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1. Given that k& is a constant and the binomial expansion of

I+ kx kx| < 1

in ascending powers of x up to the term in x* is

1
1 + —x + 4Ax*> + Bx?

(a) (i) find the value of £,

(i1) find the value of the constant 4 and the constant B.

(€))
(b) Use the expansion to find an approximate value to +/1.15
Show your working and give your answer to 6 decimal places.
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Question 1 continued
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VA Diagram NOT
drawn to scale
9 ______
R
I
»
0 6 X
Figure 1

Figure 1 shows a sketch of part of the curve with equation

9 3
T @x-3)= 5~ 3

%

The finite region R, shown shaded in Figure 1, is bounded by the curve, the line with
equation y =9 and the line with equation x =6

This region is rotated through 2z radians about the x-axis to form a solid of revolution. ’

Find, by algebraic integration, the exact volume of the solid generated.

@)

We will calculoxe twe volume
of the formed when
rotating the around the
x-axis Wnd will them Subtrack
the volume. Creaked by rotating
A oxoumd twe x-0xis to be legt

— 5y Withvolume of R.
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Question 2 continued
Let’s qek point P, the of owr inteqrakion:
q-= 9
('lX‘%)"u
(‘h&-%)"‘ls = 9
z‘x - ""3 £ X=2 av
@ek  voluwe of :
6~
V= 1irth
— Voo =71 (3) <4
= 3247
Now let’s gqet volume of A:
for awound the x -axis:
wheve o ond b ore the ¢
Vo= T
f CEE ") dx
6 81 »
='J'\J — LB is point Py =2
2 (x=-3)™
6 B
. snnf (x -39 dx
¢
1.5
z 8'“[\5 1(2x -3) ]z ke
LReverse chain Awide by demuative of bro.ck
= 81 ( = ( ()-3)"'5 ! (uz\-si"s
ni- 3 206 "3 )
= 81 --+ L )
= 261
Hence to ek volume €:
Voo -Va zVe @ 3241 -267 = 2987
Volume A =298n
Q2

(Total 7 marks)
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A
20cm
?
hcm
v v

Figure 2
A bowl with circular cross section and height 20 cm is shown in Figure 2.
The bowl is initially empty and water starts flowing into the bowl.

When the depth of water is ~cm, the volume of water in the bowl, 'cm?, is modelled by
the equation

1
V=§h2(h+4) 0<h<20

Given that the water flows into the bowl at a constant rate of 160cm?s ™, find, according
to the model,

(a) the time taken to fill the bowl,
(2)

(b) the rate of change of the depth of the water, in cms™', when A =15
(6))
(mWe womk to find £ when k= 20 (moximum)
We oae thak % = 160¢m* <

Let's gt V when h=20 with eQUAKOW.
V=1 (100 (20)
) 3
\=300em.
Since 160em’ Hlow in per second:

3200 - 20 seconds.

160

t=20s
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Question 3 continued

(0 We want 4% o Ww:=o
dt
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9 3
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Question 3 continued
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4. Use algebraic integration and the substitution u = Jx to find the exact value of

J‘ ! 10 di
1 5x+ 2xx
Write your answer in the form 41n(%), where a and b are integers to be found.

(Solutions relying entirely on calculator technology are not acceptable.)

04 'S w:= Xt

- 1
1 —w:di— d Qh_-lz.’.x‘=7_‘e7-‘ =£—u
4 —yw:{g—> 2 X Cu

Substituie int the Intearal: \« /
J (4 10 dx/

) 5x\+‘27xﬂ$__ w: &%

wh: x

=‘_ 10 —x 2udWw A0
J 5w+ 20t (uw)

20 _ A _. B
w 5t2u

u(st 2w L AL ] . " | orer

20 = A5+ 24)4 Biw)

_ Subtftuke volves to gex A and B.
w03 20 SA+B0) = A4
W=1 9 20° 4(5+2)+ BDOIPR=-8

. 1o = 4 - 8 AW\ AN
u(st2u) W St2u
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Question 4 continued 2
=( & _ 8 dn use the P.F !I&%ﬁ
Jy W 542w
L R N e divs N o t
= [ 410 - sms_znh rok
L Dubiaians Inteqroke
1 ddwa
6
= @ (2) -4 W (5 ¢ 4)) - (444 - A (St 2))
= 4 - +
=4 %x}) - { + s
: 4> apply Un | ~lnb-=
V) 0 Y R0 .
P 6 6 0 0 8 A0 1 3 3 2 Turn over »



www.mymathscloud.com

%
3‘

X
%%

X
X

Leave
blank

QA
SREXRK
SRS
KK
X RIRIRIRK:
QSELSBKIES,

<
2020098
oo
SRRz

'S
5%
%5

'S
%5
%5
X

RIS

%
%
2

Question 4 continued
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55 Question 4 continued
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5. A curve has equation

y'=ye®—3x
(a) Show that
dy  2ye? +3

dx e -2y
@

The curve crosses the y-axis at the origin and at the point P.
The tangent to the curve at the origin and the tangent to the curve at P meet at the point R.

(b) Find the coordinates of R.
)

(@) % Implicit 4 Eation:
|“ I-[[ . I‘ I ,l | d!
\ Produck Ruyle: 4 (uy =un‘+uy
dx

1\5‘%1 - %e‘“-?.\%e'“ -3 BAMAAL
X

2ue < +3: % e—‘lx_ 2ud\5 colleck oMl L) terms on
v dx T dx *

one side

2\! g'.“-ﬁj, - dq (e’zx - :2,,5 lo[_'m[ oM %
ax %
-1x
dq = M hgmg shgum
dx e *"

e

Leave
blank

16

P 6 6 0 0 8 A 0 1 6 3 2

SRS

X

o
Q\
25
X
o e
T

RRRRRRRKS

IR

S
VAUV SIHLN

KR X

2%%¢

\\\i&\\ >>\\\ I,
v'/ LRI boo%e K&

XARARAKHARIIKIIRIKRARARKARARARAARARAARAANAA

SIHLN

YRy

%

RRIRIRR IR IIRARAARARAR




Question 5 continued

(b) We need to qex ok 0 and ot P.
Gex Point P fivst-
on y-aoxis, .. x=0: \5"'- “e-o +3(0)
yi=y
T
Y-y=0
wly-10=0 3 yz=4 ok P.
Hence P(0,\). ;
-1x
Get the 49 for eacn using tie dy . 29e +3
M ox e-zu_z\’
90
;:% = 7%0 =3 gradient of tangent at ongin
\5:0,7(-_0 '\5’3)( ¢ ton of tog.
0
;‘ﬂ’ = 7’“2‘ 13 =3 -5 qrmm o{fana;wvtu r.
dx y=1, x=0 ¢ 2 1 Use to get twe cque
Yy=4:=-5(x-0)
“:1'37‘ Qquakion 0; tp
Now reously Solve Koo omd tp to get the coovdinakes of R:
Ixz=1-5x%

] D w=l =3
8)\1-37(8,\58

Hence RI(%,3)

Q5

(Total 9 marks)
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=V

Figure 3

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

x =2cos2t y=4sint 0<r<

NN

The region R, shown shaded in Figure 3, is bounded by the curve, the x-axis and the y-axis.

(a) (1) Show, making your working clear, that the area of R = J.4 32sin%tcost dt
0

(i) Hence find, by algebraic integration, the exact value of the area of R.

(6)

(b) Show that all points on C satisfy y = ~ax+ b, where a and b are constants to

be found.

The curve C has equation y = f(x) where f is the function
f(x)= vax+b -2<x<2
and a and b are the constants found in part (b).

(c) State the range of f.

©)

)

Leave
blank
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Question 6 continued
b
area : [ \4‘1'* dt
0 dt
l e! l5 E I! !' 0!! ! ‘.‘
Wpper Boung: On x-owis, . y=0
0 = 45wt
1=0
Lower Bound: On y=0xis, .. x:0
0=2cC0s2t
<L
t a
X = 20052t
dx - - 4sin2t
ax
Substi . tno i ol :
R={ 4sint (-4sm2t) dt A1
|+
0
-g -16Sint Sin2t dt
% opply_double angle formuwia
0 .
:}( - 165 \ i E
n
4
= J( - 32sin?xcost dt M0
.l
<« 0
= -32) Sin*tcost dt take constomt owt
n
3
= 32 sintreost ok PuAMiply Integrol by -1 o fip limiss
' A\ hence shown
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Question 6 continued

ii. Inteqrore whok we showed jn Ca):

5 .
32 sintxeost dk  Use Infegrationby Rewgrifon

(2]
' Form:{ f0f ‘00da =[] ve

X=2- 45Inth COS2A:A-2510nA

Cubstiluke in 2 =Siat:

1
x:z-‘l-(é') M1AA

i}
x= 2-4Y
16

x=2-3_
4
ok . ! 4o oy

y': B-4x
Dy:{8-4x hene shown
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Relative to a fixed origin O, the line / has equation

1 4
r=|-10| +1] 4 where 4 is a scalar parameter
-9 2

—>
Given that O4 is a unit vector parallel to /,

%
(a) find OA

(2)
The point X lies on /.
Given that X is the point on / that is closest to the origin,
(b) find the coordinates of X.
5)
The points O, X and 4 form the triangle OXA.
(¢) Find the exact area of triangle OX4.
3)
() Formulo. Jor Wt vector formule for Mognitvde of & vector:
—’
0= 8% vervor Lee A8 - [5)
tor £
i vector of 0
-5
oh 5. 2 MA
4te 4t
(3)
= L}
of =
6
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Question 7 continued

(b) Since X is clogest point 1o Origin, OX Must be pexpenditwlor to L.
.. OX -divection vecter) =0

Let's toke OX to be e of L:
1¢4)
ox: [—‘\0* 45\
-Q+2,
Joc

14421 (4
[—‘\0*4).\' 4| =0
“A+23) |2
41 v4a)t & (-\0+ 40+ 2(-9¢23) =0
4¥Abp-40+16p-18 +4p =0

I6p=54
-3
=3

owr jound A into OX to ger the ‘coordinoies of x:
1+401.5) ¥
O = [-10+4 CS) :{-4]
-Q +2(1.8) ¢
oo X(3,-4,-6)

() Diogrom
— = - - .
0A omd OX owve 0lso pexDey Ao since QA \s powaed

_f . v une \.
0A ;;o}’

- ) ;
We ¥now (0AV=4 Since IS o Wt vector

Gex l(ﬁl: A
-—
10X1= ¥ +4246* _ {rom (b) Bx:(:t]
= [T
Hence orea of tnamgle OXA:
oveq: YOI x)
r A
- Qyen: SO
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8.

(a) Given that y =1 at x =0, solve the differential equation

1
dy  6xp3
e 20

giving your answer in the form y* = g(x).

(M

(b) Hence find the equation of the horizontal asymptote to the curve with
equation )* = g(x).

L (2)
(a) d\‘\ = 6-;(\!3
dx ot*
(22— dy: (-2 ' )
: G\ﬁ d!F ¢ the Like texms ow one Side
393 dy: 2™ ax

T
1y343:-.1¢ x-[-le dx  MAAA
6 2/ 2 Jt
1 -1x -
Ly3 oty g™
%) 2 “" )
Mulaply both Siden by 4
T -1x -‘281
y3s z-2xe - tC dMAMY
Use the o 4=\ ,x=0 ¥ gek 4c. 0 a1
Ve —2ere - £ ac
c=2 M

. -2x
(b) To gk horizontod osymptote AsxD e, e 0

3
1"[’2’20 -i +2) MA

\‘.ll'\/élx vt

ytl= ’L%
K)

> Q=26 howtontal asympbte AN
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9. (i) Relative to a fixed origin O, the points 4, B and C have position vectors a, b and ¢
respectively.

Points 4, B and C lie in a straight line, with B lying between 4 and C.
Given AB:AC =1:3 show that

c=3b—2a
3

(i) Given that n € N, prove by contradiction that if »* is a multiple of 3 then n is a
multiple of 3

5
. Diagram
¢
AB-0OB-0n  AC-=(L-0R
A 0 Since AC: 3pB:
c-0=3(b -0)
c-a=3b-3a
c=3b-2a hene shown
ii.
Make an Assumption: e (and ouy assumpkion to be th te) ol what |
" Assume thal theve exists a vvwoer e ave tvyingt prove. Inthe Proof,
N Suh tnak mois mot o wwitiple Jict th e assumplion

of 3, buk W is & wultiple of 3"

If ™ is vt o wwlinple of 3:
n:iIm+A
Tryo qex nt:
Az (Beq)t
=qm ¢ 6m +4
= 3(3M +2Zm) +1 s (1 move tham a multiple
ol 3, --mot o. wwitiple of 3.
Thisis o ‘comradiction.

2

n

Hence if m is o wmwitiple of 3 tham n?is o Mwlbiple of 3 prowen by comradicrion.
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Question 9 continued
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Question 9 continued

(Total 8 marks)
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TOTAL FOR PAPER IS 75 MARKS
END
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