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Introduction  

We are in the midst of a unique combination of natural 
events and technology that enables photography like 
never before. The technology is the digital camera and the 
natural event is the current solar maximum which brings 
aurora, sometimes to the northern US and Colorado. 

Aurora are created by charged particles entering the 
Earth's upper atmosphere funneled by the magnetic field 
of the Earth. I have observed aurora from the lower 48 
states bright enough to read a newspaper by. We are also 
in the internet age where internet resources enable us to 
monitor auroral activity and weather conditions in order to 
be alerted to the best time to head out to view and 
photograph aurora. Figure 1 shows an aurora bright 
enough to see and photograph from within the Denver 
metro area. 

Remember the MHWPC Holiday Gathering!  

Wednesday December 12th at 6:00PM 

See Page 20 for additional details of this special event! 

The club is providing meats and beverages, please bring a side dish to share 

Figure 1. Red and green auroral rays photographed 
in the Denver metro area, November 20, 2003, 
when the Kp index was 9.0. Aurora could be seen 
within the city, with brightness similar to that for 
clouds. Imaged with a Canon 10D digital camera, 24 
mm f/2.8 lens, 20 second exposure at ISO 400.   
This image was obtained from Alameda Parkway on 
Green Mountain, in the city of Lakewood.  The 
aurora could be seen while driving. 
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Lenses and Digital Cameras  

Digital cameras are much more sensitive than film, so armed with knowledge in the internet age with and a 
DSLR with a good lens, one can potentially make some interesting aurora pictures, even from southerly 
locations like Colorado. There is, however, a lot of incorrect and/or misleading information on the internet, so 
with this article, I will try and set the record straight regarding low light photography. 

So what do you need to capture images of faint things like aurora, the night sky and stars? The answer is 
simple: a digital camera with a big lens. On the internet one reads DSLRs are more sensitive than small point 
and shoot cameras. It is a myth and is not correct. All digital cameras have the same sensitivity, at least those 
in a similar generation of manufacture. The main difference in light gathering ability is the lens. 

Small P&S cameras tend to have small shorter focal length lenses than large cameras like DSLRs. It is not 
the f/ratio that determines the light gathering ability, rather it is the diameter of the lens, or more precisely the 
area of the lens. For example, a P&S camera may have a 35 mm f/2.8 equivalent field of view lens, but the 
small sensor may be 5 times smaller than a 35 mm full frame camera, so the real focal length is only 35 /5 = 7 
mm. To find the diameter of the lens, divide the focal length by the f/ratio. Thus, the 7 mm f/2.8 P&S camera 
lens would have a diameter of only 7/2.8 = 2.5 mm. But a real 35 mm focal length f/2.8 lens would have an 
lens aperture diameter of 35/2.8 = 12.5 mm. The 35 mm f/2.8 lens then collects 25 times the light! To get that 
25 factor, square the ratio of the diameters, (12.5*12.5)/(2.5*2.5) = 25. 

So the first step in doing night sky photography is choosing your lens with the biggest aperture. You may say 
that is my 500 f/4 lens (aperture = 125 mm diameter). But one also needs to consider the field of view. A 500 
mm f/4 lens will certainly collect a lot of light but shows only a small part of the sky. One needs a relatively 
wide angle lens to get good coverage. Example lenses are 50 mm f/1.8 (or faster), 35 mm f/2.8 (or faster), 28 
mm f/2.8 (or faster), and so on to shorter focal lengths. 

But as one moves to shorter focal lengths, the aperture is getting smaller. For example a 35 mm f/2.8 lens 
has an aperture of 12.5 mm, while a 20 mm f/2.8 has an aperture of only 7.1 mm. 

One can compute the area of sky coverage with a given focal length and the aperture diameter with a given 
lens. The area of coverage (for example in square degrees) times the aperture diameter is a metric for 
impressive night sky photography. I have computed many lens combinations and tabulated them in Table 1 
at: http://www.clarkvision.com/articles/nightscapes/ 

As one might expect, the faster lenses stand out, e.g. 24 mm f/1.4, 35 mm f/1.4, 50 mm f/1.2. I have decided 
on using a 24 mm f/1.4 lens in the Canon line as I have Canon cameras.  In my opinion, this focal length 
records a fairly large area of sky, and the large aperture collects a lot of light.  Shorter focal length lenses, like 
20 mm only come in f/2.8 (in the Canon line), so the lens diameter takes a big hit. The 24 f/1.4 lens does not 
produce high quality star images wide open, but is acceptable at f/2. If I want to make an image of a larger 
area of sky than covered by this lens, I just make a mosaic. 

ISO Myths  

The next myth on the internet is ISO. ISO does not change sensitivity. In normal daytime photography, when 
you increase ISO, the computer in the camera tells the camera to make a shorter exposure (shorter exposure 
time, or slower f/ratio, or both) and then tells the computer to boost the signal, and boosting along with that 
smaller signal, noise.  But today's DSLRs have another problem: the electronics are not good enough to 
handle the dynamic range of the sensors in the cameras. The result is that low ISO images have noise limited 
by the electronics, while high ISO's do not, but high ISOs have more limited dynamic range. This means there 
is an optimum for low light work. That optimum is usually around ISO 1600 to 3200. More on this topic can be 
found in my nightscapes article at: http://www.clarkvision.com/articles/nightscapes/ 

Planning for Aurora Viewing and Photography  

Ok, so now you know to use your DSLR with your largest aperture wide angle lens at ISO 1600 to 3200. Now 
what? When will there be an aurora? First, we usually need to get away from city lights on clear nights unless 
the aurora is incredibly bright like the one in Figure 1. Second, there should be no Moon in the sky, unless it is 
a very bright aurora. Both city lights and moon light usually add too much light to the sky, which makes it 
more difficult to see and record fainter stars and aurora. 
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Spaceweather.com and Solar Flare Alerts.  Every night does not necessarily have an aurora. To find out if 
an aurora is possible, check spaceweather.com. Spaceweather.com will post alerts about solar flares. Once a 
flare happens, if the flare sends particles, called a Coronal Mass Ejection, or CME toward Earth, usually 
about 2 to 3 days later there is an aurora. Timing is important, as many CME peaks hit the Earth over a few 
hour period, perhaps as much as 12 hours. Hopefully, that occurs during our night. 
 
Wing Kp Index.  But will we actually see an aurora? There are two web sites that I use to check for actual 
aurora. The first is the NOAA Wing Kp index at: http://www.swpc.noaa.gov/wingkp/ which shows the 
measured and predicted geomagnetic activity. In my experience, when the Kp value approaches 6 an aurora 
is likely, but from Colorado will mostly be just a glow on the northern horizon. If it reaches 7 or especially 8, an 
interesting aurora with rays and curtains is more likely.  If Kp reaches 9, like it did for the aurora shown in 
Figure 1, then aurora may be visible from the city.  Figures 2a and 2b show example plots of Kp from the 
NOAA web site. 

 

 

 

 

 

 

 
 

 
 
 
 
 
 
 
 
 
NOAA POES satellite images.  The second resource is the NOAA POES satellite images of the aurora at 
http://www.swpc.noaa.gov/pmap/ which displays near real time images. The POES images show where the 
most intense aurora is located. Examples are shown in Figure 3a, 3b, and 3c, all from this November. Note 
that aurora occurs in an oval, and one long axis of the oval often points toward the lower 48 United states. In 
fact sometimes the auroral band is as intense in states like Minnesota as it is near Anchorage, Alaska. As the 
auroral activity intensifies, the oval gets larger, so the more intense aurora will be seen further south. 

Figure 2a.  Example Kp values over a 7-day period 
in November, 2012. Times are Universal Time (0 
hours UT = 3pm EST, 5pm MST, 6pm PST the day 
before; 0 hr UT Nov 24 = 5 pm MST Nov 23). The 
cyan line is measured Kp, and the yellow points 
and lines are predictions. When the Kp rises above 
5, visible aurora are possible, when above about 7, 
aurora are likely in more southerly states like     
Colorado. 

Figure 2b . Example prediction of rising Kp to     
possible aurora. The prediction is going above 5 
near 4 hours UT, November 24, or 9 pm MST    
November 23. This might be an indication to head 
out for viewing an aurora (later the prediction on 
this event was downgraded). 

http://www.spaceweather.com/
http://www.swpc.noaa.gov/wingkp/
http://www.swpc.noaa.gov/pmap/
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Figure 3a.  Example POES satellite images 
showing a very weak auroral oval. The red  
arrow shows the direction of the sun, so it is 
1:02 am MST. 

Figure 3b.  Example POES satellite images 
showing a moderately strong auroral oval with 
intense aurora just north of the US border. 
Note how much larger the oval is compared to 
that in Figure 3a. There is also low level    
auroral activity in states like Colorado. 

Figure 3c. Example POES satellite images 
showing a very strong auroral oval with       
intense aurora in Russia and Europe. Note the 
position of the sun arrow, so it is just after 
noon on the US west coast. US observers 
would hope the geomagnetic storm would last 
until the Earth rotated so that intense aurora 
was over the US, but this storm died down  
before that could happen. 
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Weather Knowledge  

So armed with solar flare CME alerts from spaceweather.com, Kp predicts and satellite views of the aurora, 
you can decide to make a long drive to a dark site outside the city. But what about the weather? Whether you 
want clear skies for aurora, or partly cloudy skies for sunrise and sunset, there is an amazing website that 
shows cloud predictions for North America at http://www.cleardarksky.com/csk/ for up to 48 hours ahead. It 
also gives predictions on wind. I use this site for astronomy, photography, in my professional work, and even 
planning a hike. 

 

Focusing Your Camera  

Once you reach your photography site and set up your camera on a tripod, focusing can be a big problem 
because small wide angle lenses have relatively small apertures so do not usually collect enough light for 
many DSLRs to accurately focus. The best method is to use live view if your camera has it. With live view, 
zoom in 10x and use a small magnifier on a bright star to focus manually. If your camera does not have live 
view use a flashlight to light something about 50 feet or more away and focus on that. Sometimes you may 
have to place the flashlight close to a distant tree or a rock to get enough light to achieve focus. 

Short Exposures to Star Trails  

There are two types of night sky photography one can do. 1) Star trails. 2) Short exposures to keep stars 
round. With star trails, one can make long exposures, either as one long exposure or several shorter 
exposures that get combined. Figure 4 is an example of star trails with 3 minutes of exposure with a 58 mm 
lens at f/2. 

Figure 1 shows an image taken with a 24 mm 
f/2.8 lens and 20 seconds of exposure. The 
short exposure time limits the rotation of the 
Earth so that the stars remain round. In practice, 
with a 24 mm lens, about  8 seconds is the limit 
to keep stars round, but in a presentation with 
small images, like for the web,  30 seconds will 
also work and show minimal trailing.   Also, if the 
camera is pointed toward the celestial pole, one 
can expose longer without showing star trailing. 

A 3 minute exposure of an auroral band and star 
trails is shown in Figure 4. Auroral bands can 
sometimes remain relatively stationary, allowing 
such long exposures, while at other times, the 
auroral rays, and curtains can move quite 
quickly. 

 

 

Figure 4.  Image of an auroral ray above a 

forest in eastern Washington state,          

September 16, 1974 when the Kp index was 

7.7. Image made on Fujichrome 100 film, 

58mm f/2, 3 minute exposure  

http://www.cleardarksky.com/csk/
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Some example aurora photos are shown in Figures 5, 6 and 7. Note the big difference in the number of stars 
from Figure 1, the film images in Figures 4, 5, and 6, with the image in Figure 7. Digital cameras are much 
more sensitive than film, and the large aperture lens of used to make the image in Figure 7 (24 mm at f/2) 
collects a lot of light, recording fainter stars than in the other images. 

 

 

 

 

Figure 5.  Image of auroral 
rays in the Big Dipper (Ursa 
Major) above a forest in    
eastern Washington state, 
September 16, 1974 when 
the Kp index was 7.7. This 
was a 4 minute exposure on 
Fujichrome 100 film with a 35 
mm lens at f/3.5. 

Figure 6.  Green Auroral glow 
in eastern Washington state, 
September 16, 1974 when 
the Kp index was 7.7. This 
was a 6.25 minute exposure 
on Kodachrome 25 with a 50 
mm lens at f/1.8. This image 
could be made with about a    
5-second exposure with a 
modern DSLR (but with 
shorter star trails). 
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Conclusions  

Armed with modern digital cameras, fast lenses, and web resources enable us to be prepared and ready for 
the next big auroral event. I have seen aurora from the lower 48 US states that pulsate from horizon to zenith 
3 times a second (a fire aurora), curtains that dance and fold on each other, arcs, rays, and general glowing 
in the north. Sometimes the aurora will show color to our eyes and other times will be too faint for us to 
discern color, but our cameras will show wonderful and varied colors as the images here illustrate.   If you are 
lucky enough to travel north or south closer to the poles, your chances of seeing aurora increase. 

 

References and Further Reading  

Observed and predicted geomagnetic activity: 
http://www.swpc.noaa.gov/wingkp/seven_day.html 
To see alerts of solar flare eruptions: http://www.spaceweather.com/ 
Auroral activity satellite view: http://www.swpc.noaa.gov/pmap/pmapN.html 

Clear sky chart: prediction of clouds up to 48 hours in advance for North America  

http://www.cleardarksky.com/csk/ 

 

Nightscape Photography with Digital Cameras http://www.clarkvision.com/articles/nightscapes 

Figure 7.  An auroral glow over Pyramid 
Lake, Nevada on October 17, 2012. There 
are two sources : a general green glow 
above the northern horizon, and a red sky 
glow with banding. There are no clouds in 
this scene. Just above the horizon is the big 
dipper, and little dipper is 1/3 of the distance 
from the top, and to the right. The dipper part 
of the little dipper is just above center. The 
aurora was visible to my eyes, but I could 
not see the color. This northerly view looks 
over Pyramid Lake and the Black Rock    
desert beyond. Canon 1D Mark IV digital 
camera with 24mm f/1.4 lens at f/2,             
30 second exposures at ISO 1600. This is a 
3-frame mosaic. The image covers about 65 
by 90 degrees. The aurora was surprising 
because the Wing Kp index was only about 
2.7, yet the aurora was quite noticeable   
visually. 

http://www.swpc.noaa.gov/wingkp/seven_day.html
http://www.spaceweather.com/
http://www.swpc.noaa.gov/pmap/pmapN.html
http://www.cleardarksky.com/csk/
http://www.clarkvision.com/articles/nightscapes

