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1. (a) Find the first four terms, in ascending powers of x, of the binomial expansion of

2

(2 - Sx)

writing each term in simplest form.

“4)
(b) Find the range of values of x for which this expansion is valid.
(1)
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Question 1 continued
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xXcm

Figure 1

Figure 1 shows a cube which is increasing in size.
At time ¢ seconds,

» the length of each edge of the cube is xcm

« the surface area of the cube is Scm’

 the volume of the cube is Vem®

Given that the surface area of the cube is increasing at a constant rate of 4cm’s '

(a) show that % = K where k is a constant to be found,
X

dv > :
(b) show that —— = V" where p is a constant to be found.

dr

(a) We're thok % 4em’s’ T

S
Alsa, surfoceosen ofor cube,S=6% . Ti

Dif(erenbiake. this. % =\2%.
We wons &% - dx . dx_ds
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Question 2 continued
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In this question you must show all stages of your working.

Solutions based on calculator technology are not acceptable.

(1) Use integration by parts to find the exact value of

4
22
J- e " dx
0

giving your answer in simplest form.

(i) Use integration by substitution to show that

21
2

I M dx=a+hb
3 (2x—1)

where a and b are constants to be found.

(i) Ij.i"dx mMultiplicakion, .uge by Parts

¥ Integration by Rvis:

[ vu' dx = vu- juv'dz
Method 1 : Formwa 0R

[x*e™d SDI_table method

=x=d 4y's

V=X dx-’V :La:
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2
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Question 3 continued
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Question 3 continued
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4. (a) Prove by contradiction that for all positive numbers k&

k + 2 > 6
k
4)
(b) Show that the result in part (a) is not true for all real numbers.
(€))
(a) Moke an Assumption: We_wand our assumption to be theloppasite) of what
"Assume that Hhere is o positive number K thak 1w 0 tuying b prove.
sokisfies k+.:_ <6’ B9 Inthe Pvoof, weave trying tEomiradich th o@SSimpioN
Try to Solue: Kkt <6
K
k*+9 < gk
k*-€k+q <0 A4
(k-3)" <0 A4

Houwever au squared Nuumbers ave 20, .. (k-3)" <0 has mavenl soluions, (k-3 20.
Honce, k+ % 2 6, proven by contradiction. A1

(b) k+3 26
"3
k=1 -t+3 =y
=X

“\0 <6 = mot tvue for om real numben
™
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Question 4 continued
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Figure 2

Figure 2 shows a sketch of the curve C with equation
y -x*+4x’y =k
where k is a positive constant greater than 1
Coody .
(a) Find i in terms of x and y.
%

The point P lies on C.

Given that the normal to C at P has equation y = x, as shown in Figure 2,

(b) find the value of .

(0) % Implicit differentiation:

12

When dif(erentiating y, multiply by da‘%‘
LEPARL SR

Iyt Ay o +4xld =0 =4x? ‘= 8%

K dx X §+Bx‘:,\\M1 N \:X‘:’. dy
A\ -

o

d 3\5" %: ﬂ-xz%"i = 2x=-9Bxy A1

4y (3t 4x™= 2x-8xy 1
dx

d\s Z 2xX-BxY A)
O N Loa

P 7 5 7 1 @ A o 1 2 2 8
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Question 5 continued

() Sine._the Movmal han €quation §=x (o) tae tangenr mwst be y=-x, hene

ok P, dy ..y,
[ dy 28y oW
dx Wt eax?

Also, Since ax P yzx:

t
o8y (Replace okl y with x)
3N+ 4t
MA
1x-8xts - 34yt
2%zt
2=x:=y A
- Use this and the MWM&
- tea) sk Al
k=36 A1
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Question 5 continued
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r direction veckors

1
. The line /, has equation r =| 3 [+ 2{2] where 4 is a scalar parameter.
2

4
The line [, has equation r =| 3|+ ,u[l} where u is a scalar parameter.
-7 8

Given that /, and /, meet at the point P

(a) state the coordinates of P

Given that the angle between lines / and /) is 0

(b) find the value of cos 8, giving the answer as a fully simplified fraction.

The point Q lies on /, where 41 =6

Given that point R lies on /, such that triangle OPR is an isosceles triangle
with PQ = PR

(c) find the exact area of triangle QPR

(d) find the coordinates of the possible positions of point R

(a) By O\new'mq the equakiom:
P(2,3,-9
B1

(v) use
AT

use the divechon \ectors:
10 =142 =3
o) = J4%cts® =9 1—» cosp= 18 . ’-3 dg

EE:[;][_‘: - 4-2+\6=48
t s MA =2 A

P 7 5 7 1 @ A o 1 6 2 8

(1)
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3)
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Question 6 continued

() Diogram
Point @ 04 - m“m =[|85 ]

a_1 t 5
>4““‘ 7 = 04 - OF
4 ~
b (538

-

\pQ\=\|s‘+ Nt = 18 wuts
Sina the tv'\amgu is isoscelen, H?R\ st olso be 18 wwis
< Use

PR = FUBA (1Y)

= 5445 wnitst

(8) PR= [‘m

Since PRI =\PQ):
(4p) "4+ (By)'= 624122412
I6p*+ e 64" = 32¢
Bip® =324
\L"=2 , w22
u= £2 back into equakion of L;:

— - G’a\* “('ts\ \,_.
o () +[2) w3
() -(£)
(10,1,9) (-6,5,-23)

Possible coordinaken: (10,1,9) and  (-6,5,-23)
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Question 6 continued
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. The number of goats on an island is being monitored.
When monitoring began there were 3000 goats on the island.
In a simple model, the number of goats, x, in thousands, is modelled by the equation

k(9 +5)
P Sl
4t + 3

where £ is a constant and ¢ is the number of years after monitoring began.

(a) Show that £k=1.8

(2)
(b) Hence calculate the long-term population of goats predicted by this model.
1)
In a second model, the number of goats, x, in thousands, is modelled by the
differential equation
dx
S— =
5, = %0~ 2x)
(c) Write m in partial fraction form.
3)
(d) Solve the differential equation with the initial condition to show that
_— )
2+e
)
(e) Find the long-term population of goats predicted by this second model.
1)
(a) ox t=0,~x=3: ~
3= klM*S) M4
+3
= 5k q
® — - =
3 3 #sk,k Lg Shown
A1
(b) x= 1-8(9t15)
4t +3
18Q+g) .
= 7%_ divide ererytwirg by t.
M t—> o0: $30,3 50, .. x="80*0 _ 405 thousand
t t 4+0

4050 goats. %
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Question 7 continued

(<) We ate asked to do Partial Fractions
3 =_A _,_®© B
% (9-2%) 3 q-2%
Mawipulare this to gex common dencminater
3 = AQ-2x) + Ra
x(q-2x) x(q-2x)

Eaugte he tors and_Substitute o vlues io.order to. et A andB

3 = A(-2x) +Ba
ettt G
%0 5 3=A()+ B

1
30
x=d 3=Alz€)~‘\15 M)
2 4 2
2
3

R, R 1 A1
x@-2¢) 3 30Q-w
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( )
Question 7 continued
(d) 3dx = %(9-2x)
ok
){ 3q dw=(4dx Seporote Vaviakles by quwping
R(]Q=-2:
< ) the like terms ow one Side
(L4 2 n\x-_}pu_wmif_muq—
I3 30w
A2 i 2 4x= ’5 dk
3)a q-2x
1 o2 <
Wy

~Substituke €r0,%=3

(e) As t> o

.= 4500 qooks T
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Question 7 continued
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Figure 3

Figure 3 shows a sketch of the curve C with parametric equations

x = 6f —3sin2¢ y = 2cost ngg%

The curve meets the y-axis at 2 and the x-axis at k, where £ is a constant.

(a) State the value of £.

(b) Use parametric differentiation to show that

d_y = A cosect

dx

where A is a constant to be found.

The point P with parameter ¢ = % lies on C.

The tangent to C at the point P cuts the y-axis at the point V.

(c) Find the exact y coordinate of N, giving your answer in simplest form.

The region bounded by the curve, the x-axis and the y-axis is rotated through 2z radians
about the x-axis to form a solid of revolution.

(d) (i) Show that the volume of this solid is given by

Jaﬂ(l — cos4t) dr
0

where a and S are constants to be found.

(11) Hence, using algebraic integration, find the exact volume of this solid.

P 7 5 7 1 0 A o0 2 4 2 8

(1

“4)

€))

(6)
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Question 8 continued
(a) at x-axis, Y=0.
0=2cost
t=X % value when x-axisis met
0
x= “ﬂi )- 3 sin(m)
x=3In Ol
Y= 2cost x=6t=-3sin2t
dy - - 2sint dx - ¢-6cos2t
ok at
dy . —2sint W00
dx 6-6osae
= "%t use double angle formula: €os2¢=4-sint
6-6(1-2sintt)< I
= -28int
6-6+\2sin't
s -Zsint
(Visintt
= -4 1 _=-cosect
6sint Sint
w. MAAY
\ y,
25
e DR 1RO 0
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Question 8 continued

uzzcos: =42 FP(3_s §T) T4
J T r

1
x= 6( nl )- 35,‘_:: =3n_3
2

We want- yakr x=0:
J
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DO NOTWRITE IN THIS AREA DO NOTWRITE IN-THIS'AREA

DONOT WRITE IN THIS AREA

Question 8 continued

(di. for around the x-axis:
¢ Parametbric Integration
AND aren: Lq °¥ dt

— dt
where o and b awe the

el

1\
KA
= IS (‘Lcos\:)l (6-6cos2t) ok
0

1
2 'ﬂ‘ 4cost - 6(1-cos2+) dk

Oy

k3
ST} 2(cosat+1) - 6(4-cos2t) dt
0

oid

=7 ] 12 - (1 tcos2¢)(1-cos2t) dk
(3

1
2

= nIn(\ - cost24) di
()

n
2
& n[s (2-2cos*2¢) dk

0
a

1
: Issu-cos%-ndk dmt

%

21| T64 - cosat) dk

n [\]
1
J_JJ‘ ni-cos4t)de
0

T
il V= 61|S 1-cos4t dk

. n
K 3

- 6n [*c -.‘_sin‘lt]
4 0

(- ) -(0- s

- 6n(3)

£330  volume
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(Total for Question 8 is 14 marks)
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