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(4 marks)

Questionl
Solution
If
z 1 C(WB-RB-i) 2-248 1, =
J3-i 3+i :Z_(\/§+i)(x/§—i)_ 31 2" Vi)
Hence

z:%(l—\@i)

We note that z =rcis(d)where r =1 and 8=—r/3

Mathematical behaviours Marks
o multiplies fraction by complex conjugate of the denominator 1
e evaluates Zz correctly 1
e converts to polar form for modulus and argument 1+1
Question 2 (9 marks)
Question 2(a) (4 marks)
Solution
The system of equations first reduces to
X+15y+z=5
X+4y—-z=4 (¥
X+ y+az=»b
and then to
X+15y+z = 5
-0.5y-4z= -11 (**)
-05y+ (a-1)z=b-5
and in turn
X+15y+z = 5
y+8z = 22
(a+3)z=b+6
Hence there are infinitely many solutions when a=-3and b=-6
Mathematical behaviours Marks
 eliminates one variable (*) 1
¢ eliminates a second variable (**) 1
e obtains correct values for aand b 1+1




Question 2(b) (2 marks)
Solution
There is no solution if
a—3and b=-6
Mathematical behaviours Marks
e states correct value for a 1
e states correct values for b 1
Question 2(c) (3 marks)
Solution
If a=2and b=-5then 5z=1 and hence z=1/5
Now y+8z=22so0 y=102/5
Lastly x+y+2z=-5s0 x=(-102-2-25)/5=-129/5
Hence
(X y Z)— _g & 1)
1 1 5 1 5 1 5 .
Mathematical behaviours Marks
e obtains correct value for z 1
e Obtains correct value for y 1
e oObtains correct value for X 1
Question 3 (6 marks)
Question 3(a) (3 marks)
Solution
The function f (x) =/4—|3—2x|is defined if 4—|3-2x|>0
If 3—2x=4=>x=-05
If 3—2Xx=-4=x=35
This means that the function is defined for x €[-0.5,3.5]
Mathematical behaviours Marks
e derives the positivity requirement for 4—|3—2X| 1
e evaluates the lower and upper limits of the domain 1+1




Question 3(b) (3 marks)
Solution
y
6 —
4 —_4
% I T = x
-10 -5 5 10
-2 —
4
—6
Mathematical behaviours Marks

indicates the general shape of the graph 1

shows the maximum value at (1.5,2) 1

makes it clear that the function is not differentiable at the max point 1




Question 4 (5 marks)
Question 4(a) (2 marks)
Solution

The sphere is given by
X —4x+4+y* +7°+102+25=20+4+25
ie.
(x—=2)>+y* +(z+5)*=7°
which is a sphere centre (2,0,-5) and of radius 7
Mathematical behaviours Marks
o completes the square 1
e states the correct centre and radius 1
Question 4(b) (3 marks)
Solution
The centre of the sphere C has co-ordinates (2,0,-5) so that
CA=(-2,3,6)
This is normal to the tangent plane so the equation of this plane is of the form
—-2Xx+3y+6z=d
As A (0,3,1) is on the plane,
d=9+6=15
Hence required plane is
—2X+3y+6z=15
Alternatively this solution could be written in normal form so
r.(-2,3,6) =15
Mathematical behaviours Marks
e calculates the normal C4 correctly 1
¢ writes down general equation of the plane with the unknown 1
constant
1

¢ obtains a correct equation for the tangent plane




Question 5

Question 5(a)

(5 marks)

(2 marks)

Solution

Let z=a+ifinwhich case z=a—if; then zz=(a+if)(a—if)=a’+p> 5z

Mathematical behaviours Marks
e writes down an appropriate form for z and hence z 1
¢ multiplies terms to prove the required result 1
Question 5(b) (3 marks)
Solution
If aand b are complex numbers then part (a) shows that
la+b[’=(a+b)(@a+b)gaf +|bf +ab+ab
Similarly
la—bf=(a—b)(a—b)gal +|b] —ab—ab
Adding the results implies that
la+b P +a=b[=2{|af +|b[*}.
Mathematical behaviours Marks
e derives expression for |a+b [’ 1
e derives expression for [a—b [’ 1

e draws the required conclusion




Question 6 (6 marks)

Question 6(a) (2 marks)

Solution

The vector equation of the line containing BE is
r = OE + tEB

Now OF = %O_A) = %a
andﬁ:ﬁ—ﬁ:b—%a

so the required equation is

1 1 1—-t
r=—a+t(b——a>=Ta+tb

2 2
Mathematical behaviours Marks
e obtains EB correctly 1
e derives correct equation 1
Question 6(b) (4 marks)
Solution
- - 1-—— 1 1
OF = 0A +EAB = a+5(b—a) =5(a+b)
so the vector equation of the line containing OF is
t,
! - b
=2 (a+b)
Solving r = r’ gives
1 1 1-t t
Ea+t(b—5a) =Ta+tb =;’(a+b) *
andso ==L andt=%
2 2 2
andsot=§ andt’=§
So0C="La+lp=La+n
2 3 3
Mathematical behaviours Marks
e obtains equation of a second median line 1
« obtains equation (*) (or equivalent) 1
e determines value of tand t’ 1
e completes proof in a valid way 1




Question 7

(7 marks)

Solution

First note that

—64~/2(1+i) =128 cis[%’j = 27cis[

57 13n 37z 297 377 457 537

Hence the seven roots are z =2cis(i¥) where 9=-"—

28' 28" 428" 28" 28"  28°

Restricting the argument to the stated domain leaves

4
Then 77 = 27cis(i7{2k +%D 7= 2cis('7”[2k +%D for k=0...6

by de Moivre’s theorem

19__277r 19z 1lx _3_71' 57 lg—ﬂ-and 3_7r
28 28 28  28'28' 28 4
Mathematical behaviours Marks

e writes —64+/2(1+1) in polar form (1 for modulus, 1 for argument) 1+1
e uses de Moivre’s theorem appropriately 1

writes down the seven required roots (-1 for one mistake) 2
e calculates all the arguments so that they lie in the appropriate given

range (-1 for one mistake) 2




Question 8 (5 marks)
Question 8(a),(b) (4 marks)

Solution

) y

-10 -5 5 10

VOl

(b) —

The graph of f(x—2) is obtained by shifting the graph of f (x) two units to the right.
The graph of f (| x|) is the same as that for f(x) where X is positive, and reflected about
the y —axis for X negative.

Mathematical behaviours Marks
o displays the correct geometric transformations 1+1
e plots the graphs reasonably accurately 1+1




Question 8(c) (4 marks)

Solution

Commencing with the roots we see that as f(x) =0when x=-11 and 2 so that
f(x)=a(x+) " (x-D4(x—-2)"
As the function touches the horizontal axis at X = —1, 2 then
f(x) =a(x+1)*(x-1)(x—2)?
To fix the value of a we note that the curve passes through (0,-8) so that
a(-D(4)=-8= a=2
Therefore f(x)=2(x+1)*(x—1)(x—2)

Therefore, the equation of the function is f (X) = 2(x +1)*(x —1)(x — 2)*

Mathematical behaviours Marks
e correctly determines the three factors x+1,Xx—1 and x—2 1

e identifies the respective powers on the three factors
e uses the point (0,-8) to deduce the value of a
e correctly determines a=2

N

10



