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Question 1
a.
i.
/ B
J
T_, l. 10410
i a,
o A
30
From Pythagorus
1
JI_O tan (a): g
1 cos (a)z %
) 1
o —
sm(a) «/E

04=30i  AB=10\10sin(a)i+10M10cos();j=10i+30
OB=0A+ AB=40+30 j
1 mark
i.  Now |OA|:3O and |05|=«/402+302 =50 and OA.OB=30x40=1200

O4.0B 1200 4
cos(H): — = =—
|0A||OB| 30x50 5

6= Cos™ [%} =36"52

2 marks
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ii.

iii.

S R

e

0 A

a

Now &:ﬁzg andCTS‘=1TB=%g and OC=¢
OB=0C+CS + SR+ RB
— 1 1
OB=c+—-a+a+—a
cr3ye+atid

OB = %(5@ + 3g)

NowOT/[=%g and M—C=M—O+O—C=—%g+g N

MP=—MC
13
— 3( 1 )
MP=— ——g+gJ
13\ 2

O—P: OTﬂ ﬁ:%g+%(2g—g)

— (1 3) 3
OP=5726)4 % 15¢

O—P: ia+igz %(5g+ g)

) ) 3
Hence the points O, P, B are collinear and OP : OB = E
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i. From the diagram, the cross-section and by similar triangles

1 h
tan(a SR so that x=—
h 3 3

The cross-sectional area ( the area of the trapezium )
1
A= B0+(26+30) = 30+ x )i

(. &)
A= L30 + E) h  the volume at height /4 is given by

V=dh =%(90 +h)150h = 50h(90+ k)= 50(004+ /)

av av
Now “—=50(90+2/) and iven that = —80vh
ow dh ( ) anda we are glven a dt

By the Chain rule dh = ﬁﬂ _ —80‘/Z _ —41/2
dtdv'de 50(00+2hn) 5(45+h)

2 marks
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a 5@s5+n) s L L)
ii. Inverting gives — = L) = —k A5h > +h J integrating wrt /4
dh - 4 4

25
1 1

=2 r(45h_2-+h7 dh
1)l )
0
s[ Lo s 2, 3
t= —2{90112 + th} = —2{90425 +5(25) —o}

0

t= 666% minutes

t= 11l hours
9
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Question 2

Let a:Tanl{%} ﬂ:Tanl(%} u=3+i and v=2+i

From Pythagorus Theorem

Jo cos(a)=%
] . 1
“ siner)- =

= (ﬁ):%

5 )

2

a. cos (a + ,B): cos (a)cos(ﬂ)— sin (a)sin (,B)

I 6-1 5 2

L 61 5 N2

cos (a +,B): ii
V105 105 50 W52 2

b. v=2+]
V2 :(2+i)2 — 44+ 4it+id=3+4i

Irn(1/2):4 |v2|:\/9+16 —25=5

) Im (v’ 4
sm(2ﬂ)= %zl_)zg
sin(2/2)= 2sin(B)cos( ) = 2 x 715. y 72; :%

c. uv=(3+iX2+i)=6+2i+3i+i2=5+5i

_1(5\ 4 T
Arg(uv): Tan Lg} =Tan (I)ZZ and

Arg(uv):Arg(u)+Arg(v):a+,3 SO a+ﬁ=%
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d. u=3+i and u=3-i u+u=6 wuu=9-i'=10
Since a and b are real numbers by the conjugate root theorem
2> —6z+ 10 is a factor
Z+az’ +bz+20=0

(22—6z+10 z+2)

expanding gives coefficientof z': a=2-6=—4 z:b=10-12=-2
a=-4 b=-2 therootsare z=3+i and z=-2

2 marks
e. Q(Z):Z3—(2+i)22+52—10—5i=0

Q(2+z‘):(2+ij—(2+i)(2+z‘)2+5(2+i)—10—5i
0@ +i)=@+i)-(2+i)+10+5-10-5i=0 shown
So z=2+1i isaroot z—2—i)isafactor
O(F)2-(2+i) +52-10-5i =0
Q(z):(z—2—inz+5)=(z—2—iXZ+«/§in—«/5_i):O
therootsare z=2+i and z==%+45i

2 marks
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Question 3
a. u=10 ,v=5 and a=-25 t=? s=7
using constant acceleration formulae
(u + v\ v=u-+at
L J 5=10-2.5¢
. (5+10\ 2.5=5
t =2%ec

s =15 metres

2 marks
b.d. from Newton’s Law 800 = —40v°
dv v?
X=y—=——
dx 20
d_v_ v
dx 20
1 mark
ii. Jci_v: —% dx
log, (v)= -—+C
to find C, use v=10 when x=0
=log, (10)

log, (v)= —% +log, (10)
log, (v)— log, (10): —%
lo (L\ =——

&\ 70) =

_ (v) _
xX= _201°g6LEJ Now when v =5

= —20loge(%] =20log, (2)

3 marks
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il

iv.

dv v
x:—:——
dt 20
d 1 —t
e —[a==+,
", 20 20
1 —¢
——=—+C
v 20 2
to find C2 use v=10 whent=0
1
C =——
2 10

1 t 1 —(t+2)

v 20 10 20
Now when v=35

5 20
t+2
t+2:&:4
5

t=2sec

v=v(t)=ti—02 for 0<¢r<2

12

10

Asacheck x=20log,(2)~13.863
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FlotLl Flotz Flats
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Question 4

a.

ii.

r (t)= 2cot(t)g' + (1 —cos (2t ))[ for t>0

x(t)= 2cot (t) to eliminate ¢

y(t): 1- cos(2t):1 —(1— 2sin’ (t)): 2sin2(t

x> +4=4cot’ (t)+4 4cosec (t)— (t)
sin

8
x> +4

O y=

2 marks

!
f (x): =8(x* + 4) for stationary points

f()_ (x +4)Z

(). 16 +4j 4x (7 +4 ) 6x 16(3x —4) i O 1< 0
f() (x +4j (x +4j f()

) 2 23 [2B) 3 [ 24B) 3
When 3x"-4=0 x—+T— - fLTJZE fL_TJZE

(2«/_3\

=0 when x=0 so f'(0)=0 s(0)=2

3

(45 3)
(0,2) is a maximum Li EJ L —,—J are inflexion points

4 marks

1 mark
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iii. The area of the door way is

25

3

(8
J x2+4
2403

wl

o)
—_8Tan LEJ}

26
3

x> +4
0

245

3
0

()

= 8Tan ‘1L

As a check

?J —8Tan _1(0)

on the TI-83

dx:2j 8 dx

4D

0.5

||||||||||||||||||||||||||||||

JRCxeadx=H1BEF R0

3 marks

c.i. thedomainis R\{-2,2} and the graph has a maximum turning point at

(O,— 2 )range is (—oo ,— 2]u (O,oo ) the graph has vertical asymptotes at

x =12 and a horizontal asymptote at y =0 ( the x-axis )

T T T LI IFIG

- 4
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8
ii. The volume formed is given by V' = f [ g(xﬂ2 dx
6

by partial fractions

8 4 B A@-2)B(+2) x(4+B)+2(B-4)
g(x)=x2—4=x+2+x—2= x*—4 B x> -4

A+B=0 and B— A=4 so that A=-2 and B=2

8 2 2
g(x):x2—4:x—2_x+2
8
((
V:ﬁL 4 -
-2y (=2

6
8
~

s )
x+2)+ (x+2)2de

8

dx

( )
L(sz)z _xi2+xi2+ sz)ZJ

V=nrx 4 +2log {x+2\_ 4
2 ¢ ]

| X — x—2 x+2
4 (10} 4 4 8) 4
V=rn-—+21 —|-—=+—--2I —=|+=
IR Y AT A A VY 8}

(13 (5))
V= ﬂ'L%+2logeLgU

4 marks
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Question 5
a.
i.

1 mark
\ po

40°  102g

il Given that £#=0.25 find P

The frictional force is up, since the motion is down
Resolving the forces, using Newtons 2™ law of motion

perpendicular to the plane (1) N—~102gcos (40° )= 0

parallel to the plane (2) 102gsin(40° - uN - P=0

from (1) N=102gcos(40°)

from (2) P=102gsin(40")- uN = 102gsin (40" }- 0.25x102g cos(40" )
P=102 g(sin (407 )-0.25cos (40° )): 451.10 newtons

3 marks
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okl
.

300 1 mark

40°

S2g

ii. The frictional force is up, since the motion is down
Resolving the forces, using Newtons 2™ law of motion

Perpendicular to the plane (1) N+300sin(35” )~ 52gcos(40° )= 0
parallel to the plane (2) s2gsin(40” ) uN - 300c0s(35° )= 52x0.5
from (1) N =52gcos(40”)-300sin (35" )= 218.303

from (2) uN =52gsin(40° }-300c0s(35° }- 52x0.5=55.819 5o that

55819
A= 518303

=0.256

4 marks
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