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Part I - Multiple choice answers

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

Part I - Multiple choice solutions

Question 1
1
We have y = —
ax” +x
B 1
x(ax+1)

. 1
We have vertical asymptotes given by x =0 and ax +1= 0, thatis, x = ——
a

We have a horizontal asymptote given by y =0
The answer is E.

Question 2

1

cotx =——

2

1 1

SO =——

tan x 2

tanx = -2
Now, 1+ tan” x = sec” x
SO, 1+4=sec’ x

sec’x=5

secx =+/5 (fourth quadrant so secis + ve)

50, L _5
COS X

COS X _L

J5

The answer is E.
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Question 3

y =Tan ' (2x) + cot(2x)

=Tan™ li + (tan(2x)) '
!
So, Y _ /

1
2 -2 2
—=—2%=_—1x(tan(2x x 2sec” (2x
&7 (tan(2x)) (2x)
1 1+4x*  2sec’(2x)

2 4 tan” (2x)
14 2sec’ (2x)
2 1+4x*  tan’(2x)
2 2sec’ (2x)
T 1+4x’ tan?(2y)
The answer is B.

Question 4
y =sec(2x)
1
cos(2x)
= (cos(2x)) ™!
Y ~1(cos(2x)) > x —2sin(2x)
dx
_ 2sin(2x)
cos’ (2x)
d*y B cos’ (2x) x 4cos(2x) — 2sin(2x) x 2 cos(2x) x —2sin(2x)
dx’ cos*(2x)
4 cos’(2x) + 8sin” (2x) cos(2x)

cos*(2x)
= 4sec(2x) + 8sec(2x) tan* (2x)

The answer is D.

Question 5

2
We are looking for 3 points which are equidistant from the origin and spaced ?ﬂ apart. The 3

which satisfy these requirements are E, [ and M.
The answer is C.
Question 6

. 27
Using De Moivre's theorem, we have z° = 2° CIS(T x5)

= 32cis(107ﬂ)

The answer is D.
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Question 7

Since the coefficients of the terms in P(z) are not all real, the conjugate root theorem does not
apply. If z—5i is a factor, then 5i is a solution and P(5i) = 0. So options B and C are correct.

P(z) =z’ —5iz> =4z +20i
=(z-5i)(z" - 4)
=(z-5)(z-2)(z+2)

So the roots of the equation are 5i and+ 2. So, options D and E are correct and clearly option A
is not correct. The answer is A.

Question 8

Now, (i—2j+5k).3i+4j-k)
=3-8-5
=-10

a.

[~

Now, cosf =

where @ is the angle between vectors a and b

[~

RS

—-10

- \/% x /26
0 =110°59
The answer is E.

Question 9

If two vectors u and v are linearly dependent then k, u+k, v=0, Kk andk, #0
Thatis, k,u =—k,v, k andk, #0
So we require that # and v are parallel vectors. Only v andv offer this since —2v =v

~2 ~4 ~2 ~4
The answer is E.

Question 10
The vector resolute of v perpendicular to u is given by

v—(v.u)u

1 1
— i+ '—2k)}><—
NIO+1+4 e \14
1

N

=i—2j+4k—{(i—2j+4k). (Bi+ j-2k)

1
=i-2 j+dk———(3-2-8)x
-0 s 4

=i—2j+4k—1—47(3i+j—2k)

Gi+ j—2k)

3.1
=i—-2j+4k+—i+—j—k
A T T

:%(51’—3j+6k)

The answer is D.
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Question 11
t—4
Now, X = 3 and y = Jt

S0, t=3x+4 soy=+3x+4
Sincet >0, 3x+4>0 and y>0

-4
xX=—
3

The answer is B.

Question 12

Since /(1) is not defined then f{x) is discontinuous at x = 1 or has a “sharp corner” atx=1. So
f(x) has at most one point of discontinuity. So options A and B are not correct. The gradient of the
graph of f'(x), is zero at one point only, that is at x = 0. We note that the gradient of the function
f’(x) just to the left of the point where x = 0 is positive and just to the right, it is negative. So there
is one point of inflection only. Also, a stationary point occurs when f"'(x)=0. This occurs only
once when x = -1.

Note that at x = 1, f(x) is undefined. The answer is C.

Question 13
f""(2) =0 means that we could have a point of inflection or a stationary point of any kind. If

there is a point of discontinuity at x =2 on the graph of y = f(x) then y = f'(2) and hence
y=f"(2) will not exist.
The answer is D.

Question 14
ISx\/1—2x2dx letu=1-2x"
1

- —=5du du

X — =—4x
dx dx

_—5(1-2x7)2
6

The answer is C.
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Question 15

J2x1/1—£dx le‘[uzl—i
2 2

1
=J.(4—4M)M2-—2X%dx —=—% Also,§=l—u, s0,x =2—2u
x

= —SJ- (1- u)u%du
= —8J'(u; —u%)du

5

3 5
2u?  2u?

=—8( 3 s )+c

-16 . x> 16 . x>
=— (-2 +—(10-2)*+c
3 ( 2) 5( 2)

The answer is E.

Question 16

1

NI
x 2

= 3{Sin'l =
2 0

=3(Sin"'1-Sin"' 0)

=3 dx

© Ly 1O O — 0
B~
|
=
[\

T
=3(—-0

(2 )
The answer is B.

Question 17

Arearequired =1x f(3.5)+1x f(4.5)

= 6.0 correct to 1 decimal place
The answer is D.

O©THE HEFFERNAN GROUP 2000 Specialist Maths Trial Exam 1 solutions



Question 18

3z
area required = J-sinz (g)dx
0

=%f(l-cos(2—;))dx

3z
_1L X —ésin(ﬁ)
2 2 371,

The answer is A.

Question 19

5
volume required = 7 I v dx
0.5

5
=z j (log, (2x))* dx
0.5
The answer is D.
Question 20
Now,  y=log,(2¢) and x=£(t+1)
So, @ _1 3o
dt t dt
Also, & _ dt
dx dt dx
s
t 3t +2¢
_ 1
(3t +2)

The answer is C.
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Question 21

2x

Q: € 2 d u=2—€2x
dx 2-e™
So, y= —l@ufldx @——262’6
2 dx dx
——l u ' du
2
=——log,u+c

=—lloge(2—ez’”)+c
2
Whenx =0,y =0,
0= —%loge(2—e°)+c

1
O0=——log 1+c
> g,

c=0

So, y= —%loge (2-e*)

The answer is D.

Question 22

.d
The gradient of the tangent at (x, ) is d_y
X

The gradient of the normal at (x, y)is — d_x
Y

So, —ﬁ =2xand thereforeﬂ = _L
dy dx 2x

The answer is A.
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Question 23
x—Sin’l(—1 ) t>0 letu =
> -3t t* -3¢
=Sin'u =(*-31)"
?: ! : @:—1(t2—3t)‘2x(2t—3)
u 1—u
~ 1 _3-2
1 (t* =3t)*
(t* =31)°
Now, & 45 du
dt du dt
- 1 L 3=
1 (t* =3¢)°
(t* =31)°

C . dx ) ) ) . )
When particle s at rest, ; = 0, thatis, 3 — 2¢ = 0,since if the denominator is equal to zero
t

then @ is undefined. So,f = i
dt 2

Question 24
a=3x"—x’

So, i(lv2)=3x4 —x°
dx 2

So, (%vz) = j (3x* — x?)dx

3x5 3

X
=——"—+c¢
5 3
whenx =0, v=0 so
0=0-0+c
So, c=0
5 3
So, L3 X
2 5 3
5 3
poy [0 22
5 3
When x=1, v=% 6_2
5 3

_+ |3

15
. /8 /8
So the velocity could be ,|— or —,/—
15 15

The answer is A.

The answer is E.
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Question 25
df = [_59 5] rf = [Oa 7[]
So, a'f,l =[0, 7] P = [-5, 5]

Let y = Cos™ (g)
Swap x and y
Y
x=Cos ' (£
( 5)
Rearranging,
2~ Cosx
5

y =5Cosx
So, f'(x)=5Cosx

The inverse functionis /' :[0, 7] — R where f ' (x) = 5Cos x

The answer is B.

Question 26

We need to make allowance for that part of the area that falls below the x axis.

So, the required area is given by

4 5

j(—z2 +2¢ +8)dt — j(—tz +2t +8)dt
0 4

The answer is D.

Question 27
The resultant force acting on the body is given by R

Now, R=ma

So, 3i—=7j—i+5j=2xa
|
So, a=—2i-2}j)
~ 2. T

=i—

The answer is D.
Question 28

(15gsin30°) i+ (N —15gco0s30°) j =ma

=15ai
SO,N—IS\/Eg —0
2

The answer is E.

15g  (30°
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Question 29

From the diagram, we have
R=(Tsin@—-20)i+ (T cosd@—5g)j

The answer is E. o |

rﬂ\..
|~

20

5g

Question 30

(Fr—5gsin45°)i+ (N —5gcos45°) j=0 (ie ma=0)

So,Fr=5—g

NG

Now, at the point of slipping, Fr = u N,

= 2><5—g sinceN:S—g

2 P
So, the difference between the frictional force of the mass currently and the frictional force

of the mass when it was on the point of slipping down the planeis given by 5g — o8

NG

The answer is D.

O©THE HEFFERNAN GROUP 2000 Specialist Maths Trial Exam 1 solutions



11

PART II - short answer solutions
Question 1

f(x) and g(x) intersect when

/—25—x2 _ 25—x

1225 -49x* = 625 —50x + x°
0 = 50x> —50x — 600
=x*—x-12
=(x—4)(x+3)
x=4orx=-3 (1mark)

Area required = j{ f(x)— g(x)}dx (1 mark)

-3

25—x

4
= J-( 25-x% — )dx (use a graphics calculator to evaluate this)
-3

=7.135 (to 3 places)
Area = 7.135 square units (to 3 places) (1 mark)

Question 2

If ai is a solution then a* + 6a°i —14a* —24ai +40 =0+ 0i

So, a* —14a* +40=0and 6a° —24a =0
(a> =10)(a’ -4)=0 6a(a> —4)=0
a=1+10, a=%2 a=0,a=%2
Since we require solutions which satisfy both these equations, we have a = £2 (1 mark)
So, — 2i and 21 are solutions and hence z + 2i and z — 2i are factors.
So, (z+2i)(z—2i) = z* +4 is a quadratic factor. (1 mark)
Now, z* —6x> +14z> —24z+40 = (z° + 4)(z> -6z +10) ( Imark)

=(Z*+4)(z° - 62z+9)-9+10)

= +4(z=-3)*+))

=(z+2i)(z-2i)(z-3+i)(z-3-1i)
So the solutions are z = +2i, 3+i (1 mark)
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Question 3

sin(2x)cos” xdx

2sin x cos x cos” xdx

Sl n |y Oy

z
4
= ZJ‘ sin x cos® xdx
du

1
7
=—2j—u3dx
 dx
Ry
V2

1 1
R, V.
(4 4)

3

=-2x——

16
3
== 1 mark
2 ( )

Question 4

a. )?Yza—b S?Z:bJra

(1 mark) for terminals

12

du .
U =CoSsX so,d—: —sinx

X
) Vs T
Now, if x =—thenu =cos— =—
4 4

andif x =0,thenu =cos0 =1

(1 mark) for integrand

(1 mark)

LR
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b.
To Prove: al = ‘b‘ (1 mark)
Now, XY.YZ =0 since LXYZ =90°

From part a. the above equation becomes
(a-b).(b+a)=0 (1mark)
a.b+a.a-b.b—a.b=0

So,a> —b* =0 sincea.a =|alla|cos0

=a 2
Similarly b.b=b"
Therefore a® =b’
Therefore al= ‘b‘ Have Proved (1mark)
Hence MX = MZ = MY
Question 5
a.

N
T T
Fr €— 19 kg
10g T
2 kg
2g
b. Around the 10 kg weight, we have
Fr=T and N =10g
Around the 2 kg weight, we have
T=2g
(1 mark)

So, Fr=2g

Now since the weights are on the point of moving, we have
Fr=uN
s0,2g=uN
2g .
MU= Ton since N =10g from above
g

ﬂzg

(1 mark)

(1 mark)
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Question 6
1
Now, xz—x—Zixz—x
x?—x=2
2
So sz—dx j (l+#)dx
’3x2—x x*—x-2
J‘ 2 1)
y (- )(X+)
2

14

x?—x B (x> —x-2)+2

OR

xt—x=2 xt—x=2
2
=l+—
xtP-x=-2
2 A B
et = +
(x-2)(x+1) (x-=2) (x+1)
_Ax+D+B(x-2)
 (x=2)(x+D)
True iff 2=A(x+1)+B(x—-2)
Putx=-1 2=-3B B= 32
2
Putx=2 2=34 A=§
2 B 2 2

> G=x+1) 3(x—2) 3(x+1)

3(x=2) 3(x+1)

)dx (1 mark)

a

3

2 1
_10 _
3 08 4)}

(I mark)

We are told that the definite integral is equal to 2 + % log, 2

Equating, we obtain,a —3 =2,s0,a =5

4(a—2):2
a+1
4a—-8=2a+2
a=>5

Checking, we obtain

(1 mark)

Total 20 marks
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