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(a) Find the first 4 terms of the binomial expansion, in ascending powers of x, of

2 9
— Pl<3
9-2x 2
giving each coefficient as a simplified fraction.
)
By substituting x = 1 into the answer to part (a),
(b) find an approximation for 7Y giving your answer to 4 decimal places.
2
(o) Get the from the formwa. booklet:
(" =4+ nxe MNN o2, NINOM2) 05, Range of vaidity 1xi<4
2t 3!
We See thos the in foum (34021, we watd 0 o ®gek (1¢0x)".
2(9- u\‘ 2(@)° (1- 2x)
= 2 u-?.-.x)
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2 _ 2 =1-([X
Yoo = Fa- 2 3=1 (sl"
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2. The curve C has parametric equations

t* I
Tk Y1

t>0

(a) Write down z in terms of #, giving your answer in simplest form.
y
1)

(b) Hence show that all points on C satisfy the equation

X’ =2xy°=y*=0
3)

R
e

3

Q'x.’-ix.\‘l' -\fso A1
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3. The curve C has equation

3y* — 11x° + 11xy =20y — 36x + 28

d
(a) Find, in simplest form, d—y in terms of x and y.
X

3)
The point P(4, k), where k is a constant, lies on C.
Given that £ <0
(b) find the value of the gradient of C at P

3)

() & Implicit differentiation:
When differentiating y, multiply by 44

3¢- 11y - Mxy= 204-36% ¢ 28
byt 224 UPRR AT TP LT "R
dx dx  dx

6y %nu“i - zo‘i = 22x -44y-36  Rearronge toget ‘dixw one side

0x  4ax
dy (6y+W%-20)= 22%- 11y -3¢ Factor 49 our
dx ar
M1
dy _ 22w-vy-3
dx  bytlx-20
(0) To get k subsriture x=4, yzk intotwe equation:

%\\"- n M‘* 1104)LKk)= 20Kk - 36(a) *28 M1
IR - 176 +44K -20 K + 144 - 28 =0
D3k +24k-60=0  Oundrakc
#3( .2
k +8k-20=0 M
(k +10k-2):=0
k=-10 k=2 A1
Cince we've that k<0, k=-10.
Hence P(4,-10). Substiture into %1:
¥ dy _ 224)- ()3
dx  6(10) 1\4) - 20

s 88+n0-36
-60 +44-70

A\ H Gradient of C at P.

\ 8
P 7 0 4 9 A 0 6 2 8
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4 —4x

4. f(x) = m

x> 2

(a) Express f(x) in partial fractions.
“4)
(b) Hence find J- f(x)dx
3)
(c) Find
5
J f(x)dx

3

giving your answer in the form a + Inb, where a and b are rational numbers to be
found.

2)
(a) We are asked to do Partial Fractions

4 -41 — A oy B & C Bl
*(x-1)? x x-2  (x-7)?

4 -4 = Alx-2) + Bxlx-2) + (x

*(x-1)*? *(x-1)?

Eouate o Na sphoitite it it AL andet

4-4%x = Alx-2)"+« Bxlx-2)+(x

0 0
= > 4. = 1¢ ) «

-4=72C &2 (C=-2 M1
Xz0 D 4-4(0): A(o-n’*sw@% u,d'x’
4 = &40 D A= A4
X1 D 4-404) = 1(A-2) + BUN(I-2) - 201
0=1-B-2 5 B=-4

3 4 -43x = 1 A2 Al
*(x-1)? ® x-2  (x-7)?
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Ta(x-1)? X ox2 k-1 -2
Cz-2(x-2)
= lnx - bnex-2) -2 (%-2)
-1
zlox-lnlx-21¢ 2« M1
x-2
S
(c) (44> dx
,; 1-(,1'1."'
5
=[ - )+ 2 '
L X-Z 3
= (\n6 - c9y+ 2\ o i -2y 4 2
\ S-2 3-2
0
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5. With respect to a fixed origin O, the lines /, and /, are given by the equations

4 2 13 5
L:r=| 4|+ 4|3 Lcr=|[=1[+ul 1
-5 6 4 -3

where A and u are scalar parameters.

(a) Show that/ and /, meet and find the position vector of their point of intersection 4.

(6)

(b) Find the acute angle between /, and /,, giving your answer in degrees to
one decimal place.

3)
A circle with centre 4 and radius 35 cuts the line /, at the points P and Q.
Given that the x coordinate of P is greater than the x coordinate of Q,

(c) find the coordinates of P and the coordinates of Q.
“4)

(a) Equore twe generol goints of the line:

tqu] [I%*S\L
<32 ] =]-vap
~US46a 4-3\*\

Ly \\2

Smusancously solve X ond 4 component equakions to get 1 and e volues:
4¥2a=13¢Sp '3 12 +63=39+ISn wse e\ination
4-3p2-vepn |2) B-63c ‘l*l\s* MM
20 = 33 +1pm
“11={1p ﬁ*:it
B-Caz-2+2(1)
8-6p=-4
6p=12 > a=2 AN
To prove that theyintercect substiture pand pinto we equakion for 2:
“5+6(=4-3(-0

¥=% . \linesr Ly and 1y intersect T
6’!\:&\“1)&\ M1

- 3
= ’;- position vector of point A

M
R you are unsuve Nare you cam plie chech

To get volue of A ute |y

with \; Qmd your o make swe.

12
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Question 5 continued

(n) Use

(et

We will wee the two

os0: [ZHZ] ‘
V2L {543
.|w-3-18

49 {35
0= (,os|

s
0=14.6°

(2 Diogram

_ The length AP/AQ is 0. multiple of the mognitude of the

/ licection vector of tne \ine .

A

// Get the of the divection vector:
PRI R Y

The vodius is to be 35, hence O the
ector, .. A% ok P, ond -5 ok

(L}st) L}t
-(3) -(3)

.-, Coovdinokes. P(18,-17,33)
Q-2 ,13,-23)

tence:

13
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6. Use integration by parts to show that
Jez" cos 3x dx = pe*'sin3x + ge*“cos 3x + k

where p and ¢ are rational numbers to be found and £ is an arbitrary constant.

(6)
X .
[e_ cos3x dx # Integration by Raris:
[ vu' dx = Vu-Iuv'dx
W= 2% - 9o2%
v=!'3sin3>; V= cos3x
= eiiﬁnsz,-%[ e sindxdx By Parks ogoin
3
Miar
'\A.=e."’l u'=2e® A . N
Vi-%cosh v'= S| i . 7 A .
= €% Gin3x -2 ( ez"co:_x - cosix_dx) M
e -3 (- -2 Z N
e Ginda s 2 e*™cos3p -2 .1 Im _ This is O\ ivwtiol jnn’.grol-
3 a 3 3

Reinbvodue awcinitial infegral ] S 7f e, S
On the LWS anduge & {eﬁmﬁxdys € Gindx+2 e cos 3y - &P—W&&—” '
A=, 3 Q q
0 get vid of thainfire v N
“Jg farts". Je"‘ cos3x dx +_“;‘e“‘cosmx e Gindas 2 ecosdp
Y 3 q

N WS || || ‘ﬂe’icossgda-.;.e‘lsmh%e cos3x M1

(e"‘ cos3xdx = 9 ( Lo ginlx+2 " cos3x)
3\3 q

1 3 ot 2 2

%X +
3 13

cosSx +

A1 Mence shown
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7. Water is flowing into a large container and is leaking from a hole at the base of the
container.
At time ¢ seconds after the water starts to flow, the volume, ¥ cm’, of water in the container
is modelled by the differential equation
dv
— =300-kV
ds
where £ is a constant.
(a) Solve the differential equation to show that, according to the model,
7 300 gt
= —-dede
k
where A4 is a constant.
3)
Given that the container is initially empty and that when ¢# = 10, the volume of water is
increasing at a rate of 200cm’s '
(b) find the exact value of £.
“4)
(c) Hence find, according to the model, the time taken for the volume of water in the
container to reach 6 litres. Give your answer to the nearest second.
(2)
dﬂ: s -kV
1 s V y o
J 300-kv J ; _ "
B1 the Lke terms ow one Side
A -kV) = t+ rote both  sides
K
Ginde by the derivative M1A{
0t the bracket W (300-kV) = - kKt ~kce M“tﬁph’ both sides bg -k
-k -kt +d
e\““oo V) :e * where d= -ke
M1 3w‘kv= e-k**d use In law: eh' =%
-krrd
kV= 300 -¢€ Rearrange
ya 300 _ o oked
K K
- . b
vz390 _ 8 (e o) use index low e ie®.e"
¥ ok
\ =300 4 Ae‘-kt where A= - ed
K ®
A1 hence shown
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% Question 7 continued

1 (e oo inot ot +20,V=0 and ot t=10,%V:200
£
| First use 0 Uz0 with our toed D.E.: .
=
Sy 0= %0 , A~ )
Z Kk
WL
g 300
=0 2A=- M1
3{* - }
o ~ Now use t=10 WV _200 with the -0 AV
8 “at ok
0oL 200 =300 -kV
D kv=100 M1
~ Now Substtute %210 A=-300 gnod kV =100 inro our selved D.E. amd Solve forl:
\ ®
o us30, AT\ xk  Muiply both sidey by W
®
H + e_“t l
-k (
2 100 = 300 - 300 .xe 10 M1
3
-0k
100 =300 -300¢e
300e 'Y = 200
=10Kn -2
b
ne ' = \@3;- wse Wne* =2
-\cmim}.;
L h=-twE M
0 3
W,
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Question 7 continued
(c) Use owvr Solved D.E. with the volue ¢ k we found,

=-L\n: = 3
k |o\h3=’kf‘au‘z

v =300 _ 300 [LTGmi)

] il
ﬁ%’_\o“‘;

V=6000 and Solve for &

-3
6opo= 3000 _ 3000 ¢ o M3
wi wmi
> T
IR
6000 = 3000 (1 -¢ '°h‘)
wmi
[ . 2
X - o -
W"’“‘% =1-€ wing
2800
£, 3
-—\“'—
oW _ . i
e i | Z\nl
LT |
-=n
\ne ot t:h[‘\-?.\n:—')

2 -Xi-mi-2zmd)
0 2

<=z - \o\n(\-?.Ul\;;-)
3
We

Dkt =44
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8. Use proof by contradiction to prove that, for all positive real numbers x and y,
9x
il
‘ \¢ ity
S0 LY . 6
/ y = . :
"%y No need to flip tne signon x and y
My Ixtey® <oxy ate posifive
Qx’- gxy+y® <o
J
2 \
M (B3w%-wY<0  Foctorize
J
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Figure 1
Figure 1 shows a sketch of a closed curve with parametric equations
x=5cos0d y=23sinf —sin20 0<o<2n

The region enclosed by the curve is rotated through © radians about the x-axis to form a
solid of revolution.

(a) Show that the volume, V, of the solid of revolution is given by

B
= 5nj sin’ (3 — 2cos6)’ db

(24

where a and £ are constants to be found.

)

(b) Use the substitution u = cos @ and algebraic integration to show that V' = kx where k
is a rational number to be found.

(7
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Question 9 continued
o Vo mf voluty the x-axis:
V=7 (uz dx % _Parametric Integration
1! b
areq.: fa\g %‘: dt
~ wheve o ond b e the poinis on the v-ows bounding the oveo
Let’s qet %:
x:5c0s0
d—x == SS.LQQ
l_gl's qgt “m.l'\s. m thg X‘ﬂlii hgn(g mhgn !’so
s 0=35100 - Sin20
5 0= 35ine-2sin8cos® lse (ouble omgie (ormula: Sin2A=2snAcosA
e 0= Sin®(3-2co0s0)
me=0=0:0,n. " (h uch Uit is which:
x=5cos(n)=-5 lower
0 ] 2
V= in® - - 66 %2 5€05(0)=S  Wpper
n
o M1
: -51|(36ine- T . _
» MiA1
-0 s
= -9m| sin'0(3-2¢050)- SM@ dB  factor ot sife
mn
[}
=-1 {'S‘I‘l[sin36(3-2c
I
T the m&gq:_gj h\% -\
= ‘Sn( sin‘eca-mm)}lQJ\eanm
o)
Al
J
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Question 9 continued

(b
To use the substitution u=cosB, we need to find 1ow Limuts and do= .
New Limits: To get dx, digteventinte cos8:
0 w W= C0sh
0 — costo)> 9 . _sine > de-= S
T = cos(m)=> =1 M1 49 TR
Substitute into the Tntegravion: -
SﬂIsin‘e(S-zcose;'de
Umis ¢ -1 w:s... _d@
’Sn[ sin"e(s-z\{\l-&/ M1

1 -sind

-1
-5n S\ SN (3- Zu.\t dan sin*e

ws...

1
= on| (- POIB-2u A Lip Vinits by smusiping by -1
-1

1
= 5n{ (4-u* M- 120 s 4V dm expand
-1

L Al
=5nf'i-12u+ 40t-qurind- 40t g expand Some move
big MaAY

1
= BnS q-1u- 5u‘+1zu‘- 4\: dan colieck \ike terms
1

1
M1 =5 [‘lu - 6u- .:_u;-» 3“*_%‘5] % Simple Integration:

- n+4
\ Wdx = LxT e

- 3
Sn (('un -6=E W3- ar)- (aen-sent Sen's sent 2en®))

Sn(Q-4- S A4 v a 965 44

:Snng - . 8
2

AVENALLY 1'"'3“ found..
A\
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