MAV Specialist Mathematics Examination 1, Solutions, 2003

MAV Specialist Mathematics Examination 1
Answers & Solutions

Part I (Multiple-choice) Answers

1. B 2.D 3. A 4. E 5 B
6. E 7. B 8. C 9. D 10. D
11. A 12. B 13. C 14. C 15. C
16. C 17. E 18. C 19. D 20. B
21. D 22. E 23.D 24. E 25. C
26. A 27. A 28. B 29. C 30. C
Question 1
3-1i N 3-1i
3+i 3-1i
_9-6i+i?
10
_8-6i
10
4-3i
=5 [B]
Question 2
a=2i-] a = 422 + (-1)
=5
b=3i+2j ‘b‘ - 13
a.b
0="~-"
Y
_203)-1(2)
V5413
__4
65
_ 4
0 = cos 1(—)
65
~ 60.255° [D]

Question 3

=10+

The graph of f(x) = 2x* + 7x - 4 is shown above.

Asymptotes for L win occur at the x-

f()

intercepts (y=0). x=-4 and x = % [A]
Question 4
2%
Y=mx+c m=tan(?)
y = —V3x w3
Im z++/3Re z=0 [E]
Question 5
Im(z)
P2
T 1
4 >
1
1+i= «Ecis(z)
4
(Vacis) " - (v2) e )
4 4
- 4@:15(- %) [B]
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Question 6
Seclx = 4.2
SeC(SeC_lx) = Sec(4.2)

4.2 &dom [Cos(x)] but is acceptable for Sec x

_ 1
cos(4.2)

=-2.04 [E]

Question 7

2 1
Jiseinx>3

-2
3x-1 dx

20 3 du,
3J 3x-1 dx

Let u =3x-

__2 _ 1
=-3 log,(3x-1), x> 3 [B]
Question 8

+ Sin'1(2x)) dx = xSin ™1 (2x)

( 2x
f k V1 - 422
\
f(Sln 1(2x))dx xSin1(2x) - fkﬁ de [C]

Question 9

Required volume is the ‘total” volume formed by
rotating the ‘outer” function, minus the hollowed
section formed by rotating the ‘inner” function.

L (W2 - () 4 D
ﬁ) m (Vx)* dx - j;) m|x°) dx [D]
Question 10
Substituting x = 2¢, into y = 5cos(2¢)

y = 5cos(x) [D]
Question 11

A=2{(2 -1+ (B -D)t+ (W3 -1+ 1)

%(\/E+«/7 2+«/7)

~1.439 [A]

Question 12

4+9 =413

2i-3j|=

Unit vector: L(2 i-3 l)

Question 13

ﬁ_(x—Z)2

9 7 !

Question 14

a_ b
x-1 " (x-1)7

Question 15

1
19}

Question 16

dy _ o x
i 2e* — cosx
d_g =2¢* +sinx
dx
2
LHS = d_g +y
dx
=2¢" +sinx +2e* —sinx
= 4¢*
= RHS
Similarly for B, D and E.

Hence C is the only option not a solution
to the equation.

[B]

[C]

[C]

[C]

[C]
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Question 17
Y= Cos_l(z) Let u = z =7x7!
x X
y = Cos Ly fl—z = -7x72
dy _ dy du
dx  du dx
-1 -7
V1 - u? x?
_ 7
2 49
x 1-—=
x2
-7
x2
7

= —— [E]
xVxZ - 49

Question 18

= COSGC(X— E) +2
Y 4
S
sin(x - rc)
4
Y
5 \_/
4 4
3 4
2 4
1 4
0 t t t > X
—1 1 0.57 1 1.57
2+
3+
_4 L
5+
Turni . 3w 77
urning points at T ,3| and T ,1 [C]

Question 19
r(f) = 4sin(2f) i + 3tj

7(f) = 8cos(2t) i +3]

i(t)‘ =464 cos? 2H+9

2
- 64(%) +9
=5
OR
t(g) = 8cos(§) 1+31
=4£+3]

Question 20

d
Y X108 %, Yuet = o+ B (), D= 02

X Yy
1 3

1.2 3+02(1log,1)=3

1.4 3+02(1.21log,1.2) = 3.0438

Question 21
A=nmr? il_r =2nr
dA _dAdr
dt  dr dt
=2mr(2)
=4nr
When r = 8, il—‘? _ 32x

[D]

[B]

[D]
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Question 22

4

By the sine rule [E]

sin 85°  sin 30°

Question 23

1+xz=é

x2=§—1
Yy

3(3
V=nf1(y—1)dy [D]

Question 24

The magnitude of the area beneath the curve
gives the distance travelled.
Trapezium above t-axis:

- %(5 +10)30 = 225

Triangle below t-axis: A = % x5x30=75

Distance = 225 +75
= 300 metres [E]

Question 25

Given P and Q are the mid-points of the
diagonals, it needs to be shown that P and Q

— —
coincide. AP = AQ [C]
Question 26
3 5
»E
S 4
_F_5
“m 2
a=25m/s? [A]
Question 27
mgsin® - Fr = ma
Fr = mgsin® - ma
Fr = 4(9.8)sin 30° - 4(2)
=11.6 [A]

Question 28

Since lift is accelerating downward, the resultant
force is downward, hence

mg — N = ma
N = 64(9.8) - 64(1.5)
= 531.2 newtons [B]
Question 29
=32 + 42
=5
7=
=3x5
=15kgm/s [C]
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Question 30
5N

5kg

Since the box is moving with constant speed,

F = 5c0s30°
~ 4.3 Newton [C]
Part 11
Short-answer Solutions
Question 1
1
Jx du_1,5_ 1 _ 1
fx—4dx Letu:&'dx_Zx oy 2u
u?=x
u du
=f2uxu2_4adx M1
2 2 2
2 -4
= uzzu_ 1 du u22u_ 1 = (uuz - z; 8 (or perform long division)
8
=2+
u? -4
8
=2+ du M1
f u? -4
8 8 a b
= . —, | =
I Tus)u-2 " W+)w-2) (w+2)  @-2)
8=a(u-2)+b(u+2)
U=2=>b=2
U=-2=ag=-2
2 2
=[2+—=__
f +u-2 u+2du Mi
_ u-2
—2u+2loge(u+2)+c
=2Jx +21o x -2 +C
ge(\/;+2 Al
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Question 2

a. |z+1|+|z—1|=6

\/(x+1)2+y2+\/(x—1)2+y2=6 M1

(x+1)2+y2 =6- (3c—1)2+y2

Question 3
Method 1 (considering total motion)
u=4m/s, g=-9.8 m/sz, s =-15m
v? - u? =2as

v? = 2as + u>

0% = 2(-9.8)(-15) + 16

2
v° =310
2 42x+1+y? =36-12/(x-1)2 +y? + x> - 2x+1+y?

12¢/(x = 1)2 + y2 =36 - 4x M1

3 (x—1)2+y2 =9-x
9(x2—2x+1+y2)=81—18x+x2
9x% —18x + 9 + 9y? = 81 — 18x + x°

8x? +9y? =72 Al
2 2
R A
g t7g !
b. y
10 ¢
51 242
Sl
.0 .
8 6 4 "~ |0 24 6 8
522
-107

Correct ellipse, with x-intercepts, x = 3,
y-intercepts, v = 242 Al
Shading inside ellipse. A1l

v=17.6m/s

Method 2 (considering upward then
downward motion)

UP: u=4m/s, g=-9.8 m/s?, v

v - u? = 2as

v? - u? _0-16
2a -19.6
DOWN: u=0m/s, g = 9.8m/s?,
s=15+0.82 =15.82
v* - u? = 2as

v? = 2(9.8)(15.82)

=0.82

S =

v=17.6m/s
Question 4
a. ftan x dx
=f sSin x dx
Ccos X
Let u = cosx, du =-sinx
dx
1 du
“J o udx dx

=- loge|cos x| +c

M1

Al

-0

Al

Al

M1
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b. ftans(x)dx
= f (tan? x x tan x)dx
= f(secz x - 1) tan xdx M1
= f(secz x tan x — tan x)dx

fsecz x tan xdx Let u = tan x, d_u = sec2 X

dx

= ~tan? x + loge|cos x| +c Al

- tan® xdx = %tan2 X+ loge|cos x| +C

Question 5

T
o= kT - Ty)

da __ 1
dT =~ " k(T - 10)

1. 1
t=-2) 71097

-kt = log,(T - 10) + ¢
t=0,T =25=c=-log, 15

—kt = loge(Tl_—SlO)

okt _ T-10

15

T =15¢~% +10 Al
When f = 5 minutes, T = 18

18 = 15¢7°F 4+ 10

~0.1257 Al

After a further 3 minutes, t = 8

T - 156—0.1257X8 + 10
~15.5° Al

Question 6

Consider mass 1:

T = mlgsin 01 - F?’l

Frp = wiNy

Ny = myg cos0q

- Frp = nymg cos 61

Hence T = mygsin 0y — wymig cos 0y

Consider mass 2:

T =mpgsinBy + Frp
Fry = upNp

Ny
= Fry = npmpgcosty

mp g cos By

T = mpgsinBy + upmpg cosoy

Equating

M1

M1

m1gsin0y — wymygcosdy = mp gsinOy + up 1y gcosty

my(sinB1 — wqcosBq) = my (sinBy + wy cosby)

mp _ sinfy + up cosHy
my  sinB) — wugcosOg

Al
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