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In this lecture....
 Parallax
 Magnitude scale
 Photometry
 Spectroscopy
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What do we observe in stars?



Parallax 







Parallax measurements

Proxima Centauri (a member of the triple system of Alpha 
Centauri), has a parallax of 0.76813″
d= 1/0.76813, or 1.302 pc
Barnard's star p= 0.54831 , d=1/0.54831 ~ 2 pc″
Errors in parallaxes were 0.001″
Hipparcos satellite has measured only about 100,000 to an 
accuracy of 0.001″
  
              Now comes Gaia!!

https://www.britannica.com/topic/Hipparcos
https://www.britannica.com/science/satellite


Luminosity and Flux

Luminosity - A star produces light – the total 
amount of energy that a star emits per second is 
called its Luminosity.

For the Sun:

3.846 × 1026 watts (3.846 × 1033 ergs per second)

Flux –If we have a light detector (eye, camera, 
telescope) we measure the light emitted by the 
star – the total amount of energy intercepted by 
the detector divided by the area of the detector– 
called the Flux.

Luminosity does’nt depend on distance!!

Flux Depends!!!





Flux and luminosity

Flux varies as 1/distance2

 Mathematically, if we have two stars A and B

Brightness of  a star  ~ flux, not its luminosity. 

Brightness = Flux. 



Hipparchus of Nicaea (c. 190 
– c. 120 BC) Founder of 
trigonometry, discovery of 
precession of the equinoxes.



Magnitude Scale
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1856 Norman Pogson of Oxford 
proposed that a logarithmic scale 
of 5√100 ≈ 2.512

For two stars which differ by 5 
magnitudes, the flux differs by a 
factor of 100

Smaller magnitudes are brighter!
Magnitude is a logarithmic scale!

https://en.wikipedia.org/wiki/Norman_Pogson




Magnitude scale (Apparent)







The Absolute world!!!



Bolometric Magnitudes

Flux  varies with wavelength. 

We need to  observe at all wavelengths of EMR, from gamma rays 
to the longest radio waves. 

Quantities integrated over all wavelengths  are called bolometric 
quantities

 When we do multiwavelength astro, we are extrapolating/ 
interpolating bolometric mags!



Photometry: Measuring Photons

See lecture on Telescopes.....

Magnitude limits for detectors:
Human eye 2mm   6      
6”              12.9          
18”             15.3          



Photometry: Measuring Photons

Magnitude limits for detectors:
In general m=2+5log D       
(D in mm)
  
Human eye 2mm   6      
6”              12.9          log(152 mm)=2.18
18”             15.3          log(457 mm)=2.65



Photometric systems
Three rough categories based on the size of the 

wavelength intervals transmitted by their filters.

Wide-band systems (such as the UBV system) have filter 
widths ~ 900 A

Intermediate-band filter widths ~ 200 A.

Narrow-band systems are used to isolate and measure a 
single spectral line and may have widths of 30 A or less.



UBV system

U for ultraviolet, B for blue, and V for visual. 

Central wavelengths : U - 3600 A; B - 4400 A, V -5500 A

Width: 1000  ̊,  B filter (3900  A - 4900 A) 



Temperature 



Colors

B − V color of Vega is 0.00, “by definition”





Spectroscopy



How to find the Temperature?
• To measure the temperature of a star we use must measure the spectrum of 

the star and then apply more physics

• We assume the star is a “black body radiator” and then we can compute the 
temperature from the spectral shape.



Temperature 
Looking at individual spectral lines in a star’s spectrum defines thl the 

spectral class of the star ~ temperature 



Stellar Spectra





Equivalent width

Doppler Shifts

Thermal/Pressure 
Broadening

Chemical composition.... 



Quiz 2....



Intensity

The monochromatic intensity is the brightness of a beam of radiation. 

dEν = Iν dA dT dν dων = Iν dA dT dν dω

where dEν = Iν dA dT dν dων is the amount of energy passing through an area dA in time dT, over a 
frequency interval dν, into a solid angle dω. 

The units of Iν are ergs cm-2 s-1 Hz-1 sr-1. 

Simply, Iν is the brightness of a photon. Since photons do not decay, Iν must not 
depend on distance. This is implicit in the definition that Iν is per steradian (the 
beam spreads out - but it doesn't lose energy).

The total intensity I is the monochromatic intensity Iνintegrated over all frequencies. 

The units of I are ergs cm-2 s-1  sr-1. 



Flux and Intensity

 The monochromatic flux Fν is the integral of the product Iνcos(θ) over all solid angles. ) over all solid angles. 

  This is the net flow of energy perpendicular to some surface dA whose normal makes an angle θ) over all solid angles.  
with respect to the observer. 

 Note that flux is a vector. It depends on θ) over all solid angles. . Intensity is a scalar. We often separate the flux into two 
parts, an ingoing and an outgoing part. F=F+-F-. In the case of stellar atmospheres, F-, the 
incoming part, is negligable. The units of Fν are ergs cm-2 s-1 Hz-1.

For an intensity Iν, the flux emitted by a stellar disk Fν=πIIν. 

Often  in astronomy, we define  flux = F/πI, such that the numerical values of I and F are the same.

The luminosity L is the brightness integrated over all angles and wavelengths. 

The units are energy/time.                         L = 4πId2F. 
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