MAV Specialist Matt E 1, Soluti MAV Specialist Mathematics Examination 2,
ik ca=-24+40? 45 iali i
A b =Ry 2002 Specialist Mathematics
y=i+taj+k ‘;—’{=-2+w2 +5 Written Examination 2 (Analysis task)

dy 1 Suggested answers and solutions

The angle between 4 and v is known to be
60°.

H.v= '51.{3‘&560“
1-a-1=+3. 2+a2.%

-2a= 3(2 + az)

4a? = 6 + 3a?

a2 =6
a= i«[g

Consideration of the earlier equation,

—2a= 3(2 + az)

shows that the value of a = —6 must be
chosen since the right hand side is positive,

o= &

The time taken for the velocity to go from _—
1l a 0OC=2i-6f

v=3tov=10is t=J'm———-dv#
3 2 —
“2+Nv°+5 05 = 8i - 4

Using graphics calculator, ¢ = 1.7 seconds.
C5=C0+0s
=-0C+03
=-2i+6j+8i-4j

=6i+2]

=10
=2410

=632...

Distance between the cargo ship and the
sailing ship at 12:00 midday is 6.3 kilometres to
the nearest tenth of a kilometre.

b. i ﬁzém‘{—bw
P$=P0+05
=-0P+08$
=—6mi+2mj+8i - 4f

=(8-6m)i+2m-4)j

ﬁﬁg =6m(8 - 6m)i -2m(2m —4)j

= 48m - 36m2 - 4m? + 8m

= 56m — 40m?
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i, O-_.Pl_’g = 56m — 40m>

——
When OP.PS =0

OP is perpendicular to Ps if
OP # Qand PS#0

If OP is perpendicular to P8 then this
will be the sailing ship’s closest point to
the shore line.

Let 5;’[75 =0

= 56m—40m? =0
m(56 - 40m) =0

am=0o0rm= i= 14

40
Disregard nt = 0 because for m =0,
ﬁ =0
P(6x1.4,-2 x1.4)
=(8.4,-2.8)
iti. P(8.4,-2.8)
5(8,~-4)

dPS = (84— 8% + (-2.8+ 4)
= J(0.47? + (1.2)?

=016 +1.44

=160

=126

= 1.3 (to the nearest tenth of a kilometre)
y =151~ 5]

§_C=15t£—5tj+c

atf=0 §c=21-6j

C=21— 6]

=5 =15ti-5tj+2i-6j

~c

=(15t+2)j_—(5t+6)i
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MAV Specialist Matt 3o B ination 2, Solutions

¢ i gs=121+(35‘m(t)-—8)i
5= 12tf + (-3 cos(f) - 8!)-);&- c
=12tj_-(3cos(t)+8t)i+c
att=0 5 =8i-4j
=:8_i_—4l'=—31'+c
c=8_{~_];
.',gs=12!_z'_~(3:os(t)+8f)l'+8_{-1

= (12t + 8)i — (3cos(t) + 8t +1)j

d. Wheni=2
55(2)=(15><2+2)_i_—(5x2+6)j

=32i-16j

_5_5(2)=(12x2+8)j_—(3cos(2)+8x2+1)l'

=321~ (3cos(2) +16 +1)j

=32i-1575]

5, and 35 _have the same position in east
west line because both have the same |
value.

On the north south line s < 3 s therefore

the cargo ship is directly south of the
sailing ship.

b. a=2m/s® 6=60°

i:TeosB- uN=F
Tcos60°-0.3N =80x2 ]

j:N+Tsin6-80g=0

) N = 80g - T'sin60° @
Substitute @ into @

T cos60° — 0.3(80g — Tsin 60°) = 160
T cos60° — 24g + 0.3T sin 60° = 160

T(cos60° + 0.3sin 60°) = 160 + 24g

_ 160+24
~ cos60° + 0.3 sin 60°

= 520N(to the nearest integer)
__ 160+24g
" cos@+0.3sin8
T = (160 + 24g)(cos8+ 0.3sin 8)*

T _ (160 + 24) x ~1(cos® + 0.3 5in 6)2

a8
(~sin €+ 0.3 cos8)

_ —(160 + 24g)(~sin B+ 0.3 cos6)
{cos®+ 0.3sin 6)2

cosB = —0.3sin o
because 0 < 68 < 90°

4T
d8

sin8=0.3cos6

Tan6=103

0=16.6999...

6= 16.7° (to nearest tenth of a degree)

Let =0

__ 160+24g
" cos8+0.3sin @

8 =16.6999...

(from previous work)

_ 160 +24g
i T C05(16.999) + 0.3 5in(16.999)

Tmin = 378.53...
Tinin = 379 N (to the nearest Newton)
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MAV Specialist Math ies B ination 2, Soluti

3. a i u=0 t=8 s =400
constant acceleration, so we can use

s=ut+ Laf?
2

400=0+ %—(8)2

_ 2(400)
64
a=125m/s?

a

a. il u=0 t=8 s =400 a=125

constant acceleration, so we can use
v=u+at

v=0+125%8

v = 100 (value as required)

b. i. F=ma=-(5000+0.50%)
m = 400
400a = —(5000 + 0.50%)

2
e _( 5000 , 0.50 )

400 T 400
_ {10000+
800
b. i go | 10000+
T 800
Jo (104 + vz)
A=V T T E0
dv (104 + vz)
dx - 800w

4 2
b. i 40 __ M
dx 8000
_dx___800v
do 104 + 42
800y
dx=—- dv
10% + 2%
8000
X=\- Adv
J 10% + 2

Let u =10% + v?

du

dv=2v
=du
=7,
_ _[800v, du
*= J w20
=—J.§29du
u

x=-400log, u +c
=—400log, (10% + ¥¥)+ ¢

atx=0 v =100 (from a.ii.)

¢ = 4001og, (10* +10%)
= 400 log, (2 x 10%)
- x=—400log, (10% + v?) + 400(2 x 10%)

2x10*
10% + o?

=400 1ogc(
atv=0

2><104]

x =400 logc( o

= 400 log, 2
= 277 metres
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MAV ialist Matt ination 2, Soluti MAV Specialist Mathematics Examination 2, Soluti

P

¢. From3 b.i. we know that: b. y .
x==2 x=2 d. i j log, (4 22)dx

ame 10% + v? i ‘ b
800 21 : From part d. i.

dv 104+vz] § log.(4) ; dx loge (4~ %) 232
== O : Ladl L 42y - ==

dat [ 800 ‘: 3 ] : = logg (4~ x%) p

dt -800 i : 2.2
=L : : = [ log, (4~ x?)dx = xloge(d~ x*) + | —=—sdx

dv 104+772 : —JS— \+Jg : . I ge ) Be J4"l2
_d£=:.8_22x 2122 S 2t 1 1 i x using result of part d. ii.

v 102 (102 +v : ! ) 2
o : : J’logc(4—).2)dx= xlogg (4~ x )~l—2j4 zdx

=-8Tan™ === : -1 : —x

t=-8Tan 1004-6 ;
; = xloge(4 - x%) - 2x - 2log, (2 - x) + 2log, (2 +
att=0 v=100 ; ) ge (4~ %) 8e(2 - %) + 2 loge (2 + %)
: 2 4
i 2
: loge(4 - x“)dx
c= 8Tan'](1) ' -i Oge (4 - < )dx
T . = -2 - -
=8XZ e RectangleV/i I w=loge 4x1=log, 4 log;3-2-2log,1+2log,3-0+0+2log.2-2log,2
=2 =-2+3log,3
=4n Rectangle & 1= log(4-1) = log, 3

=— -1 v
t=-8Tan 100+21r w=1
aty=0 Ixw=log,3x1=log3 e i Yue1 = Yn F If(3) e. iil. yyq is an approximation to the solution
P=0+2n o loge3< A<log. 4 n+1=20 n=19 h =005 of the differential equation
- , = 0.05f(x dy
=6.283 47y = xloga(é— ) y20 = y19 + 0.05f (x19) ?Iiﬂogﬂ(%_z)
= 6 seconds ( to the nearest second) 4 , Y16 =19% 0.5 f(x):iog,(lk—xl) . x

Y 2 ~2X . E
== =log,(4-x")+xx ) 1
4 a Q-0R+D>0 dx s 4- 3 Y20 =19 +grgzlogc(4'(1?><0‘5) ) We know A = i[logc(élfxl)dx which is
=2-x>0and 24150 = loge(4- 22) -2 = 19 + 00310, (3.0973)
- x?

-x >~ 0> = he soluti Y atx=1 !
= -x>-~2 and x>-2 , e. ii. yao = 1.2464+ 0.05log, (3.0975) the solu onofFl:at,\ subtract the
x<2 doiic X .4 )

== = = 1.3029 correct to 4 decimal places i dy =
- Dpmf = D=(2,2or (x-2<x<2] 432 4-x solution ofd_i.atx 0.
4 ____ 4 _ A B
a2 @-Re+n 2-x 2+x We know that Y =0 at x=0
4= AQ+x)+B2-x) dx 1
atx=-2 Therefore y20 = A ='[lcge(4— x2)dx
4=4B B=1 0
atx=2
4=4A A=1
2
P AR P 1 + 1
4-x% 2-x 2+x
2
- =1+ 1. 1
J‘4_"\,2d}f_jl T2
=-x~log, (2~ x)+log,2+x)+¢
- @+x) .
= log, o= x
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MAV Specialist Matt tes ination 2, Soluti

5. a i Whenzlieson LN itis equal distance
from L and N that means it is on the
midpoint, m.

When z lies on either side of the LN it
is equidistant from L and N, and forms
an isosceles triangle. The line drawn
from the vertex of an isosceles triangle
bisecting the base of the triangle is
perpendicular to the base.

Im (2)
1 L
m !
N zZ
a di. fz-i=l-u]

e+ iy =i =+ iy - u|

fe+ iy = 1) =[x - u + iy

=+ (y-1)% = (x-u) + 42
2 ey? -2y +1= 2% - 20u+u? 42
2y+1=-2ux+ u?

22y—l=2ux-u2
2y=2ux—uz+1
2
boi. y=wr-4l
Loy=ur-S5-+3
at x=u
2 u?

=21
y=u 2+2

= %(uz + l)

w=x+yi

w=1u+ %(uz + 1)2’

x=u y=%(uz+1)
y=-12—(x2+1), x>0
Im (z)

Re (z)

¢ y= %(.\'2 +1)

dy _ .
E—l

Tangentatx=u y= %(“7_ +1)
Givenby y—y; = d—y(x— xj)atx=u
y-yn=4 1
1.2

y= —Z-(zz +1) = u(x~u)

2y - u? -1 =2ux-2u?

2y =2ux — u? +1
From a. ii. we know that this is the equation of
the perpendicular bisector of LN therefore the

perpendicular bisector is tangent to the curve
atw.
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