
Problem 11.6
Resolving power of optical telescopes.

(a) What is the maximum possible angular resolution (diffraction limitation) of an optical telescope with
a 2.4 m mirror (in blue light)?

(b) What is the actual resolution of such ground-based telescopes of which many exist on the various
continents?

(c) What is the angular resolution of the Hubble Space Telescope (it has a 2.4 m mirror)?

(d) Why is there such a large difference between the resolution of 2.4 m ground-based telescopes and
Hubble?

Problem 11.7
Doppler Shift of Light I.
Giancoli 37-56.

Problem 11.8
Doppler Shift of Light II.
Giancoli 37-59.
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Problem 11.5
Resolving power of the human eye. (Giancoli 36-65.)
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The diffraction-limit angular resolution of the human eye (assumed diameter 5.0 mm) at a
wavelength of 500 nm is

1.22.\ (1.22)(5 x 10-7)e= -- = = 1.22 X 10-4 rad = 0.42 arcmin
D (5.0 x 10-3 )

(10 = 60 arcmin).

(a) Considering only diffraction effects, the human eye will be able just barely to distinguish
two car headlights when they are at a distance L such that their separation d subtends an
angle eequal to the above angular resolution limit:

d 2.0m
(small angle:) d = Le ~ L = - = 4 ~ 16kme 1.22 x 10-

(b) Again considering only diffraction effects, the minimum angular star separation that the
human eye could discern would be the above 0.42-arcminute value. The eye's actual angular
resolution is more like 1 arcminute due to the finite density of photoreceptors in the retina.
In fact, as demonstrated in lectures, most students were not even able to resolve two lights
of equal strength which were 1 arc-minute apart.

Problem 11.6
Resolving power of optical telescopes.

(a)
1.22.\ (1.22)(4.5 x 10-7)e= -- = = 2.3 X 10-7 rad = 0.047 arcsec .

D 2.4

(b) As discussed in lectures and also noted in Giancoli Example 36-5 (p. 897), the angular
resolution of ground-based telescopes is limited to about ~ arcsecond (at best) by turbulence
in the Earth's atmosphere.

(c) As mentioned in lectures (see also Giancoli Example 36-5), the angular resolution of the
Hubble Space Telescope is limited not by atmospheric effects but by diffraction. Therefore,
for a wavelength of 4.5 x 10-7 m, it has the 0.047-arcsecond resolution of part (a).

(d) (See preceding parts.)
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