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FURTHER MATHEMATICS

Paper 1
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Time allowed: 2 hours
Ma\:{tenals o . For Examiner's Use
* You must .have the AQA Formulae and statistical tables booklet for A-level ‘ A
Mathematics and A-level Further Mathematics. Question | = Mark

e You should have a scientific calculator that meets the requirements of the
specification. (You may use a graphical calculator.)

Instructions
» Use black ink or black ball-point pen. Pencil should only be used for drawing.
Fill in the boxes at the top of this page.

L

o Answer all questions.

« You must answer each question in the space provided for that question.

If you require extra space for your answer(s), use the lined pages at the end

of this book. Write the question number against your answer(s).

Do not write outside the box around each page or on blank pages.

« Show all necessary working; otherwise marks for method may be lost.

« Do all rough work in this book. Cross through any work you do not want to
be marked.

Information
+ The marks for questions are shown in brackets.
e The maximum mark for this paper is 100.

Advice

e Unless stated otherwise, you may quote formulae, without proof, from the
booklet.

« You do not necessarily need to use all the space provided.
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Do not write
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. . . box
Answer all questions in the spaces provided.
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Circle your answer. R
6 [1 mark]
|

2660 5320 43680 -2§ 1+ - 460

- ?qso

|

Given that z = 1 — 3i is one root of the equation z2 +pz+r =0, where p and r are
real, find the value of r.

Circle your answer.

ard T it rral [ Rzn H.x Cbm‘olr.:t corv',qtaodf* oL
-2 (s alo a reot of He equaheon
'Z'L-f P.‘( +vy= 0.
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Z = |42

'*

TN
1
o
L
.
+
0o
N
"
ﬂ

y 1 -9(-1) =7
| 9= ¥
e =«
! Yy=- (O

i

Jun21/7367/1

’



3
- =
3 -

The curve C has polar equation

r?sin26 =4
Find a Cartesian equation for C.
Circle your answer.
[1 mark]
x
y=2x Y= 2 y=4x

Turn over for the next question

Yy sin2a® = Recall in 20 = 250D

™ (Qg.'nD(OJe) = ¥

Aivrcin® cos © = Y

X 2
YF&vo tos® =

2
Yy cos 5 cosp = X

¥
y$r»n @ ':) ,Sl'ﬁ‘b = Y
v
(Y 6a0 cOf® = 2
v N3 ) =
Y Y
/1 x4 -
*1_
Xy = 2
)';( x*
g= =
e

Do nat write
outside the
box

(o8

M

Turn over b

Jun21/7367/1



Do not write
, outside the
4 Show that the solutions to the equation box

3tanh? x — 2sechx = 2

can be expressed in the form

x==%In(a+Vvh) i
where a and b are integers to be found. !

You may use without proof the result cosh !y = In( y+ \/y2 1) |

[5 marks] |

Stanh?x - 2 fechoe = 2
[ - Foanlh?c = Sech? =
3 donhlx = | - Sech*ax

3 (1 - Sechi'>x) - 2sechx =
| 2 - 3sechx —2sech x
% 2 . 3secltx -~ astech x -
Asech?x + 3 Sechx =] =0

L‘C'(‘ X = IfCL o'
) A x*4ax=-[ =060 -~- - - .. 0
;f°\“?~\ () using Hr Quadrabe foreale.
b4 o7 | — J
X = - b jJ_Lf—— yacd
ax

1)

o
&
-

= 0y 1
]
{

x = -3 4 [2" «(a)(=0)
2 (3)

v)
]

| &
13
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"
)
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;> S'CCLJCS ( Gr\a’ JP(L\_)(: -/

e 2 e
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Bw} fechoc > 0o ._> etz & = S
ﬂfrt{ar(’ Cecl o = |
3
QCC&H R“" , . = J-PC(A ¢
CO:L:x
= 1
o5l x -
:—5 CO-"L‘\.:( = 2
X = ('orL" 3
Bt cosh™'s 2 s ln (o #[x*-1)
X = (cfl,\-'g ) /[ e |
=3I +J3-T J

Turn over for the next question
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3 2 -2
5 The matrix M is defined by M = [0 1 0 }
0 0 1
3 -1 -3"+1
Prove by induction that M” — [ 0 1 0 } for all integers n > 1
0 0 1
[5 marks]

w: f,‘,y} Show Hot He vew|d v Aeue foc n:=

L("(' nz | " Hen M = f‘3 Q- Q-— Jo

- O © ' -

R? rrmH 13 "kuf for ne 1.
A'UUM? ‘H—D\'* Hﬁz fCJU\H Vg rf-gue far n= k,- Hm-|

K K L4 X
M K 2 - -8 t)

o) ( (o}

0 o |

| O o) | o)

2 2 -2 3'( 3'(-( -~3z+l7
(0]
0

o l | © ° I

-

3x3'%0 40 3(3%-1) + @x1) +o 3(—3z+1)+o+6--?x'
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n

n=K Her 1+ 7 Jeue fo«
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N= K 41 . /rL\{’(Q'F'fQ L’j

4 n n -
[ = |4 3 = -3 41
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o © |
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Turn over for the next question
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6 (a) Show that the equation e
(2Z —Z*)* _ ZZ

5 has exactly four solutions and state these solutions.
L‘(-L T* be Hee CDN\FH‘-X @ﬂqgoﬁ@ of Z [7 marks]
L + hd * -

€ X = X+ ty ard L = X -4

(_onszo\u v"t( VL(-{{’ Lomd (rde
(22 -2*)F

T = g - :)(3:4-«\_1)- (x—(aj)

= ax 42iy = X +|‘j

= X 4+ 31y
(ZZ-Z*) = X - 31y

Z [at{-u()z
x (ot iy) wq(our%)

1

1)

! {x g +‘x~( +m
- x * +2|;(q —\j
= 3(1’—3"'4-:1\3(:;
F) (22-"[*)“ -~ 'Z’L
X =39 = 32—‘4 + 2, Xy
o
E? U\l‘f‘ﬁ K—C Y(q, par{— on R\..Q Q|q\.\+ l/\o\nCl _(‘J‘(’

’F‘O ’H»J? yeal YO\"‘ Oﬂ '}’L«Q L(vf{: l/\omd Side Ono”

alsre He !maatnaM ,Poxft on s Right N el Jid e
ar\a' ‘Hn? IrY\a\anar:)p Po\({' O "/(rve ]Q-F{: L\onol Side”

!Qe‘. X LY

Y - - -
\-'
ol

] =\
‘l : =24 = QAX - - . . Qi)

—

L S 2xy + 34 = O

l
’F;WV‘ (f "35 = AxY
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T Do not write
| outside
i 6 (b) (i) Plot the four solutions to the equation in part (a) on the Argand diagram below and e
join them together to form a quadrilateral with one line of symmetry.
[2 marks]
Im
A |
RS (th |
L=/l
- (i
T
7. Z:
> { » Re ;
i
|
E
= g - 1S
R0 § B
P | %
6 (b) (i) Show that the area of this quadrilateral is @ square units.
[1 mark]
‘ )AH co  of Uppg, Nionale = A\“q of Lower 'Lﬁo\ms‘f
y 1 ‘ = '
= | oxJis x| = Jis
2 2 ")

| Aea\ o4 "’LQ

Qu\qd(:lahra,

= 2 x Jis
=~

3)

[is

\r‘j_'uawe

Units -

Py

|
|
i
s

nm

|
|
Turn over p
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7 (a)

|
{

el
Rt{(eﬁ{'f Fa\vf e HJ 3&%?% Shic
& «Bprdd o ,{rﬁo X - axiJ

The diagram below shows the graphof y=f(x) (-4 <x<4)
The graph meets the x-axis at x=1 and x =3

The graph meets the y-axis at y — 2

VA
\2
- 0 1V3 et

Sketch the graph of y = |f(x)| on the axes below.

Show any axis intercepts.

(,‘.J belocw ’,/eg

[2 marks]

| I

Jun21/7367/1
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1

7 (b) Sketch the graph of y = % on the axes below.
Show any axis intercepts and asympiotes.
[3 marks]
YA
t] |
| \
n) | |
_// | |
{f 13
-  MThe curve above Ha X - axis 1= 4G - o
Lekt of x =1 12 an increading | l
forecka - .
= 'er Lavae olbove Hp x -axes ‘PW I |
Lot of w -2 1 o Otereasny frey | |
_ The couve boelow e Jt'qx"jd""‘"’ ! |
%zl avrd ¢ =2 has a loc
wmaximoem -
7 (c) Sketch the graph of y = f(|x|) on the axes below.
Show any axis intercepts.
[2 marks]
VA
’\5 f’ . " 3/ >
- \ X
I
< D e v’l‘ L\E
pe,flgcfﬂ Fcu} o4 H.e grq':(a tohrete |es 1o e ]
of 1Co Y- axrd (n 4Ce = adct S
WAy Potrecs oot of 3= £ o
11 Jun21/7367/1
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A particle of mass 4 kg moves horizontally in a straight line.
At time ¢ seconds the velocity of the particle is vms
The following horizontal forces act on the particle:
* a constant driving force of magnitude 1.8 newtons
* another driving force of magnitude 304/ newtons
* a resistive force of magnitude 0.08 v2 newtons
When 1 =70, v=>54

Use Euler's method with a step length of 0.5 to estimate the velocity of the particle
after 71 seconds.

Give your answer to four significant figures. ?
[6 marks]

Ul;hg newton s !econJ law of mohon
\E T ma
eE .
'8 + 30Jf ~0-§N = 4a
B‘H o = dv
4 L
|- ¢ +§O£VL—0-8\1: “é“_ ’
dt .
dv < # ("8 a 30‘6’1-0'8\/1)
dt /?..

dv -

dt
U.{\'ng P(A‘er! mcH_oJ

N - \f{, + ‘n\l‘({>

Ny |

Z
6-4S 4+ TS5t - o0.02V

\)

N, - Vo + kL

]
¥ = W gk

|8
y

1

=

i
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Do not write

\J - . g } outside the
Mo-5 ~ SL( t6-5 (\,qo) e

= SY +0-S(o-4S + 7'5("0;,1)‘6"61(‘“%)))
Sy +o0-5(4.3745) |
: S59 + 2-4%391F

- 56. 42915

\) - vV + o0 -5 (\') \
T To . ¢ S Mo/

V,_‘ - £6-42917f + o0-Slo-4 < 4+ 7-S (16-5 ﬁ)—o-oa (SC-L{RCH%
' J

s 56439178 +o'J(~o-28g€qq)
= S6- 429175 - o0 . 1429449¢
£6.2964 hog €6 .30

|

s & 1
\Jtloc.“-\j oftesr 7| Secords = 56.20 mys

Turn over for the next question

Turn over p

-
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Use I'Hopital’s rule to show that

lim (xe *) =0
X— 00

Fully justify your answer.

‘1 Hoful-q('-‘ rule SM{»PJ ‘f’ta“" fO( anj "\,uo

ConFnuous "F\)n(,,\'dv—.f -f(et) and

g(oc) . |4

Lim  £0X) 5 gn_ indeterminate form f J’Cen
Xsa  q(x) |
Lim  £e0) = Lim £' )
XS a 3(3() X 3 a ?TE_;)

He dtriva%‘vo 0f 3(0&)-

LH {(33 = oy and 3(3‘) = Cx
/]Tnm .Xc—x = £x)
g(x)
L;m _C(-‘C> ) s ind eFecminate , Jﬁecef:«e.‘
X5 o6  glx)
Lirn (13"‘) = L.‘rn f_ﬁ‘_) = Lien ,f'(:x)
A=y O X300 g(x) x>0 g'(x)
£10) - d (s) ;| ') :d (e”)
A d x

\ En
Lim (xe™) . L £'06) - Lim I
X 3 o0

X PR 3'0‘)

[4 marks] :

Do not write
outside the
box

0‘“’\""?“? {‘Co(} 19 ‘H.! d(rivqk-le of .'f(‘af) anJ g’(m) IJ

uhed

i
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e

| 10 Evaluate the improper integral
8
Jlnxdx
0
showing the limiting process.
g ¢ [6 marks]
mer dx = [~ [ lnx dx
[ 0 L>oe Jh , R
UJ;"’S l'rﬂ(afo\)\‘o“ bj perr ¥ JUJ" § PN = deu
Ll’-l A = [nx , N - |
du : | v: [tdx o
¢ X
Jwax = Lion | xlnse]® = [x-1 doe |
(ﬁ L\”)o l\n ‘J ‘ X
|
| - b [xlnal? - [ dx )
oo | . J 7
‘:L;m /.I’rao( ‘X[g\
L-bo ( Jk

: Lien /(8':'18 - & ) —(Lxler - \-\))
L-)vk /

A-‘ L:w‘ Qﬂln‘ﬂ> = 0

Lso :

Therefore J[V lnx) dx = g [n(8) - &

o

o

|

N

Turn over b
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Do not write
. _ - outside the
2 2 box
1 The line L4 has equation r= | 2| +4| 3
_3J _1.1
6] =2]
The line L, has equation r= | 4| +pu| 1
u-1-4 -1-
11 (a) Find the acute angle between the lines [{ and L, giving your answer to the
nearest 0.1°
P [3 marks]
let & be e angle betroeen 4o i
‘L‘ _ v T I%
| LAR &= .
Coso = L, .04, (oS = -0 -2]1821F
(W1 TC,) &= v (cearenl 1)
) 1 1]
= 4 o
= 2,3 -]) -(~?.!.l) w08 Gy
Jo ey 1t efo) falpiy o ACW"Q omgle LD{‘"‘WP'F“ He
7 P \ '\'nf.l (§0 - @
: (T RO A X = (80 - (o1-6¢Y

—
Jid J¢
11 (b) The lines L4 and L; lie in the plane T14
11 (b) (i)

necema) ny = L X L

= 1 1-393¢ =

Find the equation of I14, giving your answer in the form r.n = d

270y° (4-1 He nearest ©-

[4 marks]
i = (Qx() +(xe) +(3x2)

L]

!

2 0

: ] L2

T EREEEENERE

! S | s 2
23 -
- | || - 'F?_uo\*kon o ’”'}
“3-' Jll il L] L i
v =X 1 =T » 5 S
4, ¥ 05 + (K EP®
N = \’-f - 4 !
o) - )
R L2
d - "Qﬂ"'- oe [ 6] ] |
) 5 I
2
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Sheckest  distance - &

11 (b) (ii) Hence find the shortest distance of the plane I1; from the origin.

Do not write
outside the
box

[1 mark]

= X

]gl1+o‘+ g

[s

11 (c) The points A(4, —1, —1), B(1, 5, —7) and C(3, 4, —8) lie in the plane TI,
Find the angle between the planes I14 and I1,, giving your answer to the nearest 0.1°
r [4 marks]
AB: B- A I _
! Y — K T 5
s | T -] 6 73] cwo{tf,,["/s
o -t ] [-€] 2 | L2] L3l
AC = - A qu'fot‘fai J?-H"-fﬂz
= |
2 | [v]. - cosot = (I1xa) +0 +ax?)
..qg r"i L'7 [s 1:-\'0
S (ofd = o
hormw' <ﬂ1) = A..g ¥ AL r}— J:FO
) { kK (of ¢ = 0-6224¢%€
l -2 2 of = cos”' (06329 4)
- | 5 ik X - So-768 =|s0-¢
T f\"? < I-J [ 2 l +xl|'2,1lv'k«’ Nearest 0.1
s -1 | -] =1 =y & | |
= A4S 43k ! Angle betoeen 11 and
n, 2[4 M. - 50.8°
&V, ”
3
Le—( o be He arge bedneen
T, ad 1, |
Cos d = N, . N, |
n\n |
[ =

i

Turn over b
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1 Do not write
l outside the
| 1 5 3 b
{ 12 The matrix A= |4 -2 p |, where pis a constant.
[ 8 5 -1
| 12 (a) Given that A is a non-singular matrix, find A~ in terms of p.
State any restrictions on the value of p.
=1 [6 marks]
T
A =LA
det A
det A II"A PI-SI"F + 3 '-(.QI
15 - l 18 -1 §F S l
* 2a-58p - S5(-4y4-3p)+3(26)
% 350 +350p
2 Mq\w‘-x o,(" CO’LG\C'b“
-2 p| Jap | |q4-2]
| S -n I? -H’ XSI ¥ = =
g 3 |3 |5 | = F =
S -1l g -u & 5’ L+ - +
5 3 , [t s | S 1
-2 P J‘“’ F I 4 =2 T
i B ) P
| 33 ~ b Hy+8p 36 = [22-fp Ao fp+6
% To -2 3s A9+8p =35 12-
] T
SP +6 (2-p - 22 26 385 |-22
A'f 1 |adede b6  sptz’]
T = 7 '
250 43¢0 4y4+8p -3¢ I12-p
T 26 25 -2 |
or P £ -0
’ 1

| L

Jun21/7367/1
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12 (b)  The equations below represent three planes. %
Xt5y+ 3z= 5 |
dx-2y+ pz= 24
8x + 5y — 11z = —30
12 (b) (i) Find, in terms of p, the coordinates of the point of intersection of the three planes.
T . A-l[s" [4 marks]
Y 24
L 7] [-20)
JC— ) R2-fp o KP-(-é S
8| " 3oqacp 4448 -35s 12-p ) |29
- 36 35 -22) L-ao]
= | S5(22-¢p) +24(10) - 30 (spté)
350 t35p | 5 (441&p) = 35(2v) = 30 (12-p) |
S(a6) + 2y (35) - 22(-30)
. [ 110 -25p + 1640 — ISop —180 [
QSD-iQJ? 220 + 40p -~ 840 —32€0 + 30p
|§&0 + &€yo + 66o }
| r‘é(b - |’M? | 3/_5 46.-5?*
350 +35p [ =980 + N0°p S nfefis .oy |28 + 2p
T e 1 TP e ]
S R L
| [%J L A |
:> X = 46 -5p g Y = -28+2p , = 4% |
(o 4+ P ’ - |0+P o +p
T[nefefov(’ H.« Pofn{ of intecfechon 1y
46 - ¢p -28 2P 4 W
(0o + p (o tP 16 + P /

|

|

(I L

Turn over p
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‘ 0+ ‘H--? ‘,'&.‘ro' 'P(Dme’, ‘H;e "’L\v-?& ,P(ﬂmf‘ are

20

12 (b) (ii) In the case where p = 2, show that the planes are mutually perpendicular.

K”\cn F - 7 [4 marks]

D('r53-+32: 5
AX =~y 127 = Y4

£x + 84 - 10z = -30
| ] g ] i
S . <2 5 (LJXl) + (-5)("2) +(3x z) |
3 | 2 - 4 -10+6

s D

/ﬂ""?’fwe H.e Dlamei vepruen'l'eo' bq e f;ﬂt ‘fWO

f&““"’“" art Pcmcwdnculou B(caule -lr(’_c..- det prdudd
5 qual 4o 'Zen:. ’
| r' ] b ' J K
s X I -2 : ! 5 3
2 | 2 4 ~2 2
sails 3] 3] o3 s 5|
-2 2 4 2 e
s {6+ 410 ~-21k
=16 [« 7] o
Io = |5 whid= 15 & malppie oFf
Tt 2 - f'ﬁt rormal NeoRr of He
Horedh ]'—"\c‘r.;-. ;
7 BCCW“ Re vector Pupmd.mlm o He ferd
Fwo Planes 13 mal#?‘* of e normmal N ector

i
l

"Y‘d*b(‘truj f?&r})ena’:‘Culcxc .

2 0

Jun21/7367/1
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o [ Do not wiite
; 3 0 oMsé{dJe the
13 The transformation S is represented by the matrix [ 0 1]
| 0
; The transformation T is a translation by the vector [_5]
Kamla transforms the graphs of various functions by applying first S, then T.
Leo says that, for some graphs, Kamla would get a different result if she applied §
first T, then S.
Kamla disagrees. i
State who is correct. i
{ }
5 [
f Fully justify your answer. i
[3 marks] |
/],r-an!fmma{w‘on £ Hen T
- - ==
r_g o] r & ‘—, = | 33 [
o | | L 5 J L “
| . |
[3x] 40 = [ 3x |
i
| Ly = Ly =8 ]
. . T
; (‘/(c«hlfor a o n | H{V\ S
X ’l +[ © ’ = | X _I
y | -5 q-5 ]
f2e0 ] [ X T = [ 3= |
| lbl,’l‘j'SJ Lq—S |
! A
/”" ¢ +wo "L(G\n.hﬁormqkon! are ’.R” Sarr e J
’H-UQ{-MC [‘(Gm(d s Coweck -
Turn over »

L
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k

S.Co.U

22

5

At

The hyperbola H has equation y2 — x2 = 16

The circle C has equation x2 + y? = 32

The diagram below shows part of the graph of H and part of the graph of C.

y A

Show that the shaded region in the first quadrant enclosed by H, C, the x-axis and the
y-axis has area

16—1t+8ln ——MS
3 2
[12 marks]
L«H U, lpain-f of intecStchoe of H and C : "
' —x*-16 - x4y - 22

A - xt — ot

~2x" 4+ (6 =

> X:J—?'—‘ZE_

P,I"

3\
‘5]

AYM 1 2J1

I\

, e

2,2

< " T
-_5 \j": (C—{-.)(

_@1.(.[6) ;’-\_

S
)
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1—ﬂ Do not write
Al = [J "'{‘)Tolac box
J
0
Le+— x = A fHinh u
dx = 4 coshu du I, [Recel(

; ;'\\ﬂ-l“:‘
.I‘. (J.\'-‘- [6 X (ﬂ‘&;wku>l+ ,6)'/1 2 ('6.ﬁnLLq & 'E) 3 L-COJL‘IJ—:
= C‘éw’k-l \)\" = 4qcoslu

a1 EM+ Sinh 20 2 26inhu cochu
A{ - L!-Co!Lu « 4 coskudy - 2)(."12 KE
J 2 2
ah - Iz
=~ 16 cosk™u_ du U = Sinkh™ (=)
.(inL'l x = la % ]jffl-f_l
(o)

1 ((oJL\ Qu-(-l\ du |
I A - uf +slﬂ/,Lx_:,E)
-’11 o 3

b | St '@R) = InfR+17 )
’Jts/ &

Co_{"\ P | Aq )
J OF maKes an anq(e of /2 witt te
0 ~ X - AXY '\-b
g 1— Sink 20 —‘[‘J‘ /""ea\ o.f‘fQJCCPr: [/LT i
Jo = UXx 3r X1, :ICTf]
g L K4 |
- 4_(nn|r\ QAd  + &u—l . - i
Ssea o) He ""h‘a.nsl' - {/x 2 xafe
Lstn X - g_ﬁ __4{-;,“

Sinhuz o -2 - 7 |A = 160 - 4f3
Y G

<)
4 3 , Reguwed aQrea < A,TA‘L ~
Coshy - (;x.‘(e)&:(@ﬁ)% BAE lcn + g[n/j; +jz\ “3/u1;
\':
- JrE '%m
A

E lén + &ln (P-rfjove” cegukeﬁ
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15 In this question use g =9.8ms—2
A particle P of mass m is attached to two light elastic strings, AP and BP.
The other ends of the strings, A and B, are attached to fixed points which are
4 metres apart on a rough horizontal surface at the bottom of a container.
The coefficient of friction between P and the surface is 0.68 |
* When the extension of string AP is e4 metres, the tension in AP is 24mey |
* When the extension of string BP is eg metres, the tension in BP is 10meg
e The natural length of string AP is 1 metre !
¢ The natural length of string BP is 1.3 metres i
4 o : |
15 (a) Show that when AP = 1.5 metres, the tension in AP is equal to the tension in BP.
{_ - ' A . 0 [1 mark]
for (o P = 29m@,
€ A = ({ -85 =1 ) -~ 0 *§
‘:'}thZOA VN AP % Q‘{m(°'5>
s (R m ‘
engion  \n 8P = [0 m 88
p -~ ~
g = 4 -(T13+1-%5)
; RN P
= [+ 2
' Jenion i B = toem (1)
= ( 2 m
T[/’"ff:"“ *Ce ‘!'(r’l-'ov* i~ AP 1 610\&’ 4o Hte ++w‘“i¢
m BP .
|

N
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15 (b)

P is held at the point between A and B where AP = 1.9 metres, and then released
from rest.

At time ¢ seconds after P is released, AP = (1.5 + x) metres.

A P
-
e (1.5 + %) et

Show that when P is moving towards A,

d?x

LS.ﬁn3 newterls  fecord Law 6f mokvn [3 marks])
F - ma phee a = d'x
'net det

[0m [(-1-X> —avm(o-:+o<> +UR = mdx
(1% - t0nx — 19fn ~2uma) o dE

\ + 068 xmx9q-« /:Mdfv

~3Ymx + 6:664m = m Jdtx

| de™

P (- a4+ 6-664) = vf d*=

' R

J'ii’- ~34x 4+ €-66y
dt?

Question 15 continues on the next page

D —

T

l
2 5

Turn over »
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15 (c)

The container is then filled with oil, and P is again released from rest at the point

between A and B where AP = 1.9 metres.

At time ¢ seconds after P is released, the oil causes a resistive force of magnitude

10mv newtons to act on the particle, where vyms™

Find x in terms of t when P is moving toward

- lom~y 4 6-664m —3¢mx

! is the speed of the particle.
s A.

'.'CF

[9 marks]

X = Ae COJ3{ +Re

loV +6-664 -3¢ x

Pa\v%‘cm(w {nhsm( PL

Do not write
outside the
box

st
Siv1 3¢

de’
Rw-l N 7 L?" M = }
] -; dx - o d°x -o
ot — —
dlx _ (of=dx\ +6-66¢-24x dt dt
-;‘l'-? ( t /} Qf?(ad(‘j +(e Vq[ufs (‘m(;)
0+ 0 + 3¢(A)=€ccluw
AT 410dX 4 34x= 6664 . L - 6-66¢«
dt*® dt ETE
. [ - .196
5&:"'"-3«."'1““**0" (i3 Complems nian Cp *. J?] e
e STl o dat-Tvo—= ‘
LH d** 4odx 4+ 34x = o = Ae - ‘(osat + Be Cinzt 40146
dt® dt when k=0, Xz 8%
Mm* 4lom 4394 zo 0o Y - A 4+ o0-19g
Mm: -b + b - qac DA - 6y -0-19¢ = 020y
-!t o‘}v 2%
__aa 2 :/"SA'C s3t - 3pe 10
maz -0 4 J1o - «()Gx) de \- 585 inst 4 3B rosdt
. e
2 when b-o , AT -
= -lo 4 = 0 = -SA 43B
2 0: -f(p-26u) +38
= -lo % &4 B = 22 - o4
o \ / —!e
T == :(0‘,10!-'c foszt —+
. = = _C 4+ 3 - W»END OF QUESTIONS o-gqe" (in24 + o-196
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