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Question 1

i.

ii.

differentiating using the Product Rule
i -1 _ -1 i -1 _ -1 X
o [x Cos (x)]— Cos™ (x)+x o (Cos (x)) = Cos™ (x) i

X

([ Yy
soILCos (x)—m) dx =x Cos™ (x)

X

1—x?

J‘Cos_l (x)dx =xCos ' (x)+ j dx

) X 2 @__
Now consider Imdx let u=1—x" so that s 2x

Iﬁdx =—12J. u_lz du=—u% =—vl-x

SO I Cos™'(x) dx = x Cos™ (x)—V1-x asrequired.
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2 4x2
we require that <1 or OSTSI
9 3
<x’<— <x<= ==
O_x_4 O_x_2 so b
Haximun
a=1.0zz ¥=4.448
iii. max (1.033, 4.449) so the height is 4.449 m
dy dy
iv. —==-2 = =0.472
iv ” axl 0.47
dx_dx dy 2
dt —dy “dt 0472
=-4.239m/s ]
dedx=472
4x° 3 b—a 1
. = 4 C _l( ) — == — — ==
\4 f(x)xos9 a0b2n3hn2
1 3 5
¥ = 2 2
4 4 4
(1) 4( 1) [ 25)
) Cos 36/ 3 Cos \2) 5 Cos 36/

o 0z o4 0’5 ==

x

I
M==
2
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El (4x*) 4x*  du 8 9
vi. A=J‘024xCosALTdex let u=Tx d—j::?x SO 4xdx=5du

change terminals
3
when x = 5 U= 1

and when x=0 u=0

A= %J:Cos_](u)du from i.
= g [u Cos™'(u)-v1-4 1
A=§ [ cos™ 1-0) - (0-~1)]

9
A= 5= 45m’° (exactly)

as a check only

TEx1d%=Y.E
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Question 2
a.
i T = § :3Re(z)— 4Im(z) = 25}

Let z=x+iy Re(z)=x and Im(z)=y

2
SoT istheline 3x—4y =25 or y =37i€—75
L . 3 . . . (1)
This line has a gradient of m = 2 and intersects the real axis ( x-axis ) at \85’0 )

1

and the imaginary axis ( y-axis ) at (0,— 62 )

Now U= {z:|z|=|z—6+8i|} Let z=x+1iy
I +iy| = [(x=6) + i(y +8)
sz+y2 =\/(x—6)2+(y+ 8)2 squaring both sides

XX +yi=(x—-6)+ (y + 8)2 expanding

X +Y =X —12x+36+N +16y +64

12x-16y =100
3x—4y =25
so I'=U

i. S=§|z-3+4i]=5} Letz=x+iy
[x=3)+i(y+4)|=5

NG =37+ +4)7° =5
(x=3+(+4)°=25

S 1is the circle with centre (3,—4 )and radius 5
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R=§:(z-3+4i)(z-3-4i)=25}

= {Z:(z —c)(z-¢)= 25}

with ¢=3—-4i sothat ¢=3+4i and ¢ =9-16i’=25
Now (z-c¢)(z—¢)=25 expanding becomes
Z—zc—Zc+cc=25 with z=x+iy z=x—iy and Z=x"+)’

x2+y2—(x+iy)(3+4i)—(x—iy)(3—4i)+&\5=2\§
x2+y2—[3x+3X(+4¥<r+4i2y]— [3x—§<y—4'x+4i2y]=0
x*+y°—6x +8y =0 completing the squares
x’—6x+9+y’+8y +16=25

(x=3) +(y +4)' =25 is the circle with centre (3,—4 )and radius 5
so S=R

iii. Let z, =7—1i substituting z, into S= {z:lz— 3+4i|= 5}
(7-1)-(3-4)=l4+3]=5 soz, lieson S

z, =7—i substituting z, into T = § :3Re(z)— 4Im(z) = 25}

3x 7-4x"1=214+4=255s0 z, lieson T

Let z, =—1-7i substituting z, into S= {z:lz— 3+4i|= 5}
(-1-7i)- (3-4i)=-4-34=5 50 z, lieson §

z, =—1—7i substituting z, into T = §& :3Re(z)— 4Im(z) =25}

3x 1-4x"7=-3+28=2550 z; lieson T
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iv.

L.
- - © -4 ¥ _SL 7 8 _Reln
A
- ...-’_,-'-.
_3 " - .
. " '5..—_#;"
- f'.-'-
Py =
1 :Ju.
E.-."' 2 .
K
| i-; __.--"-_"_,
=
v. 0,0) 4(7,-1) B(-1,-7) C(3,-4)
OAd=7Ti—j OB=-i-7j OC =3i-4j

- - -
AC=0C-04=-4i-3j

- o - -
AC.OC=-12+12=0 so OC is perpendicular to AC
- - -
AB= OB- 0A

=-8i-6]

= 2(~4i-3))
AB=2A4C

so A, B, C are collinear
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Now }AB‘ =10 it is the diameter of the circle

and }A_)C ‘ =5 1t is the radius of the circle.

vi. It is the set of points equidistant from both O and D

b.  r(t)=(3+5cos(2r))i+ (-4 +5sin(2t)); 120
i. x =3+ 5 cos(2%) y=-4+5sin 2¢)
_x-3 . _y+4
cos(2t)= Nl sin(2¢)= 5

sin® (2) + cos’(20) = 1

C+4) (=3 _,
25 25

= (x-3 +(y+4) =25

so P moveson S

i £(t)=~10sin(20)i +10 cos(27) j

| 7(1)] = 4100 sin® (21)+100 cos (27)

| 7:(1)| = 4100 (5in* (21) + cos’(21))
| (6] =100

| (0]=10

momentum  p = m| /(1)|

=2x10
=20kgm/s
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Question 3

a.

i

ii.

okl
.

ii.

no air resistance

s=-100 a=-98 u=0 (=7
1 5

S=ut+—at
2

~100=0-4.9¢

,100
t=4— =4.52 sec
4.9

vi=u’+2as

v’ =0+2x"9.8x 100
=1960

v =1v1960

downward speed is 44.27 m/s

with air resistance
by Newton’s Second Law of Motion

dv
5a=>5g-0.01v i =y —
a g % LlSll’lg a \% dx
dv  49-0.01v°
v = 5 shown
dv_ 49-0.01y°
dx 5
dv  49-0.01v°
7‘} = S—V inverting both sides
X Vv
@ = S—V integrating with respect to v
dv 49-0.01v>
Svdv. 5 2
=) 00nT op e (9 -00 ) C

5
h =0 yv=0 —_—
but when x % = C 0.00 log, 49

~0.02

5 5
x =——1log, 49— ——log,(49- 0.0v")= 250 loge(

0.02
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iii. Now the hammer hits the ground when x =100

49
100 =250 log, (m)

1

=

49
T 49— 0.01v?

Q
)
G

1

I\)IO

5

49-0.01v> = 49¢~

1

I\)IO

5

0.01v> =49 —49¢~

10
v =1l4900€— e 23): 40.1924

v=40.19m/s
. dv  49-0.01v’ dt 5
iv, a=—F=—F"—" - =
dt 5 dv_ 49-0.01v
5 dv
t_'[49—0.01v2
by partial fractions > = A + B
yp 49-001v2  7+01v  7-0.1v
5 _A(7-0.)+B(7+0.1v)  7(4+B)+0.1v(B-4)
49-0.01v> 49-0.01v> h 49-0.01v2
5

sothat 7(4+B)=5 and A-B=0 so A=B=a
)

5¢f 1 1
f== d
14 I\7—0.1v+ 7+0.00/)%

s[1
== [ﬁ [-1og.(7-0.1v)+ log, (7 +O.1v)]:| +C

but when r=0 v=0 = C=0
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V. when 7 =9 when v =40.1924

_25, (704w
=77 %%\70-)

25 (m+m1%ﬂ
“\70-40.1924

t=4.67 sec (correct to two decimal places)

. ) 25 (704 v) )
vi. now transposing t= p loge\ 70—/ to make v the subject
-028¢ 70—v -028¢
=— 70 + =70-
70 +v ( Ve Y
7Oe—O.ZSt + Ve—028t — 70 —v v+ Ve—028t — 70 _ 706—0.281‘

V(l + e—O.ZSI)Z 70(1 _ e—028 t)

70(1-e2")

~0.28¢ 0<t<T

v=v()= 1+e

vii.

40

40.19

4.67

as check only

Flokl Flokz Flok: I I HDIO

=N QlE*C 1 -0 -H, Anin=
2 e -A, 2| | Amax=d. 67
S ) Aecl=1
~NzE7H Ymin=-16
M= Ymax=58H
Wy = Y=c1=1H4
~Me= Ares=1

JECx =100, 00l
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Question 4
i. r.k=0 = 4+4sin(xt)=0 or 4 sin(rt)=-4
sin 7zt = —1
Y
2
3
t==
2
ii. r(t)=10i+90, + 47zcos(nt)k

£(0)=10i +90, + 47k

|7(0)] = V10> +90* + 167
|7(0)| = 91.42 m/s

now the angle « at which it is hit is given by tana = iz

10> +90°

o

a:Tan_l( iz )=79
3102+902

so «a=28° to the nearest degree.
3 . :
iii. 1:(5):15L+1351

r(é) =15* + 1352

“\2

r(éj =136 m
“\2

iv. at max height 4 sinzt + 4 =8 when

sin(z) =1

VA

mt==
2

1
t==

2

1
Now ’:(Ej =5i+45] +8k
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Question 5

ii. resolving perpendicular to the plane N — mgcosf= 0
so that N =mgcosf (1)

resolving up and parallel to the plane P+ N — mgsinfd=0
P = mgsin 60— uN
P = mgsin@— umgcos@ from(l) and p=0.5

P= mg(siné’— 0.5 cosé’)

iii.

a=1m/s’ N 2P
7
uN #=0.5
0 .,
III«S
iv. resolving perpendicular to the plane

N +2P sin15°— mg cosf=0 (3)

resolving up and parallel to the plane, using Newton’s Second Law of Motion
2P cos15°— uN — mg sinf@=ma (4)

from (3) N=mgcosd—-2P sinl5° into (4)

2P cos15°— u(mgcos@—2P sinl5°)— mgsin = ma

2P (coslS° + u sin15°)— mg(sin9+,ucos9)= ma
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but from i.

P=mg(sin9— 0.5 cos@) and =05 a=1

Page 13

2+g(sin H—O.Scos@)(coslS° +0.5 sin15°)— n{g(sin@+0.50056’)= 14
2g(sin6’— 0.5 cos@)(coslS°+ 0.5 sin15°)— g(sin€+0.5c059)= 1

21.4686(5in 6—0.5cos 6)— 9.8 (sin O+ 0.5cosO)= 1

(21.4686 — 9.8)sin 6— 0.5(21.4686 + 9.8)cos H= 1
11.669sin0— 15.634cos 6= 1

V. 11.669sin@—15.634cos 9= 1

solving this equation on the TI-83 with the calculator in the DEGREES mode.

Flotl Flokz Flobs b THOOL
WiBLLLEESs i KD amiln=0
—-15.63dcos R amax=2H
~NezBE1 ascl=1H
“Na2=l Ymin=-2
wNWy= Ymax=2
e = V=l=1
W= “res=1

Il'ltlEI"E'ECtII:II'l /
=Lp.20inH: ¥=1

0=56.2
0= 56°

END OF SUGGESTED SOLUTIONS
2004 Specialist Mathematics Trial Examination 2

KILBAHA MULTIMEDIA PUBLISHING
PO BOX 2227

KEW VIC 3101

AUSTRALIA

TEL: (03) 9817 5374
FAX: (03) 9817 4334
chemas@chemas.com
www.chemas.com

© Kilbaha Multimedia Publishing 2004




