HOMEWORK 3 ASTR 610, SPRING 2019

DUE DATE:  March 21, 2019

1a. I convolve a radio map that was obtained with a telescope with a Gaussian beam of FWHM = 30" with another Gaussian function that has FWHM of 60". What will be the resulting FWHM for a source  that was unresolved the original map, in the convolved map? (In other words, what is the resolution in FWHM of the convolved map?).

1b. Why might I want to do such a convolution?

1c. I observe a radio source at 5 GHz frequency over a bandwidth of 5 MHz with a 1024 channel spectrograph. What is the velocity width in km/s per channel?

1d. Estimate the velocity resolution after Hanning smoothing (this is convolution with a "box" with values [1/4, 1/2, 1/4]) of this spectrum. Explain your answer.

1e. Assume the spectrum has Gaussian noise over this bandwidth. Before Hanning smoothing, how many noise peaks (i.e. "false" source detections) would be present in each spectrum at >+1, >+2, and >+3 times the rms noise ("sigma")?

1f. Suppose you have a receiver with a total system temperature of 200K and you are trying to detect an emission line with a total width of 28.3 kHz and a peak brightness of 0.1K as a 5 sigma source in the spectrum. How long would you have to integrate? 

Would it be easier to detect this line after Hanning smoothing or not? Explain your answer.

2.  The 100-m Effelsberg radio telescope has a HPBW of 8 arcmin at 1612 MHz.

2a. Based on this resolution, do you think that the aperture plane is being tapered or not?

2b. Estimate  the conversion of milli-Jansky/beam to brightness temperature TB in Kelvin, for the Effelsberg telescope at 1612 MHz and the parameters stated. 

2c. Does the conversion depend on the wavelength? Comment on this. 

The telescope integrates for 15 min per position in the sky. You search for OH maser sources at 1612 MHz  using a 5 MHz bandwidth split in 394 channels. The system temperature is 50K. So at each position you get a spectrum with 394 data points. The OH maser lines are quite narrow, for simplicity assume the line is concentrated in one channel only in the spectrum. The sources are stars, and hence completely unresolved by the telescope. The telescope observes on a rectangular grid with a grid spacing of 6' in each direction.

2d. Calculate the limiting surface brightness in K  that this system can detect, using the equation for ΔTB/Tsys. This is a 1-sigma uncertainty. 

2e. You might have been surprised that the telescope size did not enter in problem 2d. To calculate the weakest flux that can be detected, this should enter.  In particular, what is the weakest OH maser source in units of mJy that can be detected at 5 sigma, in the most favorable case (i.e. source located in center of the beam).

2f. Are you sampling in the sky with your grid observing method at the Nyquist rate? 

29. Will your mapping technique produce uniform sensitivity across your search area? If not, how much would it vary roughly? If you wanted it to be more uniform, what could you change in your observing method?

