
AST5770 
Solar and stellar physics

Sven Wedemeyer, University of Oslo, 2025 

Group session 3



AST5770 - UiO - S. Wedemeyer

Feedback on  
first assignment



AST5770 - UiO - S. Wedemeyer

Exercises 1.1
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Exercises 1.2
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Exercises 1.2
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Exercise 1.2.2 - Context data for the Sun
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Exercise 1.2.2 - Context data for the Sun

Hints:  

• Alternatively to referring to the panels as “left”, “third” etc. you could use panel labels a, 
b, c and/or adding small labels (e.g., SDI/HMI).  

• Also, it might be helpful to indicate the exact location of the given target coordinates.  

• Adding axes (in units of arcsec) would be useful.  
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Exercise 1.2.3

• Computational grid: The provided models are computed with CO5BOLD (Freytag et al. 
2012), which uses a Riemann-type solver (not finite differences)    

➡Grid consists of cells, most quantities defined in the cell centres 

➡ For each dimension: Total extent of computational domain = Total extent of all grid cells 

• Ok, to just take the difference between the first and last cell 
centre but also think about the part of the first and last cell 
between their centre and the actual model boundary 

• To be fair … cell sizes only given in vertical direction (dz) 

• But grid is equidistant in all directions! 

x = 1/2 dx0 +(xnx-1 - x0)+ 1/2 dxnx-1

x

dx0 dx1 dxnx-1

x0 x1 xnx-1

x

x = 4725 km + 2 1/2  9 km = 4734 km 
y = 4725 km + 2 1/2  9 km = 4734 km 
z = 1225 km + 2 1/2  7 km = 1232 km 
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Exercise 1.2.3

• The model provided to you was interpolated onto a vertically equidistant grid.  

• Many models are equidistant in horizontal direction but use a varying grid cell size in vertical 
direction. WHY? 

Umbra

Penumbra

• Important to resolve changes in the relevant quantities 
such as pressure with enough grid cells  

• Remember the stratification and the                              
pressure scale height!  

➡ Grid cells per pressure scale height 

➡ Sufficient to have larger grid cell deeper in the model 

➡ Fewer grid cells saves computation time  

Exercise: Determine the pressure scale height as function of 
height in the provided models.
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Exercise 1.2.3

2. What is the average gas temperature and density at the lower boundary of the model?  

• Average gas temperature: 13602.7 K 

• Average density: 1.3409 ·10−5 g cm−3  
  

3. What is the average absolute velocity amplitude (< |v| >x,y,z) in the model?  

• (< |v| >x,y,z) = 1.45 km s−1  

4. What is the ratio of the horizontally averaged continuum intensity at  λ = 4.0 μm        

     with respect to λ = 500 nm? 

• Ratio:                                               = 0.0203  
<I (λ=4.0 μm)>x,y

<I (λ=500 nm)>x,y
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Exercise 1.2.4

Umbra

Penumbra

Continuum — photosphere Line core — chromosphere
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1. Look at the first time step at a wavelength of 656.15 nm. What is the horizontally averaged 
intensity value for that time step at that wavelength? 

– Horizontally averaged intensity: I = 5950.4 [counts]  

2. Now, look at the intensity as a function of time for the pixel with the coordinates  
    [x, y] = [2.204 , −3.480 ] at the central wavelength λ0 for the observed spectral line.  

    What is the minimum value in this time series and at what time is that value reached? 

ix,iy = 238, 183  

ilam= 6  

– Smallest intensity from the time series: I = 487 [counts] 

 – Occured at t = 10:55:32.659 (it=214), t=4343.5000 

Exercise 1.2.4
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Exercise 1.2.4

• Ellipse: major axis = longest diameter; minor axis perpendicular to that 

Continuum — photosphere Line core — chromosphere

a: semi-major axis 
b: semi-minor axis

3. Average the images for the continuum (shortest wavelength in this data set) over time and measure 
the extent of the sunspot umbra in arcseconds. You can measure along the x and y axes or, preferably, 
along the minor and major axis of an ellipse fitted to the umbra. 

4. What is the measured extent in units of kilometres? 
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Exercise 1.2.4

14.8” 

9.0” 

avg

avg
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Exercise 1.2.4

14.8” 

9.0” 

avg

avg

• Exact measurement depends on choice of threshold etc.  
• Also, perimeter of umbra varies! 
• Just try to be as accurate as possible and describe any major 

assumption / step that you made to derive the value so that 
a reader can reproduce your result

~10 700 km 

~6 700 km 
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5. Look at all images for the shortest contained wavelength (λmin) and calculate a histogram for 
these intensity values ( I λmin (x, y, t)). 

• Describe in a few words the distribution that you see (e.g., has a Gaussian form, several peaks, 
maxima etc.).  

• Explain why the histogram looks like that by comparing it to what you would expect when 
looking at these images directly.  

Exercise 1.2.4
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• Three major components  
• Umbra (counts < 4000) 
• Penumbra (counts 4000 - 5700) 
• Surrounding (counts > 5700)

Exercise 1.2.4

• Negative 
values only in 
time step 44 
(artefacts)

4000

5700 

• Thresholds somewhat arbitrary 
chosen by eye
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• What were your challenges with these exercises?  

• More python questions? 

Questions?
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Second assignment
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1. Planning your research project  

1.1. Scientific question  

Instructions. Start with 1-3 sentences describing the context/background for your research project, 
motivating your tentative scientific question that you want to address in your project assignment. 
Continue then to explicitly state that question in 1-2 sentences.  

1.2. Tentative work plan  

Instructions. Outline your tentative approach to address the chosen scientific question in bullet points. 
What do you plan to do first? What next? And so on. Try to briefly describe the result that you expect/
hope that task will produce or the reason why you want to try it. Examples for tasks:  

■ Calculate histograms of the intensity map at λ = xxx nm in data set obs.... for different parts of ... 
■ Measure the size of granules in data set XX. Expected result: Obtain granule sizes.  

1.3. Initial reading list  

Instructions. For each listed paper, explain in 1-3 sentence(s) why you chose that paper. Why do you 
think it might be relevant for your (tentative) science case?  

Second assignment
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2. Introduction / background  

Instructions. Please provide some background / introduction for your tentative science case.  

Start with a broader introduction of the topic and narrow it down towards your science question. 
You should address why the question is important/interesting and what the current state of 
knowledge in the literature (add some references).  

Optionally, you can also add figures if it is helpful for describing/illustrating your science case. 
Requirement: 1 500 - 3 200 words. 

 
(One page of pure text with the given formatting typically contains about 800 to 850 words.)  

 

Second assignment
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Science questions and work plan
Second assignment
• Please remember: You do not have to produce completely new scientific results!   
• Focus on learning how to carry out a scientific analysis and how to present it in written 

form similar to a scientific article 

• Advice:  
• Start realistically and modest with the aim to produce a solid basis.  
• Start with a toned down version of your science question, produce results and figures 

and describe it in your article (mandatory assignments, continuous writing) 
• If all goes very well, (feel free to) expand the analysis. 
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• Aim of a scientific publication:  

• Present new scientific insights/results that contribute to advancing the state of 
knowledge in the scientific field (in a way accessible and understandable to other scientists)  

➡Necessary to identify what of the results goes beyond                                                              
the current state of knowledge 

➡ Requires literature research  

• What are the relevance and implications of the results                                                                 in 
view of the  current state of knowledge?  

➡ Ideally presented connected to existing literature 

Introduction and background — Aims
Second assignment

• For your 2nd assignment (and with the final project assignment: 

• You are new to all that and writing a comprehensive introduction is a difficult task …  

• … but the best way to learn is to actually (try to) just do it!  
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• Aim of a scientific publication:  

• Present new scientific insights/results that contribute to advancing the state of 
knowledge in the scientific field (in a way accessible and understandable to other scientists)  

➡Necessary to identify what of the results goes beyond                                                              
the current state of knowledge 

➡ Requires literature research  

• What are the relevance and implications of the results                                                                 in 
view of the  current state of knowledge?  

➡ Ideally presented connected to existing literature 

Introduction and background — Aims
Second assignment

Accomplished with a good 
introduction: 
Background and review of        
the current state of the art          
with references to existing 
literature

• For your 2nd assignment (and with the final project assignment: 

• You are new to all that and writing a comprehensive introduction is a difficult task …  

• … but the best way to learn is to actually (try to) just do it!  
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• The purpose(s) of an introduction:   

• Introduce the topic (within the scientific field) of your work  

• Provides the context of your work 

• Clearly states the aim/addressed scientific question of the paper and motivates it with 
respect to he current state in the field/literature  

• Clearly states what is new and thus goes beyond the current state of knowledge  

• Provide an overview of the structure and content of the paper 

Introduction and background — Aims
Second assignment

• By reading the introduction, a reader 
should be able to understand why the 
paper is relevant (and worth reading) and 
how it will advance the reader’s 
knowledge about the addressed topic. 
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“Shoulder of giants” = accomplishments of generations of scientists before you 

➡ To be honoured in your introduction (at the appropriate level)  

• But at which level to start?  
• Depends on your target audience! How would you explain the interior structure of a star to 

school child? How to an adult? How to an astrophysicist?  

• How “far down the conceptual ladder” do I have to go?  

• Specific scientific articles typically start off at a high level already.  

Introduction and background — Level
Second assignment

Don’t … Reliable research needs  
systematic order and detail

Get a “feeling” for this 
from reading 
scientific articles!

Fundamental (“common”) knowledge 

Current state of  (advanced) knowledge 
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• The introduction provides a concise and balanced overview of the relevant literature  

• The introduction should not be expanded into a complete review over many pages!  

• Restrict to the aspects relevant for the new results you are presenting and do cite the 
most relevant articles.  

• Complete overviews are given in review papers (which are written for that purpose)  

• Textbook knowledge and statements that are considered  “common knowledge”  should not 
be explained in detail and do not need a specific reference  

• Example: In a scientific article, it is not needed to state the radiative transfer equation in its 
form as presented in countless textbooks and thus no reference is needed. However, if the 
equation is used in an uncommon form that was published by other authors, then that paper 
must be cited (and the equation be given if necessary/useful for explaining the new results).  

• Be fair and balanced. Some topics are debated with papers stating opposing views. Make 
sure to cite both sides and argue carefully and fair if your result supports one side rather 
than the other. Also, make sure to not only cite papers by your “friends”.  

• Be nice and fair if you need to criticise / prove other people’s work wrong. 

Introduction and background — Level & balance
Second assignment
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Start reading literature and take notes  
• Try to note important statements that are relevant for your science question and clearly connect 

them to the source you got them from  
• It might be difficult to separate the most relevant from less relevant in the beginning but not get 

tempted to note all details.  
• Look for references that are made in these papers that are most relevant for science question.  
• Retrieve these new publications and read.  

• Make a mind map (or some other helpful way) to organise the retrieved information  

• Try to create a “red thread” that connects the most relevant information starting from the 
general background to your specific science question                                                                     
(You can start by ordering keywords in your latex doc).   

• Now fill in the relevant information bits in more detail in your own words with references  
• Do not care about language yet. Do not stop if you don’t remember the English word, just use the 

Norwegian one for now.   

• Order the content: First, work on the individual passages and move them around until 
they match your wanted “red thread”. Remove text that seems to be irrelevant/does not fit.   

• Language editing: Start from the beginning of the text and rewrite in a consistent way, 
sentence by sentence. Repeat as often as needed. 

Introduction and background — How to do it? 
Second assignment
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• Scientific articles are written in a particular language/style                                                                            
(very different from other types of literature/written media)  

➡ IMPORTANT: Read scientific articles and pay attention to how they are written:            
• How are things expressed in terms of language?  
• How are the sentences and paragraph connected? 

• Learn by writing yourself.  
• Try to adopt the style you see in professional scientific articles.  
• Just get started and work on a first draft. Iterate and improve the text again and again 

until it is consistent and meets the/your style requirements.  
• You will get feedback after delivery of the assignment,                                                         

which you can use to improve the introduction for the                                                          
final project assignment. 

Introduction and background — style
Second assignment
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• From general to specific — Tell a (logical) “story”.  
• Start with the general topic and cite papers with general results 

(finding good review articles may help here)   
• Narrow down towards the specific topic/question of  your paper 

and cite papers that are directly related to your work 

• Make sure to mention the following  

• Motivation: What is new here and/or why was it necessary to do 
this study?  
• New method or observational opportunity/better data?  

• Shortcoming in previous research (knowledge gap) that is filled now?  

• Outline your methodology/approach including any important 
(“top level”) assumption that is made (but not all details)  

• Possible restrictions/limitations of the results/conclusions    

• Optionally, end with an overview of the different sections, describing 
each with 1-2 sentences 

Introduction and background — structure 
Second assignment

Start at appropriate 
level

Specific 
scientific 
question

Broader back- 
ground
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Common knowledge 
(Don’t bother.)
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• Your assignments are not scientific journal articles.  

➡ A bit more relaxed regarding the level. 

• Any textbook material that you found extremely helpful for explaining the scientific 
background?  

➡Ok to add a concise description. 

• The level is appropriate if any other student in this course can understand all of the 
background of your science case from reading your introduction!  

➡ It is encouraged to let the others read and comment on your text. 

• An introduction of a scientific article typically does not include figures. 
• For your assignments: Ok to add figures under the condition … 

• … the figure is really helpful for introducing your science question.  
• … the figure and all graphical elements are described in a figure caption.  
• … the source is acknowledged (or reference given). 

Introduction and background — your assignment
Second assignment
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Introduction and background — Examples 
Second assignment
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Introduction and background — Examples 
Second assignment

Start by reading the articles on          

your reading list and                               

learn from those how                                              

the introduction is built up! 
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• Plagiarism = copying text without explicitly acknowledging the source                                                              
(includes sources like (text)books, other scientific articles, theses, webpages etc.)  

➡ You would present other people’s work as your own. That is intellectual theft!  

➡ Unfair and illegal — not ok  

• Quoting text word by word (with or without quotation marks) is plagiarism  

• Presenting a published result/idea (that is not common knowledge) in own words 
without citing the source is plagiarism.  

• Copying text from you own published texts without reference = self-plagiarism,                   
also not ok!  

• Careful: Today articles/theses are checked automatically for plagiarism.  

• Getting caught has consequences (e.g., excluded from a PhD program)   

• Not worth it, unnecessary and easily avoidable!  

Plagiarism and how to avoid it!
Second assignment
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• Plagiarism = copying text without explicitly acknowledging the source                                                                

•  Not worth it, unnecessary and easily avoidable!   

• “… but it is so much easier to copy nice text than coming up with new text myself…”  

• How to avoid it then?  
• You find a sentence/paragraph that you wish you could use it in your article. What to do?  

1. Copy the text and immediately mark the text in quotation marks with a different 
colour and write the source before/behind it. Make sure the highlighting does not disappear accidentally.  

2. Rephrase the most relevant part in your own words and make sure it is clear that this 
statement/idea originates from the mentioned source.  

• Example from the paper by Nordlund et al. (2009): “The typical size of granules, and other 
convective cells deeper inside the convection zone, is set by mass conservation and is a few 
times the local scale height.”  

•  Rephrased in your paper, e.g.: According to Nordlund et al. (2009), as a result of the 
conservation of mass, the typical size of convective cells including granules at the surface is 
a few times the local scale height.

Plagiarism and how to avoid it!
Second assignment


