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QUESTION 1
@ y=2xtan"x (usethe product rule)
%:12X2+2tanlx
X 14X
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Question 2

x?—2
x? +1>x4 +0x3=x*+0x+1

(@)

x* +x?

-2x° +1

-2x* =2

3

Q(X)=x*-2 & R(x)=3

) 1st investment after 40 years = 500x1.08%
2nd investment after 40 years = 500x1.08%*

39th investment after 40 years = 500x1.08?

40th investment after 40 years = 500x1.08"

. Total =500x1.08" +500x1.08% +...+ 500x1.08% +500x1.08"

This is the sum of a geometric series where a=500x1.08 r =1.08 n =40
a(r"-1) 500x1.08(1.08"

r-1 1.08-1

. Total = -0 _ $139890.52

(©)

In ADCB: sinB =C—D
a

..CD=asinB

In ADCA: sin A:%

..CD=bsinA
c.asinB=bsin A

c=AD+DB
DB =acosB
AD =bcos A
~.c=acosB+bcos A

()(ii)




(c)(ii)

¢ =(acosB+bcos A)’ = a? cos® B + 2abcos AcosB +b? cos? A

Now c®=4abcos AcosB =a®cos’ B+ 2abcos AcosB +b? cos® A
-.0=a’cos’ B—2abcos AcosB +b” cos® A
-.0=(acosB-bcos A)?

-.0=acosB-bcosA

acosB=bcosA

a’cos’ B =b?cos® A

a’(1-sin® B) =b?*(1—sin* A)

a’—a’sin’ B=b*-b*sin* A

but asinB=bsin A from (i)

s.a’=b?

s.a=Db since bothare>0




Question 3

(@) (i)

Step 1: Show true forn=1
LHS =4'+14
=18
18+6=3
True for n=1
Step 2: Assume true for say k
i.e. 4 +14 =6p where p is an integer
or this may be written as 4* =6p —14
Show true for k+1
i.e. 4'+14 =6m where m is an integer
LHS = 4" +14
=4“4+14
=(6p-14)4+14
=24p-56+14
=24p-42
=6(4p~7)
=6m
where m=4p-7
Step 3: Since true for n=1 (Step 1) then true for n=2 (Step 2)
Since true for n=2 now true for n=3 and so on. Hence by
mathematical induction it is true for all positive integers n.

() (i)




(b) (i)

=Rsin(4t + a)

= Rsin4tcosa + Rcos4tsina
=Rcosasin4t + Rsin « cos 4t
= 1sin4t + \/§COS4t
S.Rcosa=1 .'.COSa:%
.'.Rsina:\/§ .'.sinazg
use
V3
CSina R
cosa 1
R
i.e.tana=\/§ a=%
_'.Rz—l = 1 :%:2
COSA oo 1
2
Now
=Rsin(4t + a)

=25in(4t+%)

(b) (i)

sin 4t ++/3cos4t =0
is equivalent to solving

23in(4t+£J:O
3

sin(4t+£] =0
3

4+Z =nz
dt=nz-Z

3
nr oz

t=—_—

4 12




(©) (1) | x =1+sin4t++/3cos4t
X —1 = sin 4t + /3 cos 4t

X—1=2sin(4t +%) from (b)

%=8cos(4t+1)
dt 3
dZX . /4
— =-32sin(4t + —

=-16x 2sin(4t +2)
3

=-16(x-1)
..SHM about x=1

(c) (ii)| Amplitude = 2

(© () dx =8cos(4t +£)
dt 3

% is a maximum when cos(4t +£) =1
dt 3
4t+£ =0,z etc

3
Sincet20:4t+%=;;

4t=7z—£
3

_2r

3

4t

. 2r T
4x3 6

.. first reaches maximum speed when t :%




Question 4

@@ | V= ﬁj: x*dy

Now x* +(y—15)* =157

x? =15% —(y -15)?

x* =15% —(y* =30y +15%)
x* =15° — y* +30y —15°
x* =30y —y?

~V = ;rJ'OhSOy —y2dy

3 h
:ﬁ[15y2—y—}

h3
:7{15h2 ——J—(O—O)
3
3
=157h° _zh
3
(a) (i)
Now v =3&
dt
3
V =157h? ~ 7
3
d—V:30;rh—;rh2
dh
dh dh dv
Now — = —x—
dt dv dt
S B
30zh — zh?
when h=6
3 3
3076 — 76°
_.3 1
144r 48z
.. The rate at which the water is dropping when h=6 is %cmsl
T
(b) (i) f(x)=1+( 3 for x> 2
X_
3
1=
T -y

Vertical assymptote x = 2
Horizontal asymptote y =1




(b) (ii) f:y—1=(x_2)
f’l:x—l:L

(y-2)

oo 3
Y220
:y:2+(x_1)

(b) (i), Domain of f *(x) is the range of f (x)
Range of f (x):y >1
. Domain of f *(x) is x >1

(c)(i) | EDBC isa cyclic quadrilateral because BC subtends equal angles from
E and from D

(c)(ii) | ZAED = ZACB because
ZAED is an exterior angle to a cyclic quadrilateral and
</ACB is the opposite interior angle.




Question 5

(a) =8+27+...+n°

=22+3%+..+n°

S
k=2

b)) | P(x) =4x+2x*+1
P'(x) =12x*+4x
=4x(3x+1)
P'(x) =0
=4x(3x+1)
x=0 &y=1
or
x:—l &yzé
3 27
P"(x) =24x+4
P"(0) =4>0
~.aminimum

P"(—lj =-4<0
3

. a maximum

At the end points:

P(-)=-1

PQ=7

-.end points (-1,-1) & (1,7)

‘ 1,7)

y=P(x)

<5

0,1

¥¢

('111)




e fK

(b) (iii)

First approximation
taken on wrong side of
turning point.

('111)



(©)()

Number of combinations of untagged
Number of combinations of any 4 fish

50

P(4 untagged) = 24 ~ 0.47

60
4

(c)(ii) P(at least 1 tagged) =1 - P(4 untagged)
50(:4
=1-7-+=053
4
(c)(iii) | P(no tagged in a day) = 0.47
P(no tagged in 7 days) =0.47" ~0.005
(©)(iv) | P(no tagged in exactly 2 days) = 'C,(0.47)?(0.53)° ~ 0.19




Question 6

(@) (i) | Intitial conditions:

Att=0:x=V cos45’ =

sl< Sl<

Att=0:y=Vsin45’ =

45°

In the horizontal plane
Xx=0
VANNRNF)

X=—o0r—V
2

x:gw

In the vertical plane:
y=-9
y=—0gt+C

c- 2y

2

Ly=—-gt+—V
y g+2

2

1
=——gt°+—Vt+C
y 29 5 1

att=0y=1
~C =1
2

1
Ly=——gt°+—Vt+1
y 2g 2

Now using

x:th

2x =2Vt (note 2++/2 =+/2)
J2x =Vt
_V2x

\Y
sub this into y

-] B

t

2 \Y 2 \Y
1 22 J2+/2x
=——g—5+————+1
2°V 2 1
2
y:—%+x+l
2
y=1+x—%

V2




(a) (i)

From the description we can see the ball passes through the point (9.3,2.3)

y=1+X —?/—XZZ
s 23=1+ 9.3—%?'32
847.602
-
847.602
8

V ~10.8 ms™

8=

V=

(a) (iii)

y=0 when the ball hits the ground

9.8x?

S0=1+Xx-
10.3?

0=1+ x—ﬁx2
106
0=106+106x —9.8x>

XZ—&OGiVﬁ062—4x106x—9B
2x106
X ~11.7 (disregarding —ve value)
.. distance from the net: 11.7-9.3=2.4m

(b) (i)

a=3(1-x?)

i(lvzj =3-3x
dx\ 2

1v2 = _[3—3x2dx
2

%vz =3x-x*+C

Atx=0,v=4

Ly o-eic
2

C=8
lv2 =3x-x*+8
2

Vi =6x—2x3+16

v =16+6x—2x°

(b) (ii)

Yes, the particle will return to the origin. Initially it is at the
origin and moves to the right (v=+4ms™). When it goes past
x=1 its acceleration becomes negative and thus the force
will be operating back towards the origin. Its velocity on
the second time through the origin will be v=-4 ms™




Question 7

(@) (i)

=(1+x)" +(1-x)*

—2n 2n 1, 2n 2 2n 2 2n 2n

=TC,+ TC X 4+ TC X+ TC X 4.+ TC, X
2n 2n 1, 2n 2 2n 2 2n 2n

+7C, = C X + TCXT = TC X 4.4+ TCy X

=2(*'Cy + "C,x* + "C,x" +...4+ "C,,x’")

() (i)

For n=10 and x=1 the expression:

(1+ %)™ + (1-x)*" =2(*"Cy + *"C,x* + "C,x" +

et 2C, XM

(1+ 1% + (1-1)* =2(*Cy + ©C,1* + ®C,1* +...4+ °C,,17)

27 =2(1+*°C, + *C, +...+ C,,)

. 019 __ 20 20 20
n27=1+7C,+7C, +..+ °C,,

(b) (i)

Letyzﬁ

x=Y°
dx
S—=2
dy y
s.dx=2ydy
dx 2ydy
Now =
I VX(A%) I VY (1)
dy
=2
I\/ (1-y*)
=2sin"'y+C,

=2sin"Vx +C,




(b) (i)

Letz=x—1.'.x=z+l
2 2
%zl.‘. dx =dz
dz
Nowj\/ di( z,[ dz
Ece
2 2
dz

(=)

2dz
:'[ (2z+1)(1-2z)

:J' 2dz

V1-47?

_ J' 2dz

Letu=2z..du=2dz

_.[ du
e
=sin"u+C,
=sin"2z+C,

=sint 2(x—%)+c2

=sin™"(2x-1)+C,

(b) (iii)

From (i) and (ii)
sint(2x-1) =2sin*vVx +C

To find C let x:%

sint0= 25in1\/%+c

0=2x24+C
4

nC=——
2

~sin T (2x—1) = 2sin " y/x —%




(©)

| 4x-1p> 2/x(1-X)
(4x-1)° > 4x(1-X)
16X% —8X +1> 4x — 4x?
20x* —12x+1>0
(10x-1)(2x-1)>0

1 1
LX< 0r X>=

10 2
Now x(1-x) =0
~0<x<1

.'.OSX<i& 1<xg:|_
10 2

: y =2{x(1-x)
O?Ei 1 1 ”
10 2




