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END-OF-YEAR EXAMINATIONS 2005

Unit:

PHYS278 – Advanced Astronomy 
Day, Date and Time:
21 st November 2005, 9:20am
Time Allowed:

THREE (3) hours, plus TEN (10) minutes reading time.
Total Number of Questions:
SECTION A - 10


SECTION B - 4
Instructions:

There are 2 Sections.  Use a separate exam booklet for each



Section.




Answer all 10 questions in Section A.



Answer 2 out of the 4 questions in Section B.



Dictionaries may not be used.


Electronic calculators may be used, except for those with a

 
full alphabet on their keyboard.
Data:

	Boltzmann's constant
	k = 1.38 
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	Speed of light
	c = 3.00 
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Part A. 
Attempt all questions (40 marks in total, all questions are of equal value)
.
A1.
State the basic physical principle underpinning the operation of a    photomultiplier (PM). Sketch a basic PM and label the important components. Give two applications of this detector type in astronomy and  4 disadvantages of such devices.
A2.
Outline some of the techniques used to make CCDs more effective for astronomical observations.  Explain why such devices are of no use in the near Infrared. What is blooming?

A3.
With the aid of suitably labelled sketches and formulae present the relationship between single slit diffraction and double slit interference. What is grating blaze? What is an echelle grating?

A4.
Explain, with suitable formulae the difference between atmospheric refraction and differential refraction. Assuming a uniform slab of air with refractive index n=1.00027, calculate the refractive angular displacement for zenith distances of 10, 25, 50 and 65 degrees for a fixed wavelength.
A5.
Briefly detail the telescope and/or instrument/detector system that you would use to make the following observations:
a) Measure the neutrino flux from the Sun or capture a cataclysmic Supernova explosion.
b) Search for rich clusters of galaxies via their million degree hot gas.
c) Map cold dust in our own galaxy.
d) Detect coalescing black holes via ripples in space-time. Is this technically feasible?
A6.
When observed from a latitude of 45( South, how high above the horizon will an object of declination, ( = + 25(, rise?  At what azimuth will it set?

A7.
(a)
Show that the system noise of a cascade of amplifiers, given the noise temperature 
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 of each amplifier, is
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(b)
Calculate the total gain and system noise for the following configuration:




Frontend:

gain  10 db,  noise temp      30 K




Mixer:
gain  10 db,  noise temp    100 K




1st IF amp:
gain  20 db,  noise temp    200 K




2nd IF amp:
gain  30 db,  noise temp  1000 K


(c)   For a bandwidth of 10 MHz calculate the expected noise output power of the system.

A8.
Define the following terms:


(i)
zenith 


(ii)
polar triangle 


(iii)
First point of Aries 


(iv)
nutation 


(v)
system temperature 


(vi)
mixer 


(vii)
correlator 


(viii)
effective area of an antenna

A9.
Describe the various steps necessary to correctly point a telescope at a star whose position is given in a catalogue.

A10.
Briefly describe two ways of stabilizing the gain of a radio receiver used for radio astronomy.

Part B 
Attempt two (2) questions only.  Use a separate book.


Each question is worth 10 marks.

Attempt EITHER Question B1 OR Question B2

B1.
Describe what is meant by both active and adaptive optics. Detail some of the problems that need to be overcome to get an adaptive optics system to work and some of the techniques and technologies that are now being successfully applied on the new generation of 8-10m optical telescopes. 

What is Fried’s parameter and what is meant by the isoplanatic patch. 

Outline why adaptive optics systems are more easily implemented in the infra-red.

OR

B2.
Give the mathematical definition of a 2-D Fourier Transform pair of a continuous and integrable function f(x,y). 

i. 
State the convolution theorem and explain with the aid of suitable diagrams what is meant by the convolution of two functions (use the delta function and rectangular function)

ii.
Derive the FT of the rectangular function and sketch the form of both the function and transform (in the real domain). 

iii.
Explain the meaning of a band limited function and state the Shannon sampling theorem. 

iv.  What is the Nyquist frequency and aliasing?

Attempt EITHER Question B3 OR Question B4
B3.
Design a radio-telescope with high enough sensitivity to detect (5() a radio source with a flux density of 100mJy after integrating the signal for 1 hour. Choose a reasonable bandwidth, system temperature and aperture efficiency as part of the design. The relationship between antenna temperature and source flux density is 
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 and the rms fluctuation in the antenna temperature due to the system noise is 
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OR

B4.
Explain the technique of aperture synthesis in radio-astronomy.


Describe the benefits of this type of telescope in comparison to single dish telescopes. In what ways are single dish telescopes better?

(Your answer must address areas including coverage of the u-v plane, the relevance of Fourier theory to this type of telescope, what the telescope actually measures and how these measurements relate to the source(s) being studied.)
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