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QUESTION 1

dx X[
(a) ’ =[sm‘1—}
JO V16— x* 4 o
=sin‘1g—sin‘19
4 4
_r
6
(b) dixsinzx:x.ZSin X.COS X +sin® x.1
X
= xsin 2x+sin® x
=
(c) D (2n+3)
n=4
=(8+3)+(10+3)+(12+3)+(14+3)
=56
A(-2,7 B(L5
@ | AC2D L5
N/
1.-2
L Llr-2-2 15427
1-2 1-2
X=-5 y=9
P(-5,9)
© x+3 will be a factor if P(-3) =0
P(-3) = (-3)® -5(-3) +12
=-27+15+12
=0
Yes x+ 3 is a factor (Factor Theorem)
Let u=1+x and x=u-1
(f)

atx=-1, u=0 &atx=0,u=1

Now 15.[_01 X~/1+ xdx
~15 jol (u-1)vu.du

3

1 3 1
:15I0u2—u2.du

5 3T
_15| 2yz _ Ly :15(2—%—0: 4
5 2 |, 5 2




Question 2

(@)

f(x)=3x*+x
f(a+h)-f(a)
h

@<t

_lim 3(a+h)*+(a+h)—(3a° +a)

h—0 h

_lim 3(a’+2ah+h?)+a+h-3a°-a
N h—0 h

. 3a’+6ah+3h*+h-3a®
=[im

h—0 h

. Bah+3h*+h
=lim—M——

h—0 h

h(6a+3h+1)

=lim
h—0

=lim6a+3h+1
h—0

=b6a+1

(b) (i)

[ S dx=In@+e)+C
l+e

This is in the form I% dx
X

See table of standard integrals

(b) (i)

= IO” cos’ 3xdx

:J.”l(l+c036x)dx
02

1 1. i
=—| X+—=SIn6X
2 6 0

=1(;z+lsin 67r—0]
2 6

1
=7

2

(© ()

9 letters with 2 the same

9!
— =181440
2!

() (i)

The 4 vowels, 2 alike can occupy

41

T =12 ways

For the other 5 letters they can be arranged:
5!=120 ways

.. Total arrangements

12x120 =1440




(d)

General term: "C,(a)" " (b)"
9Cr (X2)9—r (_E)r
X
gcrxlgfzr(_l)r X"
gcrxlsfsr (_1)r
The term independent of x i.e. x° will occur when
18-3r=0 ie. r=6
So the term independent of x will be
*Co(-1)° =84




Question 3

(@) (i)

f (X) =sin x+cosx—x
f'(x)=cosx—sinx-1
()
f'(x)
=12- f(1.2)
f'1.2)
5 0.0943

-1.5697
=1.26 to 3sig. fig.

X, =X

(b) (i)

See diagram on next page

ZAOB = 2¢ (angle at centre is twice the angle on the circumference subtending
the same arc)

(b) (i)

ZTAB = ZAOB (alternate angle theorem, circle C1)

(b) (iii)

/PBA =26- 6= @ (exterior angle = sum of 2 interior angles)
A..APB is isosceles.
. PA=BA

(© ()

=sin 3¢

=sin(d + 26)

=sindcos 26 +cosdsin 26
=sin#(1-2sin® d) +cos & x 2sin #cos
=sin@—2sin* @+ 2sinHcos’ &
=sin@—-2sin® @+ 2sin9(1-sin’ H)
=3sin@—4sin® 4.

(c) (i)

sin3¢ =2sin@ s equivalent to solving

3sin@—4sin® @ = 2sin 6

sin@—4sin*0=0

sin@(1-4sin*g) =0

~.sin@=0,sin’ @ 1
4

. . 1

-.sin@=0,sin8 = iE

Solving sin@ =0 gives =0, 7, 2.

Solving sin0:l gives 0:1,5—”
2 6 6
Solving sing=—x gives 9:_2,7_”,&.
2 6 6 6

.'.620,2,5—72-,7‘[,7—7[,&,272'.
6 6 6 6







Question 4

(@) (i) =<1

(x=2) ngl.(x—Z)

since x both sides by a +ve number don't need worry about inequality
3x(x—2) < (x-2)?

3x(x-2)-(x=2)*<0

(x-=2)(3x—(x-2))<0

(x=2)(2x+2)<0

2(x-2)(x+1) <0

—-1<x<-2 note x#2

(b) y

135°

Given x=Vt y=-5t x=V y=-10t.

At the point of impact tan(135%) = .,

.
\Y 10
Also at the point of impact x = 4000 m.
SoX =Vt
2
4000=V.i=V—
10 10

V?=40000 V =200 m/s.

v




(c)(i) | X=-4x

V2 =—4x* +C,

Given x=3 v=—-6+3
- (-6v3) =43 +C,
C,=144

VP =—4x? +144

v =1144—4x2

V= i&/ﬂ

However, since v=— 6\/§ when x=3
then v is -ve

SV =-24/36— X
% =-2/36-x?
dt 1

Tk 2436 %2
1. 1
ct=—= [ dx
2Ix/36—x2

t:—lsin’15+c3
2 6
Given t=0 when x=3

~0= —lsin‘ngrC3
2 6

0--17,c,
26
T
C,.=—
12
ctelgpr XL E
2 6 12

2t=—sin* 247
6 6
sint X =7 ot
6 6
5:sin(Z—th
6 6
X= 65in(£—2t]
6




Question 5

@® (i) Letx=0

y=2cos 0
T
= 2)(—
y 2
y=7x
@ | . X
i) |(iD) f:y=2cos 5,—3£ Xx<3,0<y<2r
f1x=2costY
3
X _costY
2 3
3
X
y=3cosE,O£ X<2rx
Eﬁ)i) The shaded area is the same as the area under the curve

Y A

y=3C05§,0§XS77:

S
P \¥

| L .

-3 (0] 3 X

T

v

jﬂBCosidx = {GSin 5} = 6 units?
0 2 2

0




N
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(b) n n n n n-1 n n-2 .2 n n-3 .3
i)y | (@+p) =( jq +[Jq p+( jq p +( jq P +...(1)

n_( N n_ N o n-2.2 n-3 .3
SR P PO A

D-(?2)
(q+p)"—(q—p)" = Z(ZJq”‘lpﬂ@q”p?' +..(3)

In the subtraction above, notice that only the even terms stay,
also knowing that there are (n + 1) terms in each expansion,

o

>
>

we can conclude that:
- if nis odd, the last term in (3) is twice the last term of (1),

_ n
i.e. 2( Jp” =2p"
n

- if nis even, the last term in (3) is twice the second last term of (1),

H ( n J n-1 _ n-1
e 2 gp" =2nqgp
n-1

©0) 5

Let p=Pr(six) :%,q =Pr(non 6) = 5

Pr(exactly r sixes) = n (lj (ﬁJnr
’ rj\6)\6

(c)(ii)| Pr(an odd number of sixes) = Pr(1 six) + Pr(3 sixes) + ...

From part (a), (q+ p)" —(q—p)" = Z(ﬂq”lp + 2[2}4”3 p°+...

N o (M) ws s, (@+p)"-(q-p)"
Moo |

2

Take p = Pr(six) :%,q = Pr (non 6) :%

[J@@j[gj@ @(22]2(22) %{1@}




Question 6

(@) Step 1: Show true forn=1
LHS =2+ (1+1)° + (1+2)°

=1+8+27=36
36+9=4
True for n=1
Step 2: Assume true for say k
i.e.k®+(k+1)°+(k+2)° =9p where p is an integer
or this may be written as (k +1)° + (k + 2)* =9p —k*
Show true for k+1

LHS = (k +1)° + (k + 2)® + (k + 3)°
=9p-k®+(k+3)°
=9p—k®+k*+9k? + 27k + 27
=9p+9k® +27k +27
=9(p+k*+3k+3)
=9m

where m=p+k®+3k+3

(b) (i) | Gradient of the tangent at P is t
.. The gradient of the normal at P is 1

t
Equation of normal is y —at® = —%(x — 2at)

ty —at® = —x+ 2at

x+ty = at® + 2at

i.e. (k+1)°+(k+2)°+(k+3)° =9m where m is an integer

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) (i)

Let Q have co-ordinates (2ag, aq?)
.. Gradient of the normal at Q = 1

q
Since this normal is perpendicular to PR

with gradient —% then

.
q t
1
qt
g !
t




(b) (iii)

Gradient of RP = —%

.. Gradient of QR =t
Equation of QR: y—t% :t(x_(ﬁn

y—%=tx+2a
y=tx+2a+ti2
Solve simultaneously to find R
y :tx+2a+t32 ......................... @

X+ty=2at+at’...cccovvieennn. (2)
sub (1) into (2)

a
x+t(tx+2a+t—2J=2at+at3.
2 a 3
X+t x+2at+?:2at+at
a
x(1+t2)+T=at3

X(L+1?) :ata—%

sub xinto (1) y :t[a(t—%jj+2a+t%

a a
y:atz—a+2a+t—2:at2+a+t—2

Y= a(t2 +1+ti2j




(b) (iv)| Need to write in Cartesian Form

e

y = a(t2 +1+ti2J = a(t2 +%+1}

2
Use (t—lj =t? +i2—2,
t t

sincet—lz5 and t2+£2:1—1
t a t a
2
SPAN A
a’ a
2
SPA A
a’ a




Question 7

(@) (i)

dv
—=X
dt

(a) (i)

Since att:O,x:O,%:l
dt
~.1=%(0-1) must be -
dx

S—=—(x-1)=1-x
Friia G

cdt 1
Tdx 1-x
~t= idx
1-x
t=—Inl-x)+C,
att=0,x=0
~.0==-In(1-0)+C,
~.C, =0
St==In(1-x)
In(1-x) =-t
(1-x)=¢e"
x=1-¢e"




®YO | a2 = p0? + 0OP? —2(AO)(OP)COS%

From AAOT AO =h —isosceles triangle
h
tan o

- AP?=h*+(h coto:)2 —2(h)(hcota)cos%

FromATOP OP= =hcota

=h? + h? cot® o — 2h? cota.%

=h? +h?cot’ « —h’ cota

(0) (i) | In AATP
AP? = AT2 4+ TP? —2(AT)(TP)cosé
In AOAT

.7 h
sin==—
4

=h/2

In APTO
. h
sinag=—
TP
.. TP =hcoseca
2
AP? =(h\/§) +(h cosecw)2 —2(h\/§)(h coseca)cosd
AP? = 2h? + h? cosec’a — 2+/2h? coseca cos @
From (i) AP? =h®+h*cot’ o —h®cotx
- h? +h%cot? & — h? cot & = 2h? + h? cos ec?a — 2+/2h? cos ecar cos 6
1+cot? @ —cotar = 2+ cosec’a — 2+/2 coseca cos @ .....(+h?)
—cota =2— 22 coseca cos @

2\/5 COSeco cos@d =2 +cota

2\/2cos6 5, Cosa
sina sina
2sina cosa Sina

cosé = +—.
22 sina 242
oSO — sina | Cosa
V2 22

1 . 1
C0S@ =—SIina +——=CoS &

J2 22




(b) (iii)

From (ii) cos @ :isin a+LCOSa

V2 22
: H—COSl(iSina—FLCOSQJ
N J2 22
4o _ 1 x(icosa—isina]
dOC 1 1 2 \/E 2\/5
1-| =sina+———=cosa
(\E 22 j
- -1 ><KZCoscx—sinozj
(Zsinowcosozj2 2.2
1| SETAEE
22
B sina —2cosa x( 1 j
(2\/5)2—(25ina+c05a)2 22
(2v2)
sina —2cosa 1
= X
\/8—(25ina+005a)2 22
22

_ sina-2cosa
\/8—(23ina+005a)2

:—9: 0 gives possible turning points
a

_ sina-2cosa
\/8—(25ina+cosa)2

O=sina—-2cos«a

-0

—Sina =-2cosa

sina =2=tana .. a=1.1
cos o
If tanoc—E : hypotenuse—\/g : sinoe—i cos(;e—i
1 . N 5
1 . 1 1 2 1 1
Now @ =cos*| ——=sing +——cosa :cos‘l(——+——jz0.66
(\/E 242 ] V25 24245

.. turning point at (1.1,0.66)

Considersign change with 3—9 to find either max.or min. point.

[24
As a—>0,d—0—>_—2<0
da 7
As o %%,:—941>0.'. a minimum turning point.
(24

AS & 50,0080 -~ - 0512 and As (;c—>%,c;os.9—>i.-.6>—>£

22 J2 4




1.2

A

6 =cos™ [

1 . 1
—=SIna +—=C0s«

V2 22

)

(1.1,0.66)

/2

v



