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Tswaing Impact Crater

8h15 Saturday
Bring lunch, water, sturdy shoes, hat, insect repellent 

Trip is weather-dependent. Check whatsapp and 
course webpage.



Characteristics of an ideal imaging detector

Eye + 
Sketchpad Film CCD

Linear

Repeatable

Quantitative

High QE

Large FOV

Broad wavelength 
range 0.4 - 0.7 um 0.4 - 1 um 0.3 - 1 um

Easy to Analyze

High dynamic range



Because a CCD is just a bucket for counting photons, 
there are a few things it does not do…

• Measure wavelength 

• Time each photon’s arrival 

• Measure phase 

• Measure polarization

NB: Because radio detectors measure the electromagnetic 
signal itself, they detect time and phase of each incoming wave.



CCDs are intrinsically monochrome devices
• They are sensitive across a wide wavelength 

range, but they cannot distinguish between 
photons of different wavelengths



How do our eyes measure color?
Our eyes are not a spectrograph. They can be 
easily confused:
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Our eyes are photometers in three bands — Red, Green, and 
Blue — with ‘software’ that combines these into colors.

Feynman Lectures Vol. I 
for two great chapters about 
human vision



We can try to simulate the eye’s color reception 
using a CCD with filters which match the eye’s 
pigments.

Filters transmit the light in a 
given wavelength band, and 
absorb all other wavelengths.



• Then we combine these images in such a way to 
make a simulated color image.



• We are not limited to use the eye’s colors for our 
filters. 

• In fact, in general we don’t want to use the eye’s 
colors: instead, use what is best for astronomy, 
not human physiology.



Typical Broad-Band Astronomical Filters

Name Meaning Min λ Max λ
U UV 300 

nm
400

B Blue 400 500
V Visible 500 600
R Red 550 700
I IR 700 900
J 1150 1350
H 1500 1800
K 2000 2350

J         H            K



Narrow-band Filters

Used for studying individual spectral features 
• Strength of solar Ha vs. time 
• Map of of distribution of O vs. H in a star-forming region



 New Horizon at Jupiter

February 28, 2007

Red = 1.59 µm (Deep Clouds)
Green = 1.90 µm (Mid-level Clouds)
Blue = 1.85 µm (Upper-Level Hazes)

There are plenty of cases where we use filters other than RGB 
of your eye (‘false color’)…





Lagoon Nebula in HOS.  Red is from H-alpha emission, magenta from a combination of H-alpha and SII, and yellow from a combination of H-alpha and OIII.

Lagoon Nebula.   
Red is from H-alpha emission 

Magenta from a combination of H-alpha and SII 
Yellow from a combination of H-alpha and OIII.





Multi-Band Imaging
A few pitfalls of combining multiple exposures 

• In each image, you are throwing away the majority of 
your photons. 

• What if your target (or telescope) moves? 

• What if bad weather comes in, or the seeing 
changes?

Aligned                          Not Aligned



Bayer Array
Each pixel has an individual filter (R, G, or B) over it. 

R, G, and B data are recorded simultaneously. 

Pro: One frame to process, no time delay between frames 
Con: Majority of photons are still lost

This method is used to take color images in nearly all 
consumer CCDs: digital cameras, smartphones, etc.



Simultaneous Multi-Band Photometry

Japanese IRSF telescope, Sutherland 
Allows simultaneous J, H, K imaging 

Pro: High efficiency: 3 images are recorded simultaneously, 
using wavelength-dependent beamsplitters 
 
Con: Complex optical design


