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THE HEFFERNAN GROUP 2001                           Specialist Maths Trial Exam 1 solutions 

 

       SPECIALIST MATHS 

          TRIAL EXAM 1 

              2001 

                  SOLUTIONS 

     
___________________________________________________________________________ 

Part I – Multiple-choice answers 
 

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

2. C 8. D 14. E 20. C 26. A 

3. E 9. E 15. E 21. D 27. E 

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

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

6. A 12. B 18. B 24. C 30. C 

 

___________________________________________________________________________ 

Part I- Multiple-choice solutions 
 

Question 1 

Now, 
x

x
y

223−
=  

 x
x

2
3
−=  

The asymptotes are given by xyx 2 and 0 −== . 

The answer is C. 

 

Question 2 

The hyperbola 1
)()(

2

2

2

2

=
−

−
−

b

ky

a

hx
 

has centre  asymptotes and ),( kh )( hx
a

b
ky −±=− . 

So the centre of our hyperbola is given by )2,3( −  

The asymptotes are given by )3(
1

3
2 −±=+ xy  

                                               932or   932 +−=+−=+ xyxy  

So,                                                73or         113 +−=−= xyxy  

The answer is C. 

 

Question 3 

 

Sketch the graph of the function  

2
Tan2)( 1 x

xf −+=  

The domain is R .  The answer is E. 

 

 

 

2
2

π
+

2
2

π
−
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Question 4 

  )3(Cos2 1 xy −=  

     u-1Cos2=             where 3 so and 3 ==
dx

du
xu  

So,      
21

1
2

udu

dy

−

−
×=  

Now   
dx

du

du

dy

dx

dy
=  

 

So,      3
91

2

2
×

−

−
=

xdx

dy
 

                 
291

6

x−

−
=  

The answer is E. 

 

Question 5 

 

In Cartesian form iz 31+=  

22 )3(1 +=r  

   2=  

1

3
tan 1−=θ  

    
3

π
=  since z is in the first quadrant 

So, )
3

(cis2
π

=z  

The answer is B. 

 

Question 6 

Now, 
223

1

2

1

−+
=

− iv
 

                     
i21

1

+
=  

                     
i

i

i 21

21

21

1

−
−

×
+

=  

                     
5

21 i−
=  

                     i
5

2

5

1
−=  

The answer is A. 
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Question 7 
 

         iw −=1  

Now, 2)1()1(
22 =−+=r  

          
1

1
tan 1 −= −θ  

             
4

π
−=  since w is in the fourth quadrant 

So, 
1010 ))

4
(cis2(
π

−=w  

             )
4

10
(cis32

π
−=  

            )
2

(cis32
π

−=  

The answer is D. 

 

 

Question 8 

 

The complex number z and its conjugate z  
are reflections of one another in the real axis.   

Hence, )(argarg zz −= .           

 

The answer is D. 

 

 

 

Question 9 

 

 

The graphs of all the options are shown. 

Only option E provides a curve. 

The answer is E. 

 

 

 

 

 

 

 

 

 

 

Question 10 

 

        ∫ ∫ +
=

+
dx

x
dx

x 22 9

3
3

9

9
 

                           
3

Tan3 1 x−=   where 0=c  

The answer is D. 

 

z

z arg
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Question 11 
 

∫∫ ×=+ dxu
dx

du
dxxx 216 32

       where 
23 3  hence and  1 x

dx

du
xu =+=  

                           duu∫= 2

1

2  

                           cu +××=
3

2
2 2

3

 

                           c
x

+
+

=
3

)1(4 2

3

3

 

The answer is B. 

Question 12 

dx
dx

du
uudxxx ∫∫ −=+

−

2

0

2

10

2

)2(2                  where 1and2 =+=
dx

du
xu  and 2−= ux   

                    duuu )2(

2

0

2

1

2

3

∫ −=                     So, if 0,2 if and2,0 =−=== uxux  

                        

2

0

2

3

2

5

3

4

5

2
















−=

uu
  

The answer is B. 

Question 13 

Now, 
x

x
xf

sec

sin
)('

4

=  

So,      ∫= dx
x

x
xf

sec

sin
)(

4

                             

                     ∫= dxxx cos)(sin 4
                    Let x

dx

du
xu cosso and  sin ==  

                     ∫= dx
dx

du
u 4

 

                     ∫= duu 4
 

                     c
u

+=
5

5

 

                     c
x
+=

5

sin 5

 

Since  ,0)( =πf  

we have     c+=
5

sin
0

5 π
 

So,             0=c  

So, 
5

sin
)(

5 x
xf =  

The answer is A. 
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Question 14 
We cannot evaluate this definite integral analytically but we can use a graphics calculator to 

do so. We obtain 1.169229.  Correct to 2 decimal places, we have 1.17 

The answer is E. 

 

Question 15 

The trapezoidal rule is given by { }∫ +−≈
b

a

bfafabdxxf )()()(
2

1
)(  

So, for 2 equal intervals we have ∫∫ +
4

3

3

2

)()( dxxfdxxf  

                                                 ))4()3((1
2

1
))3()2((1

2

1
ffff +×++×=  

                                                 ))4()3(2)2((
2

1
fff ++=  

                                                 )
5

1

4

1
2

3

1
(

2

1
+×+=  

                                                 
60

31
=  

The answer is E. 

 

Question 16 

 

          txe
dx

dy
e

x log and2 2 ==     So, 
tdt

dx 1
=  

Now  
dx

dt

dt

dy

dx

dy
=  

So, t
dt

dy
e x =22  

So,    
t

e

dt

dy x22
=                 Now, if 

22 so and   then  ,log tetetx xx

e ===  

So,    
t

t

dt

dy 22
=  

               t2=  

So, ∫= dtty 2  

          c
t
+=

2

2 2

    Now, when 2,1 == yt , 

So,  c+=
2

2
2  

       1=c  

So, 1)( 2 += tty  

The answer is B. 
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Question 17 
 

Now if              byaxxf
dx

dy
=== 00 ,),(  

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

Now, 
2

1
,1 00 == yx     and 15)( +== xxf

dx

dy
 

So,  1.011 +=x       and    )115(1.0
2

1
1 +××+=y  

            1.1=                            1.1=  

       1.01.12 +=x   and    )11.15(1.01.12 +××+=y  

            2.1=                            75.1=  

       1.02.13 +=x   and    )12.15(1.075.13 +××+=y  

            3.1=                            45.2=  

The answer is D. 

 

Question 18 

 

For 0<x , the graph of f(x) has a positive, decreasing gradient.  All options show this. 

At 0=x , the gradient of the graph of f(x) is a minimum, but it does not equal zero, that is, 

there is not a stationary point there.  Rather, there is a non-stationary point of inflection.  This 

rules out options A and C. 

At ax =  the gradient is at a maximum and thereafter decreases whilst remaining positive. 

This rules out option D. 

At bx =  the gradient of f(x) is zero and thereafter becomes negative.  This rules out option E 

but option B shows this. 

The answer is B. 

 

Question 19 

 

Do a quick sketch.                    

 

 

Volume required { }∫ +−=
2

0

22 )2(36 dxxπ  

                            ∫ −−−=
2

0

24 )4436( dxxxπ  

                            ∫ +−−=
2

0

24 )324( dxxxπ  

The answer is D. 
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Question 20 
 

The displacement of the particle is the signed area or the value of the definite integral.  The 

distance travelled would be given by option B, but we require displacement. 

Displacement ∫∫ +−++
−

=
15

10

10

0

2

)10()10
10

( dttdt
t

 

                      ∫∫ −−+
−

=
15

10

10

0

2

)10()10
10

( dttdt
t

 

The answer is C. 

 

Question 21 

 

We have 
~~~

32 kjiOP +−=
→

 

and 
~~~

52 kjiOQ −+=
→

 

So, 
→→→

+= OQPOPQ  

              
~~~~~~

5232 kjikji −++−+−=  

              
~~~

83 kji −+−=  

     6491 ++=
→

PQ  

             74=  

The answer is D. 

 

Question 22 

 

Do a quick sketch.                     

 

 

 

 

 

 

Now, in APO∆ , 
12

30cos
AO

=°  

                                  
2

3
12×=AO  

                                         36=  

Also,                   
12

30sin
AP

=°  

                                  6=AP  

So, 
~~

366 jiOP +−=
→

 

The answer is B. 

~
i

~

j

°30 °30
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Question 23 
 

Let 
~~~~

623 kjia −+=  

     3649
~

++=a  

          49=  

          7=  

Let 
~~~~

42 kjib −+=  

     1621
~

++=b  

         19=  

Now, θcos.
~~~~
baba =  

So,   

~~

~~
.

cos
ba

ba
=θ  

                  
197

462213

×

−×−×+×
=  

                  
197

2227 +
=  

              '912°=θ  

The answer is B. 

 

 

Question 24 

 

The component of 
~
a  perpendicular to 

~
b  is given by  

         
~~~~

ˆ)ˆ.( bbaa−  

    
~~~~~~~~~~

ˆ)22(
3

1
).762(762 bkjikjikji







 −+−−+−−+=   since 3441

~
=++=b  

    
~~~~

ˆ)
3

14122
(762 bkji

++−
−−+=  

     )22(
3

8
762

~~~~~~
kjikji −+−−−+=  

    
~~~~~~ 3

16

3

16

3

8
762 kjikji +−+−+=  

    
~~~ 3

5

3

2

3

14
kji −+=  

    )5214(
3

1

~~~
kji −+=  

The answer is C. 



 

_____________________________________________________________________ 

THE HEFFERNAN GROUP 2001                           Specialist Maths Trial Exam 1 solutions 

9 

Question 25 

Now, )2cos( tx =  and ty cos= .  Since π20 ≤≤ t , 1][-1,y and  ]1,1[ ∈−∈x  

This can be graphed in parametric mode on a graphics calculator.  Alternatively: 

When )1,1( have  weso and 1 and1,0 === yxt  

When )1,1( have  weso and 1 and 1, −−=== yxt π  

When )1,1( have  weso and 1 and 1,2 === yxt π  

Now, 1cos2)2cos( 2 −= tt  and since )2cos( tx =  

We have ,    1cos2 2 −= tx  

so                 12 2 −= yx  

so,             
2

12 +
=

x
y  

                    
2

1+
±=

x
y  

The path is parabolic.  The endpoints are )1,1( and )1,1( − . 

The answer is A. 

Question 26 

From the diagram, we have  

~~
100 iR =  

~~
imaR =  

So, 1002 =a  

        
2m/s50=a  

Now, the acceleration is constant and so 

We have  
2

2

1
atuts +=  

Where     50 and 10,0 === asu  

So,          
250

2

1
010 t×+=  

                  
5

10
=t seconds  

The answer is A. 

 

Question 27 

The change in momentum is equal to the inertial mass times the change in velocity. 

So, we have m/s kg 6122152 =×−×  

The answer is E. 

 

Question 28 

Do a quick sketch.  

 

Resolving horizontally, we have 

θθ sincos 21 TT =   ……….(A) 

Resolving vertically, we have 

gTT 20cossin 21 =+ θθ   ……..(B) 

Also, 
5

3
sin and 

5

4
cos == θθ  

~
i

 

T   1
θ 

θ 

α
T   2
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So, (A) becomes 21
5

3

5

4
TT =  

                                 21
4

3
TT =        ………………(C) 

In (B), we have gTT 20
5

4

5

3

4

3
22 =×+×  

So,                            gTT 20
5

4

20

9
22 =+  

                                               gT 20
4

5
2 =  

                                                  gT 162 =  

The answer is E. 

 

Question 29 

Do a quick sketch.                                        

 

Now, 
~~
amR =  

             
~

50 ia=  

Also, 
~~
)50( igNR −=  

 

So,          gNa 5050 −=                            

                    
50

50gN
a

−
=                 Now, since gN 75=  

we have       
50

5075 gg
a

−
=  

                       
50

25g
=  

So,              
2

g
a =  

The answer is C. 

 

Question 30   

 

Mark in the forces on the diagram. 

Resolving around the 7 kg weight, we have 

                    
~~
amR =  

                        
~

7 ia −×=  

                        
~

7 ia−=  

So,              
~~
)7( igTR −=  

          agT 77 −=−  

                  
7

7 Tg
a

−
=  

The answer is C.  

~
i

 

~
i
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Part II – Short answer questions 

 
Question 1 

 

         
592

1
2 −−

=
xx

y  

            
)5)(12(

1

−+
=

xx
 

The graph has an asymptote when 012 =+x , that is 
2

1
−=x  and another when 05 =−x , 

that is 5=x .                                                          (1 mark) 

Since 
12 )592( −−−= xxy  

       )94()592(1 22 −×−−−= − xxx
dx

dy
 

            
22 )592(

49

−−
−

=
xx

x
 

When 049 have  we,0 =−= x
dx

dy
 

                                                25.2=x  

So,                                          07.0−=y  (correct to 2 decimal places) 

So, there is a maximum turning point at )07.0,25.2( −                   (1 mark) 

There are no x-intercepts since when 
592x

1
0 have  we,0

2 −−
==

x
y  which has no 

solutions.  The y-intercept occurs at )2.0,0( − .                              (1 mark) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(1 mark) 
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Question 2 

 

To show that we have a square, it is sufficient to show that we have 4 equal sidelengths and 

one internal right angle. 

 

Now 
~
aCXDZXBZA ====

→→→→

 

and 
~
bYCDYWBAW ====

→→→→

 

Also, 
~~
baZW +=

→

 

And 
→→→

+= CXYCYX  

               
~~
ab+=  

              
→

= ZW  

So, 
→→

YXZW  and  are parallel and the same length. 

Similarly, 
~~
abWX −=

→

 

                  
~~
baZY +−=

→

 

                        
→

=WX  

So, 
→→

ZYWX  and  are parallel and the same length.             (1 mark) 

Now, 
2

~

2

~

baZY +−=
→

 

                  
2

~

2

~

ba +=  

and  
2

~

2

~

baZW +=
→

 

So,   
→→→→

=== YXZWWXZY  

So the sides of the quadrilateral WXYZ are equal in length.   (1 mark) 

Also, )).((.
~~~~
babaWXZW +−+=

→→

 

                          
~~~~~~~~
.... bbbabaaa +−+−=  

                          0cos0cos
~~~~
bbaa +−=  

                          
2

~

2

~
ba +−=  

                          
~~

a since         0 b==  

So, 
→→

WXZW  lar toperpendicu is . 

 

So we have four equal sidelengths and one internal angle of °90 .  Therefore WXYZ is a 

square.                                                                                                                           (1 mark) 
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Question 3 
 

Now, from the diagram, we have, gN 5= . 

Also, FrP =                               (1 mark) 

Now, when the toy box is on the point of moving, 

        NFr µ=                             (1 mark) 

              g
g

5
2
×=  

              10=  Newton 

Since 8=P  Newton, the toy box is not on the 

point of moving and hence the child will not move it 

by applying this force.                  (1 mark) 

 

 

Question 4 

 

a.           Let  040822)( 234 =++++= zkzzzzp  

If i2  is a solution to the equation then       0)2( =ip  

So, 04016428216)2( =++−×+−××+= ikiip  

                                       0401681616 =++−− iki  

                                                                          k856 =  

                                                                            7=k                              (1 mark) 

 

b.  Since )(zp  has real coefficients we can use the conjugate root theorem. 

If i2  is a solution of izzp 2 then )( −  is a factor and according to the conjugate root 

theorem, so is iz 2+ . 

Now, 4)2)(2( 2 +=+− ziziz                         (1 mark) 

 

                                                       1022 ++ zz  

             4081424 2342 +++++ zzzzz  

                               
24 4zz +  

                                        zzz 8102 23 ++  

                                        zz 82 3 +  

                                                   4010 2 +z  

                                                   4010 2 +z  

 

 

So, )102)(4()( 22 +++= zzzzp  

               )101)12)((4( 222 +−++−= zziz  

               )9)1)((2)(2( 22 iziziz −++−=  

               )31)(31)(2)(2( iziziziz ++−++−=  

Solutions to 0)( =zp  are ii 31,2 ±−±                                                     (1 mark) 
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Question 5 
Do a quick sketch to see how the region described is in relation to the x-axis. 

So, area required ∫=
2

0

32 cossin

π

dxxx    (1 mark)    

                            ∫=
2

0

22 ))(coscos)((sin

π

dxxxx  

                            ∫ −=
2

0

22 cos)sin1(sin

π

dxxxx           Now, let x
dx

du
xu cos so and sin ==  

                            ∫ −=
1

0

22 )1( dx
dx

du
uu                      so if 0,0 if and  1,

2
==== uxux

π
 

                             ∫ −=
1

0

42 )( duuu        (1 mark) 

                             

1

0

53

53








−=

uu
 

                             0)
5

1

3

1
( −−=  

                             
15

2
=  square units     (1 mark) 

Question 6 

a.  Now, 
21.0 vga −=      so,              

21.0 vg
dx

dv
v −=  

                                                                 
10

v

v

g

dx

dv
−=  

                                                                       
v

vg

10

10 2−
=  

so,                                                             
210

10

vg

v

dv

dx

−
=  as required                 (1 mark) 

b.  ∫ ∫ −
= dv

vg

v
dv

dv

dx
210

10
 

                  ∫ −
−

−
= dv

vg

v
210

2

2

10
 

               cvgx e +−−= )10(log5 2
              (1 mark) 

Now when 0,0 == vx , that is, the particle is dropped from rest when 0=x  

So,  cge +−= )10(log50  

       )10(log5 gc e=                       (1 mark) 

So, )10(log5)10(log5 2 gvgx ee +−−=  

      
210

10
log5

vg

g
x e −
=  

Now, when 051.0,1 == xv  correct to 2 significant figures.        (1 mark) 

2

π

 


