dy _ 10cos#+10cos 26

1(i)
dx —10sin@-10sin26
_ C0sf+c0os20
sin@+sin 20
When 6= /3, dy — cosz/3+cos27/3
dx sinz/3+sin2x/3

=0ascos /3 =%, cos 2n/3 =—Y>

At Ax =10 cos n/3 + 5 cos 27/3
=2%
y = 10 sin n/3 + 5 sin 2n/3 = 15V/3/2

(ii) x*>+y® = (10cos @ +5c0s 26)* + (10sin & + 5sin 26)°

=100co0s” # +100c0s 6 cos 26 + 25cos? 26
+100sin? 6 +100sin @sin 26 + 25sin* 26
= 100 + 100c0s(26 — 6) + 25

=125+ 100cos 6 *

(ili) Max +/125+100 =15
min 4/125-100 =5

(iv) 2cos” #+2cos H—1=0
cos = 2112 _—2+23
4 4

At B, cos 6= _1;‘/5
2

OB? =125 + 50(-1 + \3) = 75 + 50N3 = 161.6...

= OB=1161.6... =12.7 (m)

M1

El

M1
Al

M1
Al

(4]

dy/de =dx/do

or solving cosf+cos26=0

substituting n/3 into x or y
2Y,
15V3/2 (condone 13 or better)

expanding

cos 26cos &+ sin 26sin 8= cos(26— 6)
or substituting for sin 26 and cos 26

quadratic formula

or 6=68.53° or 1.20radians, correct root
selected

or OB=10sin0+5sin28 ft their 8/cosd
0e cao
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2 (i) ALE, 0=2n
=  x=a(2n - sin 2x) = 2an M1
So OE = 2an. Al
Max height is when 8= 1 M1 0=, 180°,cosf=-1
= y=a(l-cosm)=2a Al
[4]
(i) dy_dy/do M1 dy _dy/dd for theirs
dx dx/dé@ dx dx/de
_ asiné
a(l-cos0) M1 i(sin 0) = cos0, i(cose):—siné? both
_ sin@ do (7}
~ (1-cosé) '[A} or equivalent www condone uncancelled a
3
(iii)) tan30°=1/V3 M1 Or gradient=1/\'3
— sing 1
(1-cosf) /3
* El
= sing :%(1—c039)
When 6= 27/3, sin 6= 3/2 ML | sin =312, cos 9=
(1-cos N3 =(1+%N3= 3 _3 E1
243 2
BF = a(1 + %) = 3a/2* E1
OF = a( 2n/3 — V3/2) B1 or equiv.
(6]
(iv) BC =2an - 2a(2n/3 — V3/2) B1ft their OE -2their OF
= a(2n/3 +V3)
AF =3 x 3a/2 = 3V3a/2 M1 Al
AD =BC + 2AF M1
= a( 2n/3 + V3 + 3V3)
= a(2n/3 + 4\3)
=20 Al
—a=222m [5]
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3 (i) yP—x®=(t+ )% — (t-1/1)?
=+ 2+ U -2+ 2 - U

(i) EITHER  dx/dt=1+ 1/ dy/dt=1— 1/t

—  dy_dy/dt
dx dx/dt
_1-1/¢°
141/t
-1 (t-D)(t+D) «
2+l 241

OR Y _axo
dx
dy x t-1/t

— dx y t+l/t
:tz—l_(t—l)(t+1)

t2+1  t2+1
OR y=\(4+x?),
dy X
= dX 44+x?
-1t
NA+t% =2 +1/t?
t-1/t t-1/t

C flteut?) (1)

-1 (t-1)t+1)
241 t241

= dy/dx=0whent=1or-1
t=1,=1(0,2)
t=-1=(0,-2)

El

Bl
M1

El

Bl

M1

El

M1
Al Al

(6]

Substituting for x and y in terms
of toe

For both results
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Question Answer Marks Guidance
dy dy/dé 2cos20 . .
. —== = their dy/dé / their dx/dé@
@ dx dx/dg  cosf M1 AL WwWw correct (can isw)

When 0= n/6 = dy _ 2cos(z/3) DML | Subst o= a/6 in theirs

dx cos(z/6)

1 2 Al oe exact only, www (but not 1/+/3/2)
3/2 3
OR
y = 2xJ1—x?) M1 | full method for differentiation including product rule and function of a function oe
q Al oe cao (condone lack of consideration of sign)
_y — _2X2 (1_ X2)—1/2 + 2(1_ X2)1/2
dx
DM1 | subst sin z/6 = % in theirs
atd=rx/6,sinz/6=1/2
dy 2. 1., 3w, 2 Al | oe exact only, www (but not 1/N3/2)
—=—0-)""+2()" =+
dx 47 4 4 V3
[4]
(i) y =sin26 =2sin @ cos & M1 using sin 260 = 2 sin 6 cos 0
= y*=4sin%0 cos’6 = 4x}(1 - x°) M1 | using cos’@ = 1-sin’@ to eliminate cos &
= 4x° - 4x* * Al | AG need to see sufficient working or AQ.
[3]
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=1t =1+t= > M1 attempt to solve for t
tzé_l Al oe
1—t 1-—+1 o )
y= = ; M1 substituting for t in terms of x
1+2t 1+%_9
X
5 M1 clearing subsidiary fractions
7 x _2x-1
- S 2-x Al
x L [5]
() dy (@+t)2-2t1 2
dt (402 (1412 M1A1
%= 2¢” B1
dy dy/dt
dx  dx/dt M1
_2
- dy_ (1+1)? _ 1 Al
dx 2e*  €*(1+t)?
t=0=dy/ldx=1 B1ft
[6]
(i) 2t=Inx=t=%Inx M1 ortinterms ofy
In x 2Inx
-y 1, " 2+Inx Al
1+§In X
[2]
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