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MATHEMATICS: SPECIALIST 
 

3C/3D 
Calculator-assumed 

 
WACE Examination 2012 

 
Marking Key 

Marking keys are an explicit statement about what the examiner expects of candidates 
when they respond to a question. They are essential to fair assessment because their 
proper construction underpins reliability and validity. 
 
When examiners design an examination, they develop provisional marking keys that can 
be reviewed at a marking key ratification meeting and modified as necessary in the light 
of candidate responses. 



EXAMINATION 2 MATHEMATICS: SPECIALIST 3C/3D 
MARKING KEY  CALCULATOR-ASSUMED 
 
Section Two: Calculator-assumed (100 Marks) 
 
 
Question 8 (7 marks) 
 

 
 

Solution 
3(0) 2(1 ) 3( ) 0, 2t t t+ − − − = = −so . 

Hence position vector of point of intersection P = (0, 3, 2). 
Specific behaviours 

    solves for the appropriate value of t and so deduces the position of point of 
       intersection 

 
 

 
 

Solution 

A vector normal to the plane is ( )3,  2,  3= −
n

 
Line L is parallel to ( )0, 1, 1  = − −

u  

Required angle = 1 1 1cos cos 79.82 79.8
4 2

− − •  = = ≈       

 

 

 

n u
n u

 (or 1.39 rad) 

OR 
 
Use of CAS: angle [ ] [ ]( )3,  2,  3  0,  1,  1 79.82 79.8− − − = ° = °  (or 1.39 rad) 

Angle between line and plane = 90° − ( angle between line and normal) = 10.2°  
 

Specific behaviours 
    states a vector normal to plane 
    calculates the correct angle between line and the normal to the plane 
    deduces angle between line and plane 

 



EXAMINATION 3 MATHEMATICS: SPECIALIST 3C/3D 
MARKING KEY  CALCULATOR-ASSUMED 
 

 
 

Solution 
Let the line S passing through Q and perpendicular to plane  intersect the plane at 

. 
Parametric equation of line is . 

Since M  lies on the plane, . 

Solve using CAS, t = –
5

16   i.e., solve ( )3 3 2 1 2 3 1 3 0  ( t ) ( t ) ( t ) , t+ + − − − = . 

Shortest distance is  

                                 
5 3 10 15, , 1.25
16 16 16

Using CAS, norm
  − −

=       
 

Specific behaviours 
    defines that point M on the plane is at shortest distance from Q 

    correctly solves for t to give where perpendicular line intersects plane  
    determines the shortest distance  

 



EXAMINATION 4 MATHEMATICS: SPECIALIST 3C/3D 
MARKING KEY  CALCULATOR-ASSUMED 
 
Question 9 (10 marks) 
 

 
 

Solution 
Room temperature = eventual temperature of bar = 23 °C  

Specific behaviours 
   states that the room temperature is 23 °C  

 
 

 
 

Solution 

 

Since   (from the given equation) 

 

Hence  

Specific behaviours 
    differentiates correctly 
    rearranges the given equation to express  in terms of y and A 

    substitutes  to derive the required differential equation. 

 



EXAMINATION 5 MATHEMATICS: SPECIALIST 3C/3D 
MARKING KEY  CALCULATOR-ASSUMED 
 

 
 

Solution 
 

 
Hence 0 492 137 2 137.A e .= ≈ ≈  
When , temperature of bar = 0.04(0)23 137 160 Ce+ = °  

Specific behaviours 
    solves the equation for t = 10  to evaluate A 
    evaluates y when 

  
 

 
  

Solution 

0
0.04 137 5.48 C°

t

dy
dt =

= − × = − / min 

OR 

Since initial temperature is 160 C° , solving 
  

5.48 C°dy
dt

= − /min.
 

Specific behaviours 

    accurately evaluates  at   

OR 

    substitutes  in the differential equation and solves for  

PLUS 
    states the answer using appropriate units 

 
 

 
 

Solution 

Solving  

 min  

t = 12 min 20 s 

If the more accurate  t = 137.438 is used, then t = 12 min, 22 s 

Specific behaviours 
    sets up the equation correctly to solve for t 
    states the answer correct to nearest second

  



EXAMINATION 6 MATHEMATICS: SPECIALIST 3C/3D 
MARKING KEY  CALCULATOR-ASSUMED 
 

 
 

Solution 

 and  

 A collides with T if =
 

TAt V AT  for some t. Since 

1 3
9 27

1 3
 t
− −   

   − = −   
   
   

,  gives . 

 A collides with T in 3 hours. 

Position vector for collision = position of T at collision =  km. 

 and  

Since  for any , projectile B does not strike the target. 

Hence only A hits the target. 

d


= shortest displacement between Target T and B 



EXAMINATION 7 MATHEMATICS: SPECIALIST 3C/3D 
MARKING KEY  CALCULATOR-ASSUMED 
 

0
T B

T B

d BT t V

d V

= +

• =

 



 

t = 0.308 h with shortest distance of 20 km (19.9 km) 

 
Specific behaviours 

    correctly determines relative velocity  

    sets the equation  for collision condition 
    solves correctly for t 
    states the position vector for collision 
    shows that B does not meet the target at any time 
    states the shortest distance between Target and B 
 



EXAMINATION 8 MATHEMATICS: SPECIALIST 3C/3D 
MARKING KEY  CALCULATOR-ASSUMED 
 
Question 11 (6 marks) 
 

 
 

Solution 
2 2 2( 2 ) ( 2 ) 1= + + − + +a a ay a e x a a e a a a e  

 
Specific behaviours 

    determines the correct gradient of the tangent 
    determines the correct intercept value 

 
 

 
 

Solution 

 
3 2 2

2

(( ) 1) (1 )
2 ( 2)

a a aa a e e a a ex
a a a a

− −+ − + −
= =

+ +
 

Specific behaviours 
    solves for a by letting c = 0 
    correctly defines the gradient of the tangent 

 



EXAMINATION 9 MATHEMATICS: SPECIALIST 3C/3D 
MARKING KEY  CALCULATOR-ASSUMED 
 
 

  
Solution 

3 2

2

(( ) 1)0
2

a aa a e e
a a

−+ −
=

+
,    = 0.5903 =0.59 to two decimal places 

 

 
Specific behaviours 

    defines the correct integrand 
    accurately evaluates the defined area 

 



EXAMINATION 10 MATHEMATICS: SPECIALIST 3C/3D 
MARKING KEY  CALCULATOR-ASSUMED 
 
Question 12 (12 marks) 
 

 
 

Solution 
 

0 1.3 1.8 0.9 0.2
0.6 0 0 0 0
0 0.8 0 0 0
0 0 0.8 0 0
0 0 0 0.4 0

 
 
 
 
 
 
  

 

       

 

Specific behaviours 
    writes the correct Leslie matrix 

 
 

 
 

Solution 

9 10

12 13

3653, 4720.6
7882.8, 10186.3

t t
t t
= =

= =
 

10

9

1.292,t
t

=    

Specific behaviours 
 correctly calculates each population 

    correctly calculates each ratio to three decimal places 

 



EXAMINATION 11 MATHEMATICS: SPECIALIST 3C/3D 
MARKING KEY  CALCULATOR-ASSUMED 
 

 
 

Solution 
, so population grows at a steady rate of  29.2% each year. 

Specific behaviours 
    observes   
    correctly calculates the growth rate 

 
 

 
 

Solution 
 

13

5132
2383
1475
913
283

T

 
 
 

=  
 
 
  

 

so 

 

5132
2383
1475
913
283

 
 
 
 
 
 
    

= 13 777.5 

∴ The population will be 13 777 at the end of the fifteenth year. 

Specific behaviours 
    calculates  correctly 
    uses the correct Leslie matrix to show working  
    calculates the female population for   

 
 

 
 

Solution 
For stable population, (1 – h) 1.292 = 1  

so h = 0.226  

hence required culling rate = 22.6% 

Specific behaviours 
    uses the correct growth rate for Part (c) 
    writes the equation for stable population 
    calculates the correct culling rate 



EXAMINATION 12 MATHEMATICS: SPECIALIST 3C/3D 
MARKING KEY  CALCULATOR-ASSUMED 
 
Question 13 (9 marks) 
 

 
 
 

Solution 

 where is the amplitude  and 
5.1

2π
=n  .       

π2
)5.1(80

=A metres 

Specific behaviours 
    correctly finds the angular velocity n 
    uses the equation to find A 

 
 

 
 

Solution 

Let  and 12 cosv n nt=  so when
2 240 12 cos
1.5 1.5

tπ π
=  then 0.15529t = min. 

This is the time from the initial position until the velocity first drops below half maximum 
speed. 
 
Hence total time in a period the velocity exceeds the threshold is 0.155 29 × 4 and the 

percentage of the period is hence 4 × 
0.15529

1.5
 = 41.4 % 

Specific behaviours 
 correctly sets up the equation to solve for t 
    uses CAS to solve for t 
    calculates the required percentage  

  
 
 

 
 

Solution 
sin ( )

26sin
1.5 6

 

 

= +

 = + 
 

x A nt

x t

δ
π π   other solutions exist, i.e. cosine etc 

Specific behaviours 
 calculates n and  
    writes the correct expression 

 



EXAMINATION 13 MATHEMATICS: SPECIALIST 3C/3D 
MARKING KEY  CALCULATOR-ASSUMED 
 
Question 14 (8 marks) 
 

 
 

Solution 
 

6

1
6

1
6

1

1
6

2

1
6

3

1
6

4

1
6

5

1
6

6

2cis ( 2 )
6

22 cis ( )
36 6

2 cis
36
132 cis
36

252 cis
36

352 cis
36

232 cis
36

112 cis
36

= +

= ±

=

=

=

 = − 
 

 = − 
 

 = − 
 

z n

nz

z

z

z

z

z

z

π π

π π

π

π

π

π

π

π  

Specific behaviours 
    writes in polar form 
    uses polar form in working 

    writes the roots at 
12
36 3

=
π π

 radians apart 

 writes the remaining four roots within the range specified 
 



EXAMINATION 14 MATHEMATICS: SPECIALIST 3C/3D 
MARKING KEY  CALCULATOR-ASSUMED 
 

 
 
 

Solution 
 

 
 

Six points on circle of radius 6
1

2  and equally spaced in units of  radians. 

Specific behaviours 

    shows each root has magnitude 
1
62 1.12≈  

    shows that first root has argument  

    accurately spaces the other roots at intervals of  radians. 

 
 



EXAMINATION 15 MATHEMATICS: SPECIALIST 3C/3D 
MARKING KEY  CALCULATOR-ASSUMED 
 
Question 15 (10 marks) 
 

 
 

Solution 
 

 
shaded circle centre (3, –4) radius 7 

Specific behaviours 
    shape of circumference is close to circular 
    correctly shades interior of the circular disk  
    circumference passes through at least three of:(3, 3), (3, –11),(0, –10.3), (8.7, 0) or 
       notes (3, –4) as centre 

 
 
 



EXAMINATION 16 MATHEMATICS: SPECIALIST 3C/3D 
MARKING KEY  CALCULATOR-ASSUMED 
 

 
 

Solution 
 

 
shade above line y = 2x – 1 in complex plane 

Specific behaviours 
 correctly draws the line  (one mark for the slope and one for an 
       intercept). 
    shades the region above the line 

 



EXAMINATION 17 MATHEMATICS: SPECIALIST 3C/3D 
MARKING KEY  CALCULATOR-ASSUMED 
 

 
 

Solution 

−12−11−10−9 −8 −7 −6 −5 −4 −3 −2 −1 1 2 3 4 5 6 7 8 9 10 11 12

−11
−10

−9
−8

−7
−6
−5

−4
−3

−2
−1

1
2

3
4
5

6
7
8

9
10

11

Re(z)

Im(z)

  
Line joining (3, 1) and (a, b) must have gradient 0.5 (perpendicular to y = –2x + 17) 

1 0.5
3

1 32 17
2 2

Midpoint lies on line 

−
=

−
+ +

= − +

b
a

b a
  

Solve simultaneous equations for a and b 
 

 
 

Specific behaviours 
   states line joining (a, b) and (3,1) is perpendicular to    
    uses the gradient of the line joining (a, b) and (3,1) to obtain equation 1 in a and b 
    uses the midpoint of the line joining (a ,b) and (3,1) to obtain equation 2 in a and b 
    uses CAS correctly to solve the simultaneous equations involving a and b 

 



EXAMINATION 18 MATHEMATICS: SPECIALIST 3C/3D 
MARKING KEY  CALCULATOR-ASSUMED 
 
Question 16 (8 marks) 
 

 
 

Solution 

2
1tan y
yy

θ = =
 

4 2 21r y y y y= + = +  
 

Specific behaviours 
   correctly expresses  in terms of y and x 

    uses Pythagoras to show 2 2r x y= +  
    replaces x2 and simplifies expression 

 



EXAMINATION 19 MATHEMATICS: SPECIALIST 3C/3D 
MARKING KEY  CALCULATOR-ASSUMED 
 
 

 
 

Solution 

 

 so  rad/s
 

Specific behaviours 

    correctly differentiates from  implicitly with respect to t 

    substitutes , and 
5sec

2
θ =  

    correctly solves for  

 
 

 
 

Solution 

 m/sec. 

Specific behaviours 

    correctly differentiates the expression 21r y y= +  

    correctly evaluates   

 
 



EXAMINATION 20 MATHEMATICS: SPECIALIST 3C/3D 
MARKING KEY  CALCULATOR-ASSUMED 
 
Question 17 (5 marks) 
 

 
 

Solution 
xy a=  

 
ln lny x a=  

Differentiating both sides, 
1 lndy. = a
y dx

 

so lndy y a
dx

=  

Specific behaviours 
    takes logarithms of the initial expression 
    correctly implements logarithmic differentiation 

 
 

 
 

Solution 

( )
1 1

0 0
1

0

1 ln
ln

1
ln

y dx a y dx
a

dy dx
a dx

=∫ ∫

= ∫

 

1

0

1 1
ln ln

−= =

a

a

ay
a a

 

Specific behaviours 

   adjusts the integrand by multiplying constant ln a to get  

    finds the anti-derivative 
    evaluates the definite integral 

 
 



EXAMINATION 21 MATHEMATICS: SPECIALIST 3C/3D 
MARKING KEY  CALCULATOR-ASSUMED 
 
Question 18 (8 marks) 
 

 
 
 

Solution 

Where curves meet 2 2 210 ( 2) 2 4 6 0y y y y− = − ⇒ − − =  

Then 2 2 3 ( 3)( 1) 0 1,3y y y y y− − = − + = ⇒ = −   

Required area is then: 

                                  
{ }3 2 2

1
3

3 3

1

(10 ) ( 2)

1 110 ( 2)
3 3

−

=

=−

∫= − − −

 = − − −  

y

y

y y dy

y y y
 

                                   
1 1 130 9 10 9 21
3 3 3

= − − + − − =  square units 

Specific behaviours 
    solves where the two curves intersect 
    writes down the correct integral for the required area 
    integrates the terms correctly 
    evaluates to find the area 



EXAMINATION 22 MATHEMATICS: SPECIALIST 3C/3D 
MARKING KEY  CALCULATOR-ASSUMED 
 

 
 

Solution 
As the equation ceases to hold beyond 3x =  the absolute value function on the RHS 

must change sign at this point. Hence 3q = − . 

Then, for  the equation becomes 3 6 3 3 6 (3 )x p x r x p x r+ = − + ⇒ + = − +  

                                                               Thus  3 6 (3 )x p r px+ = + −  

Whereupon we deduce that 3, 15p r= − = . 

Specific behaviours 
    draw clean sketch of the graphs 
    uses the gradient to evaluate P  
    uses the x value of upper limit to evaluate q . 
    uses the y value of upper limit to evaluate r 

 



EXAMINATION 23 MATHEMATICS: SPECIALIST 3C/3D 
MARKING KEY  CALCULATOR-ASSUMED 
 
Question 19 (11 marks) 
 

 
 

Solution 

RHS
)(cis

)sin(i)cos(
)sincoscos(sinisinsincoscos

)sini)(cossini(cosLHS

=
+=

+++=
++−=

++=

φθ
φθφθ

φθφθφθφθ
φφθθ

 

Specific behaviours 
    expands φθ cisandcis  

    groups product into real and imaginary parts 

    shows that product equates )(cis φθ +  

  
 
 

 
 

Solution 
2

4

4

(5 ) 24 10
(5 ) (24 10 )(24 10 ) 476 480
(5 ) (1 ) (476 480 )(1 ) 956 4

i i
i i i i
i i i i i

+ = +

+ = + + = +

+ − = + − = +

 

Hence  4arg(5 ) arg(1 ) 4arg(5 ) arg(1 ) arg(956 4 )i i i i i+ + − = + + − = +  

Thus 1 1 11 44 tan tan 1 tan
5 956

− − −− =  or 1 11 14 tan tan
5 4 239

π− −= + . 

 

Specific behaviours 
    evaluates  in complex form 

    applies addition of arguments formula  

    states the appropriate form of the argument of  

    deduces the required result 

 



EXAMINATION 24 MATHEMATICS: SPECIALIST 3C/3D 
MARKING KEY  CALCULATOR-ASSUMED 
 

 
 

 
 
 

Solution 

Given that 2 2 2 2 2 2
1 2 1 2 1 1 2 1 2 2 1 1 2 1 2 2− = + ⇒ − − + = + + +z z z z z z z z z z z z z z z z  

                                                                       so ( )1 2 1 22 0+ =z z z z  

Since ( )1 2 1 2z z z z=  , the sum of 1 2z z  plus its conjugate is zero so the real part must 
vanish. 
Since 1 2arg( z z ) θ ϕ= − , the real part of 1 2 0 cos 0z z ( )θ ϕ= ⇒ − = . 

2
− = ±Hence πθ ϕ

2
− =or πθ ϕ . 

Specific behaviours 
    expands correctly 
    identifies that ( )1 2 1 2=z z z z   
    concludes that the real part of  1 2z z  vanishes. 

    understands if ( )1 2Re 0=z z , then argument is  and calculates 1 2arg = −( z z ) θ ϕ  
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