FIGURE 25-18

(a) Objective lens
(mounted now in an ivory frame)
from the telescope with which
Galileo made his world-shaking
discoveries, including the moons of
Jupiter. (b) Later telescopes made
by Galileo.

Telescope magnification

FIGURE 25-19 Astronomical

telescope (refracting). Parallel light from
one point on a distant object (d, = oo)
is brought to a focus by the objective
lens in its focal plane. This image (1) is

A telescope is used to magnify objects that are very far away. In most cases, the
object can be considered to be at infinity.

Galileo, although he did not invent it.” developed the telescope into a
usable and important instrument. He was the first to examine the heavens with
the telescope (Fig. 25-18), and he made world-shaking discoveries: the moons
of Jupiter, the phases of Venus, sunspots, the structure of the Moon’s surface,
that the Milky Way is made up of a huge number of individual stars, and others.

Several types of astronomical telescope exist. The common refracting type,
sometimes called Keplerian, contains two converging lenses located at opposite
ends of a long tube, as illustrated in Fig. 25-19. The lens closest to the object is
called the objective lens (focal length f,,) and forms a real image I, of the distant
object in the plane of its focal point F, (or near it if the object is not at infinity).
Although this image, [, is smaller than the original object, it subtends a greater
angle and is very close to the second lens, called the eyepiece (focal length f,),
which acts as a magnifier. That is, the eyepiece magnifies the image produced by
the objective lens to produce a second, greatly magnified image, 15, which is
virtual and inverted. If the viewing eye is relaxed, the eyepiece is adjusted so the
image I, is at infinity. Then the real image I, is at the focal point F; of the
eyepiece, and the distance between the lenses is f, + f. for an object at infinity.

To find the total magnification of this telescope, we note that the angle an
object subtends as viewed by the unaided eve is just the angle 6 subtended at
the telescope objective. From Fig. 25-19 we can see that 8 = h/f,, where h is
the height of the image I, and we assume # is small so that tan 6 = 6. Nole, Loo,
that the thickest of the three rays drawn in Fig. 25-19 is parallel to the axis
before it strikes the evepiece and therefore is refracted through the eyepiece
focal point F. on the far side. Thus, 8" = h/f. and the total magnifying power
(angular magnification) of this telescope is
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where we have inserted a minus sign to indicate that the image is inverted. To
achieve a large magnification, the objective lens should have a long focal length
and the eyepiece a short focal length.

(25-3)

Galileo built his first telescope in 1609 after having heard of such an instrument existing in
Holland. The first telescopes magnified only three to four times, but Galileo soon made a 30-power
instrument. The first Dutch telescope seems to date from about 1604, but there is a reference
suggesting it may have been copied from an Italian telescope built as early as 15390, Kepler (see
Chapter 5) gave a ray description (in 1611) of the Keplerian telescope, which is named for him
because he first deseribed it, although he did not build it.

Parallel
rays from
object at =

magnified by the evepiece to form the
final image I,. Only two of the rays
shown entering the objective are

standard rays (2 and 3) as described in
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