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QUESTION 1

(@)

i(xsin’l X) =sin"" X+
dx 1-x2

(b)

Let a be the angle between the two lines
1

m=2 & m,= 3

Now

tan @

=1
0 =45

(©)

If (x-3) is a factor then P(3) =0
P(3)=3*-3k.3+6

0=33-9k

11

3

k

(d)

5 dx=— 5 dx
0o X“+9 3Jo x°+9

xTé
30
-

Iﬁ4 4¢3 3

= ﬂ[tan‘1
3

Ne

=ﬂtan71__fx£=
3 3 6

2z
9

(€)

2 g
X—2
5

x-2

5(x —2) < (x—2)?

5x+10< x* —4x+4
0<x*—x-6
0<(x=3)(x+2)
X<—-2 or x=3

note Xx=#2

(x—2)? <1.(x-2)°




Question 2

9 letters 3 alike
(@)

|
%:9x8x7x6x5x4

=60480

General term: "C_(a)" " (b)"

7Cr (5)74 (2X2)r

the term with x° will be with 2r =3 ie. r=3
'C,(5) 7 (2x*)°

so the coefficient will be

7C3.5423 =175000

(b)

cos20=sing, 0<0<2r
1-2sin’@=siné
0=2sin*f+sind-1
0=(2sin@-1)(sind+1)
~.(2sind-1)=0 or (sind+1)=0

(©)

sinezg or sin@d=-1

.'.9=1,5—7[ or 3—7[ 0<0<2x
6 6 2

Let u=2+x and x=u-2
du
dx
du =dx

(d)
=1

Nowj'

L dx

=2u2(%u—2)+c
_2\/_(ﬂ_ j iC
_zJ_(ﬂ_gJ +C
=J2+x(x-4)+C




Question 3

@ (@) | f'(a=Ilim

f(a+h)-f(a)
h—0 h
f'(a):"mw

h—0

. a*+3a*h+3ah’+h®*-2a°
=lim

h—0 h

. 3a’h+3ah’+h?
-l

h(3a’ + 3ah + h?)

=lim
h—0

=lim3a®+3ah+h®

h—0
=3a’
- N
(b) (i) | Range: 5 <y< 5
(b) (ii) v T
] k
8! >
J X
.\ 3m
2
(b) (iii) y=3tan™" x
dy 3
dx  1+X%2
Atx=i
3
dy 3
dx 1Y
1 _
dy_3_9
dx 4 4
3
() () h

tan30°=—,.. OB =hcot30°=+/3h
OB 3




(c) (i)

(ii) tan45° =" - OA=htan45°=h,
OA

AB’ + OA* = OB?
100% +h? = 3h?
2h* =100° =10000

h? = 5000
h =502
(©) (i) tan Z/AOB = m = —100 =
OA 5042
. /AOB =54.7°,

The bearing of B from O is 180° —54.7° =125.3°




Question 4

(@) (i)

Step 1: Show true forn=1
LHS =1

RHS = %(1+1)(1+ 2)=1

True for n=1
Step 2: Assume true for say k

i.e. 1+3+6+...+;k(k +1) :ék(k +1)(k +2)
Show true for k+1

ie. 1+3+6+...+%k(k +1)+%(k +1)(k+2) =%(k F1)(k+2)(k +3)

LHS :1+3+6+...+;k(k +1)+%(k +1)(k +2)

:ék(k +1)(k +2)+%(k +1)(k +2)

:%(k +1)(k(k +2)+3(k +2)
:%(k +1)(k +2)(k +3)

=RHS
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.

(b)

Letf(r)=(+r)[@+r)* -1]-50r
=@+r)®—@1+r)-50r
=(@1+r)®-1-r-50r
=1+r)®-51r-1

fi(r) =25(+r)*—-51

Letr, =0.06

_ )

f(r)
_ 1(0.06)
f'(0.06)
(1.06)” ~51x1.06 -1
25(1.06)% —51

L=1n

=0.06-

~ 0.055

©()

(@) Sum of the roots
Vk vk +a=-p,
La=-p
ora+p=0




(c)(ii) | (b) Product of the roots:
i (=i )xa =-r,

—ka =-r,
kaa=r

(c)(iii) | (b) Product of the roots:
i (=i )xa =-r,

—ka =-r,
Ka=r

(d) Since SHM use v2 =n?(a%—x?)

Given Period = 47 then 47 = 2—”
n

1
n==

AtO x=0. Also given amplitude =3

v =n*(a® - x?%)

1Y ., o 9
-(3) @0

V.

2

. it's speed =%cms‘l




Question 5

() (i)

Z TPA=Z PBA (alternate angle theorem) O
Z TPA=~ PCB (alternate angles on parallel lines) O
.. Z PBA = £ PCB (both equal £ TPA)

(a) (i) | APAB (blue)||| APCB (green) (/PBA = Z/PCB & ZP is in common — AA)
PB PC
PA PB
-.PB*=PAxPC

(corresponding sides in similar A's)

(b) (i)

f,(X):x+2—2x: 2 :
(x+2)° (x+2)

>0 forall x #-2

(b)(ii) y- X _x+2—2_1_ 2
X+ 2 X+2 X+ 2

y_lz_i

Horizontal asymptotey —1=0
y=1

(b)(iii)




(b)(iv) | Each value of x has a 1-1 corresponding value for y. It would pass the horizontal line test.

OW |, x_
X+2
y(X+2)=x
YX+2Y =X
Xy—X=2y
x(y-1) =2y

_2y

X =
y-1

2X
P =—=
() x—1

(b)(vi) | All x=1




Question 6

0 50
2km O 2km

(@) (i) | £APB =90° angle in a semi circle
AAPB, cos¢9:£:E
AB 4
.. AP =4cosé
Arc PB =120 =2x260 =40 (length of an arc)
Now Speed = dls_tance & Time distance
time speed
7= AP PB 40050 49 2 sore
Sy Spo 3 3
1
=§(4cose+39)
a) (ii
(@) () d—T:E(—4sin¢9+3):0
dé 3
—4sin@+3=0
siné?:E
4

0 ~ 0.848 radians




(a) (i)

d’T 1
=—(-4cosd

do? 3( )

at =0.848

2

d—-I;<O

déo

.. this time is a maximum
VA

since only turning point for 0 <8 < >

then test end points
At9=0T =%(4cosO+3x0) =%

At0=2T=L(acosZ+3x %)=~
2 3 2 "2 2

Since §<% then T is a minimum at =0

i.e. he rows straight across the lake from Ato B

(b) (i)

(i) ¥C,"C, =55770

(b) (i)

(if) If all 6 cards are the same suit then combinations:

4x BC, = 6864

If 5 cards are the same suit and one is from one

of the other 3 suits with 13 cards each then combinations:
4x 13C5 x3x13=200772

Total combinations = 6864 + 200772 = 207636




Question 7

(@) (i)

FoAw+2
u

d—F=3Au2 —Ez

du u

Stationary points occur when
daF _,
du

- 3AU? _B =0

2

1
U= (E]" km/h
3A

Check a minimum
d?F 2B

du2 :6Au +F

1
:6A(£j4+ 26 o
3A) gy
3A

-.aminimumsince A and B both >0

U= (%)4 km/h is the most efficient speed.




(a) (i)

Let R be the rate of fuel usage in litres/km
_ Fuel (litres/hour)
Speed (km/hour)

2Au=£
u
2Au* =2B
i 2B_B
2A A

1
B
u=| —
A
Check a minimum

2
d §=2A+$>o
du u

1
when u = (E]A
A

Now compare speed to minimise fuel against speed used to maximise distance
1

(Bj“ L

A 1 4 !

A—1=(EJ4 x(?’—AjA 34 2132
3A

The pilot should fly 32% faster.




(b) (i) | Given:
x=Vtcosd¢ ... @
y:Vtsin67—%gt2 ..... (2)
2
Al =1 . (3)
g
From (2) t=— >~
V cosé@
X 1 X ?
Subinto (2) y=V siné’——g( J
V cos @ 2 " \Vcosd
gx°
=xtan —————
y 2V2cos® 0
2
=xtanéd -
y cos’ @
y = xtan @ — x* sec’




(b) (i)

The point T is the intersection of the projectile
with the inclined plane
The inclined plane has the equation

y=mx-+b
b=0 & m=tanax
Ly=xtana 0 ... @

Need to find intersection point T
X

& then use cosa =—
r

Nowy=xtand—x’sec’d ... (2)
Equating (1) & (2)
xtan o = xtan @ — x* sec* @
tan o = tan @ — xsec’ @
xsec’ @ =tan —tan o
sind sina

xsec’9="—"-—
coséd cosa

sin @ cosa —cosdsina
cosfcosa

_sin(@-a)

cosécosa
_ sin(@-a)
~ cos@cosasec’ O
_sin(@—a)cos’ 0
~ cosfdcosa
_sin(@-a)cosd
N cosa

xsec? @ =

From (3) r = X
cosa

_ sin(@ —«a)cos 8 1
cosa cosa

_sin(@—-a)cosé

~ costa




b (iii)

dr  _sin(@-a).(-sin @) +cosb.cos(d —a)

do cos’ a
_ cosé.cos(d—a)—sin(d—«a).sin g
- cos’ o
_cos(@+0—-a) cos(20-a)
-~ cosa costa

Possible maximum when 3—; =0

_cos(20-a)
" costa
cos(20—-a) =0

0

2 20-a="or20="1a or 9:£+Z
2 2 4 2

d’r -2sin(20-a)

and at 0:£+Z
4 2

do’ cos’ a
. T (04
=2sin(2] =+= |- Coein T
d’r ((4 2} a) 25|n2
2 - 2 =—2<0
do cos® « cos? a
..amaximum when @ :£+g
4 2
. T O T o
sin(~+— —a).cos(—+ —
oSy maeos( )
. -
Cos”
. T O T a
sin(=—->).cos(~ +—
LG PG+
1-sin‘a
Y/ 4 T
2sin(=—-—).cos(—+—
_ (4 2) (4 2)
2(1-sin’ a)
(24 (94 T T o
sin(=——+=+2)+sin(-—-—-("+—
R (4242) (42(4 2))
2(1-sin’ @)

using 2sin Acos B =sin(A+ B) +sin(A- B)

sin % +sin(-a)

2(1-sin’ a)
R 1-sina
2(1-sina)(1-sina)

R L
2(l-sina)




(b) (iv)| The slope of the initial projection is m, = tan &

This will be a maximum when 6 :%+z

a 7 tang+tanz tang+1 1+tang
.-.m=tan(—+ j— 2 4 _ 2 = 2

2 4 1-tanZtan”  1-tan? 1-tan &
2 4 2 2
The slope of the direction on impact is m, = %
when x = sin(6 - a) cos 0 in y=xtanéd - x*sec’ 6
cosa
Need to show mym, =-1
y = xtan @ — x* sec’ @
Y tano-2xsec? 0 = tang— 2SMNO=2)€0S0 12
dx cosa cos” 8
tand—2 sin(@-a) _ tane_zsmecow—cosesma
cos cosé cos« cosé

=tanfd-2(tand —-tan) = 2tanax —tan &

ke

2tang 1+tang
_2 2_|_

1-tan? & 1-tan &
2 2

2
atan & 1+tan & 4tan & - 1+tanaj
2 |_ 2 2 2

1-tan? & 1-tan & 1-tan? &
2 2 2

stan? —|1+2tan & +tan? &
2 2 2

1-tan? &

4tan%—l—2tan%—tan2% 1+2tan % —tan? &

1-tan? & 1-tan? &

2
(04
1-2tan & +tan? & (1"[&” j 1-tan &
2 2 2 2

1-tan? ¢ 1-tan? & 1+tan %
2 2 2

1+ tan% 1-tang

Now =mm = |- 2 |-

1-tan a 1+tan a
2 2







