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 Abstract 

 Inspired by the starshade equipped to the James-Webb Space telescope, an experiment is performed to test 
 different starshade designs through the use of model replicas. 5 different designs are chosen, one is 

 perfectly circular and the other 4 are fashioned with different shapes of petals. Then using a green laser 
 pointer and a posterboard, a replica star system is created to see how well each design reduced the 

 intensity of light diffraction. The round starshade has a light intensity/shadow intensity ratio of 5.1 and 
 produces an effect called the spot of Arago, which happens when light diffracts around a perfectly circular 
 object. The other 4 starshades all have ratios between 1 and 2, all lowering the intensity in some respect, 
 but the starshade with the spike petals does this the best with a ratio of 1.20. So in the future, when using 
 a starshade to block out  a light source, it is best to use a starshade with petals then a circular starshade. 
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 Research Question:  Does the shape of an occulting disk influence how much of an image is 
 obstructed due to light diffraction? 

 Variables:  Independent Variable: The petals on the occulting disk 

 Dependent Variable: The grayscale intensity of diffraction in the image 

 Background Research 

 Sydney Rawlings 

 Chemistry p.4 

 9/30/2022 

 The Milky Way Galaxy is 100,000 light-years across (Brennan). Hundreds of millions of 
 exoplanets fill the galaxy, and yet only certainly shaped planets, in certain places, with certain 
 kinds of stars that appeal to the fragile nature of the human body. So as such, the technology to 
 detect, observe, and characterize these exoplanets is vital to the exploration of things beyond 
 earth and its solar system. And the road to success is already being paved with projects like the 
 Kepler Telescope, shining light on the endless possibilities for life. Every 1 in 10 suns like our 
 own can have planets that could hold liquid water and nutrients and the building blocks of life 
 (Lunine 277). 

 Quite recently, an instrument capable of just that was launched into space, ready with innovative 
 technologies for characterizing exoplanets. It is called the James Webb Space Telescope (JWST) 
 and it launched on Christmas day in 2021 (“James Webb Space Telescope Poster”). Great 
 expectations are put on its shoulders as it can be used to detect out of this world phenomena, 
 such as pre-planet and planet nebulae, collections of gas and space debris only capable of being 
 imaged by the most sensitive of instruments (Sahai). Without its sensitive near-infrared sensors 
 humans would not be able to observe these collections and formations of celestial bodies (Sahai). 
 While it was not a straight path from start to finish, most noticeably with the degradation of the 
 near-infrared sensors, calling for revisions in the sealant, the engineers and scientists at NASA 
 kept at the drawing board until they got it right (Rauscher). It launched into the sky, equipped 
 with revolutionary technologies in the ways of space imagery such as Fresnel Interferometers, 
 Coronagraphs, and Starshades (Gómez de Castro). 



 Starshades are an important part of exoplanet imaging. When directly imaging planets outside of 
 our solar system, the biggest problem is the star the exoplanet belongs to. The bright solar 
 radiation is simply too bright to get a clear image, which is where the starshade comes in. Star 
 shades, like sunshades, an occulting disk used to block out the sun on earth (Sánchez), are used 
 to create a shadow large enough for the telescope to get a clear image to send back to the 
 scientists and engineers at NASA. There is a problem in the star shades themselves, however, 
 and that is the shape of it. One might think that a simple round disk will do, but, when light 
 refracts around a perfectly round disk, it creates a phenomenon known as the spot of Arago. The 
 spot of Arago creates spots in the telescope's imagery, so instead of using a round occulting disk 
 for a starshade, NASA opted for a more petal-type design (Gómez de Castro 7). 

 Exoplanet imagery is important to research to do because directly imaging exoplanets can aid 
 NASA scientists in their pursuit of searching for other life. Learning more about the galaxy 
 brings humankind closer and closer to going out into that galaxy. As research, science, and 
 technology advance into the great unknown, humankind needs to see what is in front of them. 
 So, they send out telescopes, sensors, starshades, and rockets, doing all they can to learn more 
 about the universe. 

 Materials List 

 Thin metal wire:  to hold up the diffractors 

 Five less than a 1/4 cm thick star shade replicas:  four of which have uniquely shaped petals 
 one of which is a round circle: to function as the diffractor 

 A 1cm metal ring:  To function as the base for star shade replicas 

 A mic stands:  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 does not wobble 

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

 A Tripod:  to position the camera 

 A hands-off 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 Software:  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 

 Procedure 

 Data Collection: 

 1.  Five model starshades were created, four with varying petal shapes and one that was a plain 
 circle all 1-1.5 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 using 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 green light laser was fastened to a tripod 

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

 7.  The laser was set up 300ft away from the posterboard 

 8.  The diffractor was set up 50ft away from the posterboard 

 9.  The camera was set up 1ft away from the posterboard and below the path of light 

 10.  The laser pointer was turned on so that it hit the diffractor and then again, the poster board 

 11.  Three pictures were taken using the camera using the remote button function 



 12.  The diffractor was then switched out 

 13.  Steps 10-13 were repeated for each different type of diffractor (4 more times) 

 Data Analysis: 

 14.  The images collected were uploaded into GIMP 

 15.  Each image was changed to greyscale and cropped to size 

 16.  Using the eyedropper tool, the lightest value of diffraction in the shadow of the starshade 
 was recorded 

 17.  Using the eyedropper tool, the darkest value in the shadow of the starshade was recorded 

 18.  The average light and dark values for each starshade were calculated and recorded 

 19.  The dark values were then subtracted from the light values to find the true light values 

 20.  Five bar graphs were made comparing the light and dark values for each starshade 

 21.  To get a ratio to compare the starshades with, the light values were divided by the dark 
 values 

 22.  A final bar graph was made comparing the average ratio for each starshade 

 23.  Conclusions were drawn 

 Data Analysis and Discussion 

 The data collection and analyzation process was, in a work, tedious. However, he results were 
 remarkably interesting because there were many variations between starshades as well as some 
 general observations. 

 General Observations 

 When looking for light diffraction in the images an important thing to note is that it isn’t just the 
 occulter that is going to diffract light. When the wire stand was also caught in the beam of the 
 laser light diffraction could be observed surrounding it as well. So, some of the images had light 



 ripples around the stand as well because of the laser beam diffracting off of it. Also, 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. 

 Observations from the Circular Starshade 

 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. 

 LIGHTEST VALUE  DARKEST VALUE 

 CIRCLE  55.24%  10.73% 

 img 1  56.10%  9.80% 

 img 2  55.10%  11.00% 

 img 3  54.50%  11.40% 

 Observations from the Blob Starshade 

 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. 

 BLOB AVG:  24.94%  13.36% 

 img 1:  23.50%  16.90% 

 img 2:  33.70%  11.00% 

 img 3:  17.60%  12.20% 



 Observations from the Gear Starshade 

 The gear starshade had the most interesting diffraction patterns out of all of the starshades. 
 Instead of gray midtoned 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. 

 GEAR AVG:  42.47%  25.23% 

 img 1  37.20%  26.30% 

 img 2  49.80%  23.90% 

 img 3  40.40%  25.50% 

 Observations from the Flower Petal Starshade 

 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. 

 PETAL:  28.77%  17.36% 

 img 1  29.80%  18.40% 

 img 2  33.70%  16.10% 

 img 3  22.80%  17.60% 

 Observations from the Spike Starshade 

 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. 

 SPIKE:  28.26%  27.70% 

 img 1  24.30%  31.80% 

 img 2  38.50%  23.10% 

 img 3  22.00%  28.20% 

 Conclusions 

 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. 
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