Department of Physics & Astronomy

Astronomy 2 Laboratory 

  FILTER PHOTOMETRY 

Aim 

To achieve familiarity with some of the concepts associated with the magnitude system for stars and with the practical measurement of stellar magnitudes.   Specifically, this experiment introduces bolometric  correction,  colour  index and colour excess.    At the end of the experiment, you should have a clear understanding of the significance of these quantities and the way in which they can be measured.
Task List


Calibrate the observed detector response as a function of temperature


Investigate the behaviour of the bolometric correction as a function of temperature


Investigate colour index as a function of temperature


Evaluate a mean colour excess due to the interstellar medium

Apparatus

The equipment supplied with the experiment is as follows.

1. An artificial 'star', the temperature of which can be varied by adjusting the voltage across it up to a max of 6.3V.

2. A high sensitivity fibre-optic photometer

3. Two coloured filters marked, ‘RED’ and ‘BLUE’, and a neutral filter marked ‘INTERSTELLAR ABSORPTION’  

N.B.   At the end of the series of observations, PLEASE ENSURE THAT THE APPARATUS IS SWITCHED OFF.

How to use the photometer

The photometer measures the relative intensity of light from the source. The recommended method of operation is to adjust the zero knob (on the right-hand side) to correct for the background light in the lab, and to adjust the scaling knob (next to the zero) to exploit the full range of the device.

Part 1: Bolometric correction 

Background Theory

The  wavelength  distribution  of most stars resembles a black body spectrum with a peak which is usually in the visual part of the spectrum.   From the Planck theory, the specific intensity of a black body with surface temperature T has a wavelength distribution given by             
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so  that,  at  any fixed distance, the bolometric luminosity of the body is proportional to
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(The bolometric luminosity is, quite simply, the luminosity that would be inferred by a bolometer: a detector which is equally sensitive  to all wavelengths).  

Performing the integration in the above expression leads to the Stefan-Boltzmann law, which states that the bolometric luminosity is proportional to T4.  See A2 Theoretical Astrophysics). 

With a bolometer,  it would be possible to set up a magnitude system based simply on the measurements recorded directly by the bolometer itself.   Such a device would permit direct comparisons of the total energy emitted by various stars, provided that allowance could be made for the stars being at different distances and for absorption by interstellar material.    However, in practice, the detectors available to astronomers are sensitive over only part of the spectrum and, even in their sensitive range, the sensitivity is not a constant function with respect to.   The signal recorded from such a detector is proportional to


[image: image3.wmf]l

l

l

d

T

B

s

)

(

)

(

0

ò

¥


where 
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 describes the wavelength sensitivity of the detector. 

It  follows that, in general, such a detector will give results different from those of a bolometer.  In particular, the observed luminosity of an object – even if it is a black body – will not follow the Stefan-Boltzmann law, because the detector sensitivity, 
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, varies with wavelength.

We can correct for the limited sensitivity of the detector by applying a bolometric correction (BC)  that relates the observed apparent magnitude, 
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, to the bolometric magnitude, 
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The bolometric correction depends on temperature, because – for a given detector – stars of different temperature will radiate different amounts of energy within the range of wavelengths over which the detector sensitivity, 
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, is non-zero.
Current – Temperature Calibration

The simulated star is an electric lamp whose temperature can be varied by altering the current supplied to it.    The temperature of the lamp filament can then be calculated from knowledge of its resistivity.   Insofar as the lamp radiates as a black body (an adequate approximation for the purpose of this experiment) the lamp temperature can, therefore, be regarded as the black body temperature of the simulated ‘star’. The table below summarises this current-temperature calibration:-

	Current /amps
	Temp/K

	1.4
	1680

	1.5
	2030

	1.6
	2430

	1.7
	2880

	1.8
	3370

	1.9
	3920

	2.0
	4520

	2.1
	5170

	2.2
	5880

	2.3
	6650

	2.4
	7500


A calibration curve of black body temperature against current for use in the remainder of the experiment should be drawn from these data and used in all subsequent parts of the experiment.

Procedure

The photometer measures the relative intensity of light incident upon the fibre optic cable. Background from the detector instrument itself can be taken into account by measuring the photometer response after shutting off the fibre optic cable from all sources of light – this background value needs to be subtracted from the measured count.  It is best that the room should be as dark as possible and that, if possible, the level of illumination should not alter during the experiment.   If it does, re-adjust the zero knob to correct for the room background.

The current control for the star should be set to its lowest value before switching on and the current increased to the required value.   It is necessary  to wait for several minutes after changing the current before the star settles to the new temperature.    This can be checked by making readings until they settle to a steady value.   It is also necessary to check that the fibre optic is aligned with the source.


Investigate how the photometer counts change as a function of black body temperature (i.e. by varying the current). Take several readings for each current and obtain results between  1.4A  and  2.4A at suitable intervals.   Plot the (base 10) logarithm of the mean photometer count against the (base 10) logarithm of the star's temperature – remembering to assign, or compute, an error on both quantities.  Does your graph agree with the Stefan-Boltzmann law?  Why not?

Analysis

The measured magnitudes at two temperatures 
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 are related by the equation
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where 
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 and 
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 are the photon count readings from the detector.    If the magnitude measurements were carried out using a perfect bolometer, the corresponding results would be (for a black body star)
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where now 
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 are the idealised photon count measurements that one would obtain from the bolometer.    These two equations combine with the definition of the bolometric correction to give
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This gives the difference between the bolometric corrections at two different temperatures.  Given that the bolometric correction is 
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, the bolometric correction at temperature 
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 is given by
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where 
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 is the photon count reading at temperature 
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, and 
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 – you can determine this from your graph of  log(mean photometer count) versus log(temperature).


Using the above equation and your graph of log(mean photometer count) versus log(temperature), plot a graph of bolometric correction (with errors) as a function of temperature.

Part 2: Colour Index 

Background Theory

By making observations of the wavelength distribution of their radiation, it is possible to determine the surface effective temperatures of stars.   The simplest method is to use colour filters which allow only part of the spectrum to reach  the detector.   Comparison of the relative brightnesses measured in this way is expressed as a colour index.  This will depend not only on the temperature of the star but also on the filter and detector combination used.

For two filters, labelled 
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and 
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 (corresponding to the red and blue part of the visible spectrum), apparent magnitudes can be assigned from the equations
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where 
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 are constants which link the magnitudes 
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 to the measured photon counts 
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 – i.e. the photon count readings given by the detector with, respectively, the red and blue filters in place.   The colour index is defined as the difference between these apparent magnitudes.
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Note, therefore, that to define the colour index from the photometer counts, we need to fix the value of the term 
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. In practice this calibration is carried out by saying that the colour index is zero for a star of a particular spectral type (i.e. for a star at a particular temperature, and hence ratio of photometer counts).   Equivalently, we can fix the value of  
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 simply  by specifying the value of the colour index at a particular temperature.  We do this by requiring that
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Procedure


Measure the relative brightnesses of the star at 0.1A intervals of the current from 1.4A to 2.4A  using the two filters marked blue (B) and red (R).   Using CI = 1.5 at 2400K, estimate – with an error – the difference of the constants, 
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.  Plot the colour index against the (base 10) logarithm of temperature.   Think about  whether your graph is in agreement with stellar theory.

Part 3: Interstellar Absorption 

Theoretical Background

The measured brightness of a star depends on its distance, and the apparent and absolute magnitudes, 
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 respectively, are related by the distance modulus formula
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where 
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 is the star's distance (in parsecs).   In practice, the apparent magnitude is affected by absorption of starlight by interstellar matter in the path between the star and the detector; this reduces the measured brightness, and thus increases the measured apparent magnitude of the star.    This effect needs to be corrected by including an absorption term, 
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, in the distance modulus formula:-
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This absorption correction is wavelength dependent, because the absorbing properties of interstellar material (e.g. dust) varies with wavelength.  Generally, absorption is greater at blue wavelengths than at red wavelengths.   If  the  brightness  of a star is measured by a two colour photometer, say blue and red as above, we get
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The term 
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  represents the difference in absorption by the interstellar matter in the two passbands of the filters and tells us how the colour of the star is altered by the variation of absorption across the spectrum.   It is called the colour excess, and may also be written as 
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.  (Similar notation is used in the A2 Cepheids and Pleiades experiments, where the 
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, is used).

Of course if there is no interstellar absorption then 
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.  This was the case considered in part 2 above, where the colour index was computed.  If we know what the colour index, 
[image: image54.wmf]CI

, of a star ought to be for a particular temperature in the absence of absorption, measurement of the colour index, 
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, in the presence of absorption allows determination of  the colour excess, since
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Procedure 


Insert the filter marked  "interstellar  medium"  into the path of the starlight and, by measuring the colour index as before, measure the colour excess for a range of different temperatures. Does your data suggest any systematic trend with temperature?  Determine a mean value for the colour excess due to the presence of interstellar absorption.
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