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Introduction ɀJerry Hubbell

ÅJerry Hubbell is a retired Dominion EnergyNuclear 
Instrumentation and Controls Engineer with nearly 40 years of 
experience in the Nuclear and Electric Utility business. 

ÅHe is the Assistant Director of the Mark Slade Remote 
Observatory (MSRO) W54, located in Wilderness, VA

ÅJerry is currently the Vice President of Engineering for Explore 
Scientific, LLC. and the Principal Engineer heading the team on 
the development of the PMC-%ÉÇÈÔΊ ÍÏÕÎÔ ÃÏÎÔÒÏÌ ÓÙÓÔÅÍȢ 

ÅHeis Assistant Coordinator for Topographical Studies, Lunar 
Section, Association of Lunar and Planetary Observers (ALPO).

ÅJerryis the author of two books published by Springer Books: 
Scientific Astrophotography: How Amateurs Can Generate and Use 
Professional Imaging Data(2012) and Remote Observatories for 
Amateur Astronomers: Using High-Powered Observatories from 
Home(2015)

ÅHerecently became the Springer Books Series Editor for the 
Patrick Moore Practical Astronomy Series of books.



Presentation Objectives

ÅDiscuss why you would want to observe Exoplanets with Small 
Aperture Telescopes

ÅDiscuss the processes used by amateurs and professionals to perform 
photometric measurements

ÅDescribe the purpose of this study

ÅDiscuss two methods used to perform High-Precision Photometry of 
Exoplanets, Minor Planets , and Variable Stars to obtain their light 
curves. 



Presentation Objectives(ÃÏÎÔȭÄɊ

ÅDiscuss the requirements for an amateur-level astronomical imaging 
system (AIS) needed to successfully perform high-precision 
photometry

ÅDiscuss the general process for analyzing exoplanet light curves to 
determine the size and orbital parameters of the planets

ÅDiscuss the results obtained using the Defocus and Diffuser Methods

ÅDiscuss the pros and cons of the Defocus and Diffuser Methods for 
performing high-precision photometry using an amateur-level AIS



What is a Small 
Aperture Telescope ?

ÅIn the context of this talk (and 
when compared with  a 
professional-level  AIS), a small 
aperture telescope OTA is:

ÅA refractor objective size from
4 inches (0.10 m) to 7 inches 
(0.18 m)

ÅA reflector objective size from
8 inches (0.20 m) to 14 inches 
(0.36 m)



Why Use Small Aperture Telescopes to 
Observe Exoplanets?
ÅUntil the 20th century, amateurs led the development of astronomy 

technology that was later adopted by the professional astronomical 
community. Wealthy amateurs made discoveries throughout the 
ΧέÔÈϾΧίÔÈ ÃÅÎÔÕÒÉÅÓ ÕÓÉÎÇ ÎÅ× ÔÅÃÈÎÉÑÕÅÓ ÁÎÄ ÅÑÕÉÐÍÅÎÔȢ

ÅDuring the 20th century, large institutions invested millions of dollars 
to build larger and better telescopes for professional astronomers to 
lead the way in new astronomical discoveries.

ÅIn the 1990s, amateurs again began to develop new observing 
techniques using inexpensive CCD camera systems to acquire 
professional-level data and to again contribute by making new 
discoveries and by working with professionals in doing follow-up 
work.

NOTE: Bruce Gary was an early pioneer in amateur exoplanet observing and Pro/Am cooperation and has 
written a book called Exoplanet Observing for Amateurs (2009) available at
http://brucegary.net/book_EOA/x.htm

http://brucegary.net/book_EOA/x.htm


Why Use Small Aperture Telescopes to 
Observe Exoplanets?

ÅToday, the technology available to the amateur astronomy 
community rivals that used by professionals only 20 years ago and 
can be used to do the follow-up work needed on new objects 
discovered every day. 

ÅThe professional astronomer  typically relies on large telescope 
systems and is mostly involved with discovery. Amateurs can play an 
important role in doing the follow-up work that the professional 
community just does not have the facilities or the time to do.



Why Use Small Aperture Telescopes to 
Observe Exoplanets?

ÅNASA has acknowledged the need for amateur astronomers and has 
incorporated the Pro/Am model  into  the Transiting Exoplanet Survey 
Satellite (TESS) mission. 

ÅSo that the needed follow-up work can be effectively accomplished, 
the TESS Follow-Up Observing Program (TFOP) has been created to 
enable both amateur and professional astronomers to do the work 
necessary for the success of the TESS mission. 

ÅThe TESS mission is concentrating on close, bright stars (> 11 mag), 
which are the perfect targets for small aperture telescopes but not so 
much for very large telescopes. We will see why later on.



More Information About Pro/Am 
Collaboration Observing Exoplanets

ÅThe NASA TESS Follow-Up Observing Program (TFOP) can be found 
online at:

https://tess.mit.edu/followup/

ÅThe  American Association of Variable Star Observers (AAVSO) has 
created  an Exoplanet Section headed by Dennis Conti. Dennis has 
held several  AAVSO CHOICE classes on exoplanet observing over the 
past 2 years. His book on exoplanet observing using AstroImageJ is 
available at his website:

http://www.astrodennis.com

https://tess.mit.edu/followup/
http://www.astrodennis.com/


Point Spread Function (PSF)

ÅThe Point Spread Function is defined as the response of an optical 
system to a point source input.

ÅThe light collected by the OTA is focused on the image plane of the 
CCD/CMOS detector and is spread out and collected by the group of 
pixels covered by the PSF.



Point Spread 
Function (PSF)

The PSF of a star is 
Gaussian shaped and is 
described by its Full-
Width-Half-Maximum 
value (FWHM). 



Point Spread Function (PSF)

ÅWhen an object is not focused on the image plane of the CCD/CMOS 
detector, the recorded profile may be different .

ÅThe shape of the PSFprofile is circular in the plane of the CCD/CMOS 
detector, and the number of photons collected per pixel follows a 
Gaussian function across the width of the profile.

ÅThe profile for a reflecting OTA with a central obstruction is shaped 
like a donut when the image is not focused; it is Gaussian for a 
refracting telescope with no central obstruction.



Aperture Photometry

ÅIn general, the modern photometric measurement technique using 
CCD/CMOS images is called aperturephotometry.

ÅTwo aperture types are used in conjunction when measuring the 
brightness of a star or other stellar-like objectɂthe apertureand 
annulus.

ÅThe aperturehas a circular shape surrounding the object and 
measures the combined object and sky background brightness.



Aperture Photometry

ÅThe annulus aperture has a donut shape and is used to measure the 
sky background level.

ÅThe annulus brightness measurement is subtracted from the main 
aperture brightness measurement to get the overallobject 
brightness.



Aperture 
Photometry

ÅDiagram showing the 
aperture and the annulus 


