MAV Specialist Mathematics Examination 2, Solutions

2003 Specialist Mathematics
Written Examination 2 (analysis task)
Suggested Answers and Solutions

Question 1

a N Fr

8°\ mg cos 8°

mg sin 8°

Resultant force: Fp =ma

=1200 x 0.25
=300
FR =T - F - mgsin8°
F =uN
=0.09 x 1200 x 9.8c0s8°

T =300 + 1200 x 9.8 (0.09c0s8° + sin8°)
=2985N

mg cos 8°

mg sin 8°

F+T-mgsin8° =0

T = mgsin8° - F
=1200 % 9.8sin8° — F
=1636.68 - F

c i T=1636.68-F
T =1636.68 — uN
=1636.68 — 0.09 x 1200 x 9.8c0s8°
=589

c ii T=1636.68—-0.15x 1200 x 9.8cos8°
=-110

In this instance T = 0 because friction can
only act to oppose motion.
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b

o2 o2,
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e ++2 Ne-+2.
vV=1U= - i
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v_u:()_zLM]i
4
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__T
Arg(v—u) = 5
u = cis| -~
12

(z—u)(z—v)=0

2

z

—uz—vz+uv=_0

2

z —(u+v)z+uv=0

But z2 +az+b=0

so b=uv=12 cis(

12

= 1cisO

= 1(cos0 + isin O)
=1(1 + 0i)

=1

ez 67,
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—-a=u+v=
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Question 3

a OC=c=-2i+5j-2k

OB=b=2i+6j+2k

—_—

OA=a=4i+j+4k
BC = BO+OC
=—b+c=—4di—j-4k

AB = AO+ OB
=—a+b=-2i+5]-2k

&zz‘TéandOT‘lz&é

Therefore opposite sides are parallel and
equal in length.

—J4+25+4 =433
‘B—C>‘=\/16+1+16=«/§

AB

.. All sides are of equal length and opposite
sides are parallel.

.. Base OABC is a rhombus.
OC = c = -2 + 5] - 2k
OA=a=di+j+4k
Let6=<AOC
cos@ =2
Jalc]
_(-8+5-8)
V33 x 433
_-n
~ 33

0= COS_l(— %) = 109.5°
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C

i

Let e=pi+qj+rk
If e is a unit V_GCtOI'
pz + qz +r2=1 1
Given ¢ is perpendicular to OA
We know e. O_A =0
=4p+qg+4r=0 2
Given e is perpendicular to oc
We know e. 56 =0
=-2p+59-2r=0 3

Solving 2 and 3 simultaneously
11g=0
=q =0 (As required)

PP +r?=l 4
and4p +4r=0 5
From 5 p=-r
Substituting p =-rinto 4
prept=1

2_1
=p =5

Given p>0
oL
V2
1
and r = ——
V2

ii

) A

We know that ED is perpendicular to
the base and thus is perpendicular to

O—C) and 551

This suggests that ED is parallel toe
from previous question.

Where ¢ = 1

ﬁ(i—’i)

D B

EO

‘FE‘ = &5 cos0

we know that ¢ is an unit vector

Elé‘ = ‘O—D> |g| cosH
= ‘ﬁ‘ -0D.2

_3, 1
2 342
_9+1

342
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Question 4

a f(z)=-2+2 sec(g)

=2+4=2
b
y y=f()
x=3
y=x
_____________________________________________ y=3
y=f"(x)
27 2,2)
1._
0,0 1 >

c y——2+25ec(72x)

To find rule of inverse function, interchange

x fory, and solve for y.

x=-2+2 sec(%)

2
y
COS(6)
Ty _ 2
icos(6)_x+2
Yy 2
= ¢ = Cos™ ( +2)

_6, -1 2
- s-se(i)

=S x+2=

6
La==
T

T X
J EC ( ) +2-2 sec(?jdx
=19

39 (using Graphics calculator)

Let v = log, (1)

1+ sin kx

where u =
cos kx

du _k cos? kx + (1 + sin kx)k sin kx
dx cos? kx

k(cos2 kx + sin kx + sin? kx)

cos? kx

_ k(1 + sin kx)

 cos? kx
dy_1
du u
Ly _dy du
dx  du dx

_ _coskx y k(1 + sin kx)
1+ sin kx cos? kx

= ksec(kx) (as required)

(Pn~ 4 2 X
A—JOECOS (x+2)+2 Zsec(6)dx

Due to symmetry about y = x

This can be re-written as:

X
A= ZJ x—(—2+25ec(6Ddx
:2J2x+2—25ec X X
0 6
6 w X
—ZJ x+2- ZXExgsec(6)dx
X
1+sm(6j
Cos(nxJ
6 0

2++/3

2

2

2
| Ealy 1
=2 > +2x nloge

- _12
=2||2+4 1t log, T
2

(0+0—%loge (1))}
= 2{6 - %loge(Z + «@)}
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Question 5 c
y
dy
a = a(lOO - y)
dt =1 e S
dy a(100 - y)
(T, 48)
t+ ¢ = -1 log,(100- y) 1
2 08¢ y
let —ca=d 36 1 .
—at+ d = log, (100 — y) (4T, 36)
e~ =100 -y
el= A
Ae™ =100 -y
y=100— Ae™" > , , ,
We know thatatt=0,y=5 T 4T
5=100-A
=A=95 d y=100- 95¢*
~.y =100 - 95¢™% (as required) att=T,y=48
48 =100 - 95¢~T
b y=10+ Ae =T 1
! 52 = —95¢~7T
Y _ppete- 52 _
t 95
From 1 we know that
—-aT = log, 22 1
Ae~t=T) = 10 °\ 95
Cdy y =10+ 38~ 0¢-T)
“ g = Ty =10 att=4T,y =36
—1 -3bT
To evaluate A, use the initial conditions, 56 =10 +_§ Z?Y?
thatis:att= T,y =48 26 = 38e
-~ og[26
y =10+ Ae =T 30T = loge(%J 2
. 48=10+ Ae° 1+2
A=38 log (52)
o 2%
~y =10+38A4e70¢-D al _ 95
30T~ | (26
8| 38
lo 52
o, B95
g \7V/
b lo 26
Be| 38
=4.76 (correct to 3 significant figures).
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