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Notebook Entry #1
This experiment is going to try to be a replica of a problem from the James-Webb 
Space telescope. These are the scaled down parts of the experiment meant to 

mimic the star shade equipped on the James-Web Space Telescope.

• This figure describes what a starshade is used for when equipped to an actual 

telescope. (Special Section on Starshades: Overview and a Dialogue)

• The Sun will be represented with a green laser
• The Starsahde will be represented with a scale model occulting disk 

(Note : The model star shades will be referred to as occulting disks 

because Microsoft desperately wants to autocorrect starshade. )

• The Telescope will be represented with an iPhone 14

• Because you cannot very well measure image clarity mathematically, this 
experiment will only be concerned with the amount of visual diffraction, 

projecting the light onto a gridded surface to measure the area of 

obstruction due to light diffraction.



Procedure(s)
Data Collection :
1. 5 model starshades were created, 4 with varying petal shapes and 1 that was a 

plain circle all (x) cm in diameter

2. Distances and specific measurements were calculated to ensure the desired effect is 

achieved

3. A tripod was set up to easily exchange starshades through the use of a wire stand
4. A blank poster board was fastened to a tripod with a size reference of one cm 

drawn on it

5. A blue light laser was fastened to a tripod

6. All tripods were set to the same height of (x)

7. 3 separate trials ensued after sundown (approximately 8:00pm) around the new 
moon when light was low, and the trials proceeded as follows:

8. The laser was set up (x) away from the diffractor.

9. The white poster board was set up (x) away from the diffractor

10.The camera was set up (x) away from the posterboard and (x) out of line from the 

path of light
11.The laser pointer was turned on so that it hit the diffractor and then again the 

poster board

12.3 pictures were taken using the camera using the remote button function

13.The diffractor was then switched out

14.Steps 8-13 were repeated for each different type of diffrator (4 more times)
15.The experiment was then repeated on 2 other different nights for a total of 3 

different data sets



Procedure(s)
Data Analysis :
1. The images collected were run through an imaging processing software (image 

j)

2. Each image was uploaded and the scale of reference of a cm on the poster 

board was set for scale

3. Clear areas of dark spots were selected
4. The total area of dark spots in each image was then calculated and recorded

5. The images were then uploaded again, and the scale of reference was set

6. Clear light spots were selected

7. The total area of the light spots in each image was calculated and recorded

8. The total area of all spots in each image was calculated and recorded.
9. All of the data was plotted on charts

10.The charts were interpreted by being transferred to microsoft excel

11.A bar graph mapping the relationship between diffractor shape on the x-axis 

and total area of dark spots on the y-axis was made in microsoft excel

12.A bar graph mapping the relationship between diffractor shape on the x-axis 
and total area of light spots on the y-axis was made in microsoft excel

13.A bar graph mapping the relationship between diffractor shape on the x-axis 

and total area of spots (light+dark) on the y-axis was made in microsoft excel

14.Data was then compiled and used to draw conclusions regarding the 

hypothesis



Materials
• Thin metal wire; to hold up the diffractors
• 5 less than a 1/4 cm thick star shade replicas; 4 of which 

have uniquely shaped petals 1 of which is a round circle: to 

act as the diffractor

• A 1cm metal ring to act as the base for star shade replicas

• A mic stand : To be able to move and adjust diffractor 
position

• A bike stand : To hold the laser stick

• A stick : To tie the laser to, to ensure it doesn't wobble

• A camera: to record images of the shadow cast by the shade

• A Tripod : to position the camera
• A handoff camera clicker : To keep a safe distance away 

from the laser when completing the experiment

• A green laser pointer; to simulate the sun

• Tape measure; to measure distance when setting up 

experiment
• GIMP; to process and quantify data

• Walkie Talkies; To communicate positioning over the long 

distance required to perform experiment

• A posterboard with gridded lines on it: to have a reference 

for scale and a surface for the laser to cast shadow onto
• A rolling drawer : to have a sturdy mobile surface for the 

posterboard

• Duct tape: To secure the laser to the stick and the 

posterboard to the drawers

Pictured is the bike stand with the laser 
stick attached

Pictured are the old rolling cabinets 
with the gridded paper on them (with 
misc items on top)



Materials (images)

Occulting Disk 1 : Perfectly circular, used as 
a base for the petals as well as a baseline 
for the data (with an AAA battery for scale)

Occulting Disk 2 – Triangle Shape 
petals, adds .15 each side

Occulting Disk 3 – Petal Shape petals 
adds.2 on each side

Occulting Disk 4 – Gear Shaped Petals, 
adds .12 on each side

Occulting Disk 5 – Bubble Shaped 
Petals, adds .12 on each side



Notebook Entry #2
• Making the occulting disks were a challenge, because they needed to be as 

close to perfect as possible as well as being made of the thinnest material I 

could find. So, in order to keep them around the same diameter, I used a thin 

metal washer 1cm in diameter for the base. I then used 2 layers of tinfoil 

glued together as the material for the different petal shapes. I was able to 

trace patterns I made digitally onto the tinfoil and then cut them out with 
an exactor knife. Using tinfoil was much better than my first thought of using 

cardstock, because even though cardstock was sturdy, when I tried to cut it 

into the correct shape, a lot of little paper hairs and imperfections were still 

left behind. In order for the experiment to work, the occulting disk needs to 
have a crisp edge for the light to diffract around it cleanly.

• Because I need a large space to complete the experiment, I've decided to do it 

at a nearby dog park, giving me a range of about 300ft to complete the 

experiment.



Calculations
Distance and Size Calculations : In order to set up the experiment I needed 
to calculate how big the occulting disk should be in comparison to how far away 
it is from the laser.

If we use this demonstration for 
reference (https://vanderbei.princeton.edu/PoissonSpot/PoissonSpot.html) than by 

observing the distances the desired affect is reached at we can see that with 

a 6cm occulting disk the spot of Arago showed up most clearly at a distance 

of 60-600m. So it is safe to assume that the distance should be 1000 - 10000 

times the diameter.

THERFORE the occulting disk should be as small as possible in order to 

minimize distance

Distance in terms of Laser Divergence
The average angle of divergence for a green light laser is 1.5 mili-

radians, and when calculating when the laser beam will be larger than one 

cm, we can see that the occulting disk will need to be at over 100 meters 
away to ensure the beam is large enough to diffract around the disk.

https://vanderbei.princeton.edu/PoissonSpot/PoissonSpot.html


Notebook Entry #3
This first trial has been very informative of the next steps that need to be taken. 
Here is a summary of what the 1rst trial accomplished and what I learned and 
need to fix going forward :

• This first trial was only with the perfectly circular occulting disk and was 

done over a range of 15ft to 100ft and was mostly done as a proof of concept; 

making sure that I could observe the spot of Arago and from what distance the 
effect could be observed the most clearly. While not everything went as 

planned, it was a necessary step to get to the desired experiment setup. Here 

are the most important things I learned:

• The spot of Arago can be observed with the diffractor at 15 ft giving me 

the clearest image
• The 1cm diffractor worked perfectly and with the laser about 200ft away 

from it can capture mostly entirely parallel light

• I learned a lot from this first trial, and here are some of the problems and in 

such the changes I am going to implement going forward:
• The laser does not work when cold. The winter season is good for 

testing because it gets dark early, so I do not have to keep my testing 

assistants (my dad and brother) up too late. However, this is 

simultaneously bad for testing because it is so god forsakenly cold. The 

laser can heat itself up through rapid on and on flashing of the laser, but 
this is time consuming and tedious. In future trials I am going to 

wrap the laser in something warm to try and keep this process 

from slowing down experimentation too much



• The laser is very hard to accurately position and keep in 
one place. Because we are experimenting over a very long distance, 

any small shakes of the laser at the start translate to large motions on 

the posterboard. This is only a real problem because a person needs to 

hold down the button on the laser to keep it on, and with shaky human 

hands holding the laser it can be very hard to get a clear image. The 
solution a friend of mine brainstormed was to have a clamp 

keeping the laser in place, and then when the laser needed to be 

turned on the clamp could be tightened enough that it is pushing 
down the laser button.

• The exposure on the photos whited out. When looking at the 
pictures from this first trial run you can see that instead of green for the 

laser, we get white with green surrounding it, showing that my cameras 

sensor had been maxed out. This will make it harder to capture the 

desired effect and will make the image grainier and harder to properly 

analyze. I need to turn the exposure on my camera down in the 
future.

• There are plenty of other minor tweaks that I am going to make, such as 

wearing warmer clothing so that I'm not miserably cold when in 

experimenting and trying to get out as early as possible to record data as soon 
as it gets dark.


