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Weight ≠ Mass



Image credit: NASA



Dr Roberto Trotta 

Newton and the apple tree

"The story was certainly true, but let's say 
it got better with the telling.”

Keith Moore, Head of Archives, Royal 
Society 





–Johnny Appleseed

“Type a quote here.” 
 particle
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Einstein’s spacetime continuum













The Andromeda Galaxy  (M31)

Newton

Observations



B R E A K I N G   N E W S ! 





What the Universe is made of:

95% of the Universe is dark! 

Normal matter 
(not giving out 

light)

Normal matter that 
gives out light



1929
Hubble-Lemaître  Law



Time 

The Expanding Universe… in 
Your Kitchen! 





The left-over 
"heat" from the 

Big Bang: 

−270.425 ºC



The fate of the Universe
Matter (visible+dark)

GRAVITY
Dark Energy

ANTI-GRAVITY



The end of the visible Universe

380,000 years after the Big Bang



1994 2001-2010 2013-2018



time

Big Bang
t=0 

End of the visible cosmos
t = 380,000 yrs

Radiation
(decelerates)

Dark matter
(decelerates)

Dark energy
(accelerates)

t = 7 Bn yrs t = 13.7 Bn yrs 

Inflation
t = 10-32 s

(exponential)

Big Bang 
Nucleosythesis 

(t = 3 mins)



@R_Trotta
How old is the Universe?

*(give or take 29 million years)

Age =13.798 billion years*



@R_Trotta
Seeing cosmic sound 

gravity light 
pressure

Credit: Daniel Eisenstein
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“Type a quote here.” 



An ant’s perspective: 

Flat
(Euclidean)

Closed
(spherical)

Open
(hyperbolic

)



@R_Trotta
The Geometry of the Universe

The three different possible 
geometries of the Universe. 

Ref: Schneider (2006)



Sum > 1
Closed 

Universe

Big Crunch
Finite Universe

Sum = 1
Flat 

Universe

Borderline 
Universe
Infinite

Sum < 1
Open 

Universe

Sub-critical
Infinite

Einstein: 

Geometry = Energy + Matter 



Credit: Babak Tafreshi / ESO



@R_Trotta
Weighing the Universe

Cosmic
Microwave

Background

In a flat universe, this quantity would be exactly 0 equal to 0.

462 000 000 000 000 000 000 000 km
 







“Type a quote here.” 
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radiation

380’000
yrs

Dark 
ages

1 bn 
yrs

First 
stars

Galaxy
formation

Today

a few bn 
yrs

13.7 
bn yrs



0.000 000 000 000 000 000 000 000 000 003 837 g/cm3

Average mass density of the Universe: 



The most amazing 
discoveries are still 

ahead of us.

THANK YOU!

[Image: The EAGLE Simulation; Schaye+14]
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The Aquarius Simulation 

The Dark Matter Universe 
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