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Question 1 continued
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.| 'With respect to a fixed origin, O, the point A4 has position vector
Ez 0=
Gi
4B .-
3
(a)| find the|coordinates| of{the point
T oint (] has position vector
Q=] 5
where o 1s'a consta
G Ldt;jl erpendicular o BC
b)tmd the[possible values ot ¢
v 4 _, - —
(@) We Know that AE =0F - 04 We oxe beth OAand AE .
Subshtwie fo get OB s _,
A%= 08-0A
- 3
(}] - _‘B 12
3 -5
- -2 3
03 = ( 4 J +12 M1
3 )
6%-[2 ] SGUEE)  ordinakor of B
-1 Al
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Question 2 continued

(a) USe the

We owt

EC’ ond the Q_lzwegofin () h}@t B_L,:

—3

BC - o'g - 8;
(E1-8)

- [‘t;“

1

thot O omd BC ave peendiculos, . dol prodect <o,

Use tis fact b Qer the possibe voalow of a.

fer

-5 (e §
gt.?(::[a;1]s{5]:0
1 vl
0 = a(a-5) + 5(-1) + 1)(4)
= 0%-Sa- 5 -1
0=q*%a-6 Quodrabic Equakion

Solve the Quadratic: A M4

0*-Sa-6= (a-6)(a+1) =0 4.1y
(a-6)(a+1) =0

o Possible volven of ‘@=-1,6 A

B

(Total for Question 2 is 6 marks)
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3.|[The cutve C is defined by the equation

s
a

We need to dif(evewkicte to gt the qrodiemt of the tongert

ok point (2,5)

& Implicit differentiation: 8 ,‘3- 39 -+ 218 =9
When diferentiating y, mulkiply by % — T . |

= l—mu\ﬁp\icaﬁon—wroduct rule

()

bthe cuve

*Prodnuc Rule:
il.(\,w) = u' + Wy

x
M1 dM1 3-8x2-3-23-°l‘5_+23+1x-ﬁ,=0 :T,‘(qu\

ax ax us 2x u=2

Al 24-7\"-63‘*_" +2y+2x3Y =0 v=\j><v'=d_‘a

dax dx -2g+2x.?\_"_ AX

Substituce the Point (2, 5) into the diffeventioted equakion.

Solve Jor 94

24 (2)%- €(5)2Y +2(5) + 2(2)%M =0
ax %

dx 2.4-30% +10+44% .,
olx dx
106 = 264y
6 7.62,7

The Normad is perpendicior to twe
Hente: M(normwl):-1— =B
' EER T

13

U253y grodient of tangent
ox 13 (MAAl
tangent, ..

[ ong!

Uee - \(: to et the equanion of tae \une

= | - =
m-%, %472, 4,25

y-5:

B (x-2) w
53

53\5 - 265 =-13% +26

S 13% 53y -291=0

Al
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Question 3 continued
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Figure 1|shows a sketch of a segmient PORP of a|¢ircle with centre O |and radius

* || @ us/increasing, from 0[to 7, at @ constant rate ot 0. 1 radians pern second

+ | the area of the segment PORPis Acm’

()| show that

=)
A)'-&

=

I

..
am»
vy
el
i
-
i)
Il

ag

(a) Foymu {or Area of egm eht:

hente ghown K =%

1S
Hene heve: A='; . (5)"- (6 -sin®)
i A = 25(p -sin6)
L 2
| Differeniioke to get R
i dA - 25 (8- cosB) MiAL 2 (sing) = cosx
i 0 ¢ dx
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Question 4 continued

: We need b get 38 fyom :4 and 48 Ghich wee found chocelwert oo
o .

& rthe df s caned out
dA _dA L 40 .

dt dd dt

=25 H-cos%] %04 M1

2 |

(Total for Question 4 is 6 marks)
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Via
! rca =
KR 1
~. 1
(
Figure 2
Figu shov sketch-of the eurve defined by the parametric-equations
X =0+ 2t ) = a-<t<
i 1Bt
het b constants
The ends of the curve lie on|the fine withiequation y = 1
b v the value of b
(
c region R, whn shiaded in [Figure|2] 1s/bounded by the|curve and the
t = |
S a area ofiregion |R|is given by
h n 1
M —k P g
3-1)
M and k are constants|to be found.
(5
=
(1) Write in-partial fractions
T t(3-11)
Use algebraic integration to find the exact area of K, giving your answer|in
simplest form.
(6)
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Question 5 continued

(@) Poinis @ and b sccur whon Y=1,.. use the parametnc equation for y b get t.

1 203 4:=_2

5 t(3-t) tz-t)
t(3-)=2
3t-t?=2

0=t 3642 0= (1-2)(¢-1)
~t21,22a=1, b=2

/N

“”3=1-- =1 {-/=?.
\/ To get the avea I we need b Subtract arveon
from the squase formed by 1), t,, %o
1 g ; Md ¥b .
x“ =3 ¥b= 4

Ao, When £21: xa= (114200173
Ty When L300 = (2008 3
Avea of the uhole squene: (8-3)%1=5 upits®,

Oek /4 using Pavametric \nteqrakion:
We alveady gqot a=1,b=2.
dx .
te to get T ,
x=t€+2t
dy 9442
dt
Subshitute inty 4he $or nr{mc vic: * | metric Integratior
anu=[(,‘:'—3_*))-(21*1) dx : | 5‘! it
1 a A

3
4 [ 4(t+1) dt

11'(3-{')

Henge; dvea, =35 -

2
£+
ara R=9-4 dt

11
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Question sjeoninued | || ||/ ||| || [| [0 L]

(0. Partiod Fractions:
el A B D te{:=A(3-%)*+8t) M
ta-vy t 3-t
Substituke in values to 9L A ond B:
120> 1:AQ)+BH) 2 A-g
t=39 14324631438 » B=% Wi
t+q =1 4 A1

= e

t3-6) 3t 330

2
o t+1
. R=9-4
il area L TR dt
x5

:5‘4{ X "i at
3 36

:5'1]11_1_4_,& fldx:(mu-c
3 X

2
- 5= & [ny- 4w -t1]
5 1
- 5-4(n2-4tnc3-0) - (Int - #1ncs-)] s
0 >
:5-£[tn2- el —uel + 4]
=5-% .51m
3

.-j-%lm. area. R Al

12
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Question 5 continued

(Total for Question 5 is 13 marks)
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With respect to a fixed origin O, the line /, is given by the equation

G0
T

(@
N
17|
[}
(%)
(@]
o
—
P

ramerer.

5y
—
g
=
-

ot

=
a

N2
[l

(

2

|

at | OA|

a
(@)
[

(a) show that/at'4 the parameter| 4 satisfies

Aagnce

,.
~
c
a8
g
@
05!
95!
g

OSILI YECLOT

=
@
W
.
|
=
C
L
4
+
[
|
It

N
-
2]
154
)
o)
~
/2]
—
g
(@
—
—

(1) tmd the oth DT A

(c)_find thelarea of triangle QAB. eiving your answer tolone deqi place

™
N

(a) We owe \DA\= 5.

for Magnivde of @

[

(et

1= Jo ¢b* ac?

Ais the Qonoral point on Ly:

et mognitvie uneg :
on] =182 (1-a) ¢ (5 ¢ 43) = 59 11

M1 A416pr642"e 4 -4y 4" £ 26 4405 HC,:‘: 250 Square both sides + Expand

B1p'+ 525- 22070 Collect like terms
hence shown

N0 0O arom
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Question 6 continued

(h) i. Solve tue quodvakic we found in (a1
" 1525 -220 =0

(815 - uo)(p 2)=0 factorize
P-';—? p‘-‘-‘?—

Cubshbute. 3229 0ry D= (71.’:8"):
él 544

“°
06 = (” 88( ] M1
6 4 (42)
4 -
oA =[g€{_ one possibiuty for (A
[
8l

ii. Subshtute.  p=-2 iaw o - (21.4-??\"3 :
544
_ (11 8CY)
ok - (35:54'13)2)]
- (-\3

0 : _"s{J Secomd ossibility fac 0.

@y We will use the

{o qek the aven  where o« and b ave sider ond
isthe sizeof the angle between them .

Let's furst find 4he omole betwean  OA and 48.
Use X
fer

Since [y is pavalded to [y and passen through (E), TBLH? - (His is the divectionvectar of Ly,
Subshtute : g‘;]m SIN@ they ve porallel it’s twe some
cosl = M1 for Ly)

VIS 4%t 8% e qr
_(-15)(8) +(4)(-1]+(4)(-3)
ViS¢ qt3® B teqt

136 )
0= cos (%‘\r) 2 0:=11.1* A

15
arom N Y00 0O
P 7 4 3 1 5 R A 0 1 5 2 8 Turn over
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ugstton) s ponetiupt || || || || ||| 1| 1|

) cont.
lﬁk%ﬁb

108) = 470

e cos"(

-136

45710

)

inbo

-136

L (54T0)(447) sin(cos"(,rs—m

My

= 29.4 units®* 11

P 7 4 3 1 5 R A 0 1 6 2 8

)\—- Plug this iato your calcviator
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Question 6 continued

(Total for Question 6 is 10 marks)
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7. TH% current, x am&)s, at time |¢ seco%ds after|a switch|is closed in|a particular electric
circuit is modelled by the equatio
Auaguiy g
dr
nitially thereis zergcurrent inthe circutt— —+———
(a)-Solye the differential equation to-find an-equation, in-terms of &, for-the current-in
the circuit at tinne 7 seconds
Give your answer in the form x = f(7).
(6)
Given that in the long term the current in the circuit approaches |7 amps
ind the|value| of &
(2)
(c). Hence find the time in!seco it takes for the current to reach 5 amps, giving |your
nswer to|2 significant figures
3
(@l dx _ - 3x
at
1 dx=dt Segorote Variokles by grouping
Sy the Uke terms om one Side
| 1 dx: J 1k M
k-3x
-;-lnlk-%q:'l-'«c I;l\-dx:\nx*c,
Rewerse caoun yude: divide = M1A4
by the dextvosive of the hratket
We ave that at t-0 , X=0.
- %u\(k-am)) =0tcC
‘é"'k ¢ valee for ¢
M1
Substiture ¢ back in and make x the subject:
“lin(k-3x)=t-Link M
=n(k-3x1=3%-nk
-3t = ln(k-3x) - Wk
- - K - 32 . - e &
k-3x
e- 3 - m [3 - k‘;K
k.
ke3t=k-3x
Ix=k- ke 3¢
oz = k("e-”) 1
3
) VAV Y0 A0 0000 0 T O 0
P 7 4 3 1 5 R A 0 1 8 2 8
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Question 7 continued

) v that o2 t— a0, x— ¥,

< . -5
e =5l1-£".) e =1—..
2 0 a5 two, 10
T s o3t K
% \ M1 3= ? (4 -0) (when 1= o)
k=214 A1
S
%§ A E that: x=F(-¢°F)
5 | e o that: e
5| Substitwre k=5 and solve:
a 3t
T 5=3(1-¢ ) W
o -3t
3:1-e

0% %% 1

e 1-3

o 3t - g:;

(e = 2 log, law: Lne” =
= T “FPM.‘: J aw n =
-3¢ = (n-;'-

Plug HHis infe your calajator to got 0. deamal.
1

+£=0.42 seconds 1

J

19

Turn over »
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Question 7 continued

(Total for Question 7 is 11 marks)
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8 i) = (8 - 3k 0 < xeld
3
(a)] Show that thg/binomial expansion of f(x) in ascending powers of X up [to and
including the term in x| is
2
gl 1L (BBl
2
where A and B-are constants t found
“
b)[ Use proof by contradiction to prove that the curve with equatio
i 151,
= s =i
es/not intersect the curyve with equati
2
V= 81 -+ r T )2v3 Lo X< -
2
1c1e ndih arcthe constants t 0 part(a
(Dotutions relying on calculator fecninotogy aye hot acceptable.)
4
(a) Get the from the formwa booklet:
() =4+ axs DD o2, NIVDW2) 05, Range of validity 1x1<A
2 3! ! Y
Bin fovm (0tbx “,mmo\ o mon; e ® (Ifox\k.
We Seethor the $ (otbx) [TV
+— 3 3
(8-3x)% = (8) (1-Fx)°  foche our thed.
3 _\3
= 16(1‘-9-7&) Corvect form
Substitute info the : M
(3 l( 2 (% -1)(1 ) 3
161- 2 [1+ 2)(-2 ) GIGD 5,0 (3) 3-2) (.3 ]M
( ) o[ 14(3)(-3=) + =5 (3 )+ ST (3A) 4|
4 G 2
=16|1-%x + T .(ixz +3°3°°% (__4,3)+ ]
8 2 64 6 S
1 1 ! ]
= 16(1 ~Ly+ £, ﬂ.xz-a-(—L (—éx‘) . )
9, 64732 26 ST,
6 .3
s{6-8x+ix®+ 2 x4
A7
7
16 87&+ Xt a5t heme shown MAL
22
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Question 8 continued
la) Moke an Assumption: e goand our Qssumvption t be thelopposite: of what
' Assume the curves meet, .. 8x-“7“-z*8= 16-8x+ %t*:—:, " weaw teying b prove.
M3 _In the Proof, we ave trying ticontradich th e@sSumplion’
Solve the equation of the assumption to shom that there are real solutions for x.

Bx-15%" +8=16- 8x+"‘+"3
2 24
6nl 3
8x+8 “16 tfx = X527 xS
= 24
lox = 8"5"z~:-

3
0= ﬁl_lﬁn_& i Complete_Squave for quadratic

0= 8(x* Zx\*%*}l_‘;

0= B (x-1)-8+5.23

T 3 4
0=8(x-1) +’2‘4

Inthis format, we can dedvce that 8(x- 1\ -v*: >0  for the varge 0<x<5.

8(x- 1) 20
Z_ > n
and X220 ¢

This meoms thak B(x-ﬂt-»:_: would nmever cross the x- axis (Since oll valves ave >0)

ond hence, there are Mo reol Solutions for x. This is @ contradickion o owr assuwghim,
henee 1t's proven by contradichion thos the wnes don't meet.
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Question 8 continued

(Total for Question 8 is 8 marks)
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Question 9 continued

(a) for

avound the x-axis:

wheve o and b ore the

3
In ow cast, az=< ond b= 3, -~ V= 11[\5 dx.

3

3 £3— 0pply the Qower

[ :< (arctcmﬁ))
(

(Hx\(arctun,l'))
We ave toe Subfifution tanu=Jx. We need to get dx=. . x=.. and u=..
de=..  tanw= « T, e u‘:“-_lxz Implicit Dif{ere ntiotion
v3
p | Co MIAL
sec'w .3
dx= P Rearcange
xXz=... (tanu)":('x‘-'-) Square Baih Sides
lan‘u =%
TCRE Wz arctandx
Ako (ind new Limits:
x=3 w= arctan§ = T lower baund
%x=3 u: arctand3 = T—;— woper beund
31
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Question 9 continued

Subsbiute eNerything in: r3 -1
x 2
V=T . secudu aMy
_.n(iffﬂhtu)- u? %x"?.
Z ﬁ‘
n
(3 r .
=T - R «Sec’w du
. 2
% u Secw Tris. Idem-i\\j: 1= Sec*u-tan'w
n
='n(3 asefc
1 wteeer
n
=T f 22
n W
6
31 = 0 p=T]
Z“L‘u'z““ Kke2m, a:T b=
® A1

Hence shoum.

(b) Tnregroke what we gotin (a): n

3 .
V=21 I TR ™ * Simple Integration:
e = WMdx - T:)'X“H +C Yemember Mo *c When
- 3 -
= 2% {- u‘] \ you have Umits!
n
3

(Total for Question 9 is 9 marks)

TOTAL FOR PAPER IS 75 MARKS
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