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What is
Curvature?

κ = κ1κ2

How can we determine 
if a surface cannot 
be flattened to the 

plane?



What is
Curvature?

κ = κ1κ2

C = 2πr

In Euclidean (flat) 
geometry, the ratio 
of the circumference 
of a circle to its 
radius is constant!



What is
Curvature?

κ = κ1κ2

C = 2π sin r

On a sphere, circles of 
a given radius have 
smaller circumference 
than their Euclidean 

counterparts.



What is
Curvature?

κ = κ1κ2

C = 2π sinh r

On a hyperboloid, 
circles of a given 
radius have larger 

circumference than their 
Euclidean counterparts.
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Light travels on 
straight lines or 

geodesics.
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You can see  
less than half 
 the sphere.

Doubling 
distance 

halves angular 
size.
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What about
Curvature?

κ = κ1κ2

Negative 
Curvature makes 
geodesics spread out.  

Positive 
curvature 

draws geodesics 
together.
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This tree is upside down!
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Three Images of the same tree
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Geodesics starting off 
in different 

directions, converging 
on the same point.
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andLessons
Questions

Learning new math 
lets us ask questions 
that were previously 

inconceivable

Is the space around 
us curved?

How could we tell?



Einstein’s generalrelatıvıty
Spacetime is curved!

There’s a precise 
equation to describe 

this curvature!

Space tells matter how 
to move.  Matter tells 
space how to curve.TRic = 8πG( − 1

2 Tg)
-John Wheeler



Einstein’s generalrelatıvıty

Space tells matter how 
to move.  Matter tells 
space how to curve.TRic = 8πG( − 1

2 Tg)
-John Wheeler

Einstein’s greatest insight:
This curvature is what 

we call gravity!



Each ball moves on a 
straight line on the sphere.

But the curvature of space forces them to 
come together.



Each object moves on a 
straight line in spacetime.

But the curvature of space forces 
them to move towards masses.



Each object moves on a 
straight line in spacetime.

But the curvature of space forces 
them to move towards masses.



Even light follows the 
curves of spacetime.



But you need heavy 
objects and big 

distances to notice.

Even light follows the 
curves of spacetime.
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Eddington

Even light follows the 
curves of spacetime.



Eddington
May 29, 1919





These days, the 
signs of curvature 

are much more 
visible

Gravitational
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Einstein Rings Converging rays 
lead to rings.
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Crossing rays lead 
to multiple images.

Multiple Images
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A space so curved, that 
light cannot escape?





Region of 
no return!



Region of 
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Schwarzschild

ds2 = − c2 (1 −
rs

r ) dt2 +
1

1 − rs

r

dr2 + dΩ2
𝕊



Event Horizon

Photon Sphere
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Einstein Rings
Rings require 

light to focus…
this should 

produce upside 
down images 

too!
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The ‘Interstellar’
black hole







A real black hole
M-87



A real black hole
Sgr A*
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