
The Effect Model Starshade Design has on Diffracting a 5.66x10^14 Hz Photon 

Beam in Order to Reduce Visible Light Diffraction in an Image

Research Question Data Analysis and Results

Procedure Conclusion

Which design of a 

model starshade most decreases 

how much of an image 

is obstructed due to the 

intensity of light diffraction?

• Conclusion: The 
Spike Starshade design was the best at 

reducing the intensity of diffracted 

light.

• Reasoning: It was the best at reducing 

visible light diffraction because there 
was little difference between the 

darkest parts of the shadow and the 

lightest parts of the shadow.

Independent Variable : The petals 

on the model star shade

Dependent Variable : The 

greyscale intensity of 

diffraction in the image

Question

Variables

Create a model 

star system with 

a laser and 

posterboard

Put model 
starshade in 

the path of the 

laser

Take pictures 
of the shadow 

cast by each 

starshade

Use GIMP to 

find the 

intensity of light 

diffraction



The Inspiration From the James-Webb Space 

Telescope

This artist's concept shows the 
geometry of a space telescope aligned 
with a starshade, a technology used to 

block starlight in order to reveal the 
presence of planets orbiting that star.

Credits: NASA/JPL-Caltech

An artist's concept of the Webb 

Space Telescope. Credit: NASA 

GSFC/CIL/Adriana Manrique 

Gutierrez

Recently, NASA released a powerful 

telescope to observe forming stars and 

galaxies to further our knowledge of the 

origins of the universe. (Garner) It is called 

the James Webb Space Telescope and it 

launched on Christmas day in 2021 (Sahai). 

The James-Webb space telescope is also 

equipped with a starshade.

The starshade are an important part of the 

JWST because nearby solar radiation is too 

bright to get a clear image. So, NASA equipped 

the telescope with a star shade to act as an 

occulter, blocking out the light of a nearby star to 

ensure that the telescope can capture a clear 

image. (Sánchez)



The Science Behind Light Diffraction and the Spot 

of Arago

A diagram explaining the spot of Arago made 

by user IRISHDODO 

from http://antonalyptic.blogspot.com/

The spot of Arago, 

Giphotostock/Science Photo 

LibraryThe Spot of Arago relates to 

starshade design because if NASA 

used a perfectly round disk to 

block out stars, then the light 

would diffract around it and form 

bright spots in the images.

The Spot of Arago occurs 

when light diffracts around a 

perfectly round object or a 

knife edge, causing the light 

beams to intersect, creating 

bright spots in photos.



Research Question; Hypothesis; Variables;

Reasearch 
Question

Hypothesis

Variables

Which design of a model starshade most 

decreases how much of an image is 

obstructed due to the intensity of light 

diffraction?

If a starshade has a flower-like petal 

design, then the intensity of visible 
light diffraction will decrease.

Independent Variable : The petals on the 

model star shade

Dependent Variable : The greyscale 

intensity of diffraction in the image



Procedure

The dark values were then 

subtracted from the light values to 

find the true light values. Five bar 

graphs were made comparing the 

light and dark values for each 

starshade. A final bar graph was 

made comparing the average ratio 

for each starshade. Conclusions 

were drawn

The images collected were 

uploaded into GIMP, Each 

image was changed to 

greyscale and cropped to 

size. Using the eyedropper 

tool, the lightest value of 

diffraction in the shadow of 

the starshade was recorded

The laser was set up about 300 ft from the 

occulting disk, and the occulting disk was set 

up 50 ft away from the posterboard, and the 

camera was set up below the light of the laser 

in front of the posterboard

The laser was turned on and 5 

photos were taken of the 

shadow cast by the occulter. 

Then the starshade was 

switched out.



Circular Starshade

spot for graph

This is the starshade that produced the effect this entire experiment is based on, the spot 

of Arago. Not only is there a visible ring of light diffraction surrounding the disk, but 

there is also a bright white spot in the center of the shadow cast by the starshade. This 

gives this starshade the highest/lowest light/dark intensity with an average 55% light 

intensity, an average 11% shadow intensity and a light dark ratio of 5.15.



Blob Petal Starshade Graph

spot for graph

This occulting disk produced the most similar results to the perfectly circular occulting 
disk compared to the others. There is still a visible ring of diffraction around the shadow, 

unlike all the other occulters which don’t have a clear ring of light diffraction around 

them. However, in terms of light/dark intensity, the lightest intensity was 25%, the 

darkest intensity was 13% giving it a light dark ratio of 1.87.



Gear Starshade Graph

spot for graph

The gear starshade had the most interesting diffraction patterns out of all of the 

starshades. Instead of grey midtone patches there were small bright spots in different 

places in the shadow. These bright spots contrasted with the patches of dark shadow. So, 

this starshade had an average of a 47% light intensity, a 25.23% shadow intensity, and a 

light dark ratio of 1.68.



Flower Petal Starshade Graph

spot for graph

This is the model starshade with the most error because the petal pattern is the most 
inconsistent. The petals are not all evenly spaced or cut, leading to the most inconsistent 

results, especially when this flower petal design is the actual design used in the James-

Webb space telescope. So while not the best, this starshade had an average light intensity 

of 29% ,an average shadow intensity of 17%, and a light dark ratio of 1.54.



Spike Petal Starshade Graph

This was the best starshade, with the least amount of light diffraction in the shadow compared to all 

the other starshades. Of course, it was not entirely perfect, with an average light intensity of 28%, an 

average shadow intensity of 27%, and a light dark ratio of 1.02. However, it is worth noting that 

when looking at the shadow cast by this starshade design, it most closely resembled the starshade

designed by NASA. So even though I designed the flower petal starshade to replicate their design, I 

may have closer with this design because of the shorter and thicker petals on the disk.



Light Dark Ratio Comparison

Even though the different designs had varying levels of success, all of them managed to 
disrupt most of the light diffraction, all have ratios in-between 1 and 2, compared to the 

circulars disk ratio of 5.1. However, the spike starshade had the smallest ratio of 1.02. 

This means that the intensity of light diffraction made barely any difference to the quality 

of the image.



Claim; Evidence; Reasoning

Claim

Evidence

Reasoning

The Spike Starshade design was 

the best at reducing the intensity 
of diffracted light.

This starshade had the lowest 

light diffraction intensity ratio of 

1.02 compared to the other designs 

that all had ratios above 1.5.

This shows that it was the best at reducing visible light 

diffraction because there was little difference between 

the darkest parts of the shadow and the lightest parts 

of the shadow. So, if this was a real starshade, the 

images taken by the telescope would have little to no 

bright spots or patches caused by light diffraction.



Error Analysis 

Imperfect 
Starshade Replicas

Varying Laser 
Intensity

Color Dropping 
Error

Light Pollution

Because I cut the starshades with my own 

hands and an exacto knife, the edges are not 

as crisp as a real starshades edges would be.

Because the experiment had to be run in the dark, and 

therefore the cold, the laser I was using often had 

varying levels of consistency due to the temperature.

It wasn't completely dark out when doing the 

experiment, which may have impacted the 

results.

Because I didn't automate the process of finding the 

lightest and darkest intensities, it is possible I 

overlooked a darker or lighter value when I was 

recording data.



Future Applications 

Future 
Experiments

Exoplanet Imaging

When experimenting this in the future I 

would like to take the spike star shade design 

and change other variables like the height, 

distribution, and width of the petals.

In general, these kinds of test can 

improve image quality of telescopes, 

especially trying to identify things 

like exoplanets when next to a bright 

light source.
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