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Polar curves

Polar curves are defined by points that are a variable distance

from the origin (the pole) depending on the angle measured off

the positive x-axis.



Angle between radius vector and tangent

• Consider the angle ψ between the radius vector and 

the tangent line to a curve, r = f(θ), given in polar 

coordinates, as shown in Fig

• Figure : The tangent line to the curve r = f(θ) makes 

an angle of ψ with respect to the radial line at the 

point of tangency, and an angle φ with respect to the 

x-axis.





Angle between two curves 

Let there be two curves y = f1(x) and y = f2(x) which intersect

each other at point (x1, y1). If we draw tangents to these curves

at the intersecting point, the angle between these tangents, is

called the angle between two curves.



Pedal Equation

The relation between p and r for a given curve, where p is the

length of the perpendicular from the origin (or pole) to the

tangent at any point on the curve and r is the distance of the

point from the origin (or pole), is called the pedal equation of

the curve.



Polar Curves

If we traverse in a hill section where the road is not straight, we

often see caution boards hairpin bend ahead, sharp bend ahead etc.

This gives an indication of the difference in the amount of bending

of a road at various points which is the curvature at various points.

In this chapter we discuss about the curvature, radius of curvature

etc.



Consider a point P in the xy-Plane.

r = length of OP= radial distance

θ = Polar angle

( r, θ)→ Polar co-ordinates

Let r = f (θ) be the polar curve

x = r Cos θ ;   y = r Sin θ

Relation (1) enables us to find the polar co-ordinates

( r, θ) when the Cartesian co-ordinates ( x, y) are known.



Expression for arc length in Cartesian form.

Proof: 

Let P (x,y) and Q (x + δx, Y + δy) be two neighboring points 

on the graph of the function y = f (x). So that they are at 

length S and S + δs measured from a fixed point A on the 

curve.









Curvature and Radius of curvature
• A curve cuts at every point on it. Which is determined by the 

tangent drawn.  





Radius of curvature in Cartesian form





Radius of curvature in Polar form

• Let r = f(θ) be the curve in polar form. We know that, angle 

between radius vector and tangent 









Pedal Equation



Centre and circle of curvature 

The centre of curvature is the centre of the circle of curvature

which is drawn through any point P on the curve so that the

amount of curvature can be be measured at that point. The radius

of curvature is shown in green and this is a normal to the curve

at point P. The circle intersects the curve at point P. The evolute

is the locus of the centres of curvature of any curve.



THE EVOLUTE OF AN ELLIPSE

The evolute is the locus of the centres of curvature of the ellipse, so

find the centre of curvature for a number of points on one quadrant of

the ellipse and sketch in the curve. Once you have the evolute for one

quadrant, the rest can be found using axial symmetry through the

major axis and minor axis.



circle of curvature

The circle with its center on the normal to the concave side of 

a curve at a    

given point on the curve and with its radius equal to the radius of

curvature at the point.




