
Exercise 1 Celestial co-ordinates

Alt-az: Zenith defined by gravity, plane 
perdendicular to OZ through O is the plane of the 
horizon. The great circle that is perpendicular to 
the plane of the horizon and passes through the 
pole P and the zentith Z define the north N and 
south S  cardinal points. The altitidue of e.g. a 
star is measured on the great circle from the 
horizon to zenith Z through the star. The azimuth 
is the angle along the horizon between the point 
N and the position of the star.
Declination-hour angle: The great circle RWT 
defines the celestial equator. The great circle 
that intersects the pole P, passing through the 
star, is per pendicular to the celestial equator 
and crosses at D is called the stars meridian. 
The declination is the angle DX. The great circle 
PZRSQ defines the observers meridian. The 
angle between the observers meridian and the 
stars meridian defines the hour angle H. 

Declination-right ascension: The right ascension, RA, is the angle between the stars meridian 
and the meridian of the vernal equinox, measured eastward from the position of the vernal equinox. 
This gives a co-ordinate that does not change as the earth revolves around its axis.

b) At summer solstice the Sun’s RA is 6h, about the same as Betelguese, thus Betelgeuse 
culminates around noon. Around autumnal equinox the Sun’s RA has increased to 12h, while 
Betelguese lies some 6h ahead and Betelgeuse will culminate at about 6.00AM - as a morning 
star. 

c) No, Betelgeuse is not circumpolar in Sydney (it’s declination is much too northern). Alpha 
Centauri is 90-60=30 degrees from the pole which is smaller than Sydneys latitude of almost 34. 
Hence alpha Centauri is circumpolar. 



b) A spectrograph is placed at the focus of the telescope. Since sprectrographs often are 
heavy pieces of equipment, the Nasmath or Coudé foci are often used.

c) S = s(f2/f1) - parallell light between collimator and camera, angular size of slit and 
image of slit should be the same in both cases.

d) m - is the order, λ - is the wavelegth of light, d - is the distance between grooves in the 
grating. 

e) Shortest wavelength is least ‘bent’, for given order wavelength increases with distance 
from m=0.

f) Derivative of grating equation gives cosθdθ = (m/d)dλ which simplifies to expression 
given.

g) θ = x/f2; dθ = dx/f2. Then dx/dλ=(dx/dθ)(dθ/dλ)=(m/d cosθ)f2 and putting in numbers a 
reciprocal linear dispersion dλ/dx = 0.0855 nm/mm.

h) Rayleigh criterium is in general θ=λ/D where D is the dimesion of the aperture.  θ=W/f2 
and setting in for D and θ gives the desired result.

i) Size of slit image should match resolving power of grating: “we can’t do better than the 
resolution limit...” and s=f1(λ/Lcosθ) from exercise c) and h).

Exercise 2 - Spectrograph



Exercise 3 - Seidel aberrations

Spherical aberration - the focus is in different 
locations depending on how far from the 
optical axis a ray enters the lens/mirror.axis

Astigmatism - fous is in different locations for rays 
in tangetial plane (contains object and optical 
axis) and sagittal plane (normal to tangetial 
plane) .

Coma - off axis rays form “comet like” 
figure at focus. Can also make image 
of this focus like image.

Distortion - is found both in the form 
of ‘barrel’ (shown here) and ‘pin 
cushion’ which is the “opposite” of 
barrel.

Field curvature  - the focal surface is 
not a plane.



Exercise 4 - Short topics
a) Light from a given source passes through two apertures (slits) and will interfere if 

coherent and make fringes at detector. Another source at angle “α” from the first source 
will make similar pattern. The location of the fringe pattern depends on “α”, distance 
between apertures “a”, and wavelength of light λ. The two sets of fringes are not 
coherent and will not interfere: the intensity of light from them is simply added. By 
varying the distance “a” the summed fringe patterns will will change and information 
about “α” can be derived.

b) Two reasons:  i) The coherence length of radio waves are much longer thus setting up 
interferometer is much less difficult technically and ii) with radio waves one can also 
observe phase of light thus allowing the recombination of light construting the 
interference pattern a posteriori.

c) Two electrodes inside an enclosure are held at potential difference that a discharge in 
the medium filling the enclosure is on the point of occuring. The entry of ionizing 
radiation triggers this discharge, resulting in a pulse of current between the electrodes 
that may be amplified and detected.

d) Light collected scales with diameter of telescope squared and eye should have light 
grasp of G=1 implying that G=(1/0.007)^2 d^2=20000 d^2 when d is measured in 
meters.

e) A system that defines the wavelength response of a number of wavelength bands and 
some method of standardizing measurements  made in those bands.

f) Alt-azimuth and equatorial mounts. Had this one on the mid term and several people 
missed, wanted to see if there was improvement.


