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Chapter 6 Telescopes

PROBLEMS

6.1 For some point P in space, show that for any arbitrary closed surface surrounding P, the integra
over a solid angle about P gives

Qot = %dQ = 4.

6.2 The light rays coming from an object do not, in general, travel parallel to the optical axis mi*‘
a lens or mirror system. Consider an arrow to be the object, located a distance p from the
center of a simple converging lens of focal length f, such that p > f. Assurne that the arrow is
perpendicular to the optical axis of the system with the tail of the arrow located on the axis. To
locate the image, draw two light rays coming from the tip of the arrow:

(i) One ray should follow a path parallel to the optical axis until it strikes the lens. It then bends
toward the focal point of the side of the lens opposite the object. 1
(ii) A second ray should pass directly through the center of the lens undeflected. (This assume:
that the lens is sufficiently thin.) 4
* The intersection of the two rays is the location of the tip of the image arrow. All other rave
coming from the tip of the object that pass through the lens will also pass through the image t
The tail of the image is located on the optical axis, a distance ¢ from the center of the lens. The
image should also be oriented perpendicular to the optical axis. ;

(a) Using similar triangles, prove the relation
1 % 1

p g f

(b) Show that if the distance of the object is much larger than the focal length of the lens ;

(p > f), then the image is effectively located on the focal plane. This is essentially always

the situation for astronomical observations. 3

1

The analysis of a diverging lens or a mirror (either converging or diverging) is similar and leads
to the same relation between object distance, image distance, and focal length.

6.3 Show that if two lenses of focal lengths f; and f> can be considered to have zero physica
separation, then the effective focal length of the combination of lenses is

11
feff_—fl fz.

Note: Assuming that the actual physical separation of the lenses is x, this approximation is strictiy
valid only when f; > x and f> > x.

6.4 (a) Using the result of Problem 6.3, show that a compound lens system can be constructed from
two lenses of different indices of refraction, n;; and 1, , having the property that the resultaz
focal lengths of the compound lens at two specific wavelengths A, and A,, respectively, caz
be made equal, or ;

Setta, = Settng-

(b) Argue qualitatively that this condition does not guarantee that the focal length will be constan
for all wavelengths.
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6.5

6.6

6.7

6.8

6.10

6.11

Prove that the angular magnification of a telescope having an objective focal length of JSobj and
an eyepiece focal length of fey. is given by Eq. (6.9) when the objective and the eyepiece are
separated by the sum of their focal lengths, fo; + feye-

The diffraction pattern for a single slit (Figs. 6.7 and 6.8) is given by
sin(8/2) 1°
= I, | —LL =
1) =1 [ /2 ,

where 8 =27 Dsin6/A.

(a) Using I’Hopital’s rule, prove that the intensity at @ = 0 is given by 7 (0) = I,.

(b) If the slit has an aperture of 1.0 sm, what angle 6 corresponds to the first minimum if the
wavelength of the light is 500 nm? Express your answer in degrees.

(a) Using the Rayleigh criterion, estimate the angular resolution limit of the human eye at
550 nm. Assume that the diameter of the pupil is 5 mm.

(b) Compare your answer in part (a) to the angular diameters of the Moon and Jupiter. You may
find the data in Appendix C helpful.

(¢) What can you conclude about the ability to resolve the Moon’s disk and Jupiter’s disk with
the unaided eye?

(a) Using the Rayleigh criterion, estimate the theoretical diffraction limit for the angular res-
olution of a typical 20-cm (8-in) amateur telescope at 550 nm. Express your answer in
arcseconds.

(b) Using the information in Appendix C, estimate the minimum size of a crater on the Moon
that can be resolved by a 20-cm (8-in) telescope.

(¢) Is this resolution limit likely to be achieved? Why or why not?

The New Technology Telescope (NTT) is operated by the European Southern Observatory at

Cerro La Silla. This telescope was used as a testbed for evaluating the adaptive optics technology

used in the VLT. The NTT has a 3.58-m primary mirror with a focal ratio of £/2.2.

(a) Calculate the focal length of the primary mirror of the New Technology Telescope.

(b) What is the value of the plate scale of the NTT?

(¢) € Bootes is a double star system whose components are separated by 2.9”. Calculate the
linear separation of the images on the primary mirror focal plane of the NTT.

‘When operated in “planetary” mode, HST’s WF/PC 2 has a focal ratio of f/28.3 with a plate scale
of 0.0455" pixel ™. Estimate the angular size of the field of view of one CCD in the planetary
mode.

Suppose that a radio telescope receiver has a bandwidth of 50 MHz centered at 1.430 GHz
(1 GHz = 1000 MHz). Assume that, rather than being a perfect detector over the entire band-
width, the receiver’s frequency dependence is triangular, meaning that the sensitivity of the
detector is 0% at the edges of the band and 100% at its center. This filter function can be
expressed as A
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