Homework 1, Astronomy 610, Spring 2019, Due date: February 5.

1. A thermally emitting layer of plasma has a constant temperature of

10,000K. The optical depth through the gas layer is 1 at 5000 MHz. 

1a. Calculate the brightness temperature we would observe at 5000 MHz.

1b. Calculate the intensity we would observe at 5000 MHz.

1c. Assume that the spatial extent of the layer perpendicular to the line of sight is circular with a 1 kpc diameter, and that it is 8 kpc away. Hence, you can think of this source as a cylinder observed perpendicular to its circular face. 

Calculate the flux we would observe from this layer.

1d. Would it be easy to calculate the luminosity of this layer? Explain

your answer.

1e. If the optical depth goes down, do the intensity, and hence flux of the layer, increase or decrease, if everything else remains the same?

1f. Consider again the layer at 10,000K with an optical depth of 1 at 5000 MHz.

Suppose I place a layer of plasma in front of that. Calculate the

brightness temperature I would observe in the following cases:

Case 1: The foreground layer is a layer of 5000K with an optical depth of 0.2 at 5000 MHz.

Case 2: The foreground layer is a layer of 10000K with an optical depth of 0.2 at 5000 MHz.

Case 3: The foreground layer is a layer of 20000K with an optical depth of 0.2 at 5000 MHz.

1g. Comment on the results, and consider the following question:

Generalize the problem to two layers with temperature T1 for the foreground layer and temperature T2 for the background layer. Write down the general solution of the radiative transfer equation for this situation and discuss when adding the foreground layer increases the brightness temperature we would have observed from the background layer only, and when it decreases it.

We often see stated that a cooler gas in front of a hotter source causes a net absorption of emission. Based on your considerations above, is this always true? What is a more exact formulation?

2. Consider the following situation. We have two spherical sources of a

plasma that emit continuous, thermal, radiation. The two spheres have

the same radius, R, and distance from us, but different temperatures

and electron densities. The sources are well resolved with our telescope.

We observe the intensity along the line of sight through the center of

spheres. At some particular frequency we observe equal (monochromatic) intensities from the two sources. From measurements at other frequencies we know that in one case the optical depth along the length 2R is much less than 1, while for the other sphere it is much larger than 1.

Sketch the situation and write down what you know so far. 

2a. Why would observations at other frequencies allow us to determine that the emission from the source is optically thick or thin?

2b. Now consider the monochromatic luminosity of the two spheres. Will the two

spheres have the same monochromatic luminosity at the frequency where the central intensities are equal?  Find the expression for the luminosity for both spheres,  in terms of the central intensity and the source size R.

3. Consider a layer of gas that has a constant source function. The layer emits radiation, described by a volume emission coefficient jν and an absorption coefficient êν. The radiative transfer solution for such a layer is described by Iν = Sν (1 - e-τ(ν) ). Show that this can also be stated as




 Iν = Iν0 (1- e-τ(ν)) / τ(ν)

where Iν is the observed intensity, Sν is the source function, Iν0 is the intrinsic intensity if no absorption took place and τ(ν) is the optical depth through the layer.

