Summary of Main Points to Date 

[image: image1]Digital detectors work on the basis of the photoelectric effect. Incoming photons strike some material (usually silicon) and are converted to electrons that are stored at a specific location in the material (e.g. a pixel). The more light (photons) that strikes that particular pixel, the more charge is stored. That stored charge is then converted to a digital number and stored in a computer. 

[image: image2]All detectors have noise.  Each pixel has a noise associated with it. This noise comes from the electronics in the digital camera itself as well as from the large scale background against which the image is taken. If the signal from a faint star is below the noise level of that pixel or a region of pixels, it will not be detected! A successful detection means that the signal from the light source has risen about the noise of the detector.   This is known as the signal-to-noise (S/N) ratio.  Things that can compromise the detection of faint stars are: 

· Poor image quality due to atmospheric aberration as  the image of the star is diffused over too many pixels. This is why observations from the Hubble Space Telescope are better than from the ground, because the atmosphere no longer smears the image of the star over the detector. 

· Too bright of background. Observations taken in the full moon have a higher background and therefore a higher level of background noise which effectively swamps out the signal from fainter stars. 

· Insufficient exposure time: If you don't expose long enough, the intrinsic noise of the digital camera will compromise the ability to detect faint sources. 

[image: image3]Stars can also appear faint on detectors and/or escape detection if they are too distant. The flux from a star decreases as the inverse square of the distance. So, if two stars have identical intrinsic brightness, but one of them is 3 times farther away, then that star will appear to be 9 times fainter (have 9 times less flux) on the detector. We simulated this with the inverse square law simulator and learned that there are limiting distances beyond which stars can not be detected. 
[image: image4]Remember, the light from stars is superposed on the background diffuse light of the night sky (which has multiple sources). Thus to measure the brightness of a star on your detector, you must subtract off the background. 

[image: image5]Atoms emit and absorb photons because of various energy levels that the electron can occupy. Each transition between energy levels in an atom produces a photon of energy exactly equal to the energy difference between those levels. Since each chemical element has a unique set of energy levels, then each chemical element has a unique spectral fingerprint. 

[image: image6]These electronic transitions give rise to spectral lines with exact wavelengths. We used the elements applet to measure wavelengths for certain atoms in the periodic table of elements. Later we were able to sleuth out what kinds of elements were in a particular stellar atmosphere by matching the wavelengths recorded in the absorption line spectra to the wavelengths of the elements in the laboratory spectra. In this way, we can actually determine what kinds of elements are in stellar atmospheres. 

[image: image7]The energy distribution of stars is well approximated by a blackbody law. Thus the peak emission is inversely proportional to wavelength . This means that the color of a star is an indicator of its temperature. In astronomy, we measure "color" by using filters and measuring the relative amounts of light in say a blue filter compared to a red filter.  The resulting “color index” is then used as an accurate measure of the surface temperature of a star.

[image: image8]The strength of certain absorption lines of certain elements of stars also depends upon the temperature of the stellar atmosphere. We have experimentally determined this in class using the simulations. This has lead to the OBAFGKM spectral classification system which, as we have determined is a Temperature Sequence in the sense that O stars are the hottest and M stars are the coolest. 

· We thus have two methods of determining the atmospheric temperature of a star: 1) Spectral classification or 2) B-V or V-R color index.
So one important set of measurements we have done, we know now how to accurately measure the atmospheric temperature of stars. The next step is to convert apparent brightness (flux) of stars into their intrinsic brightness. This requires measuring the distances to stars and we begin the next unit on how such distances are measured. 
