HOMEWORK 4, ASTR 610, SPRING 2019

DUE DATE:      April 30

This looks long, but that is because there is a lot of text in the questions. Also note that there are Problems 3 through 7 are multiple-choice questions requiring only a short answer. If we don't get to cover the material to answer Problem 8, I will let you know that in class and we will skip that one.

Problem 1. For each of the following projects, describe which telescope system you would consider to be most appropriate for the observations. You have a choice from the systems listed. You can assume that all receivers etc are equally good. You can ignore issues of interference from man-made sources in your considerations.  To provide motivation for your choice, discuss the relevant properties of the targets that influenced your decision. Obvious factors to consider include angular size and resolution you need. Sensitivity factors can play a role too, to structures at different angular scales. I do not need detailed calculations, but am looking for well reasoned answers that include potential factors that may play a role. 

Possible choices for this problem:

     VLA in A-configuration.

     VLA in D-configuration.

     Green Bank 100-m telescope

Projects:

a. You want to map the 21-cm HI emission in the nearby spiral galaxy M33 to measure the rotation curve of M33. You'd like to get the rotation curve measured accurately especially in the inner few kpc to see how quickly it rises. 

b. You want to study radio continuum emission from the central region of a star-burst galaxy that is 5 Mpc away. You expect to find individual young supernova remnants and possibly also emission from a central AGN.

c. You want to study the spectral index distribution in the radio lobes of the galaxy Cygnus A so you need observations for at least two well separated frequencies.

Problem 2. Consider a 2-element radio interferometer. The two dishes are spaced by 200 m, and each dish has a diameter of 25m. We observe at a frequency of 610 MHz (49 cm wavelength). The telescopes point at the zenith (they do not track the source) and the source drifts through the field of view. 

a. What is the angular distance in arcmin between two successive peaks of constructive interference? Consider: would your answer be the same if you consider this as an "additive interferometer" (so like e.g. in a double slit experiment) or as a multiplicative interferometer as we use in radio astronomy?

b. How many of these fringes in the sky will we observe as the source drifts through the field of view? (Hint: remember what sets the field of view for an interferometer).

Next are 4 multiple choice questions. The correct answer is worth half of the credit, the reason for it (briefly stated) is worth the other half.

Problem 3. I have a set of VLA data at one frequency for a region of the sky. There is an interesting source in the field that is somewhat extended and seems like it might be a double source. What could I do with the same data set (so NO new observations) to try to better resolve the two sources? Pick one answer and explain your choice.

i. Clean the map using a synthesized beam from a different observation taken with a longer baseline.

ii. Delete all data in a certain hour range to increase the resolution in the other direction.

iii. Make new maps from the same (u,v) data,  giving more weight to the longer baselines.

iv. Reduce the sidelobes by increasing the taper of the (u.v) data.

Problem 4. I observe bremsstrahlung from an HII region with a radio telescope at one frequency. I have fully imaged this HII region and the telescope beam is such that I can resolve the source. The source appears spherical in shape. I know the emission is optically thin, given the frequency I am observing at. There are no intervening sources nor background sources to be concerned about. Assume that I know the distance to this HII region. Given all the information that I have I can:

i. derive the electron density in the HII region.

ii. derive a lower limit to the electron density in the HII region.

iii. derive an upper limit to the electron density in the HII region.

iv. not derive any constraint on the electron density in the HII region.

Problem 5. Answer question 4  for the case that the observation were to be in the frequency regime where the emission is optically thick.

Problem 6. Suppose there were a cold plasma between us and the HII region. The plasma has an ordered magnetic field in it. 

i. We would be able to observe Faraday rotation in this case.

ii. We would not be able to observe Faraday rotation in this case.

Problem 7. For the Westerbork Synthesis Radio Telescope, which has all telescopes on an East-West baseline distribution, the angular resolution during a full 12 hr observation is generally worse in:

i. Right Ascension direction

ii. Declination direction.

iii. equally good in both directions.

Problem 8

a.  Calculate the relativistic factor γ for an electron that has an energy of 3 GeV. 

b. This electron is circling in a 10 ͒μG magnetic field. Calculate the radius of the orbit and the gyration frequency.

c. Would this electron lose more energy due to inverse Compton scattering off the microwave background or more due to synchrotron radiation losses? Calculate the two.

d. Calculate the critical frequency for synchrotron radiation for this electron and estimate the time over which the electron would lose half of its energy if synchrotron losses dominate.

