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Specialist Mathematics Exam 1 2007 Solutions

Question 1

The equation has real coefficients therefore the conjugate root theorem applies.
So 2 — i is another root.

The two factors can be expressed as a quadratic as follows:
(z=2—-iz=2+i)=2"—4z+5

Divide z*> — 4z + 5 into z* — 42> + 6z°> — 4z + 5 to obtain z*> + 1

22+ 1

=4z 45— 42+ 62— 4z + 5
2t — 473 + 577

2 —4z+5

2 —4z+5

c(Z2=4z45)(2+1D=0
(z=2-Dz=-2+Dz=-DEz+i)=0
cz=2402—ii,—i

Solutions are;: z=2+1i and z =+i

Question 2

a. u=cos(0)i+ sin(@)j and v = sin (0)i + cos (9){’

]Lf = Vcos?(0) + sin?(0)

-1
=1

|v|=+sin?(0) + cos? (0)

—J1
=1

Hence, both u and v are unit vectors.

_ cos (0)sin (0) + sin (0)cos (0)
b. cos(a) = JIx/1
= 2sin (0)cos (0)

= sin (20)

a = cos '(sin(20)) or a = % - 20

C. a= cos‘1<sin<2>6<n>>]




d. (v-a)u= <?+?>(;£+ J;)
= ?£+i; or
=%(ﬁg+ y)

Question 3

x+2_é+ B
x2+x_x x+1

sx+2=4kx+ 1D+ BXx)
Letx=0s04 =2

Letx=—1soB=—1
Cox+2 2 1

'x2—|—u_x x+1

Clx+2 21
b. {<x2+x)dx: {(;—m>dx

= [2log.| x| = log.| x + 1]

= (2log.3 —log.2) — (2log.4 — log.3)
= log. (27/32)

Answer: a =27,b =12

where A4 and B are constants.
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M1

Al

Al

A1l (both A and B correct)

A2 for anti-derivatives

Modulus sign missing = —1

Note: cannot get this mark from logs of negative numbers. Equivalent multiples of a and b

in non-simplified fraction is correct.

Question 4

a. Letu =+3x and w = 3x

u =+ w and so 5“ = 2\}» and%{v

du _ duxdw
dx  dw " dx

3
©2v/3x

_ dy
— 1 —
y = cos” ' (u) and so =

1—u
dy _ dyxdu
dx ~ du” dx
-1 3
V1 —u? " 23x
-1 3
V1-3x " 2/3x
_ -3
2+v3x (1 — 3x)

Hence shown.

Al

M1
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o
b [— 1
J\/3x(1—3x) )

Question 5

2

a. 2a =2g—0.057° .'.a:g—%

b. Using a = v% in the equation of motion gives:

dv _ 2g—0.05

Vidx = 2
dv _ 2g—0.05/
dx — 2v
dx _ 2v

dv " 2g—0.05/?

Multiplying numerator and denominator by 20 gives

% = % as required.
10
c. The required distance is given by the integral: f

g 40g — V?

Al for —% in front

M1 for recognition

Al

Al

M1

Al

Al

Note: The integral must have correct limits and dv. Does not need to have a modulus of

_ 40y
40g — v*’

10
_ —2v
X = 205[ 7+ 40o 40gdv

- [— 20log, (40g — vz)]:)o
=—20log. (40g — 100) + 201log. (40g)

_ 40g
= 20log. (40g_100>

_ 28
= 20108 3% )

Note: 20log, (4(&49g100> can get the last A1 mark.

since we are after distance and the graph was not asked for.

M1

M1

Al
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Question 6

a.

y
A
3__
_3r
Y= 24
1__
T
(0.5)
(-1,0)
f f f f f f f f } X
=5 —4 -3 -2 -1 1 2 3 4 5
T
y==-7
1+
x-intercept (— 1, 0) Al
y-intercept (O, %) Al
Asymptotes y = —% and y = %t and shape. Al
T _ 5w
b. arctan (x) + 7 = 75
-
arctan (x) = 6
(T2 L V3
x—tan<6>—ﬁ— 3 Al
Question 7
a. Differentiating » with respect to ¢:
r=(=3sin(¢)—2cos (21))i + (3cos (t) — 2sin (2¢))j A2 (1 each i, j term)
b. Speed =|v|
= /(3sin (¢) + 2cos (20)] + (3cos (¢) — 2sin (21)) M1

=/ 9sin?(¢) + 12sin (¢ )cos (2¢) + 4cos? (2) + 9cos? (¢) — 12 cos (¢ )sin (2¢) + 4sin? (2¢)

= /(9sin2 (1) + 9cos (1)) + 12 (sin (1 )cos (2¢) — 12cos (¢)sin (21)) + (4cos? (2¢) + 4sin® (21))
=9 +4+ 12sin(r — 2¢) M1 for using the compound angle formula

=13 — 12sin (7)
.. Maximum speed is v'13 + 12 when sin(7) =—1

.. Maximum speed is 5. Al
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c. V13— 12sin(z)
—1<sin(z)<1
So— 12 < 12sin(z) < 12
SA/13-12=1,V13+12=5
.. speed will always be between 1and 5

.". it never stops

Question 8
a. % = tan (¢) and y = sec (¢)
1

+ tan®(¢) = sec*(¢)

14-%:)/2

2 2
_y X
l=7-%

Al

M1

109 8 7 6 -5 4 3 2 —1

a5

-ef-3)-(3-1)

= 16T7t cubic units

M1

Al





