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Hello, my name is Emily Rull and I will be presenting on my Honors and Pence Boyce research project today discussing a 3D printed filar micrometer that I designed and printed over the summer of 2017.



“Double stars are the tinted 
jewels and waltzing couples of 

the night sky”
-James Mullaney
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So before we talk about filar micrometers, we need to talk about double stars. James Mullaney said in his 2006 book that “double stars are the tinted jewels and waltzing couples of the night sky” and anyone who has observed double stars will agree whether observing highly contrasting pairs like the one pictured here or a perfectly matched pair of stars.



Double Stars

• Double stars have an observable orbit
• The mass of the double stars can be 

calculated from this orbit
• The mass of a star is the primary influence 

on how its life progresses.
• Mullaney states it is the only direct method 

of calculating stellar mass
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The waltzing couples concept can be explained by the fact that double stars have an observable orbit just like many other celestial objects. The image here shows the orbit of 99 Herculis from 1996 projected to 2050. Again, just like other celestial objects, this orbit can be used to find the mass of the stars. This is really important because the mass of a star determines how its life progresses. The mass determines how long the star lives, how it dies, and what happens to it when it dies. Double star orbits are the only direct way that astronomers have found to find stellar mass. This means that the masses we have found with respect to non-double systems all have basis in double star research. 



Filar Micrometers

• The closest double star pairs require a 
visual measurement technique

• Used as primary double star measuring 
tool from 18th to 20th century 

• Professional astronomers are neglecting 
the study of double stars

• Amateur astronomers can gather 
professional data with the right tools
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Double stars that are observed very close to each other cannot be accurately measured by the photographic or light analysis methods that are often used to measure double stars that are further apart, so they must be measured by visual techniques. The filar micrometer was invented in the 1600s and was the primary tool to make measurements of double stars until the 20th century when photographic and light analysis methods were developed and became popular in professional astronomy. As other fields of astronomy began making leaps forward in the late 20th century, professional astronomers moved away from double star research. In this community, amateur astronomers now have an opportunity to be involved in gathering professional data on double star orbits if they have access to the tools that will make this possible.



GOAL

3D print a filar micrometer that could 
be used by amateur astronomers to 

measure double stars.
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The primary goal of this proof-of-concept project was to 3D print a filar micrometer that can be used by amateur astronomers to measure double stars. In my opinion, this goal was achieved.



Using the Filar Micrometer
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Methodology

• Researched amateur designs in Sky & 
Telescope

• Design process was iterative with four 
distinct prints

• Calibrated using Couteau’s artificial 
double star
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I started my research by looking into filar micrometer designs and I found several articles about amateurs building their own filar micrometers out of metal so I based some of my design on the descriptions in those articles. My project was kind of unique among these amateurs because I 3D printed the filar micrometer rather than machining it out of metal. As I moved through the design process, I made 4 distinct prints, you can see below some of the stages that the slide went through before it reached its final shape. Once I had a filar micrometer that I was happy with I began to make measurements of a simulated double star. This method was described by Paul Couteau and I used these measurements to find the calibration value of the filar micrometer. 



Artificial Double Star
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So the way that this artificial double star works is you place a bearing ball here with two flashlights pointed at it. When you observe the bearing ball through a telescope, it simulates the image of a double star like the one that we saw earlier in the slides. By changing the distance between the flashlights, you can change the separation of the simulated double star and measure a variety of different simulated stars. 



Results

• The collective calibration value is 1.55E-4 inches per 
arcsecond.

• The calculated percent error of the simulated 24 
Coronae Bernices measurements is 16.88%.
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I have the individual calibration values for my measurements in a chart here and you can see that they average at around 1.55E-4 inches per arcsecond which can be seen right around this line here. When my measurements of the simulated 24 Coronae Bernices were compared to the distance in arcseconds of the simulated star, the percent error comes out to almost 17% which isn’t quite up to the professional standard of 10%.



Results

• The final cost includes:
– Final print
– Vernier micrometer
– Nichrome wire

• Final cost comes to less than $250
• Cost of professionally built filar micrometer 

is more than $2500
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The cost of my filar micrometer is also not quite professional, but in a good way!! The final cost that I calculated for the instrument includes the final 3D print of the design, the cost of the vernier micrometer that makes the measurements possible, and the nichrome wire that is placed in the focal plane. This total comes out to about $235 which is less than 10% of the professional cost of the instrument. I would say that this filar micrometer is firmly amateur status at this time.



Conclusions/Project reflection

• Successful filar micrometer at amateur 
level achieved. 
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I would say that this filar micrometer firmly amateur status at this time. I think that this project confirms the research on other amateur astronomers that I found early in the project and that amateur astronomers can make professional measurements with amateur-made instruments. I believe that the desired 10% error of professional measurements is well within striking distance of this instrument. As I mentioned before, this filar micrometer has been rated at 17% error at this time, but this is with a very limited sample size.  I believe that with additional research, many more measurements, and maybe a bit of adjustment, this filar micrometer could produce measurements of nearly 10% error all at 10% of the professional cost. 



Thank You
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Before I wrap up, I want to make sure that I say a quick thank you to Ms. McGrady for organizing Scholar Week and setting up our presentations today. Thanks to all of you for coming to support myself and the other presenters here today. Thank you to Dr. Case for being a fantastic mentor and being encouraging and supportive throughout this project. And Thanks to the Honors Department and Pence-Boyce Research Committee for making this whole project possible.
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Questions?
Contact me at Emily.Rull777@gmail.com
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