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1. (a) Use Simpson’s rule with 4 intervals to find an estimate for

2
sin’x
e dx
0

Give your answer to 3 significant figures.

C))

2
Given that J‘ e dx = 3.855 to 4 significant figures,
0

(b) comment on the accuracy of your answer to part (a).

(1)

(o) J: floe) dx = "gh [lﬁo *aly +.r 31,,_3 - LL51+...+ SM_J *‘Zn:l

Interval srep |€(\8\"/\ = _l'zo_ = 0.5 0

x ‘ 0 05 | ) 2L

ﬂ ‘ | 1-25%... 1-030... .- 0L ... %-296 ... 0
< sn'x

e

Sinx

Joe_ dx % ggs—b + 41153+ 2704) + 21(2:0%0..) ~+ 9_-’2.%6...]

P2

sintx 05
e

de & /= % 13-19%.. O

®

Jo

Joe_s"“t*dacz 3¢+ (3sf) O
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. The vertical height, # m, above horizontal ground, of a passenger on a fairground ride,
t seconds after the ride starts, where ¢ < 5, is modelled by the differential equation

P —2%t— +2h="¢ I
v D

(a) Given that = ¢”, show that

. dh dh
t—=—
O T
2 2
(ii) 72 g = d_il — %
dr dx dx

(b) Hence show that the transformation 7 = e* transforms equation (I) into the equation

2
d—};—3%+2h:e3x
de* T dx

(c) Hence show that

1
h=At+Bt2+5t3

where A and B are constants.

Given that when =1, A = 2.5 and when ¢ = 2, % =-1

(d) determine the height of the passenger above the ground 5 seconds after the start of
the ride.

| et = % > dx
(D) t=e 7 ShTE % an
Us\r\%c\r\mnm\e_: t-e" w=ax — ELE:ef
' dlh
h= * u‘:ﬁi_:ﬁ'-
d
| | ()
de _ > dee _, Ak 1 dh
dh & Yo Gt~ €t X g ) :
p & _dh ()
tE dx

Pp 7 2 7 9 6 R A 0 4 2 8

C))

0y

(6)

C))
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Question 2 continued

. dh _ dh N ' :
() ¢t ac = M] > F\pp\g choun. tule :
[ wett &(gh_%_d_(@_) s
W=t Vz% dt \ox dx \ ox ik
U | d_"h = d,"h dx
W=l Vo= x> dk
\ LI d«lh d.bL
w' VW = lt e s )
——
d.*h dh d*h dx
t + 28 = ax @
at* t z
a doc® ak > v =€,OL SO & =™
ax
td}h _g._k_\. - d}h x _I é'_m; _ _l_ _ _|_
at* ot ox® v dar e~ t
toLlh _ 1 d*h da
aE- T T e ok

() Fl g S gy

dt’.
T{&om (i)
"h dw g d 3 =
mz—ﬁ‘l¢x+lh=€ — t-=e
ax dx

¢Lh_3§V_L+Lh=e_s°° ©
ax? dx
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Question 2 continued
() ﬂuu(\l'\ojg Eq/uo\"\on : Mm“-Im+21 =0
(m-2)m-1) =0

“ mhas L ceal oors m=1, 2O

Generdl Soluhon @ Re™ + Re™ =W O
Pacbicular Infegal : f=) = e >
P.l has form ke’™ O©

- dee™  and Eh - Qee®™

Sub. nto oh%inal eq/m’n'm:
Qee®™ - 3(%e™ ) + L) = ¥ O

Qk -9k + 1k = |
2 =\
=7 O
h=GS + Pl
, _ < 7..'x.—+_l_ 3
- = fle Re 2 &

. V\=Hl:4—btz+-'9:t3 O
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- N
Question 2 continued
(d) When =1, h=15:
15= A+B+75
2. =A+B O
dr . g . agt St
When £ =1, S --
l=A+ra8+b O
L= A+B \2( A=2-8
“F-A+raB | -3-9-8+ 4B
-9 = 38
8=-3
A=9--3 =5
s SE-3kt St O
When £=5-
ho=5(8) -38)" + 2(5)° ©
h=125m O
(Total for Question 2 is 16 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.

YA

N g

TN

Figure 1
2
Figure 1 shows a sketch of the curve with equation y = X —2x - 24
and the line with equation y =5 —4x |x * 6|
Use algebra to determine the values of x for which
x —2x-24 —5_ay
|x+6|
(7)
X -2 -24 < S - 4o
loc+6 |
X - 93 -24 < le+6l(5-4x)
Consider (x+6) s posihve. :
X -92c-24 < (+b)(5-4x) O
X -0 -24 ¢ —4x® - 19x + 30
S + Fe -S4 <O
2+
(53 + )= -1) <O = x=-2,-2 ©
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Question 3 continued

Consider (x+6) s ae%odc'\\;e_ :

XF-9ac-24 < -(x+6)(S5-4x) O

x*-92c-24 < Lx® + |9 - 20

x*+ U -b > O

- 21 t\/(?.l)z—-q.xSXL-éD = ~ = —_"‘I’S—-I— ®

Lx3 L

Js+

TJust = -F-J5F becounpe. x= -F+
/8

L

doesn't SOhSF\j Yhe o«i%\ncx\ 'meqvucx\i%

fom x=2, = - x - —’r—?_JS'-P , Cuive

1S belows line vahen: ¢ See v\igl/\\i%h\—eok graph

0]

O 1+ Q)
¢ =F=-I5F gad -= < x< L ®

<

L ]

.

J

o AR AT A AR O
p 7 2 7 9 6 R A 0 9 2 8
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Question 3 continued
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Question 3 continued
(Total for Question 3 is 7 marks)
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4. The ellipse £ has equation

2
X

2
+ 2o
1 9

(a) Determine the exact value of the eccentricity of £

(2)
The points P (4cosé, 3sinf) and O (4cos O, —3sin6) lie on £ where 0 < 0 < z
The line /; is the normal to E at the point P 2
(b) Use calculus to show that /, has equation
4xsin6@ — 3ycosf = 7sinf cosb
“4)
The line /, passes through the origin and the point O
The lines /, and /, intersect at the point R
(c) Determine, in simplest form, the coordinates of R
“4)
(d) Hence show that, as # varies, R lies on an ellipse which has the same eccentricity as
ellipse £
(2)
A z z 2
() X"+ 9 =| ellipse. < + Y =]
b 9 ot b®
. z ER
has e.cc:emcac\kj b= a* (1-¢€)

b* = a*(l-e%)

q =1b(l-¢%) ©

-F = -lbe”

_q_-_ = el = &:E_ @

b 4

(b) o+ 9 =

b q > differenhiote. vo.r. b oo
a4

x +Yax = 0 ®

3 q

12

MR R0 O =
p 7 2 7 9 6 R A 01 2 2 8
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Question 4 continued

a4
1Y98< = - X
9 3 >x°\
a9 _
Mz = AR )1
=5
LIPS
dx ‘—q

At point Pl4cosd , 3snB) -

. _ Axucos®  =-3ces6 O
ax b % 33in0 45in8
30030

‘j - 25nB = 438 (¢ - beosB) O
3030

3(5(10%9 - d3inBcos® = 4xNnO - 1bsiNBcosO

4xANO - ?mécose = Fsinfeosd O

(¢)  alacosd,-2sn8) S0 grdient of L, = - 3sind
4cosO

L, 3: - XO O
4cosSO

4eSing - gx<_ 3510 >c056 - FiNOcosO

4CosO
(&

subshfute L, info (b)

13
o NN R0 O Turn over
p 7 2 7 9 6 R A 01 3 2 8
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Question 4 continued

4csin® + 9xsinBcos8 = FLiNBeps® O
4008

Loesin® +%x,3}ne = F3NOcoO

toe + e = Foosd

15 x = FcosO
&
x. = Bcos® O
25

L, Y= - O x 213cosO
4cosO 15

‘j = - B4sind cosO
100 cos©

3: - 9—‘3\(\6 @
15

(d) v = 213cos® gnd 3— - 9.\8\(\9

215
o= 28 ond b= -2
25 15
t ellipse X+ Y =1 hos poamebnc fom

ar b
(0cosO, bsin®8)

z z
2L\ = [LB) (1-e7)
15 25

p 7 2 7 9 6 R A 0 1 4 2 8
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Question 4 continued

au

34 (|-e*) O

b1S

625

~343

b2S

(Total for Question 4 is 12 marks)
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r

5. (a) Show that the substitution 7 = tan(%) transforms the integral

— dx
2sinx —cosx + 5

into the integral

Z;dt
3t +2t+2

4)
(b) Hence determine
[
2sinx —cosx + 5
4)
L\
(@) t = ton(T)
at = ! sec* () N
x 2 ) sectx = |+ kan®x
- N
ak ="' ||+ tcm"(ff)
dx y -
e = ' {1+ E"
dx 2 B
e = 1 +t5 @ —  do - 10k
dax 1 | + €°

Using t-formuloe | sinc = 2 and  cose = - €T

l9ne - cosx + 5 = L[ %\ - 1-t +50

I +£*)/ |+ £*

J

16
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Question 5 continued
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=

| x Wk o
2_(9.t>— | - k* + 5 \.‘—t
| +E* |+ E*
L dk
| + % + 5|+t
= \ st O
L+ L+ L
dt = |j | it ©
2 1 \2 2 |
] 3 b)Y 3-g

O =

p 7 2 7 9 6 R A 01 7 2 8
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Question 5 continued
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Question 5 continued
(Total for Question 5 is 8 marks)
o _J

O =

19

R D 0 Turnover »
p 7 2 7 96 R A 01 9 2 8 urhove
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y = In(e™ cos3x) —% <x< —

(a) Show that

d
(b) Determine g{

(c) Hence determine the first 3 non-zero terms in ascending powers of x of
the Maclaurin series expansion of In (e cos 3x), giving each coefficient in

d_y =2 —3tan3x
dx

4

simplest form.

(d) Use the Maclaurin series expansion for In(1 + x) to write down the first 4 non-zero
terms in ascending powers of x of the Maclaurin series expansion of In (1 + kx),

where

k is a constant.

(e) Hence determine the value of &k for which

exists.

(o)

20

) 1 . e*cos3x
lim —21n
x=0{ x 1+ kx

Y= (e cos?x)
$= wle™) + (n(cos3x)

y = 1x + Wnlcos2x) 2
Q)

A =+ -3sinde x !
cosS3c

3

dd - 9 = 3sindx

ax coS 3

a4 - 9 - %onsx O

p 7 2 7 9 6 R A 0 2 0 2 8

2

€))

(&)

(1)

&)

% n(f ) = 4':'(1;) x £'(x)

OmC .
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( )
Question 6 continued
b) 3;3_51= - 9sec*3x O N\ use chouwn e
. ) & Sectx = sec*xtone
dd = - Shsec*dxtan3x 0¥ X
d;x_?’
W= -54sec*3x Vv = tonx
W = - 34 sec*Ixtonx Vv'= 3ec* 3
W'+ V= - bl sect3x  + 3lhsect3xton® 3
d'y =-224sec*dxton®3x - |blsec*2x ©
dx_‘l-
(©) 4= Flo) + xf'lo) + X pU(0) + X pu(o) +
J ! ! 2! | 3
fl) = 0 — (e cos(3xa)) =) = 0
flo) = L ¢ 2-3toal3x0)= 2-0
PUOY = ~Q & ooy =l = ~dsect(0) = ~4x)
|Fl\\ (03 = O
f"" (0) = - 1bL 0
w= 0+ Ix - qx—,—_+0x£— lb'Lx—: . O
J 2)
U= 2¢ -9 x*- F x* 0O
J 9. Ly
. J
21
. RN 100 RO 0 0 A 0 A Turn over »
P 7 2 7 9 6 R A 0 2 1 2 8
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r

Question 6 continued
(A (all+kx) = ke - k2", kP - k*'x* ©
2 3 4
T
|
. formul
(e) ' n {e“cos%:r, \ = n(e*™cos2x) - 1+ lex)
x* \ l+kx N
V)
3

I | T I St i O Sl Il 1+ S k- Sy N SO B O

“|L 2 L z 3 4

(9-) - (Q—\zﬂ % - lzsac.s - (2.'-'}-—\&‘*3 x* 0

|
x* L 3 &4

For the Wmik to exst, 2-k=0 =2 k=90

22

AR o
p 7 2 7 9 6 R A 0 2 2 2 8

) 88K
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Question 6 continued
(Total for Question 6 is 12 marks)
\_ y

O =

AR RO O 0 00 0 .
Turn over »
P 7 2 7 9 6 R A0 2 3 2 8 urnove
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7. With respect to a fixed origin O the point 4 has coordinates (3, 6, 5) and the line /
has equation

(r— (12i + 30j + 39Kk)) x (7i + 13j + 24k) = 0
The points B and C lie on / such that 4B = AC = 15

Given that 4 does not lie on / and that the x coordinate of B is negative,

(a) determine the coordinates of B and the coordinates of C

“4)
(b) Hence determine a Cartesian equation of the plane containing the points 4, B and C

3)
The point D has coordinates (-2, 1, &), where a is a constant.
Given that the volume of the tetrahedron ABCD is 147
(c) determine the possible values of a

C)
Given that a > 0
(d) determine the shortest distance between the line / and the line passing through the

points 4 and D, giving your answer to 2 significant figures.
“)

(@) (f-0) xb =0 where a is o point on the he, b is
O vector porallel o the. line..

—
AL = poinkon L - A

11 F K]
+ 0| + A3 - |6 0)
39 14 5

1)
+

9«3
2 +13A
3 + 24\

= I

AR = AC. =15 so |AL

i
%

Q+3A
14 +13A =15
3+ 24N

NN RN O O =
p 7 2 7 9 6 R A 0 2 4 2 8

24

YIHV SIHLNIZLIHM LON Od V3HVY SIHL NI ILIHM 1ON Od

V34V SIHLNI 3LIYM LON Od
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Question 7 continued

O =

(9 + FADT+ (24 +13A)° + (34+90A)% =157 O

Sl + 10bA + 4AAT + 5Fb + bL4) + 1b9A?
+ 115b + |b%2A + STFbA” = |5*

FA4A% + 13B2A + 15%8% = O

A+ 3\ + 2 o

(/\+9_)(/\+|j = 0

A=-2, A=-] ©
When A = -2 e wsmg =+ Ab
12+F(-2) -7
%0+ 13 (-2) = L
39 + 24 (-2) -9
When A = -1
12+F(-1) 5
0+ 13 (- 1) = 1=
3q + 24 (- 1) 1S

x-volue of B is ﬂegahve_
Bg=(-2.,4,9)
cC= (5,1%,15) O

25
NN R0 O O Turn over
p 7 2 7 9 6 R A 0 2 5 2 8
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Question 7 continued
() Vector equation of a plane = €= d

— —>
normol vector N = AR »x RC

—>
AR = | A+3F-1) | = | -5
1 +13 (- 1) -1
U+ 24 (-7) -4
A= [ar3-n) =[1
1 +13(-1) ||
3+ 24 (1) 10
-9 L (—?_x\o - -l %\l
n=|-2 | *| U = | -\WxlL - -6 =10
- Yy 10 L -5* W - -1=x1
(124
= /L'L
.1
(124 [ 3 °
1L ’ b = 134x3 + 1)1%xp + -5 x99
L'Sl ) | 5 )
(126 ] [ 3 ) o
1L . b = 179 < d =a-n
L"Sl ) L 5 )
T T
normal point an the plane.

. castesian form: 1340c + 11y -S\lz =939 O

26

R R0 O =
p 7 2 7 9 6 R A 0 2 6 2 8
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Question 7 continued

() Nol. of teftahedson = '(‘;\Q'(b*dl where. 0,b,c Ore Sided
DA = [3 Ll = |5
8 59-K

134 5
22 | |15 | = 1236x5 +921x5 « -sl(5-1) O
-5\ 5-K

(OANNe

} T
(8

(bxc) -

Vol. = +]515-51k| - 23 @

= 515 - Slw

525 - Slw | = =932

X . -83L-915 - - 449
' 3 =+
K1= BJL -9 = Ex Q)
S
(d) Vecror F\t s * [ 9 Q «— from (o))
24
34
= [-2]-[3] = [-5
I b -5
> 5 2
e - (5] -[-2] = [=
|7 4 13
\S -9 yR

27

o RN RN 0 O Turn over
p 7 2 7 9 6 R A 0 2 7 2 8
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Question 7 continued

—> —>
AD = BRC = | -5 =+
-5 X 13

) 14

= -Sx14 - 2x13

Lx F --Sx0L4
-Sx13 - -9 *xF

- 14b ©)
134
-30

— —
- ad = &) - Al
b « 13u* + 30*

d =||-14b 9
134 w || ©
- 30 o
12433
A = -lb=9q + 134 x24 - 30x3%
22 8%’

d = 4 & (25.0) O

(Total for Question 7 is 15 marks)

TOTAL FOR PAPER IS 75 MARKS

p 7 2 7 9 6 R A 0 2 8 2 8

28

OmC .
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