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Observational astrophysics

Prerequisites

None, but if you have 

problems to follow the 

lectures, do let me know.

Reading material

Available in advance. 

Check the lecture’s website:

https://events.camk.edu.pl/event/27/

Slides

Not available in advance.

After the end of each 

lecture, they will be made 

available.
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When?

Tuesdays, 11:15am

Large seminar room 

@CAMK-Warsaw

Zoom link by e-mail

12 meetings of 1h30m

Participation

Is encouraged. Participation 

and other activities during 

the lectures will count for the 

grades (to be explained 

soon) 



What are these lectures about?
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Observational 
astrophysics

Making measurements 
from astronomical sources

Using the measurements

Testing theoriesEstimating parameters
Understanding the 

errors of those 
measurements

Techniques, 
telescopes and 

instruments



Goals

● To cover what you need to know to 

plan, propose, prepare, carry out, 

and analyse observations.

● Understand the limitations of the 

data that you want to use, but that 

was obtained by someone else.

● There will be a focus on 

near-UV/optical/near-IR 

wavelengths because: 

1) this is what I know best and 

2) most of the observational 
facilities in the world cover this 
wavelength range.

What to expect?
Benefits

● Overview of observing techniques, of 

modern instrumentation, telescopes, and 

missions, and tips for writing proposals

● Obvious use for observers

● But also useful for theoreticians/modellers: 

➔ Compare/test your model/theory with/to 
observational data

➔ Motivate your observer colleagues to 
obtain the right data that you need

➔ Join a proposal, as the provider of models 
or theoretical background

➔ Work on the science case for a new 
instrument or mission
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Topics that will be covered
● The electromagnetic spectrum

● Effects of the atmosphere

● Astronomical coordinate systems and time



Topics that will be covered

● Telescopes and image formation

● Adaptive and active optics

● Detectors

● Measurements, signal-to-noise, errors



Topics that will be covered
● Photometry

● Spectroscopy

● Astrometry

● Asteroseismology

● Interferometry

● Polarimetry

● Infrared observations



Topics that will be covered
● Writing and evaluating observing proposals



The plan is non-linear...
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● Cerro Paranal (VLT, VLTI, VST, VISTA)

● SALT as a comparison

● Cerro Armazones (E-ELT)

● Vera Rubin Telescope (LSST)

● And to space (Gaia, TESS, PLATO, JWST)



Any
question?
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The evaluation

How to get ECTS 
points?



100 points will be distributed
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0-20 

points

Short seminar

5 min, 2-3 slides.

  

0-10 

points

Participation

Questions to me and to 

your colleagues.

  

0-20 

points

Data analysis

Practical exercise with 

real data.

  

0-25 

points

Proposal writing

For the VLT/VLTI.

  

0-25 

points

Proposal evaluation

We will set up mock 

evaluation panels.

  



How?

● Topics randomly distributed

● One week in advance

● Use any material you would 

like

● Max 2-3 slides, 5 mins

● Each person presents once

● Three dates set for this, 

● In each date 1/3 of the 

students will present

Short presentation (0-20 pts)

When?

● See lecture plan

● Meeting #04 (Nov. 16, 2021)

– Topic: Telescopes

● Meeting #07 (Dec. 07, 2021)

– Topic: Instruments 
(Optical and IR)

● Meeting #10 (Jan. 25, 2022)

– Topic: Instruments 
(Optical and IR)
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How?

● Be active

● Ask questions

● To me and to your colleagues 

(during their seminars)

● It’s not comparative; I 

understand participation does 

not come easy to everyone

● But make an effort!

Participation (0-10 pts)
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How?

● Raw data and calibration files 

will be distributed

● Either one long slit stellar 

spectrum or an image of an 

open cluster in one band

● Return a FITS file with the 

reduced data product; with 

reduction info in the header

● IRAF tutorials will be provided

● Data sets can be different for 

each person

Practical data analysis (0-20 pts)

When?

● See lecture plan

● Data sets still to be prepared

● Distributed in advance

● Meeting #08 (Dec. 14, 2021)

– Detectors and data 
processing

● Deadline (Feb. 08, 2022)

● Late work will not be graded
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How?

● E-mail alert of a transient event sent on 

Dec. 07, 2021

● Search information about the object

● Prepare a proposal for follow-up 

observation 

● This task is individual

● (TBD) ESO Phase 1 template

● Use any instrument/telescope at Cerro 

Paranal

● Points are given not for the science, but 

for the technical aspects of the proposal 

Proposal preparation (0-25 pts)
When?

● See lecture plan

● Meeting #07 (Dec. 07, 2021)

– Writing and evaluation of 
observing proposals

● Submission deadline (Jan. 14, 

2022)

● Late work will not be graded
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How?

● We will follow (more or less) the procedure 

of ESO panels

● Each person is a referee of 3 proposals

● You are the primary referee of one 

● Comments and grades by Jan. 28, 2022 

● Material distributed Feb. 04 to “non-

conflicted” people

● I will chair the panel

● (TBD) You will not be present for the 

discussion of your proposal

● Proposals are evaluated based on what 

was written

Proposal evaluation (0-25 pts)
When?

● See lecture plan

● Proposal deadline: Jan. 14, 

2022

● Deadline for evaluation: Jan. 

28, 2022

● Grades and comments to the 

panel by Feb. 04, 2022

● Meeting #12 (Feb. 08, 2022)

– Panel meeting
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Any
question?
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Ethics and feedback



Our meetings should 

be inclusive

● Environment for free 

discussion of ideas

● No one should fear 

to join the discussion

● Please, contribute to 

that

● If I am failing (by my 

own actions, or lack 

of actions), do let 

me know directly or 

anonymously, as you 

prefer

Conduct towards others

● Have a look at the 

Ethics Statement of the 

European Astronomical 

Society

● Sections: conduct 

towards others, conflicts 

of interest, plagiarism, 

attribution of work, peer 

review, language

Feedback

● Appreciated during and 

after the lectures

● In person, by e-mail, or 

anonymous 

● Survey to be set in the 

Lecture’s website
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All professional interactions should be conducted 
with consideration and respect

https://eas.unige.ch/documents/EAS_Ethics_Statement.pdf


Any
question?
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Free templates for all your presentation needs

Ready to use, 
professional and 

customizable

100% free for 
personal or 

commercial use

Blow your audience 
away with attractive 

visuals

For PowerPoint and 
Google Slides

More info on how to use this template at slidescarnival.com/help-use-presentation-template

This template is free to use under Creative Commons Attribution license. You can keep the Credits slide or 

mention SlidesCarnival and other resources used in a slide footer.

http://www.slidescarnival.com/help-use-presentation-template
http://www.slidescarnival.com/copyright-and-legal-information


  

Cerro Paranal Observatory

(Credit: ESO)

(Day 01)



  

https://www.youtube.com/watch?v=LY_zLR9kE1w

VLT Trailer

(Credit: ESO)

https://www.youtube.com/watch?v=LY_zLR9kE1w


  

Paranal Telescopes

● Four Unit Telescopes (UTs) of 8.2m diameter

➢ Antu (UT1, the Sun), Kueyen (UT2, the Moon), Melipal (UT3, the Southern 

Cross), Yepun (UT4, the Evening Star)

● Four Auxiliary Telescopes (ATs) of 1.8m diameter

● The four UTs can work together as a 16m telescope (e.g. ESPRESSO)

● Very Large Telescope Interferometer (VLTI) – combines UTs or ATs

● VLT Survey Telescope (VST) of 2.6m diameter

● Visible and Infrared Survey Telescope for Astronomy (VISTA) of 4.1m 

diameter



  (Credit: ESO)

UTs



  

UTs

(Credit: ESO)



  

UTs
● Alt-azimuth mount

● M1: 8.2m diameter, centre hole of 1m diameter

➢ 175 mm thick

➢ 150 actuators for active correction

● M2: 1.1m diameter, position and orientation 

can be slightly modified

➢ Corrects optical aberration, pointing, and does 

chopping (IR observations) 

● 4 foci: 2 Nasmyth, 1 Cassegrain, 1 Coude

➢ FoV: 20’, 15’, 2’ for each focus

➢ 3 instruments + Telescope combination (Credit: ESO)



  

UTs

● M3: A tower, mounted at the centre of M1 

supports the tertiary mirror

➢ Flat mirror, 870 x 1240 mm

➢ Rotates along the azimuth axis

➢ M3 can be moved away the optical path

● M4-M8: part of the UT structure to create a coudé 

focus (for the VLTI)

● M9-M11: do not move, part of “coudé laboratory”

● M12-M20: part of the interferometric tunnel and lab

(Credit: ESO)



  

UTs
● Each focus has one “adapter-rotator” unit:

➢ Field acquisition: provide visual identification of 

the object to be observed

➢ Guiding: measures the position of a reference 

star (and corrects any error)

➢ Wave-front sensing: monitors optical quality 

changes by gravitational flexure. Used to correct 

position and shape of the mirrors

➢ Rotator: during observations, the field of view 

rotates. The instrument or beam must rotate to 

compensate for that movement

(Credit: amos.be)



  

`

Questions?

(Credit: Shutterstock)



  

ATs
● Four Alt-azimuth 1.8m telescopes (VLTI)

● Platform with 30 positions. Multiple baselines

● Max UT baseline is 130m, Max AT baseline is 

202m (~2 mas of angular resolution in K band)

● 11 mirrors, no active optics, M6 with tip-tilt

● M1-M3 like the UT, 5-mirrors coudé train (M4-

M8) for an underground coudé focus

● M9 dichroic mirror, visible to A&G system

● M10-11 (Relay optics) send 18mm beam to the 

VLTI delay lines (Credit: ESO)



  

(Credit: ESO)



  

(Credit: ESO)(Credit: ESO)



  

(Credit: ESO)



  

(Credit: ESO)



  

VISTA
● Alt-azimuth, 4.1m telescope, 2 mirrors

● Near-IR optimized (protected silver 

coating, 98% reflectiveness)

● One instrument: VISTA InfraRed CAMera 

(VIRCAM) – 0.9 to 1.2 microns

● Mosaic of 16 detectors

● Can image ~0.6 deg2 non-continous sky 

in 1 exposure

● 1.5 deg2 FoV can be achieved in 6 

exposures (Credit: ESO)



  

(Credit: ESO)



  

VIRCAM FoV

(Credit: ESO)



  

VST
● Alt-azimuth, 2.6m telescope,2 mirrors

● Optical survey telescope: 3500-10000 A

● One instrument: OmegaCAM

● Mosaic of 32 detectors, 12 filters

● 4 additional detectors for guiding/orientation 

and for image quality monitoring 

● 1 deg2 FoV with 4 exposures

● Different observing modes depending on goal 

(e.g., stable PSF for precise measurements or 

field completeness) (Credit: ESO)



  

VST

(Credit: ESO)



  



  



  

`

Questions?

(Credit: Shutterstock)



  

(Day 01)



  

South African Large Telescope

● Hexagonal primary mirror 11m across (equivalent to 9.2m)

● 91 individual 1m hexagonal mirrors, three actuators per mirror

● Fixed-altitude telescope, fixed angle of 37 degrees from the zenith

● Azimuthal rotation for target acquisition

● The target is tracked by moving the instrument at the primary focus

● Visibility time and availability in a night depends on the declination of the 

object (45 min to ~3h)

● The “pupil” (the area of the mirror that the tracker sees) moves during 

exposure



  

(Credit: SALT)



  

(Credit: SALT)



  

(Credit: SALT)



  

● About 70% of the sky is observable by SALT

● But each target has its “window of opportunity”

● Instruments can be rapidly changed (less than 80s)

● Considered to be optimal for spectroscopy

● The moving pupil makes absolute photometry/spectrophotometry 

impossible

● Median seeing ~ 1.5” (0.7” in Paranal) 

● Background sky brightness V ~ 22 mag/arcsec2 (~21.6 in Paranal) 

● Airmass of observations: 1.17-1.37

South African Large Telescope



  



  



  



  



  

`

Questions?

(Credit: Shutterstock)
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