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ABSTRACT 

 
         The total solar eclipse on August 21, 2017 provided a notable opportunity to measure the 
solar corona at specific emission wavelengths to gain information about coronal magnetic fields. 
Solar magnetic fields are intimately related to the generation of space weather and its effects on 
the earth. The infrared imaging and polarization information collected on coronal emission lines 
here will enhance the scientific value of several other ongoing experiments, as well as benefit the 
astrophysics and upper atmosphere communities. Coronal measurements were collected during 
the 2 minute and 24 second totality period from Casper Mountain, WY.  Computer-controlled 
telescopes automatically inserted four different narrow band pass filters to capture images in the 
visible range on a 4D PolCam, and in the infrared range on the FLIR 8501c camera.  Each band 
pass filter selects a specific wavelength range that corresponds to a known coronal emission line 
possessing magnetic sensitivity. The 4D PolCam incorporated a novel grid of linear polarizers 
precisely aligned with the micron scale pixels. This allowed for direct measurement of the degree 
of linear polarization in a very small instrument with no external moving parts as is typically 
required. The FLIR offered short exposure times to freeze motion and output accurate thermal 
measurements. This allowed a new observation of the sun’s corona using thermo infrared 
technology. 
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1.     Introduction 
 
The biggest show in the sky was right in front of us. On August 21, 2017, my team and I 
observed the sun’s corona during the total solar eclipse in Casper, Wyoming (Figure 1). Our goal 
was to measure specific coronal emission lines that show information about the strength of the 
magnetic fields within the sun’s atmosphere. These magnetic fields are intimately related to the 
generation of space weather and its effects near the earth. Space weather can cause damage to 
satellites orbiting the earth, astronauts traveling through space, telecommunications on earth, 
electricity grids, radio waves, pipeline current surges, and more. Therefore, if we can fully 
understand the strengths of these magnetic fields we then can better forecast a space weather 
event before it approaches earth. We also tested camera technology for polarimetry with future 
application to astronomy and to make progress in assessing emission lines for coronal 
magnetometry. 

 

Figure 1. The total solar eclipse of 2017 during observation. 

1.1 

You may ask “why are we measuring emission lines during a solar eclipse?” The moon blocks 
out the solar disk and allows the faint corona to be seen. However, we studied and recorded the 
wavelengths in the sun’s corona during the total eclipse. This specific event was known as the 
Umbra (total eclipse), and was only observable within the path of totality. This happens when the 
moon orbits between the Earth and Sun along a linear path. The moon from earth presents itself 
to be the same size as the sun due to the distance between the earth and moon (Figure 2). 
Therefore, a short period (2-4 minutes) of darkness occurred during the day at our location of 
observation. This particular path of totality extended from Oregon through South Carolina 
(Figure 3).  
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Figure 2. The position between the sun, moon, and earth depicts how a total eclipse is formed. 

 

 

Figure 3. The locations at which the total solar eclipse of 2017 was visible. 

The Penumbra (partial eclipse) was seen at other locations throughout the country. The signal 
from the sun changed by four orders of magnitude during the eclipse. At First contact, the moon 
appeared to touch the edge of the sun, which was the start of the eclipse. Second contact, as the 
moon’s full edges touched or completely covered the sun, was the official total eclipse. Third 
contact, as the moon’s edges began to uncover the sun, was the end of the totality eclipse. Fourth 
contact, the moon completely separated from sun, was the end of partial eclipse. This study fully 
measuring the eclipse during the umbra, between second and third contact (Figure 4). These 
points of contact only gave us roughly 2 minutes and 28 seconds to observe the eclipse, which 
required precise acquisition. 
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Figure 4. The details of the four stages throughout the process of an eclipse. 

  
1.1 
 
For this project, we focused on the magnetic field within the sun’s corona (Figure 5). The corona 
is the outer layer of the sun’s atmosphere, which is made up of plasma and solar flare explosions 
from within the sun. The sun’s magnetic field forms from sun spots in the sun’s photosphere (the 
surface). As sunspots produce solar magnetic fields, they then begin to build up with plasma and 
explode solar flares once the plasma is no longer contained (Figure 6).  
 

 
Figure 5. The sun’s corona during the 2017 total eclipse . 
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Figure 6. Inner/Outer layer diagram of the sun. 

 
These flares contain dangerous particles (protons, electrons, other Ionizing radiation) that burst 
and sometimes move towards earth, which we know as space weather. Once these particles reach 
the earth’s magnetic field, they align themselves to corresponding particles within the earth’s 
currents of the magnetic field. In this project, we aimed to understand the southward directed 
magnetic fields from the sun that can couple to the earth’s magnetic field. The very low corona is 
a dynamic place above the transition region through which energy and mass are transported, 
some of which escapes to form the solar wind. This region can be explored in IR and visible 
emission lines during a total solar eclipse. Such events provide a compelling opportunity to 
examine the magneto-thermal environment of the very low corona and to identify the optimal 
emission lines for coronal magnetometry. 
 
2. Methods 
 
We investigated new diagnostics for measuring solar coronal magnetism during the total solar 
eclipse on August 21, 2017. The total planning and preparation period for the event was only 10 
weeks. This preparation/research was carried out at the National Center for Atmospheric 
Research (NCAR), High Altitude Observatory (HAO) in Boulder, Colorado. To observe the 
eclipse, we used a 4D (PolCam) polarized camera (Figure 7) and a FLIR infrared camera  
(Figure 8) to collect two different observations of the sun’s corona. We used both cameras 
simultaneously to record the eclipse at 2 minutes 24 seconds between second and third contacts.  
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Figure 7. 4D Technology polarized camera. 

 

 
Figure 8. FLIR infrared camera. 

 
2.1 
 
The PolarCam camera took images of numerous polarized angles from each video frame  
(Figure 9) (4D Technology 2017). With this camera, we aimed to measure Iron (Fe) X 637.45 
nanometer (nm), Fe XI 789.19 nm, and Continuum 735 nm wavelengths in the sun’s corona 
during the total eclipse. The Fe X 637 (Figure 10) is a bright coronal line with strong emission 
line polarization signal used to measure the linear polarization and the orientation of the 
magnetic field. The Ni XV 670 (2.5 MK) emission corresponds to hotter plasma, which is 
valuable as a temperature diagnostic. The Fe XI 789 (1.3 MK) line should have no linear 
polarization from the emission line and acts as a control for the experiment. Continuum 735 
(temperature independent) polarization (K corona) arises from scattering by coronal electrons 
(Figure 11). Emission from the other lines depended on both temperature and density. To 
observe the sun’s corona closely, we attached the PolCam (Figure 12)  and filter wheel (Figure 
13) to a Stellarvue telescope (Figure 14).  
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Figure 9. Grid of 0, 45. 90, 135 degree pattern. 

 

 
Figure 10. An example chart showing the location of Iron(Fe) coronal emission line. 

 

 
Figure 11. Wavelength diagram on a horizontal visible spectrum. 

 



 SOARS® 2017, Keon Gibson, 8 

 
Figure 12. The stellarvue telescope that is attached to the PolCam 

 

 
Figure 13. The Starlight Xpress Filter Wheel  
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Figure 14. Each component combined. 

 
The FLIR infrared camera records low noise images (Figure 15), which offered short exposure 
times to freeze motion and output accurate thermal measurements (Figure 16)  
(FLIR 2017). For the FLIR, we measured Mg VIII 3028 nm, Si IX 3935 nm, Continuum 3520 
nm, and no filter Continuum wavelengths in the sun’s corona (Figure 17). We took advantage of 
commercial filters which matched well with the bandpasses needed for coronal emission lines to 
retain a diverse set of electron temperatures and increase sensitivity of the Zeeman effect in 
infrared (Figure 18). The information on the brightness of these lines is important for identifying 
the optimal lines for coronal magnetometry.  The infrared region has benefits over visible and 
shorter wavelength light for coronal work. Magnetic sensitivities are stronger, because the 
Zeeman splitting varies with the square of the wavelength. The brightness of earth’s 
atmosphere is far less in the IR than in visible wavelengths. Therefore, like the Polcam we 
mounted the FLIR on to the Losmandy GM8 mount and contains a filter wheel built inside 
(Figure 19).   
 

 
Figure 15. The FLIR camera used for this experiment. 
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Figure 16. Infrared photo taken by a FLIR camera. 

 

Figure 17. Wavelength diagram on a horizontal infrared spectrum. 
 

 
Figure 18. The Zeeman effect on emission lines. 
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Figure 19. Process of how the camera and filters worked during this observation. 

 
 

2.2  

The Polcam observation was automatically done using LABVIEW, a programming software for 
instruments. In Figure 20, the user control front panel is where we input specific exposure times, 
filter wheel position, the gain for the PolCam camera. In addition, we could view a live video 
and view the previous image the camera took as it recorded the eclipse. The background (block 
diagram) consists of the specific windows, buttons, tables, and titles for the front panel  
(Figure 21).  
 

 
Figure 20. The front panel in our LABVIEW program. 
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Figure 21. The block diagram in our LABVIEW program. 

 
 
 

The FLIR observation we used ResearchIR, is a programming software designed specifically for 
FLIR instruments. In Figure 22, the user input the exposure time, length of data recorded, filter 
wheel position, etc. This software allowed us to view the eclipse live while recording data as it 
appears through the filters.  
 

 
Figure 22. An image of my thumb in the Research IR software. 
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We fully measured the second and third contacts. The time duration between second and third 
contact was approximately 2 minutes and 24 seconds at which we recorded the data. In contrast, 
the time between first and fourth contact lasted approximately one hour and twenty minutes  
(Figure 23). 

 
Figure 23. The exact event date, time, altitude, azimuth of process of the partial and maximum eclipse observed at 

camp Wyoba in Wyoming. 
  
During the period before first and second contact, the sun’s typical irradiance (1365 W/m2) 
would have damaged our telescopes and cameras, so we used a protective neutral density (ND) 
filter on the lens until second contact. During this period, we inserted a neutral density filter in 
front of our telescope’s objective lens to protect the instruments and removed the ND filter at 
second contact. Between second and third contact we used computers to automatically switch 
between four narrow band pass filters. Each filter selected a specific wavelength of interest that 
corresponded to its known coronal emission line (Figure 24). Inserting each filter and recording 
imagery take approximately 30 seconds between each filter. This sequence was repeated three 
times, before, during and after totality. In addition, we streamed the camera’s imagery to our 
laptop’s hard drive throughout the entire process of the eclipse. 
 

 

 
Figure 24. An example of how each filter outputs each image for the PolCam. 
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2.3 
 
We observed the eclipse at Camp Wyoba, which is located on Casper Mountain in Casper, 
Wyoming (Figure 25). We arrived at Camp Wyoba on Friday, August 18. Setup included a  
10 inch tent to protect telescopes from rain, hazardous weather, and the outdoor environment (Figure 
26). The tent was set up with enough room to move back and allow sunlight to illuminate the 
telescopes. On August 18-20, we rehearsed our observation sequence to cancel out all error 
during the actually eclipse. On the day of the eclipse, we started up our equipment at 8:30 a.m. so 
that we could start the first sequence before first contact. During the first sequence, we took 
opals for the PolarCam and ran it using 500 and 20-60 ms exposures. This was done as a diffuser 
that requires the sunlight hitting PolCam and spreads it out spatially. The name is called opal 
because scientist used opal stones for this purpose many years ago. Therefore, opals allow us to 
calibrate the brightness of the corona compared to the solar disk, and allow us to correct pixel to 
pixel sensitivity variations in the camera. We then took darks for the FLIR and ran this test using 
the same exposures. We took darks in order to correct the zero level of the data. Basically, we 
subtract the dark level and divide by the diffuser data. It is more complicated with the FLIR data 
because it is very difficult to measure a dark, since everything we put in front of the camera to 
block the light is emitting in the infrared. We therefore took "darks" with blockers at two 
different temperatures.  Twenty minutes before second contact, we took images of the sky with 
the FLIR to calibrate the camera. Overall, this was done for the gain and calibrations that are 
obtained by taking images with emission sources at two different temperatures (intensities). As 
we approached 10 minutes until second-third contact, we inserted the neutral density (ND) filters 
onto the telescopes to focus on the sun for totality. During the second sequence, we started our 
LABVIEW and ResearchIR software so that the cameras would begin to take data during 
totality. Most importantly, while our instruments were recording the data, we took time to 
observe the beauty of the total eclipse with our own naked eye. The third sequence which was 
after totality, we took more darks/calibrations with the PolCam and FLIR.  
 

 
Figure 25. Shows where we were located during the eclipse at Camp Wyoba.  
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Figure 26. The observation setup. 

 
3. Preliminary Results  
 
We are still reviewing results from this observation, where some data results came out very 
useful, while others became rather difficult to manipulate and provide conclusions. For example, 
the data from the PolCam presenting the best results/comparisons so far versus the FLIR data 
which presented several issues.  
 
3.1  
 
Light from the corona is composed of three components: the E-corona, made up of emission 
lines produced by ionized elements in the corona; the K-corona, produced by photospheric light 
that is scattered by coronal electrons; and the F-corona, produced by sunlight scattered from dust 
particles in the Sun’s environment and in space. With the Polcam, polarized white light 
observations of the corona provided a way of isolating the K-corona to determine its structure, 
brightness, and densities. We compared the coronal polarization brightness with the two other 
telescopes that acquired linear polarization observation of the eclipse and the NCAR/HAO K-
Cor white light coronagraph observation from the Mauna Loa Solar Observatory in Hawaii. This 
comparison includes a discussion of the cross-calibration of the different instruments and reports 
the results of the coronal polarization brightness and electron density of the corona. 
We have found that the calibrated polarization brightness from the Polcam (Figure 25) agrees 
with the calibrated polarization brightness from the Mauna Loa Solar Observatory K-Cor 
coronagraph (Figure 26). The two datasets agree to within 15% in the regions of good signal-to-
noise. 
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Figure 25. Polarization brightness images of the total solar eclipse on Aug 21, 2017  

 

 
Figure 26. Image of the NCAR Mauna Loa K-Coronagraph in Hawaii 

 
3.2 
 
With several issues from the FLIR data, we took 900 images which were obtained in 
approximately 30 seconds in each of these 4 bandpasses at a rate of 30 Hz. There was some drift 
in the background level observed in all of the eclipse sequences and NUC data sequences. The 
non-uniformity corrections (NUCs) were computed according to the algorithms in the FLIR. The 
median values of the images are plotted below for the 4 bandpasses as a function of image 
number (time) during the 30 second sequences. All of the signal levels were decreasing during 
the observations. These drifts are likely due to temperature drift. A large ambient temperature 
drop > 10 C occurred between first and second contacts. 
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Figure 27. Plots of the bandpasses drift in the background 

 
The most serious issue is that the data taken during the eclipse looked strange. For example in 
Figure 28, the coronal structure is evident in this image, however, the image appears to be 
defocused and very annular in appearance. 
 

 
Figure 28. An example of an unfocused image during the eclipse 
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Above (Figure 28) is a cropped image of the corona (500 x 500) taken during the eclipse without 
a filter with a reverse color table. This is the average of 30 seconds of data. The data has been 
NUCed but the NUCing could be improved as evidenced by the vertical stripes in the data. The 
cause of the annular appearance is unknown. This is seen through all the filters as well as the 
unfiltered data. Several causes have been ruled out. The most likely cause of the annular 
appearance is improper focusing of the lens. The lens was focused on the solar disk taken 
through the ND filter about 10 minutes prior to totality. It is our opinion that the poor image 
quality of the HAO eclipse data limits its scientific usefulness and further analysis is not 
warranted at this time.  
 
4. Conclusion 
 
This investigation was designed to provide imaging and polarization data of coronal emission 
lines during the 2017 solar eclipse. Our goal was to measure specific coronal emission lines 
during this event. Our observation was taken place in Casper, Wyoming and there we recorded 
data from the emission lines. In addition, we explored new thermal infrared technology which we 
thought would offer a powerful tool for studying polarized light. Coronal measurements were 
collected for 2 minutes and 24 seconds during the totality period from Casper Mountain, WY.  
Computer-controlled telescopes automatically inserted four different narrow band pass filters to 
capture images in the visible range on a 4D PolCam, and in the infrared range on the FLIR 8501c 
camera. Overall, we have found that the PolCam turned out to be the best experiment. The data 
was just as accurate as the Mauna Loa Solar Observatory in Hawaii. The data from the FLIR 
experiment gave us issues due to unfocusing from the camera itself which made results difficult 
to conclude.  
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