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Part I — Multiple-choice answers

1 D 7. C 13. C 19. D 25. D
2 D 8. A 14. B 20. B 26. C
3 B 9 E 15. B 21. D 27. D
4 E 10. E 16. C 22, C 28. D
5 A 11. D 17. B 23. D 29. B
6 A 12. D 18. C 24. D 30. A

Part I- Multiple-choice solutions

Question 1

5 . . .
The graph of y =3x* + = has a vertical asymptote given by x =0 . Its other asymptote is
X

given by y =3x? so reject option E. The graph has a local minimum where x = 3\/§ and not

where x =1so reject option B. The graph is defined for y <0 so reject option C.

Also, the graph has an x-intercept but not at x =—1 so reject option A.
Only option D is correct since x =0 is an asymptote and hence there are no y-intercepts.
The answer is D.

Question 2

2 2

The graph of the relation )1}_6 - ;—5 =1 is the hyperbola shown below.

v

It intersects with the y-axis twice.
The answer is D.
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Question 3

=Cos!| 2
g @
=Cos ™' (1) where u = X and so @ = 1
2 dx 2
& _dv du

=—. (Chain rule)
dx du dx

The answer is B.

Question 4
. 1 3z
sinlx)=——, —<x<L2x 3
T 1%
cos(x) = Tg since in the fourth quadrant cos is positive J8
So sec(x) _3
202
32

The answer is E.

© THE HEFFERNAN GROUP 2004 Specialist Maths Trial Exam 1 solutions



Question 5
u=2-i, v=u-+l
=2+i+1
=3+1
So, 222—1
v 3+1
2—i 3-i
= X
3+i 3-i
6-5i—1
10
_5-5i
10
17
2 2
The answer is A.

Question 6
r=+3+1

=2

Note that the question asks for “a” polar form. Im()

Now Arg(\/g - i)z tan ™" [_T;J (in 4™ quadrant) T

T —» Re(z)
g

6
This is the value of Arg(z) in the range (-7, 7].

So a polar form of V3 i could be 2cis(%j or Zcis( ”j and so on.

In this case the only correct option is A.
The answer is A.

Question 7
We have a semicircle.

Now {z : |z| < 2} describes a circle with radius 2 units.
Also, {z :Im(z) 2 0} describes the top half of the complex plane including the real axis.

Hence {z : |z| < 2}m {z:Im(z) > 0} describes the semicircle we have. Note that

{z : |z| < 2}m {z:Im(z)> 0} is close but excludes the Real axis between —2 and 2 which is

included in the diagram.
The answer is C.

Question 8
Since P(z) is a cubic polynomial with real coefficients and one of its solutions is 1+ i then

another of its solutions must be 1—1i, that is, the conjugate of 1+ i (conjugate root theorem).
The other solution must be real.

Note that z — 1+ is a factor not a solution, asis z—2.

The only feasible answer is 3.

The answer is A.
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Question 9
Let z=rcis@
So z3 =cis zj
2

becomes (rcisd)’ =cis

rcis(30) = cis

T

Ej (De Moivre's Theorem)

&grzlmm39:§+2hn keJ

0:£+2k_ﬂ-
6 3
If k=0, o="
6
If k=1, @=Z"%F
6
__T
2
If k=1, AR
6
_sz
6

So the three solutions are cis(%j, cis(%j, and cis(%rj.

The answer is E.
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Question 10

J'\/?,x__xdx

let u=3-x
du __,
-1 1 dx
X 3
il 2
— o 2x3u2 -2 e
3
2 3 1

=—u?-6u?+c
3 1

:%(3_)6) _6(3=x) +c

Note “an antiderivative” means c takes on a particular value. In this case ¢ = 0.
The answer is E.

Question 11

-2 1

=2 Sin'1 (%J +c

j —dx= 2j\/7

=2Cos” ( j+c
2

Only the second answer is offered.
The answer is D.

OR

Question 12

With the integration techniques available to us in this course, we are not able to

antidifferentiate V9 — x2 .

Use a graphics calculator instead.
The answer, correct to 4 decimal places is 8.4633.
The answer is D.
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Question 13

A (x) =sin? (3x)
So, f(x)= J'sin2 (3x)dx

= %J.(l — c0s 6x)dx

= %(x —ésin(6x)j +c

T T
When x=—, =—
AT
So, r_1 E—lsin(ﬂ) +c
12 2(6 6
lzl Z_0|+e
12 216
r_z
12 12
c=0

The answer is C.

Question 14

y= loge(ezx)
dy 22"
dx ¥

dx?
2
o 4V _b_,
dx®  dx
Alternatively,
y=log (™)
=2x

@,

The answer is B.
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Question 15

Total Area=3 (2 cos(2x) — cos(2x))dx by symmetry

— i [N

[N

e [y ~

3

cos(2x)dx

|
IV

N

4
= 6J- cos(2x) again by symmetry
0
Note that in option D, the second term should be negative and similarly in option E.

The answer is B.

Question 16

On the graph of y = f'(x),f'(—2) =0and f'(l): 0.Soat x=-2and at x =1 on the graph of
yv=f (x) we have a stationary point.
For x <2, f'(x)>0 and for —2<x<1, f'(x)>0soat x=-2 on the graph of y= f(x), we

must have a stationary point of inflection.
For —2<x<1, f'(x)>0and for x> 1, f'(x)<0soat x=1 on the graph of y = f(x), we must

have a local maximum.
There cannot be a stationary point of inflection at x =0 since f '(0) #0.

The answer is C.

Question 17

Using the formula sheet, we have, if % =f (x), x,=a and y, =b,

X
=x, +hand y,, =y, +hf(x,)
Now x,=0and y, =0

then x

n+l

Y _
and o f(x)

=log,(2x +1)
Also, h=0.1
So, x,=0+0-1 and y, =0+0-1x £(0)
=0-1 =0
X, =0-1+0-1 y,=0+0-1x £(0-1)
=0-2 =0-1log,(1-2)
_log,(1-2)

So, when x=0-2, y
10

The answer is B.
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Question 18

v

+—Q80cm ——»

4+—40 cm—»

40 cm

VzlAh
3

= % x [*h where [ is the sidelength of the square

In the triangle drawn, tan8 =1

so, —=h, [=2h
2
1 2
So V:§x4h x h
_an’
3
Ay
dh
Now, dh_dn_av
dt dV dt
|
=——--10
4h?
=5
2h*

The answer is C.
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Question 19

dx 1

dv 2v+1

x= dv
j2v+1

x=%10g6(2v+1)+c
When x=0, v=1

Oz%loge(3)+c

X zéloge(2v + 1)—%10ge(3)

The answer is D.

Question 20
5
OP=3i+2j-k

00=2i+ j—k

- - -

PQ=PO+0Q
=-3i-2j+k+2i+ j-k

=i

|PZ2| =J1+1
-2

The answer is B.
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Question 21

Note that since the surveyor is travelling up at a gradient of % he won't travel 100 m in the
i — j plane.

Consider the vertical component.

~ NOT TO
SCALE

100 X 13
y 12

. 100 . . -
From the diagram we have §= TS since the triangles are similar.

500
X=—ro
13
Also note from the diagram that % = % k
1200 /
13 5w
This is the distance travelled in the i — j plane. "
ST T
13
> 1

Inthe i — j plane, 7 -

sin30° = opp +@ and cos30° =adj +@
13 13
1 13 NE) 13
ST O0pp X —=adjx—— J
2 1200 2 1200 i
600 . 60043
opp=—r adj =
13 13 1200

30/ ——

\4
1~

So Op_ 800 600\/§j+ 500,
13- 13 2 13°

The answer is D.
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Question 22
u=ni, v=i—j
UeV="n

UeV= |u| |v| cos@ where @ is the angle between v and v

=\/n2\/1+1cos9

So nzﬁncosﬁ

chos@

NG

g~
4

The answer is C.

Question 23

a.b=0 since ZRPQ =90°.
So option A is correct.

Option B is correct. (triangle rule for addition of vectors)
Consider a.a+b.b=c.c

LS=a.a+b.b

= |a| |a| cos(0° )+ |b| |b| cos(0° )
=[]+ [}’

= |c|2 (Pythagoras)
RS=c.c

- eleos(o)

2
=l
=LS
So option C is correct.

[=t):{et)

=ael—beb

= [dd coslo” |-l coslo")

2 2
“Jo-p

=0 since |a|=|b|

So option D is incorrect. Option E is correct since the sum of side lengths PR and PQ must be
greater than sidelength QR. The answer is D.
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Question 24

173

—i+2j+k=v1+4+

N

Now the vector resolute of a perpendicular to b is a—(a ., lA))l;) .

So, the vector resolute of 2i+ j—k perpendicular to —i+2 j+k is

1
=—|11i+8 -5k
6{ - j

The answer is D.

Question 25

The motion of the particle initially is in the direction of i+ 4k .

The answer is D.
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Question 26
alt)=61% i+cos(21)j , 120

v(t)=2¢ £+%sin(2t)z+g
When t=0, v=0

0=0i+0,+c

So v(t)=2" i+ %sin(2t) j
The momentum of the particle, m v, is given by
8% i+ 2sin(2¢)

Note that momentum is a vector quantity.
The answer is C.

Question 27
R=ma
1i’1+F2N=5g
Si+(n+5)j=5(i+2j)
5i+(n+5);'=5i+10Nj

So n=>5
The answer is D.

Question 28

The box is stationary.
Resolving horizontally, we have

Fr= 500s(30°)
53

2
So options A and C are not correct.

Fr

Note, since the box is not on the point of moving across the table,

Fr# uN
In fact Fr< uN .
So option D is correct.
Resolving vertically, we have
N +5sin(30° )=12¢
5
N=12g-——
& 2
So option B and option E are incorrect.
The answer is D.
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Question 29

The gravitational forces acting on each particle are m ,g and m g . This eliminates options A
and D.

The friction forces act in the opposite direction to the force F. This eliminates option E. The
tension force in the connection runs in both directions. This eliminates option C.

Only option B shows all forces correctly.

The answer is B.

Question 30
G l
TA AT T
4kg || 3kg
4g 3g
Around the 3kg box.
R=ma
(T-3g)i=3ai
So a= r-3g

The answer is A.
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PART II
Question 1

When George finally passes the stationary red car, each has covered the same distance since
George was originally overtaken.
Let the original speed of the red car be v.

So, v><10+%><(30—10)><v=20><30 (1 mark)

10v +10v =600

v=30
The red car was travelling at 30 m/s.

(1 mark)

Question 2

a. The 6 solutions to the equation z® — 64 =0 are spaced evenly around a circle with
1

radius 646 =2 . Since one has already been given to us the others must be spaced at

intervals of 27 +6 :% apart as indicated in the diagram below.

Im(z)

A

Re(z)

W N[N
w(N|w |y

(1 mark)
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b. Im(z)

area required

boundary included

boundary excluded
Re(z)

(1 mark) correct area
(1 mark) correct boundaries

Question 3
a.
(1 mark)
b. The system is at the point of moving so R=0.
Resolving around the 25kg object we have
T = Fr + 25gsin(30° )and N = 25g cos(30° )
25g 253g
= + — = —
HN 2 2
zsﬁ g 25g (1 mark) for correct resolution
=0-6x—=+—~=
2
=7-53g +12.5¢
(1 mark)
Resolving around the x kg object we have
T=xg
So x=7-54/3+125
=25.49 (correct to 2 decimal places)
(1 mark)
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Question 4

a. V2 sin(2x +% = cos(Zx)

J
ﬁ[sm(zx)cos@ R cos(zx)sm[gn  cos(2x) 1 mark)
)

ﬁ[sin@x)x % + cos(2x)>< % = cos(2x)
sin(2x) + cos(2x) = cos(Zx) Domain 0<x<27
sin(2x) =0 so 0<2x<4r
2x=0,7,27,37,4x

3z - (1 mark)

sin? (x)cos® (x)dx

s
Oy [N

sin? (x)cos? (x)cos(x)dx

Il
—o |y

sin’ (x)(l —sin? (x))cos(x)dx

Il
St~ St N ooy o

(sin2 (x)—sin* (x))cos(x)dx (1 mark)
2 4\du (1 mark) for integrand ‘e sm(x)
= (u —u )— dx d
dx (1 mark) for terminals au _ cos(x
1 dx
e _w P x=Z u=l
3 5 6 2
0 x=0,u=0
lf IJS
3 5
_ b
24 160
~20-3
480
17 (1 mark)
480
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Question 5

a. Area required

0+i

ﬁ+

2+3J

square units

4

NG

Draw a diagram.

ror2i(5)(5)
an0)+ 2 ]

18

(1 mark)

»
>

Ny
oy
WY

(1 mark)

The shaded area above is equal to the shaded area shown in the diagram below on the

graph of its inverse function

y

4

Ne!

, y=Tan(x).
y =Tan(x)
I

A

(SRS

WY
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Wy

Area required = j Tan(x) dx (1 mark)

1l
W —m M~ oy oWy o
8 |eg
SN | S—"
S

let u = cos(x)

(1 mark) du . ( )
— =—sinlx
= l —ﬂdx dx
w odx x=0 sou=1
1 x=Zsou= 1
=|—du a 2
u
1
=[log, @]
2
1
= loge - IOge (5)
1
=0-log, <)
=log,(2)
Area required is log,(2) square units. (1 mark)

(Do NOT express this answer as a decimal approximation since you have been asked for an
exact value. Also, if you have time, check your answer using your graphics calculator.)

Total 20 marks
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