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• Who is who?

• Course logistics and plan for the semester

• What is gravitational lensing - a quick overview.

• History - The Early Days of Gravitational Lensing

• Worksheet Week 1
- Details later

What’s the aim of today?
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• Name?

• Focus of studies / topics of interest?

• Background, i.e., “Journey to Potsdam University”?

Who is Who?
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• Lasts for 15 weeks
• 1V1S setup, i.e., 45min. “lecture” + 45min, “seminar” each week

- But will be more 90 minutes of lecture-and-seminar
• Introduction to basics of Gravitational Lensing (GL)

- From a theoretical side
- From an observational side

• Focus on general “astronomer skills” used daily in research
- Science communication
- Feedback and evaluation
- Topic condensation

• Weekly worksheets to reflect topic of the week
• Slides and Worksheets available at course web-page

- https://kasperschmidt.github.io/teaching/SS19_GravLens_UP765

Course Structure:

mailto:kbschmidt@aip.de?subject=
https://kasperschmidt.github.io/teaching/SS19_GravLens_UP765
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Course Plan on Webpage (updated along the way)
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W Lecture (Wed.’s 08:15-09:00) Exercise/Seminar (Wed.’s 09:00-09:45) Location

1 Slides 01
Intro & Early days of GL

Worksheet 01
(Literature searches and first lenses) 2.28.2.011

2 Slides 02
Light deflection and basic GL geometry

Worksheet 02
(Select poster topic for presentation) 2.28.2.011

3 Slides 03
Multiple images

Worksheet 03
(TBD) 2.28.2.011

4 Slides 04
The lens equation

Worksheet 04
(Poster presentations) 2.28.2.011

5 Slides 05
Magnifying sources

Worksheet 05
“Journal club” allocations 1 2.28.2.011

6 Slides 06
GL time delays

Worksheet 06
(Present “journal club” papers 1)

Essay allocation
2.28.2.011

7 Slides 07
Finding gravitational lenses

Worksheet 07
(TBD) 2.28.2.011

8 Slides 08
Micro GL

Worksheet 08
(Finishing essay) 2.28.2.011

9 Slides 09
Searching for extrasolar planets with GL

Worksheet 09
“Journal club” assignments 2 2.28.2.011

10 Slides 10
Modeling GL

Worksheet 10
(Present “journal club” papers 2)

Essay review allocation
2.28.2.011

11
Slides 11

Special lecture/seminar
——    Re-schedule to AIP?   —— 

Worksheet 11
(TBD)

AIP on
XX?

12 Slides 12
Weak GL

Worksheet 12
Essay review feedback 2.28.2.011

13 Slides 13
Lensing the CMB

Worksheet 13
(TBD) 2.28.2.011

14 Slides 14
The future of GL

Worksheet 14
(Select and start preparing outreach) 2.28.2.011

15 Slides 15
Summary, loose ends and Q&A

Worksheet 15
(Outreach presentations) 2.28.2.011

Potential Examination: 
45 min. oral examination

20 min presentation w. topics known in advance + Q&A.

Course Plan: PHY-765 - Gravitational Lensing (GL)
version: April 10, 2018

Lecture plan subject to change. See https://kasperschmidt.github.io/teaching/SS18_GravLens_UP765 for details.Week
Date
Time Lecture Exercise/Seminar Location

1
April 10

8:00-10:00

Slides
Intro & Early days of GL

Worksheet
(Literature searches and first lenses) 2.28.2.011

2
April 17

8:00-10:00

Slides
Light deflection and basic GL geometry

Worksheet
(Select poster topic for presentation) 2.28.2.011

3
April 24

8:00-10:00

Slides
The lens equation

Worksheet
(Continue work on poster) 2.28.2.011

4
May 1

8:00-10:00
Holiday - no lecture. Compensated by 5-10 minutes longer days weeks 1-15 N/A

5
May 8

8:00-10:00

Slides
Multiple images

Worksheet
(Poster presentations) 2.28.2.011

6
May 15

8:00-10:00

Slides
Time delays

Worksheet
(“Journal club” allocation 1) 2.28.2.011

7
May 22

8:00-10:00

Slides
Magnifying sources

Worksheet
(Present “journal club” papers 1) 2.28.2.011

8
May 29

8:00-10:00

Slides
Finding (strong) gravitational lenses

Worksheet
(Paper review) 2.28.2.011

9
June 5

8:00-10:00

Slides
Microlensing

Worksheet
(“Journal club” allocation 2) 2.28.2.011

10
June 12

8:00-10:00

Slides
Searching for extrasolar planets with GL

Worksheet
(Present “journal club” papers 2) 2.28.2.011

11
June 19

8:00-10:00

Slides
Modeling Gravitational Lenses

Worksheet
(Select topic and prepare for ‘talk’) 2.28.2.011

12
June 26

8:00-10:00

Slides
Weak Gravitational Lensing

Worksheet
(Science presentations w. slides) 2.28.2.011

13
July 3

8:00-10:00

Slides
Cosmic Shear and the CMB

Worksheet
(Select and start preparing outreach) 2.28.2.011

14
July 10

8:00-10:00

Slides
The future of GL

Worksheet
(Finish outreach) 2.28.2.011

15
July 17

8:00-10:00

Slides
Summary, loose ends and Q&A

Worksheet
(Outreach presentations) 2.28.2.011

Potential Examination: 
45 min. oral examination

20 min presentation w. topics known in advance + Q&A.

Course Plan: PHY-765 - Gravitational Lensing (GL)
Version: April 9, 2019

Lecture plan subject to change. See https://kasperschmidt.github.io/teaching/SS19_GravLens_UP765 for details.
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What is Gravitational Lensing?
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What is Gravitational Lensing?
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What is Gravitational Lensing?
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• Strong

• Micro (μ-arcsec scales)

• Weak

- Extended & point sources

- Most extreme distortion of source

- Multiple images

- Strong lensing regime
- Point source vs. point source

- Smalle scales → unresolved img

- Lens and/or source is often diffuse
- Statistical assessment of effect

What is Gravitational Lensing?
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The Cheshire Cat RXJ1131-1231

Alcock+1993

Skowrun+2015

Maturi & Merten 2013

! 
GL

! + γ
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➡ Improved S/N and multiple sight lines

➡ Reach intrinsically fainter objects

➡ Resolve high-z

➡ Probing cosmological parameters

➡ BH, planet, galaxy, galaxy cluster

What is Gravitational Lensing Good For?
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• Multiple images                  

• Magnification of light        

• Improved resolution          

• Δt ≠ 0 in light travel times

• Probing mass of lens        

• …
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• Before Einsteins GR people already speculated about gravity’s affect on light

• Already in Newton+1704, Sir IsaacNewton asked: 
- “Do not Bodies act upon Light at a distance, and by their action bend its Rays; 

and is not this action strongest at the least distance?”

• In 1784 Mitchell wrote Cavendish about “black” bodies’ affect on light particles 

• Cavendish estimated the deflection using Newtons gravity but never published

• In 1796 Laplace (independently) noted:

- “that the attractive force of a heavenly body could be so large, that light could 
not flow out of it”

• This lead to the definition of the Schwarzschild radius: Rs = 2GM / c2

• Soldner+1804 derived the Newtonian deflection angle (details next week):

- tan α/2 = GM / v2r   →   αN = 2GM / c2r    if  v = c and α is small

The Early Days of GL
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• Using this equation the prediction is that a star behind the sun should be 
shifted by 0.85 arcsec

• In 1911 Einstein independently derived the same value (before GR)

• Freundlich initiated expedition to Russia for the solar eclipse in 1914
- WWI broke out and Freundlich was arrested by the Russians.

• Einstein+1915’s GR provided the correct deflection angle
- α = 4GM / c2r  ~  2 ⨉ αN  = 1.75 arcsec

• Was confirmed with 1919 and1922 expeditions

• Lodge 1919 used the term ‘lens’ for the first time
- Noting bad comparison without focal length

• Chwolson+1924 predicted “fictive double stars”                                                         
and “ring of light” for perfect alignment

The Early Days of GL
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Campbell & Trumpler 1923
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• After discussions with Mandl, Einstein published calculations of 
deflections for a star-star lens in 1936

• Zwicky (1937a,b):

The Early Days of GL
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(Exercise 1.1)
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• Zwicky suggested “Nebulae as Gravitational Lenses” in 1937a,b
- Predicting deflections of up to 0.5 arc minutes

- Magnification making un-detectable objects detectable (amplification bias)

- Predicting magnification allow studies of object at higher redshift

- Foreseeing such lenses as powerfull estimators of lens masses

- Predict that 1/100 nebulae have (ring-like) lensing effects

- Pointed out the importance of spectroscopic redshift in determining lenses

The Early Days of GL
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• In 1963, Schmidt presented the first stellar-like extragalactic object, QSO

• Early 1960s several authors “revived” the dormant studies of lensing
- Klimov 1963: Looking at Einstein rings and multiple images
- Liebes 1964: Looking at star-star (MW star - M31 star) lensing
- Refsdal 1964a,b: Difference in light travel times of multiple images and       

xxabamgebegme the  use of these to determine H0

• Hence, point-sources were now available for lensing of galaxies…

The Early Days of GL
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• Walsh+1979 discovered the first QSO lens: QSO 0957+561

• Has been confirmed from multiple observations since then

The Discovery of the First Lens(es)
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Walsh+1979Michalitsianos+1997

Gorenstein+1988
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• Walsh+1979 discovered the first QSO lens: QSO 0957+561

• Has been confirmed from multiple observations since then

The Discovery of the First Lens(es)
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Walsh+1979Michalitsianos+1997

Gorenstein+1988

Hubble
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Schneider+1988

• The Einstein Cross was presented by Huchra+1985

The Discovery of the First Lens(es)
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Hubble

Yee+1988
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• Discovery of luminous arc in clusters of galaxies occurred in 1986/1987 

The Discovery of the First Lens(es)
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Hubble

Soucail+1987

Patricio+2018

Richard+2010

Abell 370 
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Wambsganss+1998

ADS

- 400

• Since the early 1990s things have gone fast

• Since 2014-2018 more than 3000 hours spend 
on the 6 Hubble Frontier Fields Clusters

• And that’s only 6(!) cluster lenses -                                                                 
Then there are all the other lenses out there…

The Growing Importance of GL
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• GL convert the effect of gravity on light 

• GL is usually divided in strong, micro and weak lensing

• GL causes multiple images, magnification, time delays, better resolution 

• GL has been discussed in literature since the 1700s

• GL was first confirmed in 1919 from behind of kacground stars by sun

• First QSO (multiple images) lens discovered by Walsh+1979

• First extended arc discovered in 1986/1987

• GL studies are still going strong with no sign of stopping…

So in summary…
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Questions?
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The Weekly Worksheets
• New Worksheet every week

• A mix of: 
- “astronomer skill development” exercises
- classic problem solving
- instructions for task/assignments to be presented at later stages 
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This Week’s Worksheet


