














+= ∫

6

12

10

12

3

2

5

2

4

1

4

1

2

3

2

5

2

3

2

5

2

1

2

3

 

The answer is C. 

 

 

 

 

 

 

Question 11 

 

( )

( ) ( )

( )( ) ( )

( )

( ) ( )
c

xx

c
xx

c
u

u

duu

dx
dx

du
u

dxxx

dxxx

dxx

+−=

+×−=

+







−=

−=

−=

−=

=

∫

∫

∫
∫
∫

9

3sin

3

3sin

3

)3(sin

3

1

3

3sin

33

1

)1(
3

1

3

1
).1(

3cos3sin1

3cos3cos

3cos

3

3

3

2

2

2

2

3

 

The answer is D. 

 

 

2

1

2

12

+
=

=

−=

u
x

dx

du

xu

 

where 

where 

)3cos(3 and

)3sin(

x
dx

du

xu

=

=
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Question 12 

 

36

3

312

643

1

3

1
Tan)1(Tan

3

1

3
Tan

3

1

3

3

3

1

3

1

11

3

1

1

3

1

2

3

1

2

π

π

ππ

=

=







 −=















−=













=

+
=

+

−−

−

∫∫

x

dx
x

dx
x

 

The answer is B. 

 

 

Question 13 

 

Find the value of this definite integral using your graphics calculator. Note that the decimal 

approximations given as the alternatives give a clue that a graphics calculator should be 

involved.  Note also that radian mode is required. 

The answer is C. 

 

 

Question 14 

 

 

 

 

 

 

 

 

 

 

 

 

 

The area of the two rectangles shown is 
48

3

48

ππππ
×







+×








ff  

( )

units square  68.0

416

3
tan

416
tan        area So

2
tan   where

=

×






+×






=








=

ππππ

x
xf

 

The answer is A. 

 

π
2

π
8

π
8

3π
4

π
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Question 15 

 

( )( )

( )

( ) ( )

( )

( )
2

1
cos

2

1

1
2

1
cos

2

1

0cos
2

cos
2

cos
2

sinregion shaded of Area

2

2

02

0

2

0

2

−+
−

=

−++
−

=

















+

−
−







+

−
=









+

−
=

−=

−

−

−∫

a
e

a
e

e
a

e

x
e

dxxe

a

a

a

ax

a

x

 

The answer is B. 

 

 

 

 

 

Question 16 

 

If ( ) 0" >mf  then the graph of ( )xfy =  is “concave up” i.e.       at mx = . 

 

From the graph of ( )xfy = , we see that the graph is concave up for ax <<0 , and for 

exc << . So for these values ( ) 0" >xf . 

The answer is E. 

 

 

Question 17 

 

From the formulae sheet we have, if ( ) byaxxf
dx

dy
=== 00   and  , , 

then ( )nnnnn xhfyyhxx +=+= ++ 11   and   

Now,   ( ) 2.0  Also,  .
1

 and 1 and 0
3

00 =
−

====
−

h
x

e
xf

dx

dy
yx

x

 

 

( )

8.0

12.012.0

02.01   and   2.00   So, 11

=

−×+==

×+=+= fyx

 

Therefore, 

 

      
( )

places decimal 4 to6628.04.0

2.02.08.0  and  2.02.0 22

==

×+=+= fyx
 

So, the value obtained for y when 4.0=x  is 0.6628 (to 4 places). 

The answer is C. 
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Question 18 

 

The graph of ( )xfy =  gives the gradient function of the graph of ( )xFy = . 

The gradient of ( )xFy =  at 2−=x  is zero. 

For 2−<x  the gradient is negative and for 2−>x   

the gradient is positive. 

So at 2−=x , on the graph of ( )xFy =  

there is a local minimum.  

Similarly the gradient of ( )xFy =  at 1=x  is zero. 

For 1<x  the gradient is positive and for 1>x  the gradient is positive. So at 1=x  on the 

graph of ( )xFy = , there is a stationary point of inflection. 

The answer is E. 

 

 

 

 

 

 

Question 19 

 

The volume of a cone is given by hrV 2

3

1
π= .  (from formulae sheet) 

Since ,2hr =  we have 

  

( )

2

2

2

3

2

2

1

42           So,

rule)(Chain         Now,

2         Also,

4   thereforeand

3

4
         So,

2
3

1

hdt

dh

dt

dh
h

dt

dh

dh

dV

dt

dV

dt

dV

h
dh

dV

hV

hhV

π

π

π

π

π

=

⋅=

⋅=

=

=

=

=

 

So when ,2=h  
π8
1

=
dt

dh
 

The answer is A. 
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Question 20 

 

( )
( )

( )

( )

1

2When  

1

1

1log
2

1log2

0

21log20,so

,0,0When 

21log2

1log

1

1

2

1

1

12

1

1

1

1

2

2

2

2

2

2

2

2

2

−=

=

−=

+=

+=

+=

=

+=

==

++=

++=
+

=

+
=









+
=

∫

ex

v

ex

xe

x
v

xv

c

c

xv

cxv

cx

dx
x

v

xdx

vd

x
a

v

v

e

e

e

e

e

 

 

The answer is B. 

 

 

 

 

 

 

 

Question 21 

 

)532()23 (

    Now,

~~~~~~
kjikji

PQOPOQ

+−+−+−=

+=
→→→

 

~~~
32   So, kjiOQ +−−=

→

 

The answer is A. 
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Question 22 

 







 −−=







 −−

++
=

−−=

~~~

~~~~

~~~~

32
14

1

32
194

1
ˆ

32Let    

kji

kjiu

kjiu

 

The vector we require is 





 −−

~~~
32

14

5
kji  

The answer is C. 

 

 

Question 23 

 

The vector resolute of 
~~~

2 kji +−  perpendicular to 
~~~

32 kji −+−  is given by 

( )

~~

~~~~
~

~

~~~~
~

~

~~~~~~~~~~
~

~

2

1

2

3

32
14

7
2

32
14

1
322

14

1
2

32
14

1
32

941

1
22

ki

kjikji

kjikji

kjikjikjikji

−=







 −+−+






 +−=







 −+−−−−−






 +−=






 −+−













 −+−

++
•




 +−−





 +−

 

The answer is A. 

 

 

Question 24 

 

( )

( )

( )

2

22

~

~2~2~

~

1

~

1

~

9

2

9

1

9

1

speed

9

1

9

1

30,
3

Cos
3

Sin

t

tt

tr

j
t

i
t

tr

tj
t

i
t

tr

−
=

−
+

−
=

=

−

−
+

−
=

≤≤






+






= −−

ɺ

ɺ

 

2

1

8

2
speed,1When 

=

==t
 

The answer is B. 
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Question 25 

 

( ) ( )

( ) ( )

( )

( ) ( )

( ) ( )

( )

( ) ( )

( )( )
~~

2

~~~

2

~

~~

~~~~

~~

~~~

2

~

~~

2

~

~~

~~~~

~~

~~~

2

~

~~

2

~

2cos1
4

1

4

 
4

1

4

2cos

4
      So

 
4

1
 

 
4

1

4

1

4

1
       So

4

1
0   Now

4

2cos

4
       So

2

2sin

2
       So

0

 0
2

1

2

1
 So

2

1
0  Now,

2

2sin

2

0,2cos

jti
e

jj
t

i
e

tr

jd

djii

ir

dj
t

i
e

tr

j
t

i
e

tr

c

cjii

ir

cj
t

i
e

tr

tjtietr

t

t

t

t

t

t

−+=

+−=

=

+−=

=

+−=

+
−

=

=

++−=−

−=

++
−

=

≥+=

−

−

−

−

−

−

ɺ

ɺ

ɺ

ɺɺ

 

The answer is D. 

 

 

Question 26 

 

65

65

2

1
21451

)135cos(2722492

=

=

×+=

××−+=

x

x �

 

The resulting force has a magnitude of 65  newtons. 

The answer is E. 

 

 

2

°45

°45

 

(Cosine rule) 
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Question 27 

 

( )
1

1

ms kg60

ms kg203particle of momentum Initital

−

−

=

×=
 

Momentum of particle after 4 seconds 

         
( )

1

1

ms kg45

ms kg153

−

−

=

×=
 

1ms kg15

6045momentumin  change The

−−=

−=
 

The answer is A. 

 

 

Question 28 

 

Draw a diagram. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

~~
amR =  

( ) ( )
~~~

32230sin2030cos20 ijgNiFr ×=−++− ��  

So, 

5

335

102

6310

6310   So

1026310

0210      and               6310

−
−

=

−
−

=

−=

−=−=

=−+=−

g

g

N

gNFr

gNFr

µ

µ  

The answer is E. 

 

 

°30

~
i

~

j

 



 

___________________________________________________________________________ 

© THE HEFFERNAN GROUP 2003                                    Specialist Maths Exam 1 solutions 

13

Question 29 

 

The pulling force P could be acting up or down the plane. The weight force acting vertically 

downwards has magnitude 10g newtons. Hence eliminate options A and B. The normal force 

acting perpendicularly from the plane is N not Nµ so eliminate option C. The frictional force 

is Fr and not Frµ  so eliminate option E. 

Option D is correct. Note that the pulling force could be quite weak and hence the particle 

could be on the verge of sliding down the inclined plane which explains why the friction force 

is directed up the plane opposing the imminent movement. 

The answer is D. 

 

 

 

 

Question 30 

 

Draw a diagram. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Because the system is on the point of sliding down the slope, the friction force opposes this 

and acts up the slope. 

( )

( )µ

µ

µ

−=

−=

−=

=+

1
2

45cos
2

2

45sin       So,

gm
T

gm
gm

N
gm

T

gmFrT

A

A
A

A

A

�

�

 

The answer is E. 

°45
°45

gmA

gmB
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PART II 

 

Question 1 

 

2

2 2
3

x
xy +=  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The asymptotes are given by 0=x  and 23xy = . 

Using a graphics calculator locate the minimum turning points.  These are at ( )9.4,9.0−  

and ( )9.4,9.0  where the coordinates are correct to 1 decimal place. 

(1 mark) general shape of graph 

 including asymptotes 

(1 mark) for turning points 

 

Question 2 

( )αδθ
αδθ

δ
α

−=

−=

=∠

=∠

tan)tan( So,

 So,

Let 

Let            

CAO

BAO

 

 
)tan()tan(1

)tan()tan(
                             

αδ
αδ

+

−
=  (1 mark) 

                      

36

5

365

36
1

5

49
1

49

2

2

2

2

2

+
×=








 +
÷=







 +÷=

×+

−
=

x

x

x

x

x

x

xx

xx

xx

 

                 required.  as
36

5
tan So,

2 +
=
x

x
θ     (1 mark) 

  

23xy =

θδ

α
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Question 3 

To prove:  0=•
→→

DOBD      (1 mark) 

( ) ( )
( ) ( )
( )

( ) ( )( )

RS

uvvv

uuvv

uuvv

uvuv

vuuv

BOAOOABO

BOOBAOOABO

BOABOABO

BODBBA

DOBDLS

=

=

=





 −=

°−°=

•−•=

+•−=

−−•+−=







 +•






 +=







 +






 +•






 +=







 +•






 +=







 +•=

•=

→→→→

→→→→→

→→→→

→→→

→→

0

  since  
4

1

0cos0cos
4

1

4

1

4

1

4

1

2

1

2

1

2

1

2

1

2

1

2

1

2

1

~~

2

~

2

~

~~~~

~~~~

~~~~

~~~~

 

 

 

Question 4 

i. 

( )

( )

( ) ( )

( )2
3

2

2

3
2

2

1
2

2

25

5

225
2

5

255

25

5

t

t

ttta

t

t
tv

−

=

−×−
−
=

−=

−
=

−

−

 

( )
2-

3

2

3

ms 
21

10

21

10
)2(,2At  

=

== at

 

(1 mark) 

  

(1 mark) 

(1 mark) 

Have proved 



 

___________________________________________________________________________ 

© THE HEFFERNAN GROUP 2003                                    Specialist Maths Exam 1 solutions 

16

ii. In this case the distance travelled by the particle is the same as its displacement. 

So, distance travelled 

( )∫ ∫ +−+
−

=
3

0

5.5

3
2

75.25.0
25

5
dttdt

t
  (1 mark) 

5.5

3

23

0

1 75.2
2

5.0

5
Sin5 








+

−
+











= − t

tt
  (1 mark) 

( ) ( ) ( ){ }

5625.1
5

3
Sin5

25.825.2125.155625.70Sin
5

3
Sin5

1

11

+





=

+−−+−+






 −






=

−

−−

 

      (1 mark) 

 

 

Question 5 

 

i. ( ) 1522166 234 +−+−= zzzzzp  

When ( )zp  is divided by iz 3− , the remainder is given by 

( )
i

iiip

9648

1566144162813

+−=

+−−+=
 

(1 mark) 

 

 

ii. Since i−2  is a solution to the equation ( ) 0=zp  and since the coefficients of the 

terms in the equation are real, then, by the conjugate root theorem, i+2  must also be 

a solution. 

( )( )

( )zpzz

iizizizzz

iziz

 offactor  a is  54

122422

22         So

2

2

+−=

+−+++−−−=

−−+−

 

 

So 

15123

15123

1082

22112

54

32

152216654

2

2

23

23

234

2

2342

+−

+−

−+−

−+−

+−

+−
+−+−+−

zz

zz

zzz

zzz

zzz

zz

zzzzzz

 

 

( ) ( )( )
( )( ) ( )( )
( )( )( )( )iziziziz

zziziz

zzzzzp

212122

311222

3254    So

2

22

+−−−−−+−=

+−+−−−+−=

+−+−=

 

The solutions to ( ) 0=zp  are iiz 21  and  2 ±±= . 

(1 mark) 

  

(1 mark) 

(1 mark) 
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Question 6 

 

i. outflow of rate-inflow of rate=
dt

dQ
 

       

50
300

20
1000

2015

Q

Q

dt

dl

dl

dQ

dt

dl

dl

dQ

out

out

out

out

in

in

in

in

−=

×−×=

⋅−⋅=

 

as required. 

(1 mark) 
 

ii.  

   

( ) cQ

dQ
Q

t

QdQ

dt

Q

Q

dt

dQ

e +−−=

−
=

−
=

−
=

−=

∫
15000log50

15000

1
50

15000

50

50

15000

50
300

 

00010

100010,0

=

×== Qt
 

 

( )
( )
( ) ( )











−=

−=

−=

−
=

−
=









−

=









−

=

+−−=

=

+−−=

−

−

−

−

50

50

50

50

50

35000

500015000

150005000

5000

15000

15000

5000

15000

5000
log

50

15000

5000
log50

5000log5015000log50       So

5000log50

0001015000log500

t

t

t

t

t

e

e

ee

e

e

eQ

eQ

Qe

Q
e

Q
e

Q

t

Q

Qt

c

c

 

(1 mark) 

(1 mark) 

(1 mark) 

(1 mark) 

(where l represents litres) 


