PARAMETRIC
EQUATIONS

EXAM QUESTIONS
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Question1  (*¥)
A curve is given parametrically by

x=3+2cogy, y=-3 2sig , B¢g< 2.
Show clearly that

dy 3- x
dx 3+y°
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Question 2 (**)
A curve is defined by the following parametric etjoias

x=4at’, y=a(2t+1), ti

wherea is non zero constant.

Given that the curve passes through the pAifA,O) , find the value ofa.
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Question 3 (*¥)
A curve is defined by the parametric equations

x=%acosq, y=asig , (Eg< P,

wherea is a positive constant.

Showclearly that

proof

Question 4 (**)
A curve C is given by the parametric equations

x=t+1, y=t>-1, ti

Determine the coordinates of the points of inteieadoetweenC and the straight line
with equation

X+y=6.

(33 &(- 2.9
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Question 5 (**+)

A curve is given parametrically by the equations
x=1-cosg, y=sing, 0£g<2p.

The pointP. lies on this curve, and the valuegfat P is %

Show that an equation of the normal to the curve a given by
y+/3x=+/3.

proof

Question 6 (**+)

A curve is defined by the parametric equations
x=acosg, y=asifg , Eg< D,

wherea is a positive constant.

Show that the equation of the tangent to the cat\ihe point wherey :% IS

4x+ 4y = 5a.

proof
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Question 7 (**+)
A curve C is given by the parametric equations

of- t2 2t .

X_—l _—,
1+t2 g 1+1t2

Determine the coordinates of the points of intefeadetweenC and the straight line
with equation

3y = 4x.

Question 8  (**+)
A curve C is given by the parametric equations

x=2t°-1, y=3(t+1), ti

Determine the coordinates of the points of inteteadetweenC and the straight line
with equation

3x- 4y="3.

[ ].]@719 &(1.9
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Question 9  (**+)

A curve is given parametrically by the equations

The pointP(4,y) lieson this curve.

Show that an equation of the tangent to the curri® & given by

Xx+8y+2=0.

proof
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Question 10  (**+)
A curve C is given parametrically by

X=2t+1, y:i, th, tto0.
2t

a) Find a simplified expression feg'z in terms oft.
X

The pointP is the point wheré€C crosses they axis.

b) Determine the coordinates .

c) Find an equation of the tangent@oat P .

Y__ 31 P03 [y=-3x 3

dx = 4t?
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Question 11 (**+)
A curve known as a cycloid is given by the parametquations

x=4g-cosg, y=1+sing, O£Eg£2p.

a) Find an expression foZILy, in terms ofq.
X

b) Determine the exact coordinates of the stationamngtp of the curve.

dy  cosg
— 3 2 !2 ’ ]
dx 4+sing|’ (2.2). (9.9
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Question 12 (***)
A curve is given parametrically by

X=4t-1, y=£+10, tT ,tto0.
2t

The curve crosses the axis at the pointA.
a) Find the coordinates oA.
b) Show that an equation of the tangent to the cur &

10x+ y+ 20= C.

c) Determine a Cartesian equation for the curve.

10(x + 2)

(-2,0), [(x+1)(y- 10= 10 ory= 7
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Question 13 (***)
A curve C is given parametrically by

x=3t-1, yz%, th , tto0.
Show that an equation of the normalGoat the point wher€& crosses they axis is
1
=—Xx+3.
y 3

proof
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Question 14 (***)
A curve C is given by the parametric equations

x=4t%, y=8t, ti
a) Findthe gradient at the point on the curve where %

b) Determine a Cartesian equation for in the formx = f (y) :

c) Use the Cartesian form @ to find %’ in terms ofy, and use it to verify that
X

the answer obtained in part (a) is correct.
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Question 15 (***)
A curve C is given parametrically by the equations

x=2t2+%, y=2t2-%, ti, tro.

a) Show that at the point o@ wheret =%, the gradient is 3.

b) By considering(x+y) and(x- y), show that a Cartesian equation®fis

(x+y)(x- y)2= 16.

Created by T. Madas



Created by T. Madas

Question 16 (***)
The pointP(%,- 2) lies on the curve with parametric equations
x=3t?, y=6t, ti

The tangent and the normal to curvePaineet thex axis at the point§ and N,
respectively.

Determine the area of the triang”Ra' N .

Wi
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Question 17 (***)
A curve C is given parametrically by the equations

x=4t+}, y:i, tT , tto0.
t 2t

The pointA(5,6) liesonC.
Show clearly that ...
a) ..—=

b) ... the gradient afA is 2.

c) ... a Cartesian equation € is
3xy- 2y’= 18,

proof
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Question 18  (***)
A curve C is given parametrically by the equations

Xx=t2-8t+ 12, y=t- 4, ti
a) Find the coordinates of the points whé&ecrosses the coordinate axes.
The pointP(- 3,1) lies onC.
b) Show that the equation of the normalGoat P is
y+2x+5=0.
c) Show that a Cartesian equation®@fis

y2=x+4.

[ 1|(-49. (% 3. (0.2
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Question 19  (***)
A curve C is given parametrically by the equations

Xx=5- 3, y:2+%, tT , tto0.

The pointA(6,- 1) lies onC.
a) Show that the equation of the tangenCtaat A is given by
y =3x- 19.
b) “Show further that a Cartesian equatiorCofs

(x-5)(y 2F & O.

proof
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Question 20  (***)
A curve C is defined by the parametric equations

X=C0S2), y=singcoyy, OEg<p.
a) Show that a Cartesian equation foris given by
X2 +4y2 =1.

b) Sketch the graph of .

proof

Question 21 (***)
A curve is defined by the parametric equations

pp

o - p
X=SsIng, =Ssin +— T &
q.y A

£ g< —.
C]2

Show that a Cartesian equation of the curve isrgbye

\/§1X2_

=—X+—=v1-
y 2 2

proof
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Question 22 (***)
A curve is defined by the parametric equations

t+3 2
X=

—=, y=—, tI ., tr-1,tt-2.
t+1 t+2

Show, with detailed workings, that ...

2
a) ﬂ: ll ¥
dx t+2

b) ... a Cartesian equation for the curve is given by

- 2(x- 1)
Y=k
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Question 23 (***)
A curve is defined parametrically by the equations

Jo,

X=aseq, Yy=btang, O<q<5,

wherea andb are positive constants.

Show that an equation of the tangent to the cuirtieeapoint Whereq:% is

y =Ex/§x- b.
a

proof
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Question 24 (***+)
A curve C is defined by the parametric equations

X=cost, y=cos2,0£t£Ep.
oy & o .
a) Find U inits simplest form.
X

b) Find a Cartesian equation f@r.

c) Sketch the graph of .
The sketch must include
the coordinates of the endpoints of the graph.
the coordinates of any points where the graph nteetsoordinates axes.

Y _ 4cog
dx

y=22-1,|(-13(13 (o ).( §)(f2 }
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Question 25  (***+)
A curve C is given by the parametric equations

- 2_ ~

X:—, ’ ’

t-1 y t-1
a) Show clearly that

dx

dy_ o 42,

The pointP(l,- %) lies onC.

b) Show that the equation of the tangenCiat the pointP is

3x- 4y- 18 G
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Question 26 (***+)

The curveC; has Cartesian equation

X + y2 =9x- 4.
The curveC, has parametric equations
2, y=2t, ti

X=

Find the coordinates of the points of intersectdiC;, andC,.

(44 .(4-4 (12 (%}
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Question 27  (***+)
A curve has parametric equations

a) Determine a simplified expression f%z, in terms oft.
X

b) Show that an equation of the tangent to the cutrtieespoint A(4,- 3) is

3x- 8y 36 C.

c) Find the value ot at the point where the tangent to the curvé aneets the

curve again.
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Question 28  (***+)
A curve C is defined by the parametric equations

X—L y—2t_2 ti
1+’ 1+t2

a) Find a simplified expression fc%z in terms oft.

X

The straight line with equatiog =6x- 2 intersectsC at the points® andQ.

b) Find the coordinates d? and the coordinates @.

e
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Question 29  (***+)
A curve C is defined by the parametric equations

x=In(1+t), y=In(1-t), tT , t<t<t,.
a) Find a Cartesian equation far.

b) Determine, in terms of natural logarithms, the dowates of the point o
where the gradient is3.

The value oft is restricted betweefy andt, .

c) Given that the interval betweepandt, is as large as possible, determine the
value oft; and the value oft,.

e+¢e =12, (In%,ln—%) << g
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Question 30  (***+)

A function relationship is given parametrically the equations

x=cosZ, y=2sint, O£t£%.

a) Find a Cartesian equation for these parametrictens in the formy = f(x) .

b) State the domain and range of this function.

y=+/2- 2x

e x£ 1, [oEyE2
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Question 31 (***+)
A curve is given parametrically by the equations

x=3t- 2sint, y= t*+tcogs , @t< 2.

Show that an equation of the tangent at the pairthe curve Where:% Is given by

proof
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Question 32 (***+)

The pointP(-5,3) lies on the curveC with parametric equations

+ ~
x=2_1 y=t*2 i t10-1
t f+1

wherea is a non zero constant.
Show that a Cartesian equation®fis

_2x+4
X+3
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Question 33 (***+)
The curveC has parametric equations

X=sing, y=3- 2c0s %, 0£q£% :

a) Express%’ in terms ofg.
X

b) Explain why...
... ho point onC has negative gradient.
... the maximum gradient 0@ is 8.

c) Show thatC satisfies the Cartesian equation
y=1+4¢,

d) Show by means of a single sketch how the graph o1 + 4x% and the graph
of C are related.

Y Aghy

=8sing
dx  cosg
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Question 34  (***+)
The curveC has parametric equations

X=cosg, y=sinzg, O£g<2p.

The pointP lies onC whereq:%.

a) Find the gradient aP .

b) Hence show that the equation of the tangerR as$
2y+4x= 3/3.
c) Show that a Cartesian equation®@fis

y2 = 4x2(1- x2) :
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Question 35  (***+)

The pointP(a,\/E) lies on the curve&C with parametric equations

x=4t>, y=2' ti
wherea is a constant.

a) Determine the value dd.

b) Show that the gradient & is kIn2, wherek is a constant to be found.

1
4x/§In2
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Question 36 (***+)
A curve C is defined parametrically by

x=t+Int, y=t-Int, t>0.
a) Find the coordinates of the turning point®©f.

b) Show that a Cartesian equation foris

4eY =(x+y)*.
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Question 37  (***+)

The pointP(%,- —%) lies on the curveC with parametric equations

wherea is a non zero constant.

Show that the gradient & is %5
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Question 38  (***+)
A curve C is given by the parametric equations

X=7cox- cosqg , y= 7sig- sing , £0x 2

Show that the equation of the tangenttaat the point where7=% IS

y+\/§x:16.

proof
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Question 39  (***+)
A curve C is given parametrically by

The pointP lies onC at the point wheré =1.
a) Show that an equation of the tangenCtat P is
y+2x=3.
The tangent t&C at P meets the curve again at the paiht

b) Determine the coordinates Q.
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Question 40  (***+)

y

The figure above shows the cur@ewith parametric equations
x=t?+4, y=2t+4, ti
The curve crosses the axis at the poinR.
a) Find the coordinates dRr.
The pointP(5,6) lies onC. The straight lineL is a normal toC
b) Show that an equation af is
x+y=11.
The normalL meetsC again, at the poin@.

¢) Find the coordinates dD.

atP.

R(8,0)

Q(13- 2
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Question 41 (***+)
A curve is given parametrically by

Xx=cost, y=cosB , Et< 2.

a) By writing cos3 as cos( 2+t) , prove the trigonometric identity

cos3° 4codt- 3cds
b) Hence state a Cartesian equation for the curve.

The figure below shows a sketch of the curve.

The pointsA and B are the endpoints of the graph and the pdthiand D are
stationary points.

c) Determine the coordinates &, B, C andD .

y=4x-3x, |A(-1; 1), [B(11)], c(-l,l) , c(l
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Question 42 (***+)

The figure above shows part of the curve with pataimequations
x=t2-9, y=t(4-t)°, t1

The curve meets thr axis at the point® andQ, and they axis at the point®R
andT . The pointT is not shown in the figure.

a) Find the coordinates of the poins, Q, R andT .

The pointS is a stationary point of the curve.

b) Show that the coordinates &f are(- 6—95%6) .

P(-9,0,Q(7.9,R( 0,3 ,T( 6, 14)
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Question 43 (***+)
A parametric relationship is given by

X =sing cosy, y:4co§q, 0£g<2p.
Show that a Cartesian equation for this relatignghi
16x% = y(4- y).

proof

Question 44 (***+)
A curve is given parametrically by the equations

x:%, y=t2,t1 0.

The tangent to the curve at the poltmeets thex axis at the pointA and they
axis at the poinB.

Show that for all possible coordinates®f |BP| = 2| AR.

proof
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Question 45  (***+)
The curveC is given parametrically by the equations

x=2t>-1, y=3t3+4, ti
a) Show that a Cartesian equation®@fis
8(y- 4)2: o x+ ])3.
b) Find ...

i. ... anexpression f(}jl;y in terms oft.

X

ii. ... the gradient at the point @ with coordinateq1,1) .

c) By differentiating the Cartesian equation Gf implicitly, verify that the
gradient at the point with coordinatélsl) is the same as that of part (b) (ii)

dy _9.| |dy

.9
4

Created by T. Madas



Created by T. Madas

Question 46 (***+)
The curveC is given parametrically by the equations

x=cost, y=2sint, 0£t<2p.

a) Show that an equation of the normalCoat the general poirﬁ)(cost ,25irt)
can be written as

2y X

sint cog

The normal toC at P meets thex axis at the poin@Q. The midpoint ofPQ is M .

b) Find the equation of the locus & ast varies.

2+ y2=1
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Question 47  (***+)
The curveC is given parametrically by the equations

x=2d+1, y=e¥- 6+ ; ti

Determine the coordinates of the point@nwith S—y =3.
X

Created by T. Madas




Created by T. Madas

Question 48 (***+)
A curve is defined by the following parametric etjoias

x=4at’, y=a(2t+1), tl
wherea is non zero constant.

Given that the curve passes through the péifn,8) , find the possible values @f.

, la=4 E a=1§
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Question 49 (***+)
A curve is defined by the parametric equations

x=t?+t, y=2t- 1, ti

a) Show that an equation of the tangent to the currvieegpointP wheret = p
can be written as

y(2p+2) = 2x+ 27 - 2p 1
The tangents to curve at the poiigs1) and(0,- 3) meet at the poin®.

b) Find the coordinates d.

[ 1]e(-1 1
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Question 50  (****)
A curve C is given by the parametric equations

x=seq, y= I 1+ cosg) , (£q<%.
a) Show clearly that

ﬂ= -2C0y;.
dx

The straight linel is a tangent t&C at the point where =

WS

b) Find an equation foL , giving the answer in the forny + x =k, wherek is
an exact constant to be found.

c) Show that a Cartesian equation®@fis

x2eY = 2.

y+x=2-1n2
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Question 51 (****)
A curve C is given by the parametric equations

x=cosdy, y=2sing, 0£qg<2p.
a) Show clearly that

dy 3.
— =-—sing.
dx 2 9

b) Find an equation of the normal @ at the point where =

ol

c) Show that a Cartesian equation®@fis

2y? =(1- x)3.

16x- 12y 5 0
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Question 52 (****)
A curve C is given by the parametric equations

X=2coxy+sing , y= cog- 2sin@g , Dg< 2.

The pointP lies onC whereq:%.

a) Show that the gradient & is %

b) Show that an equation of the normalGoat P is
Ax+ 2y = 5/ 2.

proof
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Question 53 (****)
The curveC has parametric equations

x=sin2g, y=2codq , Eg< P.
a) Show clearly that

dy
— =-tan .
dx 4

b) Find an equation of the tangent@q at the point whereg =

c) Show that a Cartesian equation®@fis

X2 = y(2-y).

Wl

y:\/éx- 1
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Question 54 (****)
A curve C is given parametrically by

- |
ol
—~ |

~—~+

Show clearly that ...

a) ﬂ:t-_z
dx t+2

b) ... an equation of the tangent @ at the point wherez% IS

3x+5y=8.

c) ... a Cartesian equation € is

+
<
~—-
N

(x

You may find consideringx+ y) and(x- y) useful in this part.

proof
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Question 55 (****)
A curve C is given parametrically by

x=tang, y=sinZ, 0£g<2p.

a) Find the gradient at the point & whereg =%.

b) Show that

cod g = ,
X% +1

and find a similar expression fsinzq.

c) Hence find a Cartesian equation®@fin the form

Created by T. Madas
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Question 56 (****)
A curve C is given parametrically by the equations

X = 4% +1, y=%t2+2t3, t]

The pointA(%,- —%) liesonC.

a) Show that the gradient & is - %

b) By consideringz , or otherwise, show that a Cartesian equatio@ a$
X

x° = 16y2 + 2Xy.

proof

Created by T. Madas



Created by T. Madas

Question 57 (****)

The pointP(8,9) lies on the curveC with parametric equations
x=2t>, y=3, i
The tangent taC at P meets they axis at the poinQ.

Determine the exacy coordinate ofQ.
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Question 58  (****)
The curveC is given parametrically by

x=1-3t, y=ﬂ ,
t+2

a) Find a simplified expression fegz, in terms oft.
X

b) Show that the straight line with equation
4x- 3y=1

is a tangent t&C , and determine the coordinates of the point cfje¢acy
betweenL andC.

1

Q_|Q.
X <
|

@5
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Question 59  (***¥)
A curve C is defined by the parametric equations:

yo,

x=tang, y=sinzy, £q<5

2
a) State the range oT .

b) Find an expression fO-glLy in terms ofg.
X

¢) Find an equation of the tangent to the curve wlnpcpé%

d) Show, or verify, that a Cartesian equation @iis

_ 2X
1+X

R

'

dy _

dx

2cosqy
secq
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Question 60  (****)
A curve C is traced by the parametric equations

at

— t1 ,tr1.
1-t

x=t?-t, y=

. : dy .
a) Find an expression f(}(ljLy in terms of the parametérand the constard.
X

b) Show that an equation of the tangenCtat the point wheré=-1 is
12y + ax+ 4a= 0.
This tangent meets the curve again at the pQint

c) Determine the coordinates Qf in terms ofa.
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Question 61 (****)
The curveC has parametric equations

Jo,

x=2tang, y= 200§q : (£q<z.

a) Show clearly that

dy =-2sing co§q.
dx

b) Find an equation of tangent @, at the point whereg =

IR

c) Show that a Cartesian equation®fis

y= )
X2 +4

and state its domain.

Xx+2y=4, [x30
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Question 62 (****)

The pointP(20,60) lies on a curve with parametric equations

x=2at, y=8at- at’, tT ,t30,
wherea is a non zero constant.
a) Find the value ofa.
b) Determine a Cartesian equation of the curve.

The above set of parametric equations represeptpdth of a golf ballt seconds
after it was struck from a fixed point on the grdu@.

The horizontal distance from® is X metres and the vertical distance above the
ground level isy metres.

The ball hits the lowest point of a TV airship, waii was recording the golf
tournament from the air.

c) Assuming that the ground is level and horizontadd fthe greatest possible
height of the airship from the ground.

| |, la=5, y:4x-2—10x2,
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Question 63 (****)
A curve C is defined by the parametric equations

St t10.

x=2t-1 y:?4

The curveC meets they axis at the pointA.
a) Determine the coordinates oA.
b) Show that an equation of the normalCoat A is given by
8y = x+64.
This normal meet€ again at the poinB .

c) Calculate the coordinates d8 .

d) Find a Cartesian equation far.

A(0.8), |B(-65:
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Question 64  (****)
A curve C is given parametrically by the equations

x=6Int- 3%, y=2t3- 36+ 6Int, tT , t>t,.
a) State the smallest possible value thatan take .
b) Show that

dy_t-6tr1
dx  1-t*

c) Find the exact coordinates of the only point@rwhere the gradient ib.

ty=0|, |(-12+ 6In2; 56 6In2
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Question 65  (****)
A curve C is defined by the parametric equations

X=2t+4, y=t3- 4t+ 1, ti
a) Show that an equation of the tangent to the curwi(2,4) is
2y+ x=10.

The tangent taC at A re-intersectC at the pointB.

b) Determine the coordinates &.

B(8,1)
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Question 66 (****)
A curve is given parametrically by the equations

x=4-t%, y=1-t,ti
a) Show that an equation of the normal at a general po the curve is
y+2tx=1+T7t- 282,
The normal to curve a‘?(B, O) meets the curve again at the paut

b) Find the coordinates d.

INEN
Nolon
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Question 67  (****)
A curve is given by the parametric equations

x=tan’t , y=\/§sint, O£t<%.

a) Find an expression fO-glLy in terms oft.
X

Je,

b) Show that an equation of the tangent to the curtieegpoint wherd =E’ is

32y =(9x+ 10+ 2
c) Show that a Cartesian equation of the curve is

2 _ 2X
y X+2°

dx

ﬂ:x/ico&

4tant
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Question 68 (****)
A curve C is given parametrically by

x=(t+2)%, y=t2+2, t
The pointP(1,1) lies onC.

a) Show that the equation of the normalGoat P is

3y+2x=5.

b) Show further that the normal © at P does not mee€ again.

proof
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Question 69  (****)
A curve C is given by the parametric equations

1, -
x=t3-9t, y==t2, ti
y=3

The pointP(10,2) lies onC.

a) Show that the equation of the tangenQiaat P is
3y + 2x = 26.
The tangent taC at P crosse<C again at the poin@.

b) Find as exact fractions the coordinatesaf
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Question 70 (****)
A curve C is given by the parametric equations

x:2t-i, y:2t+i+2, th, tto0.
2t 2t

a) Show that

dy_4t-1
dx 4t?+1

b) Hence find the coordinates of the stationary powfithe curve.

c) Show that a Cartesian equation of the curve is

(y+x-2)(y x 2¥ 4.

(0.0), (0.9
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Question 71 (***¥)
A circle has Cartesian equation

X2 + y2- 4x 6y 3.
Determine a set of parametric equations for thidecin the form

X=a+ pcosg, y=b+ pcosg, 0£g<2p.

Xx=2+4cogy, y= 3t 4cog

Created by T. Madas



Created by T. Madas

Question 72 (***¥)
A curve C is given by the parametric equations

x=3cosd , y=-2+4sing, 0£Eg<2p.
a) Show that a Cartesian equation of the curve is

3y?+12y+ 8x = 1z.
The pointP lies onC, wheresing :%.

b) Show that an equation of the normalGoat P is
y=X-3.
The normal toC at P meetsC again at the poin@.
c) Find the coordinates d.

d) State the domain and range ©f and given further that is not a closed
curve describe the position of the pofpton the curve.

Q(-3; 6)|, [-3€ x£ 3, |-6£ YE 2}, |Q is an endpoint ofC
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Question 73 (****)
A curve is given by the parametric equations

X=cost , y=sin2t, 0£t<2p.

a) Find a Cartesian equation of the curve, givingahswer in the form

b) State the domain and range of the curve.

c) Find an expression fO-glLy in terms oft.
X

d) Hence, find the coordinates of tdestationary points of the curve.

y2=4x2(1- x2) Exed, [ yE T, dy_ Zcoszl

dx sint

EEIEIIERICN
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Question 74 (****)
A curve C is defined by the parametric equations

x=t3-3, y=t> 4, ti
The straight lineL with equation3y- 2x+ 10= C intersects withC.

Show thatL andC intersect at a single point on tixeaxis, stating its coordinates.

(5.9

Question 75 (****)
A curve C is defined by the parametric equations

x:8coseéq , y=2cotg, —E£qgE—.

a) Find a Cartesian equation far, in the formy = f(x).

b) Determine the range of values wfand the range of values gf, which the
graph of C can achieve.

N

y=Vx3- 4|, [BExE64, |0£yE 2/3
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Question 76 (****)
A curve C is defined by the parametric equations

x=t?+1, y=2t- 3, ti

a) Show that the equation of the tangenCtpat the point wheré=T , is given
by

Ty- x= T%- 3F 1

b) Find the equations of the two tangenttppassing through the poi(15,2)
and deduce the coordinates of their correspondimggpof tangency.

y- x+3=0, (2; 1|, |4y- ¥ & 0, (17,5
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Question 77 (****)
A curve C is defined by the parametric equations

x=Int , y=6t3, t>0.

2
The pointP lies onC, so thatu =2 atP.

dx?

Determine the exact coordinatesfof

il

- In32)
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Question 78  (****)

The figure above shows the cur@eknown as the “lemniscate of Bernoulli”, defined
by the parametric equations

x=3sing, y=2siny, 0Eqg£ 2p.
The curve is symmetrical in the axis and in they axis.

a) Show that a Cartesian equation®fis

81y? = 16x2( 9 xz).

In the figure above, the curv@ is shown bounded by a rectangle whose sides are

tangents to the curve parallel to the coordinatsax
The shaded region represents the points withimetingle but outsid€ .

b) Given that the area of one loop Gfis 8 square units, find the area of the
shaded region.
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Question 79  (***¥)

The figure above shows the cur@ewith parametric equations
X=C0sg, Yy=sinZg- cogy, 0£g<2p.

a) Find an equation of the tangent@oat the point wherey :%.

b) Show that the tangent © at the point wherey :57’0 is the same line as the

tangent toC at the point Where7=% .

c) Show further that a Cartesian equation of the cigve

4x2(1- xz): (e y)2.

, [ X+ Yy =1
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Question 80  (****)

The figure above shows the cur@ewith parametric equations

X=2+2sing, y= 2cog + sing, -%E gt 22

The curve meets thg axis at the origirD and at the poinP . The pointQ is the
stationary point ofC .

a) Find an expression fogl in terms ofg.
X

b) Hence find the exact coordinates@f

c) Show that the Cartesian equation®fcan be written as

The finite region bounded bg§ and thex axis is rotated byp radians about the&
axis to form a solid of revolutios.

d) Find the exact volume 0%.

%/zcosh- sig Q(B,%\/@) v =64
X cosg

Created by T. Madas



Created by T. Madas

Question 81  (****)

The figure above shows the curve with parametriaggns
X=sin t+% , Yy=1+cos2, O£t<2p.

The curve meets the coordinate axes at the pdint8 andR.

a) Find an expression fO-glLy in terms oft.
X

b) Determine the coordinates of the poits B andR.

At the pointsC and D the tangent to the curve is parallel to thexis, and at the
points P andQ the tangent to the curve is parallel to fhexis.

c) Find the coordinates aand D .

d) State thex coordinates oPand Q.

[continues overleaf]
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[continues from previous page]
The curve is reflected in the axis to form the design of a window.

The resulting design fits snugly inside a rectangle

The sides of this rectangle are tangents to thescamd its reflection, parallel to the
coordinate axes. This is shown in the figure below.

It is given that the area on one of the four loopthe curve iS%\/é square units.

e) Find the exact area of the region which lies withia rectangle but not inside
the four loops of the design.

@)
—_
1

[~
N

N —
O

—

Nl

D

dy___2sin2 A(- ﬁ,o),B(ﬁ,o) ,R(1§)

dx cos t+2
6
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Question 82 (****)

X T

O Q A B
The figure above shows the cur@ewith parametric equations
x=1t2, y=sint, OEt£p.
The curve crosses the axis at the origir© and at the poinAA.
a) Find the coordinates oA.

The pointP lies onC wheret :2?’0. The lineT is a tangent t&C at the pointP.

b) Show that the equation @f can be written as
24py+9x=4p(p+3/3.

The pointQ lies on thex axis, so thafQ is parallel to they axis. The pointB is
the point wherel crosses thex axis.

c) Show that the area of the trianghBQ is p square units.

A(p?,0)|. [area=p]
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Question 83  (****)

O

The figure above shows a cur@and a straight lind., meeting at the origin and at
the pointR. The pointsP and Q are such so the tangent @ at those points is

horizontal and vertical, respectively.
The curveC has parametric equations
x=2/2sin2, y=1 cost, Of£t<p,
and the straight line. has equatiory = x.
a) Find the coordinates d? andQ.
b) Show that atR, tant = 2/ 2.

c) Hence determine the exact value of the gradiei® .at

d) Show that a Cartesian equation foris

8y? - 16y+ x°= 0.

P(0.2).Q(2/24], |-

~iNo
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Question 84  (***¥)
A curve C is defined by the parametric equations

x:sinzq ,y=sing OE£qg<p.

a) Show that

ﬂ=200t27.
dx

The straight line with equatiog = 2x intersectsC, at the origin and at the poit.
b) Find the coordinates d?, and show further tha® is a stationary point of .

c) Show further that a Cartesian equatiorCofs

y2=4x(1- %).
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Question 85  (****)
The curveC is given parametrically by

X=cost+sin- z y=sin, 0£t<2p.

a) By using appropriate trigonometric identities, shinat a Cartesian equation
for C is given by

y= X2 +4X+3.

b) Sketch the part o€ which corresponds to the above parametric equation
The sketch must include
the coordinates of any points whefemeets the coordinate axes.

the exact coordinates of the endpoint$af
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Question 86  (****)
A curve has parametric equations

x=1- cogy, y=singsindy , O£qgEp.
Determine in exact form the coordinates of thetaty points of the curve.

No credit will be given for methods involving a Gasian form of this curve.

3-4/3 4/3 3J3 4/3
I N 3" g
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Question 87  (****)
A curve is given parametrically by the equations

x=3cost, y=4sint, Et£ 2.
a) Show that the equation of the tangent to the cat\the point whereé =g is

3ysing + 4x cogy = 1.

The tangent to the curve at the point whiereg meets they axis at the poinP(O,8)
and thex axis at the poin@Q.

b) Find the exact area of the triangkOQ , whereO is the origin.

1B
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Question 88  (****)

y
P
o X
tangen!
The figure above shows the cur@ewith parametric equations
X=acosq , y=bsing, 0£g<2p,
wherea andb are positive constants.
The pointP lies onC, whereg :%.
a) Show that an equation of the tangenCiat P is
9ay+ 4bx/3= 9at.
The tangent taC at P crosses the coordinate axes{@,tlz) and %30)

b) Find the value ofa and the value ob.

a=1 b=12
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Question 89  (***¥)

The figure above shows an ellipse with parametyications

X=2c0g y=6sin q+§ ,0Eg<2p.
The curve meets the coordinate axes at the pdintB, C andD.
a) Determine the coordinates of the poits B, C andD.
The straight linel is the tangent to the ellipse at the poft
b) Find an equation oL .

c) Show that a Cartesian equation of the ellipse is

y2 +9x2 =9+ 3xy\/_3.

A(-1,0),B(19 ,Cc( 3,0 .Df 3§

y=23(x+1)
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Question 90  (****)
A curve C is given parametrically by the equations

p

x=sin2q, y =6sing - sir?q, %<q<z.

a) Find an expression fO-glLy, in terms ofsing .
X

b) Hence show tha€ has no stationary points.

c) Determine the exact coordinates of the pointGonwhere the gradient IS%

d) Show that a Cartesian equation®fis

y% = X( x- 6)2.

dy _6- 3sifg P(
dx  2sing |

ol
I\J|U‘I
~lw
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Question 91 (****)

The figure above shows a cur@ with parametric equations

X=—,y=—,t1 | t>1.

t2 3
t-1 t-1

The pointsP andQ lie on C so that the tangents to the curve at those pairgs
horizontal and vertical respectively.

a) Show that

b) Find the coordinates d? andQ.

c) Show further that a Cartesian equation @is

y2- yx2+ = 0.
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Question 92 (***¥)

y

The figure above shows the curve defined by tharpatric equations
x=4g- sing, y= 2cog , for 0Eg<2p.
The curve crosses the axis at pointsA andB.

The pointC is the minimum point on the curve a@D is perpendicular to th&
axis and a line of symmetry for the curve.

a) Find the exact coordinates &f, B andC.
b) Show that an equation of the tangent to the currtieeapoint A is given by
X+2y=2p - 1.

c) Show that the area of the regiBhbounded by the curve and the coordinate
axes is given by
p

2 8coyy - 200%(/ dg.
0

d) Find an exact value for this integral.

A(2p- 1,0, |B(6p+1,0)], |C(4p,- 2)|, |8-

NS
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Question 93 (***¥)
The curveC is given parametrically by the equations

X=cos't, y:sin3t, O<t<%.

a) Show that an equation of the normalCoat the point wher¢=q is
XC0Sg- Yy Sing= C0s?.

The normal toC at the point wheré =g meets the coordinate axes at the poits
andB.

b) Given thatO is the origin, show further that the area of tiengle AOB is

cos2y cot2).
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Question 94  (****)
The curveC is given parametrically by the equations

x=3t, y:% tt 0.

a) Show that an equation of the normalCoat the point with parameteris
yt+3t* = xt3 +3.

The pointA(lZ,%) lies onC. The normal atA(lZ,%) meets the curve again Bt.

b) Determine the coordinates &.

B(6—34,192)
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Question 95  (****)
A curve is defined parametrically by the equations

x=3cos2, y=6sin2, O0£f£t<2p.

2
Expressd—y in terms ofy.

dx®
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Question 96  (****+)

The curveC is given by the parametric equations

X=%, y=4t, t>0.

The tangent to th€ at the pointP wheret = p, meets the coordinate axes at the

points A andB.

Show that the area of the triandDBAB, whereO is the origin, is independent qf,

and state that area.

Created by T. Madas

area= 16
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Question 97  (****+)

The curveC is given parametrically by the equations
x=2t+1, y=8t3+4t? ti
a) Find the coordinates of the stationary point€Cqofand determine their nature.

It is further given thaC has a single point of inflection &t.

b) Determine the coordinates &f.

min(1,0)|, max(

N —
)
—
wl—

N
\1|'\’
N —

U;)lH
N
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Question 98  (****+)

The curveC is given by the parametric equations
x=3at, y=at’, tT
wherea is a positive constant.

a) Show that an equation of the normalCoat the general poir(Bat,at3) is

yt? + x=3at+ af’.

The normal toC at some poinP, passes through the points with coordinz(tk§)
and (- 1,5).

b) Determine the coordinates &f.
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Question 99  (****+)

The curveC is given parametrically by the equations
x=t2, y=1+cost, ti
Show that the value df at any points of inflection ofC is a solution of the equation

t=tant.

proof
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Question 100  (****+)
A curve has parametric equations

If th

D

tangent to the curve at the poRtpasses through the point with coordinates

—_—
Nl
Nlon

), determine the possible coordinatesraf

1.9 (93)
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Question 101 (****+)
A curve is given parametrically by the equations

x=3sinzy, y=4cosg , Bgf p
The pointP lies on the curve so that

L

3
cosg=— ,0£qg£E
> 5 7 2

Show that an equation of the tangenfats

32x- 7y= 10C

proof
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Question 102 (****+)
y=a*, a>0, xI
a) Show clearly that

dy
dx

=a*Ina.

A curve C is given by the parametric equations
x=2>t y=d+1, ti
b) Show that for points o€,

g 21
dx

c) Find in simplified form a Cartesian equation for.
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Question 103 (****+)
A curve C is given parametrically by

_ 4cod y= 4sin2 (1
1+ 4sirft 1+ 4sirft’

Show that ...

a) ... an equation of the tangent at the point WH@F% is

7y- &/2x= 4.

b) ... a Cartesian equation & is
(x2+ y2)2 =4(4x2- y2)

proof

Created by T. Madas



Created by T. Madas

Question 104 (****+)
A curve is defined by the parametric equations

X=2cost, y=4sint, O£t£%.

a) Show that an equation of the tangent to the currtieegpointP wheret =g
can be written as

ysing + 2xcogy = <.
The tangent to curve & meets the coordinate axes at the poitandB.
The triangleOAB, whereO is the origin, has the least possible area.

b) Find the coordinates d® .

1. |p(v2.2/2)
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Question 105 (****+)
A curve C is given parametrically by the equations

x=t?-1, y=t>-t, ti

Find a Cartesian equatid®, in the formy? = f () .

y- =X+ X

Question 106 (****+)
A curve is given parametrically by the equations

x=2t, y=t2, ti

The normal to the curve at the poiat meets thex axis at the pointA and they axis
at the pointB.

Given that|/OB = 3|OA, whereO is the origin, determine the coordinateshof

P(2,

win
({o]=
N —
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Question 107  (****+)
A curve is given parametrically by the equations

1-t2 .

X=—, y=——, tl
1+t2 y 1+1t2

The pointP 72

lies on this curve.

[

Show that an equation of the tangent at the pBin$ given by

X+y=+2.
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Question 108  (****+)
A curve is given parametrically by the equations

x=4sing, y=cosdy, 0Eg<p.
The tangent to the curve at the pofhtmeets thex axis at the poinf3,0).

Determine the possible coordinateshof

1.[[24) or(ar 3
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Question 109  (****+)
A curve is defined by the parametric equations

X=Cc0sg, y=sing- tam , 8 g< P.

Show that a Cartesian equation of the curve isrgbye

y2:(x- 1)X£]: x2)
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Question 110  (****+)
A parametric relationship is given by

X=sin2g, y=colg, 0<g<p.
Show that a Cartesian equation for this relatignghi
y(2- xy)= x.

proof
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Question 111 (****+)
A curve has parametric equations

x=3-1, y=t>-1, ti
a) Find, in terms oft, the gradient of the normal at any point on theveu

The distinct points® andQ lie on the curve where= p andt =g, respectively.
b) Show that the gradient of the straight line segni@tis - (p+ q).
The straight line segmemQ is a normal to the curve &.
c) Show further that
2p?+2pg+1=0.
The pointA(2,0) lies on the curve.

The normal to the curve &k meets the curve again Bt. The normal to the curve at
B meets the curve again @t.

d) Find the exact coordinates 6f.

ﬂ :i , C(
dX(normaD 2t

@_|\l
oo|oo
ol
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Question 112 (****+)
The curve with equatiorxy =3 is traced by the following parametric equations

4tp 4 A
X=——, y=——, t,pl , 11
t+p y t+p P P

wheret and p are parameters.

Find the relationship betwednand p, giving the answer in the forrp = f (t)

[ [ |p=3t orp=

wl~

t
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Question 113 (****+)
A parametric relationship is given by

Jo,

x:sinzq, y=tanz, O£q<z.

Show that a Cartesian equation for this relatignghi

5 _ 4x(1- x)
(- 202

proof
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Question 114  (****+)
A curve C is given by the parametric equations

x=2cos2, y= 5sir, -%E t££2.

The pointP(l,%) liesonC.

a) Find the value of the gradient Bt, and hence, show that an equation of the
normal toC at P is

8x- 10y 17= C.

The normal atP meetsC again at the poin@.

b) Show that they coordinate ofQ is - 11_665
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Question 115  (****+)
A curve C is defined by the parametric equations

x=t2+2 |, y=t?+3, ti
Show clearly that

d

2
ay_
dx? fy).

where f must by explicitly stated.

1. [oroo
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Question 116 (****+)
A curve C is defined parametrically by the equations

x=t3, y=t?, ti
The tangent taC at pointP passes through the point with coordina(teﬂso,?).

Find the possible coordinates Bf.

(-1, ( 64,16 (125,25
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Question 117  (****+)
A curve C is defined by the parametric equations

x=cosg+(q+/)sig , y=sing- (g+/)cog ,
where/ is a constant ang is a parameter, such that

O<q<%, 0<y <% andg+; 1 0.

Show that the equation of a normalGoat the point with parameter is given by
ysing + xcogy =

proof
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Question 118  (****+)
A curve C is defined parametrically by the equations

x=t*, y=2t?- 8+ 9,ti

2
Find the value ofz—xzy at the stationary point of .
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Question 119  (****+)
The curveC is given parametrically by

X=

N

(1+t2), y=t3, ti

a) Show that an equation of the tangent to the cuirtieegpointP wheret = p is
2y+3p+ p° =6px.

b) Show further that the straight line with equation

y=9x- 18

is a tangent t&C and determine the coordinates of the point oféaocy.

(5,27)
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Question 120  (****+)
A curve C is given by the parametric equations

Xx=cost, y=cos?, -pEtEp.

The pointP lies onC, wheret =

w|

a) Show that an equation of the normalGoat P is
2x+4y+1=0.
The normal atP meetsC again at the poin@.

b) Determine, by showing a clear detailed methodetteeet coordinates of) .

R
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Question 121 (****+)

The figure above shows a curve known as a Cardidid.curve crosses the axis at
the point A and the poinB is the highest point of the curve.

The parametric equations of this Cardioid are

X=4coxyy+ 2cosg ,y= 4sig+ 2si2 , Hg< M.

a) Find a simplified expression fez’!, in terms ofq.
X

b) Hence show that the coordinatesB®fare (1, 3\/_3) .

c) Find the exact value afosg at A.

[continues overleaf]
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[continued from overleaf]

The distance of a poir®(x, y) from the origin isy/x* + y* .
d) Show that for points that lie on this cardioid

x° + y? =20+16c0g,

and use this result to find the shortest and landjesance of any point on the
cardioid from the origin.

d_y:_ C(-)SQ+ c_osa lcosg = -1+ /3
dx sing+sindy 2

! |Op|min :2’ |OP| =6

max
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Question 122 (****+)

The figure above shows the cur@egiven parametrically by the equations
X=cost+ 2sit, y=sin2, 0O£t<2p.
a) Find the coordinates of the points whé&ecrosses thex axis.
There are two points 06 where the tangent tG is parallel to they axis.

b) Determine the exact coordinates of these two points

c) Show that a Cartesian equation®fis

9(1- y2): (5+ dy- 2x2)2.

(-29.¢ 29 (19.(2}

=
G
G
o
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Question 123 (****+)
A curve given parametrically by the equations

x=1-cos2 , y= sin2 , B8t< 2

. . . d? . .
Find the turning points of the curve and udsg to determine their nature.

max(13d , mif{ % )1

Question 124 (****+)
For the curve given parametrically by

t? ]
X = , y:m, th,tt1l

t
1-t
find the coordinates of the turning points and deiee their nature.

max(- 25 4, mir O,§)|
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Question 125  (****+)

<
P
Il

wlon

The figure above shows part of the cu@ewith parametric equations

The curve crosses the axis atP .
a) Determine the coordinates &X.

b) Show that the gradient at any point Gnis given by

dy 4t +1
dx 4t?-1

c) By consideringx+ y and x- y, or otherwise, find a Cartesian equation @r

[continues overleaf]
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[continued from overleaf]

The finite regionR bounded byC, the line x=

3 and thex axis is shown shaded in
the figure.

d) Show that the area &R is given by

N~

e) Hence calculate an exact value for the areR of

P(L,0)[, [x*- y*= 1, |Area=

=
©|o
1
Nl
=3
)
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Question 126 (****+)

The figure above shows part of the cu@ewith parametric equations

x:2t+%, y:2t-%L , t> 0.

The curve crosses the axis at the poinP and theL is a normal taC at the point
Q, wheret = 2.

a) Determine the exact coordinatesff

b) Show that the gradient at any point Gnis given by

dy _ 2t2 +1
dx 2t2-1

[continues overleaf]
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[continued from overleaf]

The normallL crosses the axis atR. The region bounded b@, by L and thex
axis, shown shaded in the figure, has afea

c) Find the coordinates dRr.

d) Calculate an exact value fe.

(o]

P(2v2,0). [R(2.9)], |A=53- 62

=]
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Question 127  (****+)

The figure above showssgmmetrical design for a suspension bridge atBCD.
The curveOBCR is a cycloid with parametric equations
x=6(2t- sin2),y= €1 cos®) ,DE p.
a) Show clearly that

d_y =cott .
d

X
b) Find the in exact form the length GR.

c) Determine the maximum height of the arch.

[continues overleaf]
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[continued from overleaf]

The arch design consists of the curved Bt and the straight line&B andCD.

The straight linesAB and CD are tangents to the cycloid at the poiBtsand C.

The angleBAO is %

d) Find the value ot at B, by considering the gradient at that point.

e) Find, in exact form, the length of the straigheliAD .

|AD| = 4p +24/3

[ 1. |oR=120

W

Ymax =12 tB
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Question 128  (****+)
A curve is given parametrically by the equations

Xx=2g+sinzg, y=cosdy, OEg<p.
Show that ...

a) ﬂl: tang .
dx

2

b) ... the value 0% evaluated at the point wheqe:% IS - g

proof
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Question 129  (****+)

The figure above shows the cur@ewith parametric equations
_ 42 —_ 1T 3
x=t7,y=2t,tl ,t30.

The pointP lies onC, wheret = p. The pointR lies on thex axis so thatPR is
parallel to they axis. The tangent t€ at the pointP meets thex axis at the point
Q, so that the angle PQR=g¢g.

a) Find the coordinates @ in terms ofp.
b) By considering the triangl®QR, showtang _1 :
p
The pointS has coordinatefl,0) and PSR=/ .

c) Find an expression falman/ in terms of p and hence show that=2 .

d) Deduce thatSR=| SQ.

1. |Q(- p%.0)| frary =—2P

p-1

[solution overleaf]
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[question overleaf]
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Question 130  (****+)
A curve C is given by the parametric equations

ye,

X=tang- seg, y=cotqg- coseq, O<q<5.

Show clearly that ...

a) ... a Cartesian equation € is

(xz-l)(yz- 1): 4xy.

oy WY
dx 2X
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Question 131 (****+)

The pointP(%,—%) lies on the curve given parametrically as

x=cosZ, y=4sir’t, 0£t<2p.
The tangent to the curve Bt meets the curve again at the pat

Determine the exact coordinates@f

ool

o
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Question 132 (****+)
The pointP lies on the curve given parametrically as

x=t2, y=t?-t, ti
The tangent to the curve Bt passes through the point with coordina(té%) .

Determine the possible coordinateshof

L]

P(1,0) E P(16,13
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Question 133 (****+)
A curve C is given parametrically by

Xx=a+tant, y=b+cot’t, 0<t <%,

wherea andb are non zero constants.

a) Show that ...

oL, ﬂ:-Zcotst.
d

X

ii. ... a Cartesian equation € is

(v-B)(x 9% L

b) Given thatC meets the straight line with equatign=6x+2 at the points
wherey =2 and y =5, show further that is a solution of the equation

(a-1)(122% 3 1

c) Hence, state a possible value foland a possible value fdr.

| |, [a=-1], |b=1]
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Question 134  (*¥****)
A curve C is given parametrically by the equations

X=2+2sing, y=2cogy+sinzg, 0£g<2p.

a) By considering a simplified expression fgr, show that a Cartesian equation
X

of C is given by

b) Given thatC meets the straight line with equatigr= x at the origin and at
the pointP, determine the coordinates & .

c) Use differentiation to show that the straight lmgh equationy = x is in fact
a tangent taC at the pointP .

P(2,2)
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QueStiOﬂ 135 (*****)
A parametric relationship is given by

Je,

X=coseq - Sim ,y= seg- Ca, O<q<5.

Show that a Cartesian equation for this relatignghi

(NN}

+ y5)3=1.

yzxz(x

proof
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Question 136 (*****)
The curveC has parametric equations

x=4cost- 3sir+ ;, y=3cost+ 4sirt- , 0£t<2p.

Find a Cartesian equation of the curve.

Created by T. Madas

(x- 1)+ (y+1)°= 2

5
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Question 137 (*¥***¥)
A curve C is given parametrically by

x=t>- p%  y=2tp,
wheret and p are real parameters.
The parameters and p are related by the equation
p2 =2t%- 1.
Show that a Cartesian equation foris

y?=4(x-1)(2% J).
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Question 138 (*****)
The curveC has parametric equations

x=t?+2t, y=2t®+t, ti
Show that a Cartesian equation of the curve isrgbye

B+ y? - dxyr 3% 6% C

3. oroof
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Question 139 (*****)
A curve C is given parametrically by the equations
_4-t? 4 -

X=——s, Y=, ]
PYRCA ORI

By using the substitution:tan%, or otherwise, show that the Cartesian equation of
C represents a circle.

y2+x% =1
Question 140  (****¥)
A curve is defined by the parametric equations
X =sin’t, y=sintcod+ cos, 0£t<2p.
Show that the Cartesian equation of the curve is
( 2.2 1\2_ 2
X +y -1) = 4x(: X°.
proof
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Question 141 (*¥***¥)

The figure above shows the cur@ewith parametric equations
x=4cogy,y=3sig, Eg< P.

The pointP lies onC whereg =a, whereO<a <%.

The lineT is atangent teC at P.

The tangenfT meets the coordinate axes at the potand B.

The area of the triangl®AB, whereO is the origin, is less thaB4 square units.

Find the range of the possible valuesat

PeagP
12 12

1
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Question 142  (****¥)
A cycloid is given by the parametric equations

X=¢qg-sing, y=1- cogy, 0<g<p.

The gradient at the poirR on this cycloid is%.

Show that at the poin®, tang = -

Wl
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Question 143 (*¥***¥)

A straight line with negative gradient passes tlotng point with coordinate@QA) :
The pointM the midpoint of the two intercepts of this linehvihe coordinate axes.

Sketch a detailed graph of the locushbf.

L1 |orapt
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Question 144 (****¥)
The curve has parametric equations

t?+5 4t
=

= Y Ot
t2+1 t2+1

Show, by eliminating the parameterthat the curve is a circle, stating the coordisat

of its centre, and the size of its radius.

(3.9

1
N

Created by T. Madas




Created by T. Madas

Question 145 (¥***¥)
The curveC has parametric equations

Show by eliminating the parameterthat a Cartesian equation ©f is

(x- 2y)(* 4yF x 3y

. [proof

Created by T. Madas



Created by T. Madas

Question 146 (*****)
A curve is given parametrically by the equations

x=sint, y=cos’t, 0£t<2p.

a) Find a simplified expression fcgl, in terms oft.
X

b) Show that ...

2
i %/: -6cog+ 3set.

i, ...%:Stant( 2+ se%t).

3 2
c) Show further that the value e(:jf?y at the points Wheregj?y =0 is £12.
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Question 147  (****¥)
A curve is given by the parametric equations

x=sing, y=qgcosq, -p< g<p.

The tangents to the curve, at the points Wh;ere% andq=%, are parallel to one

another , at a distana® apart.

Show that

d:\/8p2- 300+ 32
p?-8p+ 32

1. proof
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Question 148  (*¥***¥)
A curve is given parametrically by

. (2n- 1)’0.

x=In(sea+ tart), y=2sed, tT ,t 5

Find a Cartesian equation for the curve in the form f (X).

y=eX+e'X

Question 149  (****¥)
A curve is given parametrically by

x=t?+t+3, y=2t>-3t+ 1, ti

Find a Cartesian equation for the curve in the fdr(x, y) = 0.

|, |4x%+ y?- 4xy+ 5y 35% 75 0
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Question 150  (****+*)
Eliminate g from the following pair of equations.

tang + cotg = x°
seq- cog= y°
Write the answer in the form

f(xy)=1.

Created by T. Madas
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Question 151  (¥**+¥)

The figure above shows a set of coordinate axesrsuposed with a cotton reel.

Cotton thread is being unwound from around theuonerence of the fixed circular
reel of radiusa and centre aD.

The free end of the cotton thread is marked apdtinat B(x, y) which was originally
at P(a,0).

The unwound part of the cotton thred® is kept straight and is the angleDA
subtends at the positive axis, as shown in the figure above.

Find the parametric equations that satisfy theskm‘tB(x, y) , as the cotton thread is
unwound in the fashion described.

|, |x=a(cosg +qg sing) , y= & sing- g cog)
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Question 152 (*****)

y
B
@) q X
M (1,0)
A

The figure above shows a rigid rg&B of length4 units which can slide through a
hinge located at the poiril (1, 0). The hinge allows the rod to turn in any direction

the x-y plane. The end of the rod marked Ascan slide on they axis so that
|OA{ £ 4 . Let g be the angle of inclination of the rod to the pigsi x axis.

a) Show that asA slides on the on thg axis, the locus oB satisfies the
parametric equations

x=4cosy, y=4sing- targ, - gt gE g,
stating the exact value @f,.

b) Show further that a Cartesian equation of this $aswgiven by

y2:(16- xx)z(x- 1) |

|:| , |proof
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Question 153  (*¥***¥)
The curveC has parametric equations
u+ v)2 u?- v2

X= v Y= ,
U2 +\2 U2 + 2

—

whereu andv are real parameters withf +v21 0.

By considering the tangent half angle trigonomettentities, or otherwise, show that
C is a circle, stating the coordinates of its ceatrd the size of its radius.

[ 1,|/xo)], [R=1
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Question 154 (**x+¥)

The figure above shows a set of coordinate axesrsuposed with a circular cotton
reel of radiusa and centre a€(0,a).

A piece of cotton thread, of lengpha, is fixed at one end & and is being unwound
from around the circumference of the fixed circuiael. The free end of the cotton

thread is marked as the poiB(x, y) which was originally atA(0, 2a) .

The unwound part of the cotton threB® is kept straight and is the angleOCD as
shown in the figure above.

Find the parametric equations that satisfy thedaafB(x, y), as the cotton thread is
unwound in the fashion described, for whiekr 0, y>0 .

x=a sing+(p-g)cosy , y=a 1 cog (p q) sig
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Question 155  (*****¥)
The straight lineL has equation

1-{-_ :1,

where p and g are non zero parameters, constrained by the equati

1,1
—t==

P q

N

The pointP is the foot of the perpendicular from the originto L.

Show that for all values op andq, P lies on a circleC, stating its radius.

[,
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Question 156 (*****)
A family of straight lines passes through the peiith coordinateg4, 2).

The variable pointM denotes the midpoint of the and y intercepts of this family
of straight lines.

Sketch a detailed graph of the curve tNattraces, for this family of straight lines.

[ [grapf
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Question 157  (*¥****)
The pointP lies on the curve given parametrically as

x=t2, y=t?-t, ti

The tangent to the curve Bt meets they axis at the pointA and the straight line
with equationy = x at the pointB .

P is moving along the curve so that kscoordinate is increasing at the constant rate
of 15 units of distance per unit time.

Determine the rate at which the area of the tried@AB is increasing at the instant
when the coordinates d? are (36,30 .

RE

Created by T. Madas



Created by T. Madas

Question 158 (*****)
A curve has Cartesian equation

The pointsP andQ both lie on the curve so th&OQ is a right angle, wher® is
the origin.

The pointM represents the midpoint ¢fQ.

Show that as the position & varies along the curveyl traces the curve with
equation

y:x2-2.

. oot
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QueStiOﬂ 159 (*****)
A curve is given parametrically by the equations

X=2t2- 3t+ 1, x=t2+t+1, ti

The tangents to the curve, at two distinct poiatand Q, intersect each other at the
point with coordinate$2,9) .

a) Determine the coordinates & and Q.
b) Show that the Cartesian equation of the curve is
25(y- = (2 x (2 = 3.
You may not use a verification method in this part

[ [[r(09 Q(386:3)
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Question 160 (*****)
The pointsP andQ are two distinct points which lie on the curvelwétquation

P andQ are free to move on the curve so that the strdigbt segmentPQ is a
normal to the curve a®.

The tangents to the curve Btand Q meet at the poinR.

Show that R is moving on the curve with Cartesian equation

(yz- x2)2+ 4xy= 0.

. proof
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Question 161  (*¥****)
A curve is given parametrically by

The normal to the curve at the poidtmeets the curve again at the paiht

Show that the minimum value Q) is J12.
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Question 162 (*¥**+*)

The functionf maps points from a Cartesiany plane onto the same Cartesigty
plane by

i 0 o

The set of pointsS, which lie on thex axis are mapped by onto a new set of
points S¢, which in turn are mapped by onto a new set of pointSe¢.

Use algebra to determine the equatiorséf

l:|, x=0
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