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In 1916 Vesto Slipher 
measured

velocities to nearby 
galaxies, and discovered 

they were all moving
away from us.

Doppler Shift Gives Velocity of Galaxy
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1929, Hubble uses brightest stars
    to measure the 
    distances to the
    nearest galaxies.

    
    He assumes the 

    brightest stars are
    all the same 
    brightness.

The faster the galaxy was moving,
 the fainter the stars!





The 
Universe is 
Expanding



Hubble’s Data
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Einstein’s Theory 
of Gravity• In 1907 Einstein had a 

revelation that 
acceleration and gravity 
were indistinguishable.

1915...Equations of 
General Relativity 



Predicted Curved Space

Allowed one to 
Solve 
Cosmology... But
solutions were 
dynamic - 
Universe should 
be in Motion



Originally proposed by 
Einstein to counteract the 
Universe’s gravitational 
attraction -  it makes 
Gravity Push rather than 
Pull.

Later “retracted” once the 
expansion was discovered

It represents the energy of 
the vacuum (What is there 
when there is nothing 
there!)

The Cosmological Constant 



Our View of the Expanding Universe
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Our View of the Expanding Universe



Close,                                           Far,
Recent                                      Ancient

Our View of the Expanding Universe

Light is stretched as the Universe expands,

The Further an object is away, the more the
Universe has expanded, so the more the light
is stretched to the Red - Redshift
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The Hubble Constant Tells us 
the age of the Universe...



The Hubble Constant Tells us 
the age of the Universe...

H0=50  t=19.6 Billion Years
H0=60  t=16.3 Billion Years
H0=70  t=14.0 Billion Years
H0=80  t=12.3 Billion Years
H0=90  t=10.9 Billion Years

H0=100  t=  9.8 Billion Years



The Hubble Constant Tells us 
the age of the Universe...

H0=70  t=14.0 Billion Years



So how fast the Universe is 
expanding  tells us about how 

old the Universe is...But...



So how fast the Universe is 
expanding  tells us about how 

old the Universe is...But...
Gravity pulls on the Universe as it 

expands, slowing it down over 
time
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The Distance Between Two Galaxies

Slowing Down

Now
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Type Ia Supernovae









First use of Supernovae to 

Measure Distances  
Fritz Zwicky

18in Schmidt Telescope

Charlie Kowal 1968



First use of Supernovae to 

Measure Distances  
Fritz Zwicky

18in Schmidt Telescope

Charlie Kowal 1968

First Distant SN detected in 1988 by Danish Team 



Hamuy Suntzeff Schommer

Phillips

Maza

Smith

Calan-Tololo 
SN Search

Wischnjewsky

Antezana

Aviles







SN1990af: faded 
quickly

and was fainter 
than

normal



Refining Type Ia Distances

Mark Phillips (1993)
How fast a Supernova 
Fades is related to its 
intrinsic brightness.

 Adam Riess will explain
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1994 Visit to Harvard
Mario Hamuy showed
us this Diagram.

SN Ia are Precision
Distance Indicators!



Eventually 29 Type Ia supernovae
Provided the fundamental basis of 
using SN Ia as accurate distance 
indicators
Used by Both Teams to measure 
Acceleration
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1994 Visit to Harvard
Mario Hamuy showed
us this Diagram.

SN Ia are Precision
Distance Indicators!



The Birth of the 
High-Z Team•A month 

later, Saul 
Perlmutter 
asked us at 
Harvard to 
confirm a 
possible  
supernovae
- we found 
it to be a 
distant SN 



The Birth of the 
High-Z Team• I was down 

visiting 
Nick 
Suntzeff in 
July 1994, 
and we 
discussed 
the idea of 
doing our 
own High-
Z SN Ia 
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Our First Supernova
SN 1995K



Our First Supernova
SN 1995K
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