
Photometric Analysis of a 1905 Photographic Plate

The Barnard Atlas and 10B-161
More than 150,000 photographic plates are stored in the Plate 
Vault at Yerkes Observatory in Williams Bay, WI, including the 50 
original negative plates used in E. E. Barnard's 1927 Photographic 
Atlas of Selected Regions of the Milky Way. By digitizing these 
plates, we can obtain accurate measurements of phenomena from 
over 115 years ago, some of which may never occur again.

Scanning and Pre-Processing
We scanned our plate with an Epson 12000XL graphic arts scanner, 
which is a high-quality, commercially available piece of equipment. 
We used Silverfast Ai IT8 to configure the scanner to produce 16-bit, 
RGB TIFF files. We then used a piece of software called ImageJ to 
reduce the file size and retain the 16-bit limit without changing the 
relative color channel strengths. Afterwards, we utilized the online too 
Astrometry.net to match each pixel on the plate to a known pair of 
equatorial coordinates on the sky. 

How Well Did We Do?
We visualized data in the 
Tool for OPerations on 
Catalogs And Tables 
(TOPCAT) and analyzed  
effects of the scanning 
process. One of these was 
the orientation of the plate 
on the scanner bed. 
Because of periodic 
carriage movement, quasi-
periodic patterns appeared 
in the residuals of our 
astrometric measurements 
in the direction of the 
scanner (top left). 
Magnitude measurements 
correspond  well to the 
accepted measurement 
from Gaia (bottom left). 
This trend breaks down at 
very low magnitudes due 
to the transformation (see 
below). Scatter can be 
caused by overcrowding of 
stellar images, light 
scattering in the scanner, 
and stellar movement or 
variability over the past 
115 years. 

Boutique Analysis of Supergiants
To test if our scan could yield scientifically valuable data, we 
performed an analysis of red supergiants (RSGs) on the plate by 
performing a symmetric match in TOPCAT between our plate 
catalog and the Messineo catalog of known RSGs. This yielded 9 
stars within our plate scan. In order to obtain the most accurate 
magnitude measurements, we opted for individualized magnitude 
APT analysis to better account for issues such as overcrowding. 
While unrealistic for a larger catalog, we were able to perform this 
type of analysis due to the small number of RSGs.
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The image at left shows 
10B-161, which later became 
Plate 8 in Barnard's Atlas. 
Although Barnard himself 
deemed the plate uninteresting 
for his purposes, it features 
several useful reference 
objects, including star cluster 
Messier 35 near the very 
center. It was this plate that we 
chose to analyze, due in part to 
its relatively low star density. 
The red outline delineates the 
part of the plate which later 
appeared in the Atlas.

Using 32-bit integers during image transformation caused another 
issue. With particularly bright stars, pixel degradation would take place 
and APT would be unable to properly analyze magnitude. This meant 
that the range in which we could accurately measure stellar 
magnitudes from photographic plates was relatively limited to a 
measurement of 9: a star brighter than this is difficult to analyze on the 
plate.For our particular sample of stars, this isn't a massive issue for 
overall confidence, as this affects only the few brightest stars on the 
plate. However, it is a known issue to watch for when analyzing plates 
with higher quantities of bright stars. 

The top left image shows Mary Ross Calvert (left), Barnard 
(center), and Oscar Romare, machinist (right) on an eclipse 
expedition to Wyoming in 1918. Calvert, Barnard's niece and 
assistant, was a computer and astronomical photographer who 
performed many of the computations necessary for completing the 
Atlas' tables. Barnard worked on the Atlas up until his death in 
1923, but was not able to see it to completion. In collaboration with 
Yerkes Director E.B. Frost, Calvert played an invaluable role in 
bringing the work to publication.  
The image at the top right shows E. E. Barnard at work on the 
Bruce Telescope. The Bruce was specially fabricated for the 
purpose of creating the Atlas, with its wide field specifically suited 
for observations of the Milky Way. 

In this work, we have demonstrated that we are able to 
successfully measure the magnitudes of stars from observations 
made over a century ago. These data, especially as they record 
events which may never recur (such as supernovae, non-periodic 
stellar variability, and other such phenomena) are invaluable to the 
scientific community. We believe these data deserve to be made 
publicly accessible, and to that end, we plan to submit a catalog of 
the stellar observations made from 10B-161 to the Vizier catalog.  
In addition to the 49 other plates in Barnard's Atlas, Yerkes 
Observatory is home to a multitude of spectral, survey, and 
objective prism plates which we plan to analyze using a variety of 
scanning and photographic methods.  
This project is supported by team members from the University of 
Chicago Library department, to whom we would like to extend our 
warmest thanks. Funding comes from the NSF EAGER program.

Where Do We Go From Here?

Comparing our analysis with the 
magnitudes at catalog creation 
showed large consistency in 
values. A notable exception is the 
brightest star on the plate; RA 
93.71907, Dec 22.50675. There is 
observable pixel degradation due 
to the chosen transformation. 
Additionally, our magnitude for the 
third-brightest star (RA 92.9844, 
Dec 23.2071) is 0.5 mag brighter 
than Gaia data, making it a good 
candidate to detect long-term 
variability within our sample. 

Transformation and Measurement
To reverse the image, a  
density wedge determined 
the relationship between 
transmission values and 
photographic density 
output by the scanner. We 
derived a two-parameter 
logarithmic equation 
which, when applied to the 
values on the step wedge, 
produced a linear plot.

Experiments with the parameters 
produced an appropriate version 
of the transformation equation for 
the plate scans: 

D = 1.75*log10(65535/(s-6000)) 

We transformed each pixel in our 
FITS image using this equation 
and produced a positive image 
(i.e., white stars on a black 
background.) The central star 
cluster, M35, is shown at right.

We then used the Aperture 
Photometry Tool (APT) to 
match each star on 10B-161 to 
a star in the Gaia Catalog 
(taken in 2015) and measured 
each of their magnitudes. This 
allowed us to compare our 
measurements of the 1905 
image to modern accepted 
measurements. The image at 
left demonstrates how APT 
compares the flux through a 
central disc to the flux through 
an annulus to produce a 
measurement of magnitude.
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