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Collection and analysis of informationCollection and analysis of information
 Photon characteristicsPhoton characteristics

Photon propertiesPhoton properties Observing strategyObserving strategy

Energy, wavelength, frequencyEnergy, wavelength, frequency Spectral coverageSpectral coverage
Earth atmospheric transmissivityEarth atmospheric transmissivity
Choice of appropriate detectorChoice of appropriate detector

Amount of received photons (flux)Amount of received photons (flux) Area of collectors (telescopes)Area of collectors (telescopes)

IntensityIntensity Detector sensitivity, photometryDetector sensitivity, photometry

Time dependent (Time dependent (t t  1/1/))
Temporal coherentTemporal coherent

Spectral analysisSpectral analysis
Spectral resolutionSpectral resolution

Time dependent (Time dependent (t << t << 1/1/)) Time resolutionTime resolution
HighHigh--speed photometryspeed photometry

Spatial dependent (angular)Spatial dependent (angular) mapping, imaging, spatial resolutionmapping, imaging, spatial resolution

SpinSpin PolarimetryPolarimetry
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 Observing systemObserving system
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•• Photon flux collected at surface Photon flux collected at surface A A  detector aperturedetector aperture
(telescope’s objective)(telescope’s objective)

•• Photons collected in a solid angle Photons collected in a solid angle  ((field of viewfield of view))
•• Presence of parasitic side lobes (Presence of parasitic side lobes (background signalsbackground signals))
•• Optical system: combination of mirrors and lenses Optical system: combination of mirrors and lenses 

concentrates incoming energy to form image in the concentrates incoming energy to form image in the 
focal plane. focal plane.  decomposed into picture elementdecomposed into picture element
((pixelpixel)) each with solid angle element of each with solid angle element of 

•• Selecting device that isolate particular frequency Selecting device that isolate particular frequency 
domain domain  of the arrived radiation of the arrived radiation  spectral selectionspectral selection
determined by determined by 

1.1. Physical characteristics of optical systemPhysical characteristics of optical system
2.2. Physical characteristics of detectorPhysical characteristics of detector
3.3. The use of filtersThe use of filters
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•• Polarization of radiation can be observed using polarizer Polarization of radiation can be observed using polarizer  split and split and 
measure measure linear or rotational polarization degreelinear or rotational polarization degree of incoming radiationof incoming radiation

•• Arriving electromagnetic signal Arriving electromagnetic signal  transformed transformed by detector or by detector or receiver receiver onto onto 
physical quantity that can be measured (electric current, voltage, physical quantity that can be measured (electric current, voltage, 
photochemicalsphotochemicals) and stored.) and stored.

•• Detector supporting system: Electronic devices that form data acquisition Detector supporting system: Electronic devices that form data acquisition 
system to analyze and record signalsystem to analyze and record signal

 Spectral coverageSpectral coverage
--rayray XX--rayray UVUV VisibleVisible IRIR mmmm RadioRadio
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Why wide spectral coverage is important? The essence of Why wide spectral coverage is important? The essence of 
multiwavelengthmultiwavelength observationobservation::

 Intensity measurementsIntensity measurements
 Number of photons received per time unit Number of photons received per time unit  collector areacollector area
 Performance of detector determine the attained precision and Performance of detector determine the attained precision and 

sensitivitysensitivity
PhotometryPhotometry: Measurement of the received radiation intensity: Measurement of the received radiation intensity

M 81: Spyral galaxy
Ultraviolet Visible Infrared Radio

Emission from 
hot area

Stellar radiation Emission from 
dust

Radiation from 
cold dust
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Refractor

Reflector

Evolution of 
optical 
telescope’s 
diameter

Grow of photon 
collecting 
power

Sensitivity 
development of 
visible 
detectors

Sensitivity of 
astronomical 
instruments
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 Spectral analysisSpectral analysis
 Spectral analysis Spectral analysis  Composition of chemistry & isotopes, Composition of chemistry & isotopes, 

velocity field, turbulence, temperature, pressure, magnetic field, velocity field, turbulence, temperature, pressure, magnetic field, 
gravitation, etc gravitation, etc  astrophysicsastrophysics

 Spectral resolving power of instrument (Spectral resolving power of instrument (RR==//): Ability to ): Ability to 
measure 2 close spectral lines at each frequency measure 2 close spectral lines at each frequency 
spectrograph, area of collector, integrating time & detector spectrograph, area of collector, integrating time & detector 
sensitivitysensitivity
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 Time variationTime variation

 VariabelVariabel stars with stars with 
slow time variation slow time variation 
Mira Mira CetiCeti

 Pulsar with period of Pulsar with period of 
1.377 milliseconds 1.377 milliseconds 
founded in 1968founded in 1968

 Sensitivity & time Sensitivity & time 
response of detectorresponse of detector

1959

1979

1989
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 ImagingImaging
 Objective: to measure electromagnetic beam coming Objective: to measure electromagnetic beam coming 

from different direction in spacefrom different direction in space
 Capacity of observing device in doing this: Spatial Capacity of observing device in doing this: Spatial 

resolving power resolving power  Size of instrument, wavelength, Size of instrument, wavelength, 
atmospheric turbulence effectatmospheric turbulence effect
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ResolutionResolution Number of pixels to Number of pixels to 
cover 4cover 4 srsr

Obtained informationObtained information Spectral areaSpectral area

11 44101044 Background radiation Background radiation 
Sky surveySky survey

milimetermilimeter
sinarsinar--

11 1.51.5101088 Sky surveySky survey IR (10IR (10--100 100 m)m)

11 5.45.410101111 Sky surveySky survey
Specific objectSpecific object

VisibleVisible
mm, IR, UV, mm, IR, UV, sinarsinar--XX

0.010.01 5.45.410101515 Specific objectSpecific object IR, visibleIR, visible

1 1 milliarcsecondsmilliarcseconds 5.45.410101717 Specific objectSpecific object Radio [cm]Radio [cm]

1 1 microarcsecondsmicroarcseconds 5.45.410102121 Specific objectSpecific object Radio [Radio [cm,mmcm,mm]]
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Processing and storage of Processing and storage of 
informationinformation

 Astrophysical information Astrophysical information  data collected from data collected from 
all range of source.all range of source.
 Continuously improve the accuracyContinuously improve the accuracy
 Very high historical valuesVery high historical values

 Volume of collected data very is sharply Volume of collected data very is sharply 
increasing:increasing:
 10107 7 stars have been catalogued (position, magnitudes stars have been catalogued (position, magnitudes 

and and colourscolours))
 Information rate in radio astronomy : 10Information rate in radio astronomy : 1088 bits bits peryearperyear

(1972) (1972)  10101010 bits bits peryearperyear (1982), HST (1989) : 10(1982), HST (1989) : 101313

bits bits peryearperyear! ! 
9/17/2012
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Source signal

Observing 
system

Raw data Data 
archive

Preliminary reduction

Quick-look dataCommands,

optimization

Interactive 
analysis

Full analysis

Data 
bank

Images, spectra …

Result Images,spectra …

Statistical 
analysis, 
modeling
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Stages in Astronomical data processing Stages in Astronomical data processing 
& the role of computer system& the role of computer system

 RealReal--time acquisition systemtime acquisition system
 QuickQuick--look facility : Optimization of observationlook facility : Optimization of observation

 Acquisition rateAcquisition rate: Individual photon detection : Individual photon detection 
from faint source (from faint source (t t ~ hours, days) until fast ~ hours, days) until fast 
detection (10detection (1088101099 bits per second)bits per second)

 RealReal--time data handlingtime data handling: Reducing raw data : Reducing raw data 
volume & facilitating permanent storage system volume & facilitating permanent storage system 
(compression & filtering)(compression & filtering)

 Interactive analysisInteractive analysis: astronomer: astronomer--datadata--computercomputer
 Extraction & Analysis of informationExtraction & Analysis of information
 Programs to calibratePrograms to calibrate
 Programs for viewing  & manipulationPrograms for viewing  & manipulation
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 Processed data Processed data including error including error 
assessementassessement  SignalSignal--toto--noise rationoise ratio

 Presented to scientific communityPresented to scientific community throughthrough
 PublicationPublication
 Contribution to data bank equipped with Contribution to data bank equipped with 

standardization process & format standardization process & format 
homogenizationhomogenization

 Detailed analysisDetailed analysis::
 Extraction of big volume of data from data Extraction of big volume of data from data 

bank to model or describe statistically bank to model or describe statistically 
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