Vehbi Paksoy, HCNSO




2. Curvature of curves in 3D

3. Curvature of Surfaces in 3D






% Parametrization by arc-length : r(s) = (x(s), y(s), z(s))
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o Curvature kK = E

% R is the radius of the circle which gives the best approximation of the cyrve near
the point.






COMPUTING THE CURVATURE

% Arc-length parametrization can be tedious

L Twisted Cubic

< r(t) = (t,t%t3)
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SPHERE

r=(cos(0)sin(¢g),sin(0)sin(p), cos(p))




r=(x(u,v),y(u,v),z(u,v))
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GAUSS’S THEOREM EGREGIUM

Two dimensional creatures cannot compute k; and k, using infinitesimal
ruler and protractor BUT they can determine K = k4 - k5. This means, 2D

creatures can determine the shape of their world without stepping out to
39 dimension!




% Rotating, moving or bending the surface does not change the Gauss
curvature but, stretching or breaking does.
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copolymers.

s THEOREM: Every soap film is a physical
model of a minimal surface.




The interpretation of the Costa-Hoffman-Meeks minimal surface as
insertion of multiple directional holes connecting the top to the water
and the water at the bottom to the sky provided a single gesture
combining all aspects. -Tobias Walliser

Image: LAVA
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% In general, aline in space is given by r(t) = P + tu.So, T =0
1
P u
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% The covariant derivative ¥,V of vector field V

is the projection of the change of vector field in

U direction onto the tangent plane.

% A curve a(t) on the surface is called a

“Geodesic” if \7' x =0 /

% Geodesics are the “lines” of curved spaces

< Vis parallel along a curve a(t) |f
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Curved
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» But, 2D inhabitants of the sphe

observe the rotation since V is parallel. For the

vector field moves “parallel” along the latitgdé.

“*w=-2Tmsin (Vp)
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% Rod is long. So, swings can be seen as

tangential to the sphere.

% Pendulum moves slowly around latitude

5O, we ignore centripetal force on it. Only
Z*.f;}’; %%k
NS

v gravitation acts on the pendulum .

7
% Vis parallel along the latitude. It has holonomy
w=-2Tsin (V)

THEOREM: Earth rotates along its latitude circles

**By Cleon Teunissen



MEAN CURVATURE

s DEPENDS ON HOW SURFACE IS PLACED

s NOT INVARIANT

% STRENGHT, RESISTANCE % SURFACE TENSION, AREA MINIMIZING

s MOST FUNDAMENTAL
GEOMETRIC PROPERTY







