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Question 1 (**)
A curve C has Cartesian equation

y=arctan X, xi

Find the magnitude of the radius of curvature atgbint onC wherex =

N

Question 2. (**)
A curve C has Cartesian equation

y = coshx, x1

Find an intrinsic equation o in the forms= f(y ), wheres is measured from the

point with coordinates(O,l), andy is the angle the tangent @ makes with the
positive X axis.
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Question 3 (**)
A curve C has Cartesian equation

y =coshx, x1

Find a simplified expression, in terms »f for the radius of curvature at a general
point onC.

r = cosk x

Question 4 (**)
A curve C has Cartesian equation

y =In(secx), O£x<%.

Find an intrinsic equation o in the forms= f(y) , wheres is measured from the

point with coordinates(0,0), andy is the angle the tangent @ makes with the
positive x axis.

s=In|tany +seg |
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Question 5 (**)
A curve C has intrinsic equation

s=acoy ,y1[0p],

where s denotes the arc length measured from some fixétt pody is the angle
the tangent t&C makes with the positive axis.

Show that the tangent t© at the point wheres=0 is parallel to they axis and
determine the radius of curvature at that point.
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Question 6 (**)
A curve C has intrinsic equation

s=2siny ,y1 - %

NS

where s denotes the arc length measured from some fixatt pady is the angle
the tangent taC makes with the positive axis.

Show clearly that
r=v4-s,

where r is the radius of curvature at a general pointGan

proof

Question 7 (**)
A curve C has Cartesian equation

y =arsinhx, xI

Find the magnitude of the radius of curvature atgbint onC wherex = V2.
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Question 8 (**)
A curve C has Cartesian equation

y=arcsinx, - 1£ x£ 1.

Find an expression, in terms rf for the radius of curvature @, giving the answer
as a single simplified fraction.

Nlw

=
X
Question 9 (**)
A curve C has Cartesian equation
y=arctanx®, O£ y<%.
Calculate the radius of curvature at the pointmherex=-1.
22
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Question 10 (**+)
A curve C has parametric equation s

x=cosht-t, y=cosh +t, ti

Find the exact value of the radius of curvaturithatpoint onC wheret =In2.

=25
Question 11 (**+)
A curve C has Cartesian equation
= acosh(}), wherea |
y = acosh| 3|, wherea is a constant.
Show that the radius of curvature @n is given by% y2
proof
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Question 12 (**+)
A curve C has Cartesian equation

Nl

CxI o, x3 1.

(x-1)

Nl

y:

Find an intrinsic equation o€ in the forms= f(y) , Wheres is measured from the

point with coordinatesél, 0), andy is the angle the tangent @ makes with the
positive X axis.

szé(sec?y- j

Question 13 (**+)

The radius of curvature at a general point on ae@ is given by

eS

iny coy |
wherey is the angle the tangent @ makes with the positive axis..

It is further given that whep =0, s=1, wheres is the arc length measured from
some fixed point.

Find an intrinsic equation fo€ , in the forms= f(y ).

g=¢esiv
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Question 14 (***)
A curve C has Cartesian equation

y =sinh? x, xi

Express theurvature at a general point 0@ in terms ofcosh 4 .

4

k=——
1+ cosh &
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Question 15 (***)
A curve C has intrinsic equation

s=2,

where s is measured from some arbitrary point, gnds the angle the tangent @
makes with the positive axis..

a) DescribeC geometrically, with reference t%d—s.
y

b) Use a calculus method to obtain a Cartesian equdtoC, in terms of
suitable constants.

(x- 3 (v B 4
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Question 16  (***)
A curve C has parametric equation s

yo,

X=t-sin2, y=cos2Z, 0£t<E.

The pointP lies onC wherecost =71,r\/ﬂl

Calculate the radius of curvature Rt

P

~Joo
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Question 17 (***+)

A curve C has intrinsic equation
s=12sirfy ,

where s is measured from a Cartesian origin, gnds the angle the tangent @
makes with the positive axis.

Show that a Cartesian equation®fis

y%+(8- X)

wino
1
N

proof
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Question 18 (***+)
A curve C has Cartesian equation

y =costf x, xI

Show that the radius of curvature at the pointlomwherey =4 is 24% :

proof

Created by T. Madas



Created by T. Madas

Question 19 (***+)

The figure above shows the cur@ewith Cartesian equation

proof
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Question 20 (***+)
A curve C has Cartesian equation

y:%(sz- Inx), xI , x>0.

The pointP lies onC wherex=1.

a) Determine the radius of curvature Rt

b) Find the exact coordinates of the centre of curessiP .

I—\|I\J
olun

o
FNGN
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Question 21 (***+)
A curve C has Cartesian equation

Nl

CxI o, x3 1.

wino

(x-1)

y:
The pointP lies onC wherex=10.

a) Determine the radius of curvature Rt

b) Find the exact coordinates of the centre of cureaaiP .

r=60\/ﬂ)

(-170,79
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Question 22 (***+)
A curve C has Cartesian equation

y=2sinx, xI

The pointP lies onC wherex =

ol

a) Determine the radius of curvature Rt

b) Find the exact coordinates of the centre of cureaaiP .

r=-8f, %+4\/§,-3
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Question 23 (***+)
A cycloid C has parametric equations

yo,

X=2t+2sint, y=2- 2cog, 0£t<E.

a) Show clearly that

dy_ tan(

dx

t).

N

b) Find an intrinsic equation fo€ , in the forms= f(y ), wheres is measured
from a Cartesian origin, and is the angle the tangent @ makes with the

positive X axis.

c) Calculate the curvature at the pointGnwheres=4.

=as],
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Question 24  (***+)
A curve C has parametric equations

The pointP lies onC wheret =2.

a) Determine the radius of curvature Rt

b) Find the exact coordinates of the centre of curesaiP .

=
N
a1

o

<8
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Question 25 (***+)
A curve C has intrinsic equation

where s is measured from the point with Cartesian cooreisl,0) , andy is the
angle the tangent t6€ makes with the positive axis..

Use a calculus method to obtain two parametric @opus for C, in terms of a
suitable parameter.

X= tsint+ cod
y =-tcost+ sint
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Question 26  (***+)
The radius of curvature at a general point on ae@\s given by

2siny
wherey is the angle the tangent @ makes with the positive axis..

It is further given that the arc lengthis measured from the point with Cartesian

coordinateq0,1) , where the value gf at that point i%.

a) Find an intrinsic equation fo€ , in the forms= f(y ).

b) Show clearly that
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Question 27  (***+)

The radius of curvature at a general point on ae@\s given by
2s+1,
wheres is the arc length measured from the Cartesiannorig

It is further given whers=0, y =0, wherey is the angle the tangent @ makes
with the positivex axis..

a) Find an intrinsic equation fo€ , in the forms= f(y ).

b) Determine a set of parametric equations@ar

You may assume without proof

e’ cosy du=% é“( 2cos+ sin)+ conste

e?! sinu du=% 62“( 2siru- cos)+ consta.

s:%(ezy- 1) |x=

e”(2cog + sin) +T25 ,y:% &( 2sit- C(I)S+—§

ol
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Question 28  (****)
A curve C has parametric equations

x=t3, y=4t?- t*, t1

Find the exact coordinates of the centre of cureasi the pointP on C wheret =1.

Ex
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Question 29  (****)
A cycloid C has parametric equations

x=qg+sing, y=1- coxy, O£Eg£ 2p.

Find the exact coordinates of the centre of cunesa the point orfC whereqg :2?’0.

20 35
3 2'2
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Question 30  (****)
The gradient at every point on a cur@eis given by

=1
= 28,

o_|o.
X <

where s is the arc length alon@ measured from the poir® whose Cartesian
coordinates aréo, 2). It is further given thay =0 at P, wherey is the angle the

tangent toC makes with the positive axis.
a) Show clearly that

d_S:E 52+4,

dx 2
b) Expresss as a function oi.

c) Deduce that

y= Zcosi(% x) .

S= Zsinh(

Y

N
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Question 31  (****)
An ellipse has equation

3x% +y? =18.
The pointP(\/g,S) liesonC.

a) Determine the radius of curvature Rt

b) Find the exact coordinates of the centre of cureaaiP .

r=-4,|(-v3.
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Question 32 (****)
A curve C has intrinsic equation

s:In(tany?), o<y <p,

where s is measured from a fixed point, apdis the angle the tangent @ makes
with the positivex axis.

It is given that the tangent © at a Cartesian origin has infinite gradient.

Show that a Cartesian equation®fis
e = cosy.

proof

Created by T. Madas



Created by T. Madas

Question 33  (****)
A curve C has Cartesian equation

y:In(x+1+\/M), x1

Determine the radius of curvature at the poinQmvherex =2.
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Question 34  (****)
A curve C has Cartesian equation

siny=¢€", x£0.

Find an intrinsic equation fo€ , in the forms= f(y) , Wheres is measured from

the point with Cartesian coordinate@,% , andy is the angle the tangent @

makes with the positive axis.

[ 1 szln‘tan(%)‘ or €= ta,(%)
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Question 35 (****)
A curve C has intrinsic equation

s=8(se8’y - i Ofy <%,

wheres is the arc length is measured from a Cartesiajiro®, andy is the angle
the tangent t&C makes with the positivet axis. Itis further given thgt =0 at the
origin O.

Show that a Cartesian equation®fis
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Question 36  (****)
A curve C has intrinsic equation

s=4siny, Ofy £p

where s is the arc length is measured from the CartesiaginoO, andy is the
angle the tangent t& makes with the positive axis.

It is given that the tangent © at O has zero gradient.
Show that the parametric equationsfare

x=t+sint, y=1-cost, O£t£2p.
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Question 37  (****)
A curve has Cartesian equation

y=In(sinx), 0<x<p.

Show that an intrinsic equation of the curve is

tany + seg

=

wheres is the arc length measured from the point Wbettearctan%, wherey is

the angle the tangent to the curve makes with tisétipe x axis.
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Question 38  (****)
A curve C has parametric equations

x=6tar’t, y:4tar?t, 0£t<%.

It is further given that wheh=0, s=4, wheres is the arc length measured from
some fixed point.

Show clearly that
s=4sed v,
wherey is the angle the tangent @ makes with the positive axis.

proof
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Question 39 (****+)

An astroid is given parametrically by
x:4co§q, x=4sin3q, O£g<2p.

a) Show that if the arc length is measured from the poi(m,o), andy is the
angle the tangent to the astroid makes with théipesx axis, then

s=6sin’y .

b) Determine the coordinates of the centre of cureattr the pointP on the

astroid whereg :%

c(sv3.5
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Question 40 (****+)

A curve C has parametric equations
x=2sinht, y=cosift, t
It is further given that the arc lengthis measured from the point where 0.

Show clearly that
s=In(tany +seg )+ tan gec,
wherey is the angle the tangent @ makes with the positive axis.

proof

Created by T. Madas



Created by T. Madas

Question 41  (****+)

The position vector of a curnv@ is given by

wheret is a scalar parameter witf

Find an expression for the position vector®f, giving the answer in the form
r(s)=f(si+d 9,

wheres is the arc length of a general point 8 measure from the poilﬁll, O) .

r(s) =(coss)i +( singj
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Question 42  (****+)

A curve C has intrinsic equation

Jo,

s=In(tany +seg )+ tan gec, O£y <E’

wheres is the arc length is measured from the point Witittesian coordinate®,1)
andy is the angle the tangent @ makes with the positivet axis.

It is further given that the gradient €8,1) is zero.
Show that the Cartesian equationfis

y:%rx2 +1.
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Question 43  (*****)
The gradient at every point on a cur@eis given by

=1
= 28,

o_|o_
X <

where s is the arc length alon@ measured from the poir® whose Cartesian
coordinates ar¢0, 2).

It is further given thay =0 at P, wherey is the angle the tangent @ makes
with the positivex axis.

a) Show clearly that
x=2In|seg + tay |, y=2seg .

b) Eliminatey to show further that

y= 2003&(% x) .
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Question 44  (*****)

The radius of curvature at any point on a curve with Cartesian equatjon f ( x)
is given by

d?y
dx?

a) Given that the curve can be parameterizeckagy(t), y=nh(t), for some
parametett, show that

3
(Xz + yz)z
r=—»
Xy- yX
where a dot above a variable denoted differentiatith respect td.
A curve C is given parametrically by

Xx=cost+tsin, y=sint- tcost, 0£t<2p.

b) Find an expression for on C , giving the answer in terms of

| r =t
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Question 45  (*****)

A curve C has Cartesian equation= f ().

The same curve has intrinsic equatise g(y ) , wheres is measured from an
arbitrary point ang/ is the angle the tangent @ makes with the positive axis.

The radius of curvature at any point orC is defined asj—s.
/4

a) Show clearly thatr =
dé

b) Given thatC can be suitably parameterizedsas h(t), y=h,(t), for some
parametett, show further that

(Xz + yz)g

r= :
Xy- yX

where a dot above a variable denotes differentiatitth respect td .
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