
UNDERSTANDING OUR UNIVERSE THROUGH OBSERVATION 

Dr. Michael Cushing, associate professor of physics and astronomy, studies brown dwarfs, 
objects only theoretically known until 1995. Before the discovery of brown dwarfs, there was a 
knowledge gap between the least massive stars and the size of Jupiter. Brown dwarfs fill in that 
gap.  

In parallel with the discovery of these objects, was the 
discovery of exoplanets.  

“Trying to understand the properties of these thousands of 
other planets we’ve found, outside the eight in our solar 
system, is difficult,” said Cushing. Studying exoplanets is 
complicated by their proximity to stars. However, brown 
dwarfs have properties similar to these objects, and they do 
not orbit stars, making study easier.  

“They have clouds, they have water in their atmosphere, 
methane and ammonia—these are things we have in our 
atmosphere,” Cushing said. Most of his research over the 
last decade has been to understand the basic properties of 
brown dwarf stars: temperature, composition of their 
atmosphere, and how clouds produce weather on these 
objects. This research involves use of the Hubble and 
Spitzer telescopes, two of NASA’s Great Observatories.  

“These are very close to us in the scale of the universe,” 
said Cushing. “You can go out and make a catalogue of 
the closest 100 stars. These are places we could go 
some day. When humans start leaving the confines of the solar system, they’re not going to 
travel to the other side of the universe, they’re going to go to the nearby places.” 

It is this idea that piqued Cushing’s professional interest. He entered the astronomy field early 
when brown dwarfs were a new phenomenon. He enjoys mapping brown dwarfs, and examining 
them from the perspective of the physics of their atmosphere. They represent a “more realistic 
reproduction of what’s out there in the universe.” 

The interdisciplinary nature of studying brown dwarf stars continues to hold his interest. Before 
the discovery of brown dwarfs, there was never any crosstalk between scientists studying 
atmospheres of stars and planets. Brown dwarf stars blur the line between the two.  

“You have to pull information about planets, stars, chemistry, meteorology—there’s all sorts of 
interesting connections between the various subfields of astronomy and science in general,” 
Cushing said.  

At some point, we all want to be 
able to say, “I understand how the 

universe works.” 
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He is currently studying the subtle variables in cloud structure, which signals different possible 
weather patterns. Examining the intensity changes in time can help infer what is going on with 
the clouds.  

Connecting this research to exoplanets, then, is invaluable to scientists. Observing exoplanets is 
difficult, so scientists use models and theoretical calculations to infer the properties: size, mass, 
temperature. All of these estimations depend on how the clouds form on the exoplanets.  

Cloud forms can change the view of the mass and range of planets in the universe. By studying 
brown dwarfs, Cushing can work out the physics of atmospheric changes, and improve the 
theoretical models planet researchers use to make inferences about exoplanets.  

Part of his research motivation is just “pure intellectual curiosity.” Cushing channels that 
intellectual curiosity into teaching his students and educating the general public. As director of 
the Ritter Planetarium, he facilitates programs every weekend for the community: a Friday night 
show, and a Saturday afternoon program for children.  

“At some point, we all want to be able to say, ‘I understand how the universe works.’” Cushing 
said. His study of brown dwarfs brings us one step closer to that understanding.   


