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Brief HistoryBrief History

❂❂ Memory ChipsMemory Chips
❂❂ JPL 1973JPL 1973



ChargeCharge--CoupledCoupled--DevicesDevices



Size & PriceSize & Price

❂❂ 8192 x 8192 pixels8192 x 8192 pixels
❂❂ 7 micron 7 micron -- 30 micron 30 micron 

pixelpixel

❂❂ 2048 x 2048 pixels2048 x 2048 pixels
•• US $ 110,000US $ 110,000



CCDCCD--VsVs--Photographic MaterialPhotographic Material

❂❂ CCD CameraCCD Camera
•• high QE (80%)high QE (80%)
•• linear respondlinear respond
•• digital formatdigital format
•• easy to processeasy to process
•• ‘real‘real--time’time’
•• size limitationsize limitation
•• ‘low’ resolution‘low’ resolution
•• expensiveexpensive

❂❂ Photographic MaterialPhotographic Material
•• low QE (< 2%)low QE (< 2%)
•• nonnon--linear respondlinear respond
•• A/D ConversionA/D Conversion
•• dark room skillsdark room skills
•• not ‘realnot ‘real--time’time’
•• no size limitationno size limitation
•• ‘high’ resolution‘high’ resolution
•• inexpensiveinexpensive



Respond CurvesRespond Curves



CCD PhotometryCCD Photometry

❂❂ Standard StarsStandard Stars
•• primary standardsprimary standards
•• secondary standardssecondary standards

❂❂ Photometric SystemPhotometric System
•• standard filtersstandard filters
•• SDSS photometric systemSDSS photometric system

❂❂ SignalSignal--toto--Noise RatioNoise Ratio



Standard StarsStandard Stars

❂❂ Primary StandardsPrimary Standards ❂❂ Secondary StandardsSecondary Standards



Photometric SystemPhotometric System

❂❂ Standard FiltersStandard Filters
❂❂ SDSS Photometric SDSS Photometric 

System System 



SignalSignal--toto--Noise RatioNoise Ratio

❂❂ SignalSignal
•• photons from objectphotons from object

❂❂ NoiseNoise
•• dark currentdark current
•• read noiseread noise
•• biasbias--level & gainlevel & gain
•• photons from sky & photons from sky & 

objectobject



PreparationPreparation

❂❂ TelescopeTelescope
❂❂ CCD CameraCCD Camera
❂❂ Object ListObject List
❂❂ Finding ChartsFinding Charts
❂❂ Photometric System (Standard Filters)Photometric System (Standard Filters)
❂❂ Standard Stars ListStandard Stars List


