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1. (a) Given that

y = ln(3+x2)

complete the table with the value of y corresponding to x = 3, giving your answer to
4 significant figures.

x 2 2.5 3 3.5 4 4.5 5
y 1.946 | 2.225 |1L-485 | 2.725 2944 | 3.146 | 3.332
©
1)
In part (b) you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.
(b) Use Simpson’s rule with all the values of y in the completed table to estimate, to 3
significant figures, the value of
> 2
f ln(3 + x )dx
2
3)
(c) Using your answer to part (b) and making your method clear, estimate the value of
3 2
In,/(3+ x")dx
3+ )
(1)

(b) Using b steps o evaluate the integral between 2 and. S.

h=5-%2 =050

Simpson's [k '
Rule : [a flxd dx = gh[ljo Yo+ 4(3.+ 33...) + 7,sz+ tj.,...ﬂ

5
51 [a(3+2x™Ddoe = %05 x [1aub + 3330 + 4(2225+ 1915 « 3.146) ©
+ 1(2.4%85 + 1-quy)

5
SL W3+ x™)dx = 5 » 4850 =809 O

NN O OO arom
P 7 5 6 8 6 R A 0 2 3 2

YIHV SIHLNIZLIHM LON Od V3HVY SIHL NI ILIHM 1ON Od

V34V SIHLNI 3LIYM LON Od











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































PhysicsAndMathsTutor.com

( )
Question 1 continued
(¢) 05« %09 = 4045 O
lhae™ = glne ond {x'=xZ 0 |nh = 5lnc
® S mudbply eshimate by = (0-5)
z Y J Z
3
55
R
B
.
&3
R
: (Total for Question 1 is 5 marks)
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r
2. Use algebra to determine the values of x for which
|x2 - 2x| <x o
x -lx| & o i
cme
X -12x & X AND x-1x ¢ -x QO \g
s
2 2 S
x-3x 0 x*-x ¢ O 5
:{;ﬁ‘ﬁ:
x(x-2) =0 x(x-1) =0
-.' OC_=O,3® --DC=O)\ @
If x <O A - )%l £ -l =2 2| K
I£ Qe ¢ 12 gyt s L= 38 L g
1 T 2
3 _ 3
If (exey. [32-9x3| s - = 3 <= /
1 Lol L‘— 2
I x>3 - |4 -9xy4| ¢ 4 = g ey K
Sox=0_ lex <3 Q@
L y
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Question 2 continued
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(Total for Question 2 is 4 marks)

5
_—— | F00RR 0 ARR 0 O RO O OO A .
P 756 8 6 R A @ 5 3 2 Turn over

883
3




PhysicsAndMathsTutor.com

3. Use L’Hospital’s rule to show that

lim ( ‘1 —l) =0
yo\sinx x
(6)
L’ Hospital’s Bule :  lim (f(ﬂ = lim (f'(x)
XIO 3(13 X DO 3|(x_)
' - = x-sine O «— oo+ &>
Sinoc X XSINK put info form 96>
fx) = x - sinxc = f'U(x) = 1-cosx
%Lad = XSINX = W= V= Sinx
w = | V'= CoSxC
9(3@ = w' + v
9(3@ = X.COSX + Sinxe
Lim | -cosx © is shll indetermingkte : Oxcos0 + sin0 =0

x.->0 XCOX. + Sinxc ®

So differentate O(JOUL '-

f"(x) = SIne

3" () = w'+v + cosx
W=23X  v=codx
W o= | V' = -SIink

COIX - xX3INMX + COSCT

6“ (x)

P 7 5 6 8 6 R A 0 6 3 2

OO
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Question 3 continued

X—=>0 Q" (x) x—=>0 co3x - XSinxe @
9.c08(0) - 0sin(0) 2%x0-0x0

- DONOTWRITE INTHIS AREA

SSRUBSENSE

g (Total for Question 3 is 6 marks)
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The Taylor series expansion of f (x) about x = a is given by

x—a)

£(x) = f(a)+ (x —a)f'(a) + ( (@) (x=a) oy (a) + ...

The curve with equation y = f(x) satisfies the differential equation

dy

d’y
+y° = +sinx =0

CoS X —5
dx

Given that (Z, lj is a stationary point of the curve,

(a) determine the nature of this stationary point, giving a reason for your answer.

3
(b) Show that jx—); =/2 =2 at this stationary point.

. . 0 . . /
(c) Hence determine a series solution for y, in ascending powers of (x - Zj up to and

3
including the term in (x - %j , giving each coefficient in simplest form.

(o) COS(%)% + ()00 + sin(F) =0

A G iz

7 *aer T 7 =0
4 _ T LT
doxc? —
a4 _
doc?

a4

T2 ¢ 0 - the point is a local maxisum.

P 7 5 6 8 6 R A 0 8 3 2

2

C))

2
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Question 4 continued

(b)

BOEw

Y 24y ' =
cosacdmz +Ld s + Snac = 0

Differentiate eoch term. using the product rule

ad g
cosc 3¢ w=cose V=g
3
W = -Sinc V' = ix?
3 7_
W' + v = cosx in? sinx dm'ﬂ
zd'_‘j . = z = d’_g
T VE
as _ 4
Wos 1y g "
W' v = ytdd o (‘i—“)z
e NAGES
3 . 2
cosx 33:? sinx i:l + \51&;‘2 + ').LA(%) +cosxe =0 O

> 2
d?ﬂ = [3“‘3('- 2'\ d’é_ - 7_3(%) - COS&] - COSXL @

©

oY - L(sm’ 1) < (-1 - 20 - cosz—] = oS

dxc? L “
4 _ 0 pecause
3 dx
i‘.ac? [1 J 4 ]— f’z-_ LtSQSthﬂaM
pomt
aY
-[-m]- £
-1 -1 0

NN O OO 9
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Question 4 continued

[ ) ( __'“_—.\7' ( _
() u=1+ (oc-z)O)y+ "4/ (-) + %
J / 7
( -\ T~ \>
w= 1 - e-w ) le-% ) ({1'-1)
J 7 .

SRIE
SO
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oy LS
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Question 4 continued
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(Total for Question 4 is 8 marks)
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~\
5. y = e sinx
(a) Use Leibnitz’s theorem to show that
d4y 3x _: 3x
E = 28e™ sinx + 96e™ cosx
(6)
d'y .
(b) Hence express o in the form
x
Re*sin(x + a)
T
where R and a are constants to be determined, R > 0 and 0 < a < 5
3)

33:— '
w = 3e V = COSX
" 3x .
W = 9e V' = - sinx
m 3Ax W
[l 2 "o .
= Ble ® v" = gine O
&' o (lxv™) + (xw e ™) ¢ (brwd x vt)
a.x

r(ax W e w) © (@)

)

(e** x sinxc) + (L %x3e™ % - cosx)

adx®

+ (bx 4% < —ginx) + (4 x 27 x cosx)

(Rl x sinx) O

| vausiiNiaLNMiONOG
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5 )

Question 5 continued
) combine. sinc / cosxc

Y = L%@S:'smx, + qbe,sx'CostJC v ® terms
dx”

1) 2= Jorrp* Eanx = =

olor

/10000 = 100 O

©
1}
)
cQ
)
.\.
O
o
»
\

Fone = %
73

K=t (3 = 1953 O
\WA Y,

d*3 - 00e3Fsinlx + 1.129) O

L85
002000
Py ~ 9500
ok
%
S
92024
e
S 5
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SR
oss 4708
joss
oSl
Pooy s aigt
Pesaled
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Question 5 continued
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Question 5 continued
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(Total for Question 5 is 9 marks)
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( )

6. The ellipse £ has equation

2 2
X

25 9 =

The hyperbola H has equation g :
2 2 ﬁ %

Xy it
——-==1 =

a b -y
where a and b are positive constants. ; _
=
Given that 355 s

» the eccentricity of H is the reciprocal of the eccentricity of £

» the coordinates of the foci of H are the same as the coordinates of the foci of £
determine

(i) the value of a

(i1) the value of b

(©)
L) ahon to
L L 4" . = g=95(1-e2) O
15* q*
|- 4 = ej‘
for elipse. X* . 4" - | 5
0" bt
bt = or (1- ™) M - e -
j 15 s
3 o
S
4 = e. =
) =
q, :~:§>N
5 % = 4 m
Rnd. reciprocal of ee to get e 7
z
re,dp('OC.O\.\ = _l_. —7 e, = l = 5 ® \:3\
X ) j— G i_\\f:‘/\//\':-\
5 :.\\T:é/ /‘5:\\\
\. ) if\\‘ft /\

NN K T 0 0 arom
P 7 5 6 8 6 R A 0 1 6 3 2



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































PhysicsAndMathsTutor.com

5 )

Question 6 continued

Use ew =7 tofind ax (fod ore the same) :
®

Adueun = 55X «— —‘Focms oﬁ ellipse= oL

&
5

On = SXL\‘ = |b ®
5 o)

k=3
L‘-

e W b%=0*l-e*) to A

b*= (1) x[I-(5\*] ©
4 )

L85
002000
Py ~ 9500
ok
%
S
92024
e
S 5
0
SR
ooy V4 8
joss
oSl
X ¢
pesee
Poog—2
SE
< X
PO o '8¢
LN,
SIS
SO
SN
LRSS
/,_ \\\.
X0
2%
XKL
o2 \\
X %S
XKL
o
g %
. \.\\
el
=
% %S
z
P %
&
o
=
o
o
505
3

: (Total for Question 6 is 6 marks)
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7. In this question you must show all stages of your working.

Solutions relying on calculator technology are not acceptable.

0
(a) Use the substitution ¢ = tan (EJ to show that

— do = dr
2sin@ + cosf + 2 (;+b) +c

where a, b and ¢ are constants to be determined.

3)
(b) Hence show that
2
,[3 : ! d@:h{ﬂJ
x 28in6@ + cosf + 2 3
2
4)
(@) sing=_12& cos® = 1-¢ using t-formuloe
| +t* | +&*
0
tanT =t = 6 -t = d = 2
dt [ +t*
— —
in formula. booke = & tan'x = ‘
doc I+ x*
| dd = ‘ 19t O
13N + cos6 + L ')_(9_&>+ |—t") + 9 |+t
|+ " | + E*

LU+ E) dk
gt + (|-£2) + L0+t

NN T 0 arom
P 7 5 6 8 6 R A 06 1 8 3 2

YIHV SIHLNIZLIHM LON Od V3HVY SIHL NI ILIHM 1ON Od
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Question 7 continued
= L dc O
J e ratea
= Z_ dk ©)
(t+D* - |
(b) o foemula. booke. - \ l dx = ' ln|x-0
J x*-o* 1o X + 0
| /3 & = | -1 O
e+ - | 1% | (t+2) + |
To find_ limits use t = {:an% :
I .t =t EE = I3
3 o
™ t=tonIT = | 0)
73 b
Lng‘*'\‘Ln‘*'\: Lﬂf?*‘-'l@
&+ 3| L+ 3| 3 +3 7
rokionolise — = W L3+ (373
the danomingdor l\ 3"+ 3 3’ -3
= | 23| ©
3
(Total for Question 7 is 7 marks)
. J
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8. The parabola P has equation y* = 4ax, where a is a positive constant.
The point A(atz, 2at), where ¢ # 0, lies on P.

(a) Use calculus to show that an equation of the tangent to P at 4 is

yt=x+at2

3
The point B(2k>, 4k) and the point C(2k*, —4k), where k is a constant, lie on P.
The tangent to P at B and the tangent to P at C intersect at the point D.
Given that the area of the triangle BCD is 432
(b) determine the coordinates of B and the coordinates of C.
C))

(o) Lﬁ" = Lo
> diffecentioke both Sides w.r & x

7_3%.\% = Lo

d . 4a

aAx 29

Ab A, x = at® | Y = Lat -
M - 40 - 4o - 1O
dx  7(2ab) 4ok &

J

Y- 1ok = ‘Tba— at*) @ using %ﬂ‘ = wmlx-x)

gadient of PatA

=t
l\l)k? - 9ak* = x -oat? )

Ut = x + at* 0O

NN K T 0O 0 arom
P 7 5 6 8 6 R A 0 2 0 3 2

YIHV SIHLNIZLIHM LON Od V3HVY SIHL NI ILIHM 1ON Od

V34V SIHLNI 3LIYM LON Od
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( )

Question 8 continued

(b) Nohce B(2k™, 4R) is (gk* 1at) with a-91, t=k

F ot k. = x+ 2%* < usin Yol D)

x+ k> P Cisa rePlection of 8

Tangent af C : —yk =
J J . .
in the x -oxiy, SO

e Imultoneously ahve .
®© yk = x+ 2*
J
@—EAJ\Q=JC.+ 1> = x - —'L\Q"—\dk@
® into ©: \3\e_=—1\q°'—\dk + 1™
uk = -ule
J N
u=-u
J J
lu =0
J
u=0
J

uz0into @: o = - 1k*- yk
J J

x=-1%* - (O)k

= -9k* ©

frea. of tv\mu(x)le = 1 xbase x hei%\n\-

Roge = Uk -- Gl = 3k

Height = 1k* - - 1™ = 4k*

.

J

P 7 5 6 8 6 R A 0 2 1 3 2

BOEw

21

Turn over »



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































PhysicsAndMathsTutor.com
-

Question 8 continued

7 (Y ™) =439 O

3k = R4
k> - 913
k-3 O

(13, 4®) = BOZ, 1)

cl1Liz9), -4 = c(\], -12) Q

SRIE
SO

PR
oy LS

09%0%%%¢

OO
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Question 8 continued
(Total for Question 8 is 8 marks)
o _J
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9. (i) The line / has equation r =

The line /, has equation r =
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iH
s

where 4 and u are scalar parameters.

The lines /, and [, intersect at the point P.

(a) Determine the coordinates of P.

Given that the plane /7 contains both / and /,

(b) determine a Cartesian equation for /1.

(i1)) Determine a Cartesian equation for each of the two lines that

* pass through (0, 0, 0)

* make an angle of 60° with the x-axis

* make an angle of 45° with the y-axis

(o) ®: 2+23) =13+
@: —“3+u)=95-1Wn ®: 2 -
@: - =%+5u
Sub A into ® ¢ l——;—)(\\ﬁuu\ - 3+,
3-- M= 24 + 1S
-3 = bW
1=
A= ZU+CD) = () -3
24

P 7 5 6 8 6 R A 0 2 4 3 2

PR (BT

G-For/\ OR W

2

C))

C))

OO

YIHV SIHLNIZLIHM LON Od V3HVY SIHL NI ILIHM 1ON Od

Y3dY SIHLNEILIIM LON Od
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Question 9 continued

/3 3 92+ 3(3) |
3 |+ 34 | = (-3+3(w)| = (9| O
l T - | + 3(-1) -1

A
(D) T -0 = oc-n whete a i3 a point | nis He
nofmal o the plane.
n= |t 3 k
3 4 -\ < direchon of (,
| -1 S | < direchion of L,

no=[uxs - D= ED]i - [3x5 - 0=l (e - uxa] ke
n=(10-29L - 5+ + (-b-4)k O

= 1% - lb) - 10k O

Y- () (8)

|3
(- (’lb) Nx1® + Ax-lp + -2x-10 = F4 O
- 10

X
To convert to Cartesion, replace ¢ with (%>

x 12
9 |- l-1b =34 = \%x_—lbg—lO% =74 Q
T - 10

25
o NN K T 0
P 7 5 6 8 6 R A 0 2 5 3 2 Turn over
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Question 9 continued

(i)

cos* b0 + cos*45 + cos* 6 = |

e
)
@D
u
|

X = Y = = & \ector eq‘%ahon
CQSbO COSQS COSG OP- O SD line.

xr = Y = =z O

I JT + I

2 2 2_

-2 O

11=IT5=1% wm.LLaﬁy=

S doNod

T

26

P 7 5 6 8 6 R A 0 2 6 3 2
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) 02030202000]
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Question 9 continued
(Total for Question 9 is 10 marks)
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10. The motion of a particle P along the x-axis is modelled by the differential equation

2
12‘(117 —26(t + 1)% +2(t+1)x =8 ()

where P has displacement x metres from the origin O at time ¢ minutes, ¢ > 0

(a) Show that the transformation x = fu transforms the differential equation (I) into the
differential equation

2
d_’;’ - % = 8¢’
dr dr
“4)
Given that P is at O when ¢#=1In3 and when 7= In5
(b) determine the particular solution of the differential equation (I)
®
(o) ek oc= tw
! product rule
Tt ud) 2 (o)

sub. bock wvnra ODE -

{2<1i\t ot %L>‘Zt(f+\\(u+t i;:

+ ) (kB = et

P 7 5 6 8 6 R A 0 2 8 3 2
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Question 10 continued
Ll O - (242 + 260 (us e S
- QkTux Qku = TS
£ -2t ST = RkBet O
o ST PO
b)) Aux: A*-12A = 0O
AlA-2) =0
A=0, A=-2 O
CF: W= A=+ ReZ O
pl:  w=aet O
U = ge’
w = at
sub. o ODE -
ae’ - loef - Vef
o=
a--2 O
)
aoE AR 0O R S umover »
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Question 10 continued

CF- u_= A~ ReES

N

Pl: u = -<ef

GS: W= f +RE -t O

Recall that ¢ =+uw and u.=—,c°5

x< A+ BS -Re "

o

oC

\)

E(A + ReT - e

When oc =0, £ = n3  (n4S

0= n3(A+ g™ - e ™)

= A+QB-24

O
0= WSs(A+ " - Re"™s)
O

= A +1258& -4a40 ©

A-15. & =] O

xX.= (158 + e — "Dt 6

) \N\‘/ ‘\\\\< K \\

3
=
X z
o
ST
S
.\:g. <

30
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