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 Complementary Astrophysics
    L9 - Distance, Redshift



 Evaluation Criteria
0.6 - Laboratory
0.4 - Exam

Laboratory Evaluation
Based on the work you do week after week:
0.35 = Practical Assignments: Laboratory
0.15 = Written Assignments: Resolution of exercise (the procedure that is 
chosen to solve them)
0.1 = Participation in the class

Exam
The final exam is done at the end and consists of:
0.4 = a short test about topics of the course



What did we learn?



What did we learn?

1. SFR-Gas Fraction
2. SF evolution
3. The physics of GMC
4. Star Formation Efficiency (SFE)
5. GMC timescale



Highlights



Highlights



Highlights



Outline of the course
1. History
2. Review of the general concepts
3. Galaxies in our local Universe
4. Galaxies kinematics
5. Scaling relations
6. Star formation
7. Interstellar Medium
8. Interstellar Medium – Behind the Scenes
9. Distance and Redshift



The Great Debate
Day: 26 April 1920

RING: BAIRD AUDITORIUM SMITHSONIAN MUSEUM 
OF NATURAL HISTORY – WASHINGTON D.C.



Towards the concept 
of galaxies

Milestones:
● 1912 – Vesto Sliper made spectrographic studies of the 

brightest spiral nebulae to study the chemistry of these 
objects…….surprisingly he found that object were red-shifted 
with a velocity above the escape velocity from the Milky Way

● 1917 – Heber Curtis found 11 more novae in the Andromeda 
nebula. They were 10 magnitudes fainter than the those 
occurred within our galaxy….so he estimated the distance of 
these objects well above the dimension of the Milky Way

EVERYTHING WAS READY FOR:

THE GREAT DEBATE











Distance Measurements
Cepheid Variable Stars
These are bright (Mv ~ -2), regularly pulsating stars (~few days)

P = day
Mv = Abs Magnitude

Henrietta Leavitt 1912



Distance Measurements
Hubble collected images and spectra for many galaxies, estimating their 
distances.
• Plotting distance versus velocity he found that most galaxies recede and that 
more distant galaxies recede faster. The linear relationship between velocity 
and distance is called Hubble law:
v = Ho x d
– v = velocity (km/s)
– d = distance (Mpc)
– Ho= The Hubble 
constant (km/s/Mpc)



Redshift
There are two interesting implications of the Hubble law:
1) the Universe is expanding, everything is separating.
2) at some point everything should have occupied a small region (a point): in 
other word the Big Bang.
To quantify this effect we defined the redshift z:



Redshift

So for objects at z < 0.5 we can find 
the distance from the redshift. 

Suppose an object at 
z = 0.1 → d = 0.1 x 3e5/75 = 400 Mpc.

At the same time the spectra of 
this galaxy will be shifted by a delta 
lambda defined in the previous slide: 
the oxygen line at 3727 A will be 
shifted for example at 4100 A.













Spectral evolution
ALMA Receivers – De Breuck+05 - 

Dust continuum flux drops slowly with z (if no source evolution).   

De Breuck +05



Spectral evolution

Zackrisson+01



Further Complications



Further Complications



What did we learn?

1. Distance Measurements
2. Redshift
3. Spectral Evolution
4. Complications



Assignments


