
This lab seeks to: 
 show students that observational astronomy involves quantitative data taking with instrumentation (beyond stargazing) 
 demystify the imaging process by using familiar, everyday equipment, rather than specialized apparatus 
 provide students opportunities to experience the joy and frustration of observing and to make measurements from their own images 
 demonstrate the value of prior planning and good note-taking in the laboratory/observatory 

 
Why the Moon? 
The idea is to observe a real sky object.  The Moon is big and bright, within the abilities of the students to find and to make careful observations. 

The adaptation and use of webcams is not new and is well established in the amateur astronomy community (Schröder & Lüthen 2009).   
In the present application, the lens is removed and discarded; the CCD is placed directly at the focal plane of the telescope.   
The electronics is retained as-is and plugs into USB ports of computers. 
 
* Equivalent products are now commercially available (e.g. Orion Starshoot USB Eyepiece Camera II) but we made our own and show students they are made from a common webcam. 

Logistics: 
 Students sign up in groups for 

staggered shifts at 8” telescopes. 
 The class stands by for first clear  

evening with Moon. 
On Observing Night: 
Students plan & execute a grid pattern  
and keep an observing log. 
 
N.B. Prior to these labs, students have worked though labs on 
basic optics and image formation with lenses & mirrors. 

An earlier version of this lab using  
35 mm film was presented at  
Cosmos 2004 (Sato 2004 – paper I).   
 
This lab has evolved to employ the  
common camera technology of the day [“no specialized apparatus”(Lab Aims)].   
Webcams were tested in the 1990s (KPU Mk I) but the user experience was not found 
smooth until revisited in 2009. 
 
In anticipation of a future without webcams, we have begun exploring the use of 
smartphones. Stay tuned for paper III. 

Lab Development: 
Pretty Picture is not necessarily the objective 
Equipment can be chosen to acquire a pleasing image with a single exposure.   

 too trivial as student exercise 
Mosaic image 
CCD size and focal ratio allow each frame to image a small region of the Moon – 
oversampling the seeing disk.  In order to build a mosaic, students must: 

 plan their observations for overlapping frames, and 
 take good notes (observing log) 

 
Technical Issues: 
Auto-Exposure (expected) 

 We use the webcam software furnished with the computer or the camera.   
 By default, software appear to set exposure based on average pixel value 
 Good results if Moon fills the frame 
 Overexposed if blank sky is part of frame 

CCDs inconsistent (not expected) 
 Chips contained inside the same model cameras varied in size 
 Sky coverage varies accordingly 

Students know what to do (could have expected) 
 We haven’t had to instruct students on camera/computer operation 

 
Overall: 
The observation part of the lab is a fast-paced evening and fulfilling for students 
and instructor alike.  Although seemingly a logistical nightmare, it runs smoothly 
once the details are worked out.  Students have consistently reported enjoying 
making the observations and learning that measurements can be made from their 
own images. 

Lab Aims 

Camera 

History Lessons Learned 

Contact Information: 
 
Takashi Sato 
Dept. of Physics 
Kwantlen Polytechnic University 
12666 72nd Ave 
Surrey, British Columbia V3W 2M8 
Canada 
 
takashi.sato@kpu.ca      604-599-2656 
Lab manuals and more at 
http://www.kwantlen.ca/science/physics/faculty/takashi_sato/COSMOS2013.html 

Equipment 
The entire lab can be implemented using widely 
available  equipment.  

1. Small telescope. We use 8” instruments which 
are larger than needed 

2. USB operated camera adapted from a webcam* 
3. Computer. We use netbooks 
 

No campus observatory needed. 

Imaging the Moon II: Webcam CCD Observations & Analysis 
                               a two-week lab for non-majors 

Takashi Sato 
Dept. of Physics, Kwantlen Polytechnic University, Vancouver, Canada 

Lab Activity: Analysis (Week 2) Lab Activity: Observations 
                                               (Week 1)   

Presented at Cosmos in the Classroom – Astronomical Society of the Pacific.  July 20-24, 2013, San Jose, California, USA. 

Lab manuals and more at http://www.kwantlen.ca/science/physics/faculty/takashi_sato/COSMOS2013.html 

Student Results 
Good planning and 
complete observing 
logs go a long way 
toward successful 
mosaic building. 
 
 
 
 
 
Some students 
realize they can let 
the Moon drift 
across the CCD with 
tracking turned off. 

References: 
Sato, T. 2004, Imaging the Moon: Observation & Analysis, at 

Cosmos in the Classroom 2004 – Boston (paper I) 
Schröder, K.-P., & Lüthen, H. 2009, in Handbook of Practical 

Astronomy, ed.  G.D. Roth, (Dordrecht: Springer) 133 
 

 

Acknowledgements: 
I wish to thank Mr. Bob Chin for the design 
and construction of the KPU Mk II cameras 
based on my prototype constructed using 
electrical tape. 

 

(photo: Bob Chin) 

Mosaic Construction:   
Students use digital tools (e.g. PowerPoint). Craters etc. are identified. 
Measurements:   
Crater sizes are measured, converted to projected distances on the 
lunar surface, and compared to features on Earth. 
 
 
 
 
 
 
 

e.g. "crater Copernicus is about the width of Lake Erie." 

1998 – 2009           2009 - present          Next? 

case opened a webcam CCD exposed KPU Mk II is ready 


