   Submit your solutions on separate paper.  Indicate your school name on each sheet.
   One solution set only is required from each team. 
   Part marks are awarded for partial or incorrect solutions.
   The steps to a solution can be omitted if you are confident your final answer is correct,

   however the steps will be used for part marks for incomplete or incorrect solutions.

   Marks may be deducted for poor mathematical form.
Group Problem Set #2
Cubic Equation Problems

1.)
Find the points of intersection of y = 4x – 12 and y = x3 – 3x2 . 

2.)
Solve each of the following equations (answers may be from the set of complex numbers).

a)
5x3 = 625

b)
x3 – 7x = 6 

c)
(x – 2)3 + 1 = 0

d)
x6 – 14x4 + 49x2 – 36 = 0  

3.) 
If 4x3 – 15x2 + 17x + k is evenly divisible by x – 2 and also by 4x + m, find the value of m if factor 4x + m is in lowest terms (has no common factor).
4.)
Given that a, b and c are the roots of the equation x3 + mx2 + nx + 24 = 0, and that –a and –b are the roots of the equation x2 + nx + 6 = 0, find the value of m.

5.)
Given that x + y = 30 and x3 + y3 = 8100, determine the value of x2 + y2.

Solutions to Group Problem Set #2
1.
(8 marks)


Let  4x – 12 = x3 – 3x2,  hence  x3 – 3x2 ( 4x + 12 = 0



(1 mark)
Let P(x) = x3 – 3x2 ( 4x + 12




P(2) = 0
(also P(3) = 0  and  P((2) = 0 )      




(1 mark)
Thus x – 2 is a factor of P(x)






(1 mark)
Dividing  x3 – 3x2 ( 4x + 12  by  x – 2  yields  quotient  x2 ( x ( 6  

(1 mark)
and  x2 ( x ( 6 = (x + 2)(x – 3) 






(1 mark)
Thus  (x – 2)(x + 2)(x – 3) = 0  and  x = 2, (2 and 3



(1 mark)
Substituting these values into  y = 4x – 12  yields  y = –4 (when x = 2),  y = –20 (when x = (2), and

y = 0 (when x = 3).


(1 mark for any attempt to find  the y-coordinates)
Thus the points of intersection are:
(2, (4), ((2, (20) and (3, 0).

(1 mark)
Award 8 Marks immediately if the answer is correct without examining the solution.

2. 
(19 marks in total)

a)
5x3 = 625  and thus  5x3 – 625 = 0





5(x3 – 125) = 0  and  5(x – 5)(x2 + 5x + 25) = 0



(1 mark)
Thus  x – 5 = 0  or  x2 + 5x + 25 = 0




(1 mark)
x = 5  or  
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(2 marks – 1 mark for any failed effort)
(4 marks for part a))
b)
x3 – 7x = 6  and thus  x3 – 7x – 6 = 0  

Let P(x) = x3 – 7x – 6 
P((1) = 0    (also P(3) = 0  and  P((2) = 0 )    Thus x + 1 is a factor of P(x)
(1 mark)
Dividing  x3 – 7x – 6  by  x + 1  yields  quotient  x2 – x – 6  


(1 mark)
and  x2 – x – 6  = (x + 2)(x – 3)   





(1 mark)
Thus  x3 – 7x – 6 = (x + 1)(x + 2)(x – 3) = 0   and  x = (1, x = ( 2  and  x = 3
(1 mark)
(4 marks for part b))
c)
(x – 2)3 + 1 = 0


x3 – 6x2 + 12x – 8 + 1 = 0   or   x3 – 6x2 + 12x – 7 = 0



(1 mark)
Let P(x) = x3 – 6x2 + 12x – 7 

P(1) = 0        Thus x – 1 is a factor of P(x)




(1 mark)
Dividing  x3 – 6x2 + 12x – 7  by  x – 1  yields  quotient  x2 – 5x + 7  

(1 mark)

Thus  x – 1 = 0  or  x2 ( 5x + 7 = 0

x = 1  or  
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(2 marks – I mark for any 

failed effort)
(5 marks for part c))
d)
x6 – 14x4 + 49x2 – 36 = 0  

Let  y = x2   thus   x6 – 14x4 + 49x2 – 36  =  y3 – 14y2 + 49y – 36  

(1 mark)
Let P(y) = y3 – 14y2 + 49y – 36   


P(1) = 0        Thus y ( 1 is a factor of P(y)




(1 mark)
Dividing  y3 – 14y2 + 49y – 36  by  y – 1  yields  quotient  y2 – 13y + 36  
(1 mark)
which  is  (y – 4)(y – 9)  






(1 mark)
Thus  y3 – 14y2 + 49y – 36 = (y – 1)(y – 4)(y – 9)  

Substituting Let  y = x2, we get  (x2 – 1)( x2 – 4)( x2 – 9)  


(1 mark)

Since  get  (x2 – 1)( x2 – 4)( x2 – 9)  = 0,  we get  x = (1 or x = (2 or x = (3
(1 mark)
(6 marks for part d))
3.
(6 marks)
Let P(x) = 4x3 – 15x2 + 17x + k  

Since P(x) is divisible by x – 2, it is a factor of P(x).



(1 mark)
Hence P(2) = 0  and  4(2)3 – 15(2)2 + 34 + k = 0



(1 mark)
and we get   6 + k = 0   and hence   k = (6 




(1 mark)
Solution I:
P(1) = 0,  thus  x – 1  is also a factor of P(x).  Also,  (x – 1)(x – 2) = x2 ( 3x +2   

Dividing  P(x) by  x2 ( 3x +2   we get  quotient  4x – 3  and  m = (3  

(3 marks - 1 mark for any failed effort)
Solution II:
Since 4x + m is a factor of P(x),  we get:   
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 = 0

Multiplying by –16, we get:   m3 + 15m2 + 68m + 96 = 0



Let Q(m) = m3 + 15m2 + 68m + 96   and   Q((3) = 0  and  we have  m = (3 


Note that Q((4) = Q((8) = 0 but then 4x + m would not be in lowest terms.

(3 marks - 1 mark for any failed effort)
4.
(9 marks)

Using the properties of the sum and product of the roots of a quadratic equation, we get:

a + b = (n  [1]    and   ab = 6  [2]






(1 mark)
Using the properties of the sum and product of the roots of a cubic equation, we get:

a + b + c = (m  [3]    and   abc = (24  [4]
(2 marks - 1 mark for any incorrect answer)
Dividing [4] by [2]  we get  c = (4.  Subtracting [1] from [3],  we get  c = n ( m,   
(1 mark)
which gives us n ( m = (4   [5]  when we substitute  c = (4  into this.  

(1 mark)
Using the property of the sum of the roots of a cubic in pairs, we get:   ab + ac +bc = n  [6]

(1 mark)
Factoring and substituting [1], [2] and c = (4 in [6] gives us:  (6 + c(a + b) = n   
(1 mark)
or (6 + 4n = n  and  solving this equation gives us  n = 2.



(1 mark)

Substituting  n = 2  into [5]  gives us  m = 6.





(1 mark)

(Note that we could also find a and b as  
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5.
(6 marks)

(x + y)3 = x3 +3x2y +3xy2 + y3    [1]   





(1 mark)
From [1]  we get  x3  + y3  +3x2y +3xy2 = 8100 + 3xy(x + y) = 303 = 27000

(1 mark)
Thus we get    3xy(30) = 18900   and   xy = 210  (substituting  x + y = 30).

(1 mark)
Solution I:
(x + y)2 = x2 +2xy + y2 = 302 = 900   and hence   x2 +2(210) + y2 = 900   and


x2 + y2 = 900 ( 420 = 480

(3 marks - 1 mark for any failed effort)
Solution II:
x3 + y3 = (x + y)(x2 (xy + y2)    [2]



(1 mark)
From [2] above we get:  x3 + y3 = (x + y)(x2 (xy + y2) = 8100


Substituting x + y = 30, we get  (30)(x2 (xy + y2) = 8100  or  x2 (xy + y2 = 270 [3].


Substituting  xy = 210 in [3] we get  x2 (210 + y2 = 270  we get:


x2 + y2 = 480  (as above)

 (2 marks for the last four lines - 1 mark for any failed effort)
Quick Mark Summary For This problem Set:
1. 8 Marks

2. 19 Marks

3. 6 Marks

4. 9 Marks

5. 6 Marks

Total Possible Marks for Problems Set #2 is 48
Indicate Total Team Score Only on Blackboard Summary (Never give percentages)
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