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Introduction:  On the night of 20-21 January 2019, 

a total lunar eclipse occurred which was visible through-
out all of North and South America as well as Western 
Europe and Africa. During the early stages of totality 
several observers reported seeing a flash of light toward 
the western limb of the moon in the vicinity of the crater 
Lagrange H.  J. M. Madiedo, et al [1] and J. I. Zuluaga, 
et al [2] have published a rather extensive analysis of 
multispectral visible imagery of the event and they 
placed the time of the flash as 4 h 41 m 38.09 ± 0.01 s 
UTC on January 20, 2019 and its location in seleno-
graphic coordinates at 29.2 ± 0.3 °S, 67.5 ± 0.3 °W.   

The authors of this work set up an observation of the 
eclipse in Tulsa, OK (USA) mainly to collect data on 
the cooling rate of various parts the moon’s surface as 
determined by imaging the eclipse in 3 regions of the 
infrared spectrum. These were the short wavelength in-
frared (SWIR, wavelengths between 0.9 – 1.7 µm), the 
medium wavelength infrared (MWIR, wavelengths be-
tween 3.0 and 5.0 µm) and the long wavelength infrared 
(LWIR, wavelengths between 8.0 and 11.0 µm).  In ad-
dition, a scientific grade color visible camera was de-
ployed for context imagery. Imagery was recorded spo-
radically throughout the initial partial stages and totality 
and it was fortuitous that the impact event was recorded 
in visible and SWIR cameras.  The MWIR and LWIR 
cameras were recording imagery at the time of the im-
pact event but we have found no evidence of the event 
in the imagery from those cameras.  In this paper we 
detail the calibration of the cameras and we use the cal-
ibration to determine the in-band source radiance and 
intensity as functions of time from the event in the bands 
in which it was observed. Finally we will use the im-
agery and the CTH  impact model to estimate the size 
and speed of the impacting object.  

Results.  The eclipse was observed from the vicinity 
of the Tulsa International Airport (Tulsa, OK USA) Fig-
ure 1 shows single frames of imagery from the visible 
camera (a) and the SWIR camera (b) of the impact flash.  
The visible camera was running at a frame rate of 10 Hz 
and flash was only clearly seen in a single frame but the 
SWIR camera was running at 38 Hz and 7 consecutive 
frames of the event were recorded The sensors were ra-
diometrically calibrated so that it was possible to deter-
mine the point-source intensity of the flash in the SWIR. 
While the 38 Hz frame rate was sufficiently high to in-
clude multiple frames of the event it was not high 
enough to record the maximum intensity which was 

likely to have occurred between the first frame of this 
data set and the frame previous to it.   

 
Figure 1. Impact event from the total lunar eclipse of 
January 21, 2019 in the visible (a) and SWIR (b).  

The SWIR point-source intensity is plotted as a 
function of time from impact in Figure 2.  The decrease 
in intensity is modeled well by an exponential function.  
The maximum intensity determined by extrapolating the 
decay to the time of impact was 4.00×108 W/sr.  The 
maximum measured intensity from the frame recorded 
approximately 17 ms (but could be as much as 34 ms) 
after impact was 3.10×108 W/sr.  The total integrated 
optical energy in the SWIR band over the time the flash 
was observable was 127.5 MJ. 

 
Figure 2. Point-source intensity of the impact flash rec-
orded by the SWIR sensor. 

The initial frames of SWIR imagery showed the im-
pact flash to be somewhat asymmetric (see the inset in 
Figure 1b). The asymmetry in the flash signature ex-
tends toward the lunar south as much as 5 pixels (ap-
proximately equal to 40 km) from the main site of the 
impact.  The asymmetry is also well aligned with the 
pixel row direction.  Figure 3 shows line profiles of the 
intensity for the first 4 frames in which the flash was 
recorded.  Note that the most intense signal in the first 
frame is observed 1 pixel to the south of where the 
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strongest signal is observed in subsequent frames.  This 
could be a result of motion of the sensor platform which 
was manually tracked.  The asymmetry of the initial 
flash leads us to believe that the impacting object came 
from the lunar north direction and hit the lunar surface 
at angle of 45° or shallower to the local surface plane.   

 
Figure 3. SWIR intensity profiles of the impact flash along the 
row (south) direction for the first 4 frames that the flash was 
observed. 

JHU/APL applied the CTH [3] hydrocode, devel-
oped by Sandia National Laboratories, to run simula-
tions of potential impact scenarios to provide a source 
term to generate light curves over the wavelengths of 
the SWIR band (0.8 µm – 1.7 µm).  The model takes 
into account the materials of the impactor and the sur-
face being impacted as well as the mass, speed and angle 
of impact to produce source temperature as a function 
of time after impact.  If the source is assumed to be a 
blackbody radiator then the integrated signal in a partic-
ular wavelength band may be calculated. An example of 
the model output is shown in Figure 4.  For the condi-
tions described in the caption the model predicts a flash 
temperature of around 1500 K and that the flash is 
asymmetric with respect to the crater formed by the im-
pact. 

 
Figure 4.  CTH simulation results at 320 µs after an impact of 
a 30 cm rocky projectile at a speed of 17 km/s and an angle of 
45° to the surface.  

The data collected by Madeido, et al and Zuluaga et 
al were exclusively in the visible band (although in dif-
ferent filtered regions between 0.4 and 0.7 µm).  While 
this observation did include a single frame in a visible 
camera the “built-in” filters have significant spectral 
overlap making it very difficult to obtain multispectral 
information from it.  Zuluaga, et al quote a value for the 
total optical energy in the visible for this event as 6 MJ. 
Our measurements yielded a value of 127.5 MJ in the 
SWIR band. From the ratio of the radiated energy values 
in the two spectral bands it is possible to estimate an 
average temperature for the event. Figure 5 shows the 
calculated radiance ratio for the SWIR and visible bands 
as a function of blackbody temperature for the observed 
ratio of 21.6 the temperature implied would be 1700 K. 

 
Figure 5. Calculated radiance ratio vs. blackbody tempera-
ture for SWIR and visible bands. 

As part of this presentation we will also show 
MWIR measurements of the cooling profiles of lunar 
features during totality.  The cooling exhibits an expo-
nential behavior. Figure 6 shows MWIR images of the 
moon during a partial phase and totality.  Note that the 
large impact craters continue to have a strong IR signa-
ture throughout the eclipse while the highlands do not. 

 
Figure 6.  MWIR image of the moon during partial eclipse 
(left) and total eclipse (right).  
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