
Class Activity: Optics Ay20 Fall 2011

1. R.T.F.D.

2. To understand the basics of astronomical instrumentation, I find it useful to go back to the
classic Youngs double slit experiment. Draw a double slit setup as a 1-d diagram on the board.
Draw it big, use straight lines, and label features clearly. The two slits are separated by a
distance D, and each slit is w wide, where w ! D such that its transmission function is
basically a delta function. There is a phosphorescent screen placed a distance L away from
the slits, where L " D. Well be thinking of light as plane-parallel waves incident on the
slit-plane, with a propagation direction perpendicular to the slit plane. Further, the light is
monochromatic with a wavelength !.

(a) Convince yourself that the brightness pattern of light on the screen is a cosine function.
(HINT: Think about the conditions for constructive and destructive interference of the
light waves emerging from each slit).

(b) Now imagine a second set of slits placed just inward of the first set. How does the second
set of slits modify the brightness pattern on the screen?

(c) Imagine a continuous set of slit pairs with ever decreasing separation. What is the result-
ing brightness pattern?

(d) Notice that this continuous set of slits forms a “top hat” transmission function. What is
the Fourier transform of a top hat (see Fig 2.8 in Gray), and how does this compare to
your sum from the previous step?

(e) For the top hat functions FT, what is the relationship between the distance between the
first nulls and the width of the transmission function (HINT: it involves the wavelength
of light and the width of the aperture)?

(f) Take a step back and think about what Im trying to teach you with this activity, and
how it relates to a telescope primary mirror.

3. Caltech is building CCAT, a 25-meter telescope that will detect light with wavelengths up to
850 microns. How does the angular resolution of this huge telescope compare to the angular
resolution of the much smaller Keck 10-meter observing in J-band? Whats J-band?

4. Use 1-d, pictorial Fourier transforms (Figure 2.8 Gray) to describe whats going on with the
VLA (look it up online). Recall that a convolution in one dimension is a multiplication in the
other.

(a) What aspect(s) of the telescope array sets the angular resolution?
(b) What aspect(s) of the telescope array sets the field of view?
(c) Besides gathering more photons, what is the advantage of observing a source for a long

time using a VLA-like setup? (HINT: on your 1-d picture of the array, imagine the source
moving such that the incoming plane waves are incident an angle rather than arriving
straight-on.
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