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1. The binomial expansion of
(3 +kx) kx| <3
where k is a non-zero constant, may be written in the form
A+Bx+Cx’+Dx’+ ...

where A, B, C and D are constants.

(a) Find the value of 4
(1)

Given that C =3B
(b) show that
k*+6k=0
3)
(c) Hence (i) find the value of &

(i1) find the value of D
3)

@ A=) =)
q
(b) Get the from the formwa. booklet:

A+ =1 + nx+ n(\:—'n x?a n(n-ngc‘n-z) x3 +..., Range of validity 1x1<4

We Seethot the Bin fovm Ln'cb'x.\“;mnm.d L+ lofe 9% (1*010“'.
-l -2
(3+ux) =21 (4+Kx)
. T 3
njo the
E

-2 “2Y( - - ,
-%-H*‘%X) =1q(1"'(%x\('2\ * (n(zl:” (%x} 4) ly k" .. don’t expand

= ‘—qu -%—kx-&%.("ét')*...)

ol

TL(a-Zexs g‘_sf +...)

T2 k4K xt o
q 23 23
The coe(gicient of X is equad to 3- coe(gicient of x
(-2 ¢\ =L k?
(nk) Lk
-gk=k?

D 0zk*+ 6k hence Shown
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Question 1 continued
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: 0=k (k+6)
k=0 or k=-6
- k-6 B
: Mmmmm of 13
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B o 3
2O 3
L [(ent3kd) k) )
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¢ 3
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(Total for Question 1 is 7 marks)
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2. (a) Express in partial fractions.

1
1+ 3x)1-x) 3)

(b) Hence find the solution of the differential equation

d
(1+3x)(1—x)—y=tany —— <x <
dx

1
2

W | =

for which x = % when y =

N

Give your answer in the form sin” y = f(x) where # is an integer to be found.

VUV SIHINIALM IONOG

(6)

(a) We ate asked to do Partial Fractions
1 = A B

-+

(14 3x)1- x) ﬁlU*!t\ ; H-x')

Mudpmmjﬁsh%mmandMMr
1 = _AU-x)+ B(1+3x)
(1+1) (4~ %) (1+ W) (4~ %)

~ Equate the numerators and Substitute in volues in ovder to get A, B:
1 = AUU-x)+ B({+3x) &)
BN s ' : -
x=1 2 1= A()+B(1¢3(1)
1248 3 8:1
%z 0 D \:AN-0) 5 (1+300))
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- | Question 2 continued

" (1+3x)4- X139 . tany

- DONOTWRITEINTHISAREA =~ =

4 )

dx

[

[ dx_ Semorote Voviclles by Qrouping
" tany d‘j ) fe3x)4-x
t' = coty A ’ the Uke terms Oonone Side
" [Ccotyay=[3 o+ ax
J ) &(143x) [40-=
Partiad (ractions from (a)

Dn(sing) = 3 Wl+3x) vl + LnU-x)x X Mg
7R 3 4 A
UReversechoin vule: dwide by devivakive of 1ka bracker
ln (Smhk Lwm+3x)- z‘ wmli-x)+ ¢ Al

te ugy %“%,xﬂi:
1
(5] =t (L3 o
r 4 & * \\-$’
° s
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Wi : 3 (F)
¢ -i-lni dMA
~ Substitute ourfownd ¢ vale:
wnl 1 1+.3>~ -AnS

L sing)= [ \? 0pply \n vule: awbsine”
\si-ay)
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Figure 1

A tablet is dissolving in water.
The tablet is modelled as a cylinder, shown in Figure 1.

At t seconds after the tablet is dropped into the water, the radius of the tablet is x mm
and the length of the tablet is 3x mm.

The cross-sectional area of the tablet is decreasing at a constant rate of 0.5mm’s”'

(a) Find = when x =7
ds )
(b) Find, according to the model, the rate of decrease of the volume of the tablet
when x =4
4)
(a) We Ove thot % z-0.5mn's™. 1
Cross section i juse the avea of a drcle:
A= i’
d—A = 2NR
dn
=1 x.0.5
2nx
2 dx._A
Subttitute x=3: o
d_* S - L
dv ~=?d 28n
focem o
N0 O A
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Question 3 continued
“tb) We Ove \00ing for the oic o dccwcie ol b s o 4V
dat
\olume of the (l’\'\mler.
V= el
Nz lntx)')-3x
= 3pyd W
_(\tt d_V_._
X
é“_ s Q-n'x" ™
ax
d_v = dv 'Y dX\ i )
t dx gt
T qpxt. - W
4nx
- q_‘"
- *
s
RREZS
s = -9,
b 4.'
~ Subttiaute x=4:
dv =-3,4=-9
dt 4
=4
Hence foteof decdoe =qums® A
(Total for Question 3 is 8 marks)
\ y,
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4. In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.
A curve has equation
16x° — 9kx’y + 8y° = 875

where k 1s a constant.

(a) Show that

dy _ 6kxy - 16x°
dx  8y" —3kx’

“4)
Given that the curve has a turning point at x = %
(b) find the value of &
“4)
(@) # Implicit diferentiation:
. . | dy
! -4, Py-y ax
/r-’ Product Rule: %(\m: uv' +u'y
X ;
1ox>-Qkxy+ 8y’ =815  Pujuc Rule more clearly: |
__ Diffeventioke: ws9kx® Lw'=\@kx
48 - Qkx' 99 — 18kxy + 24" 4y o v=y v' =49
“ax Y T dx
BIMY

+sx‘-n.md= Qixtdy - 24y Ger ol 89 on one Side
dx olx dy

48x"- 18kxy= d9 (agy. 24y*) factov put 9Y
dx oy

> dy _40x7- Bkxy x-1 1Bkwy-4oxt Multiply wpand down by -1

T 2_ 2
dx  Qkx-24yt .oy L4yP-Qkx @

dy - ekxy-tbxt Divide upomd down oy3

ax Byt kx?
4eeE hence shown
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Question 4 continued

(v) At the

Now Use the

O

x=3 and initial equation With
2

. dj. =0.
dx

dy _ 6kl%)q-\s({-)t_°
dx By®-3k(2)

D 15ky -100=0

.20
Y= 3%

16 (%),_ qk(%)'(%) +s(-§-3)3= 83S
3 2
16 (52) - () 55) 8 (S308) = ms
150 - 51’51-% =835

64000
234}

=000
64=23k3

k= 6% o 24
2 3

p 71 3 8 1 A0 1 1 3 2
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Question 4 continued

(Total for Question 4 is 8 marks)
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In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.

(a) Use the substitution x = 2sinu to show that

1 p

3x+2 3 1
L3 dx = (Esecutanu + 58602 u) du
(4 — x*)?
0 0

where p is a constant to be found.

C))

(b) Hence find the exact value of

3x + 2
— 3 dx

(4-2%)?
0
“)

’ e D T
p 71 3 8 1 A 0 1 4 3 2
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DONOTWRITEIN-THIS AREA DO NOT WRITE IN-THIS;AREA

DONOTLWRITE INTHIS AREA

Question 5 continued

(a) To use the substitution X = 15, we need to find mew Limits and da=
New Limits: To get dx, difteventiote % =2sinu:
X AV X: 25N
0 —0=)shu=? 0 & . qcosu
1 —L:Sinu—» %(-‘-p) dc,l‘XLLmlenlu
B M1

Substitute into the Tntegration:

O

3‘&4-7_ dx
(a-xY%
[- s 2 o ocudu 1

(4- (asinu)t)s

ﬁgk_’—\

oy
- Is (bsinu +2) - 2cosu 4, expond wp 4 down
o (4-dasinu)i

- I? |7.S'I:\utom+4t°5‘: dw expond ap facter 4 ouk down
o @WT(1-sintuw)3

n
:Ib%osu(himu-t) ™ factor (S out up we \der
o B(cosru)}

j ¢ 14TosU (3sinu+1) du
-,

Los' x ¢ Sinh =1 1o veploce (1-sinu)

3 L 1
(cos®w)* = (cos™u)* - (costu)= cosw(cos*u)

o -8 o5t (costu)

O~|=(

3sinu + 1 s
2¢0 T 2costw

EELL N B T Sepoxvoke into two frochons
2c00ttun 2c08'u

-

o ©

a $'W +
iz(_oml\(cosu) e 2_ R

0

Lt
+
i B
[

use
Al hence Showw

i
2

o
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R0 O O Turn over
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Question 5 continued
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b)
0
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| a—
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Question 5 continued

(Total for Question 5 is 8 marks)
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6. Relative to a fixed origin O,
» the point 4 has position vector i—4j+ 3k
» the point B has position vector 5i + 3j — 2k
» the point C has position vector 3i+pj— k
where p is a constant.
The line / passes through 4 and B.

(a) Find a vector equation for the line /

3)
Given that AC is perpendicular to /
(b) find the value of p

3)
(c) Hence find the area of triangle 4BC, giving your answer as a surd in simplest form.

3)

Fornalo. Jor vectoy line:

r = position Vechr+ a(divection vector)

ere e position vechr i . e and
diveckion. yertor —

_ Ger divection vector :

VA4V SIHLNI 3114M LON 00

18

e R T armm
p 71 3 81 A 0 1 8 3 2

r N G

,Lff‘U X
0
=
=
E :
ﬁ’E o3
S
SIS
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Question 6 continued

(b) Let’s qek AC in terms of o
At - 0C - OA
1
(3)-(
“[¢*)

Since |4 and }TE ave 1o be

(o) Diagram

; B We know +hat rs .)S Peu‘ e

Joc

ko of AC ond \s

B43(peda)+20=0
B+3prag+20:0
}p=-96
P’."g

) 4-\:., S0 the ovea of tviangle ABC

2

N,
C\e{' f .:'5""\ §
a= (3] |ABI= {a*a%es) =70
At- [5) 1AL = Y2 st o it = {6

- Qreq= 390 V€

= 3410

O
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Question 6 continued
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7. In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

The curve C has parametric equations
x =sint—3cos’t y=3sint+2cost 0<r<s

dy
(a) Show that —— =3 where t=7x

dx @)
The point P lies on C where t =n
(b) Find the equation of the tangent to the curve at P in the form y = mx + ¢ where
m and ¢ are constants to be found.
3)
Given that the tangent to the curve at P cuts C at the point Q
(c) show that the value of 7 at point Q satisfies the equation
9cos’t+2cost—7=0
(2)
(d) Hence find the exact value of the y coordinate of QO
3)
(a) R Powomankvic iiiqehemcinhon: P N Xt 77T We o
d_\_L._,E‘lE thene by diggerentoking el Nl
X
, 9% @&~ thepavametvics sepowmkely. ¥ 2, :
Get 99 and O* W/
ax dt
a— \Y=3sint + 2¢osk . x=sint-3c0s%t [ chain vule. mulkiply
| o MYogegt-agine | 7% : cost- 6cost (-sint) by devivative of
| HA Y dL _®»® @@ ke bracket
. %= COSk +ESIMCost O

Hence get 4.

dx dy _ dT:‘
ax 0 T d&x
at

d_‘i = _3cost -2sint M1
x  cost+esintcost

Substitute tem:

™
= 3cosm - 7—9‘6\
COSTX + bs)eiTt cosn

= % 23  hence shown
M
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Question 7 continued

(b)Y We know %ﬂ ak P. ( and proven in (a)),
Get Ahe cartesian point P:
e %s,'uf?lo-v 2cosn
y=-2
x= ﬂﬁguos‘n
x= -3
Use to get twe of the line:
Y- -2 =3(x -39

yr2=3(x43)

“=%x+1
(0 To get that equation we need to twe COmponent euations inta our found Lanoewt.
y: Ix+ 3} lang
FSint + 208t = 3 (sink-3cost) 4} bsti ond x
35tk + 2ost = 3sAt-Qcost e + 3 expand
0=9c0s%t * Lcost -3 Reavrange

hence shown
(d) Solve Qcos*t *+2cost ~¥=0 fort:
(qcost - F Y coskt+1)=0
cost=1 cost=-4
A t= 1 (Point ©)
Hence ox Point Q COS\:-%.
(et sint:

2
. >
Sintt ~1- (q\
sint = 4/ 1-42
8\
= \‘3_" =E=S‘V\‘t
8\ q
this au into
Y= 3sint + 2cott
. (V3 3
‘5'%(—,'3\ ”’('E)

=R 14 4T ¢
3 9 3 q

= 1242+ 14
q

' y-toord. of @
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Question 7 continued

(Total for Question 7 is 12 marks)
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In this question you must show all stages of your working.

Solutions relying entirely on calculator technology are not acceptable.

20cm

VA

Figure 2 Figure 3

Figure 2 shows the curve with equation

1
—

y=10xe 2 0<x< 10

The finite region R, shown shaded in Figure 2, is bounded by the curve, the x-axis and
the line with equation x = 10

The region R is rotated through 27 radians about the x-axis to form a solid of revolution.
(a) Show that the volume, V, of this solid is given by

10
4. kj x’e*dx

0

where £ is a constant to be found.
(b) Find [x%¢* dx

Figure 3 represents an exercise weight formed by joining two of these solids together.
The exercise weight has mass Skg and is 20 cm long.

Given that
mass

density = volume

and using your answers to part (a) and part (b),

(c) find the density of this exercise weight. Give your answer in grams per cm’ to
3 significant figures.

(2)

(€))

C))

26
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Question 8 continued

2 =0XIS"

wheve o and b are the ponis on the v-nxs bmuding the oveo

v=nj[(mn'5_')tm
0

1) l
2 n! w0ox‘e  dx
0

T -

Mmulfiplication -, use By Parts

J['x.z e ” dx

¥ Integration by Povts:

wat-Sow s

v=-¢:’£’f-v'=e"‘

jfuv'dx:u- ‘s;’y dx

> -x?e'x—}-z@'x dx

= .xle s | 2xe ™ dx Sta

W-Lou'=2

-% =
VR R Y

Fi | te

- -x o
=-x'e -2xe -!-Le.ldx

RS R P

O

p 71 3 8 1 A 0 2 7 3 2
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Question 8 continued

(c) Let’s get the total ydume of the sofid:

Wse the

28

10
V= 1-1001TSx‘e"‘dx
0

x x 0
= 2001[-113 -2xe - le.xl
o

=200y (( -tor'e - 20008 ' 267 ) - (- (0r e - 2(0)e’ - 2¢° ))

=200n (- 100¢ '°- 20¢ = 27"+ 2)

=200m(2-122¢"*%)

mass

density=
volume

densit\j = 000

200m(2-11€"*) )
= M WRUNG

.. density= 399qeW 3

p 71 3 81 A 0 2 8 3 2
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Question 8 continued

(Total for Question 8 is 10 marks)
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9. Use proof by contradiction to show that, when 7 is an integer,

n -2
is never divisible by 4
4)
Make an Assumption: We_goand our assumption t be thelopposite’ of what
"Assume that thereis o veal umber n e Qe twyingt prove.
for whidn m*-2 is divisible by 4" M1 In the Pvoof, we ave trying ticontradich th c@sSumplion’
Hence: n'- 2= 4k
D mi=4ker

n?=202k+2)  Since it's & muitiple of 2, n?iseven

Since Mm? is even, N musi be even . n=2m.

nt2zaamy -2

4mt-2
nt2 =202m*-1)  2m’-4is0dd hence 0*-2isodd
dM1

It wt-2 is odd it cant bea murtiple o 4, whidhis a contradiction to ouv assumption. Hence
it's_proven by comtradiction thar "nt-2 is mever divicible by 4 is irue for ai m.

At
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