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3.6: Magnifying Glasses

A magnifying glass causes an image on the retina which is larger than without the magnifier. In principle, the image on the retina
can be increased by simply bringing the object closer to the eye (reduce |s,| at fixed s; ). But |s,| can not be smaller than the near
point d,, which we take here to be 25 cm. It is desirable to use a lens that makes a magnified erect image at a distance to the eye
greater than d,. This can be achieved by a positive lens with the object closer to the lens than the first focal point, thereby
producing a magnified virtual image. An example is given in Figure 3.6.1.
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Figure 3.6.1: Example of a positive lens used as a magnifying glass (picture taken by A.J.L. Adam / CC-BY-SA 4.0).

3.5.1 Magnifying Power

The magnifying power MP or angular magnification M, is defined as the ratio of the size of the retinal image obtained with the
instrument and the size of the retinal image as seen by the unaided eye at normal viewing distance d,. To estimate the size of the
retinal image, we compare in both cases where the chief ray through the top of the object and the centre of the pupil of the eye
hits the retina. Since the distance between the eye lens and the retina is fixed, the ratio of the image size on the retina for the eye
with and without magnifying glass is:

Mp = 2o
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where a, and «,, are the angles between the optical axis and the chief rays for the aided and the unaided eye, respectively, as

shown in Figure 3.6.2. Working with these angles instead of distances is in particular useful when the virtual image of the

magnifying glass is at infinity. Using a, ~y;/L and o, ~ yo/dy with y; and yy positive and L the positive distance from the

image to the eye (with as requirement : L > d, ), we find
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Since s; < 0 and f, < 0 we have,
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where we used the lens equation for the magnifying glass. We have s; = —|s;| = —(L —¥£) , where C is the distance between the
magnifying glass and the eye. Hence, \(( 3.6.2)\) becomes:
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Figure 3.6.2: An unaided view (top) and an aided view using a magnifier.
1. £ =|f,| : the magnifying power is then MP = dy® .
2.£ =0 : hence L =dj is smallest while MP is maximum:
MP|,',=07L:d0 =dy®+1
3. The object is at the focal point of the magnifier (sg = f,), so that the virtual image is at infinity (L = co) and hence
MP|,_ =dyD,
for every distance [ between the eye and the magnifying glass. The rays are parallel, so that the eye views the object in a relaxed

way. This is the most common use of the magnifier.

In practice dy® = d,/ | fo| is much larger than 1, so that MP is similar in the three cases.

3.5.2 Nomenclature

Normally magnifiers are expressed in terms of the magnifying power when L = 0o (case 3 above). For example, a magnifier with
a power of 10 Diopter has a MP equal to 2.5 or 2.5 X. In other words, the image is 2.5 times larger than it would be if the object
would be at the near point of the unaided eye.
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