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2.11: Thick Lenses

Figure I1.16 shows a thick lens of index ng, an object O and an image I. For good measure I have put a medium of index n; to the
left of the lens and a medium of index ng3 to the right of the lens.
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FIGURE I1.16
If you are given the position of O, can you calculate the position of the image?

Well, it is easy to calculate the convergence C; when the light arrives at the first surface. Then we can easily calculate the
convergence Cy merely by adding the power of the first interface. And, if we know C5 (Aye, there’s the rub) we can easily
calculate Cy. We see that the key to solving thick lens problems is to know how convergence changes with distance, so we shall
make that our next aim.

FIGUREII.17

Figure I1.17 shows a beam of light, in a medium of index ns, converging to the point P, which is at a distance « from the plane A.
The convergence of the beam as it leaves the plane A is Cy = ny/x. When it arrives at the plane B, which is at a distance D from
the plane A, its convergence is C5 = ng/(x — D) . When we eliminate x, we obtain
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for the formula that tells us how convergence changes with distance.

Let us now return to the problem of Figure II.16.

Example 2.11.1

Let’s suppose that the radii of curvature of the first and second faces are 15 and 25 cm respectively, and the distance between
the faces is 50 cm. The refractive index of the glass is ng = 1.60. We’ll suppose that there is water (n; = 1.33) to the left of the
lens, and, to the right of the lens there is some liquid with refractive index 1.42. The object is 30 cm to the left of the first face.
Where is the image?

Solution

The calculation goes as follows (Equation 2.11.1):
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Ci = —lé—o =-0.044333 cm ™

Cy, =C + % =—0.026333 cm™!

Cy = % =—0.014446 cm ™.
Notice that the light is diverging by the time that it reaches the second face.

Cy=Cs+ 1'42_—;51'60 =—0.007246 cm .

The light is still diverging, so the image is virtual. The distance of the image from the second face is 1.42 + 0.007 246 = 196
cm, and it is to the left of the second face.

The magnification of a thick lens is easily found. The magnification produced by the first face is, as usual, C;/Cs, and then
C1C3

X which is this

there is a further magnification of C3/C} produced by the second face. Thus the overall magnification is

case is +3.356. The image is magnified in size and it is erect.

This method for thick lenses can also be used for separated lenses and mirrors. Here’s one:

Example 2.11.2

Figure I1.18 shows a thin lens separated from a mirror, and an object 14 cm from the lens. Where is the image?
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FIGUREIL18
Solution
C; =—-1/14 = —-0.071420cm™.
Cy =Cy +1/25=—-0.031429 cm.

__¢C _ -1
Cs = 1_402X02 =—-0.013924 cm™.

Cy =C3+ —= =+0.053743 cm'l.

The image is real. It is 18.96 cm to the left of the mirror. The magnification is —0.60. The image is inverted and diminished.

Of course those who set examinations can think of all sorts of unpleasant questions. For example, we might have a thick lens
and an object, but, instead of being asked to find the image, we may be told the image distance and asked to find the refractive
index, or the thickness, or one of the radii. Or, even worse, we might not be told the image distance, but we might be told its
magnification and whether it is real or virtual, or erect or inverted, and asked to find something else. There are endless
possibilities! Here’s one.

16, n? 30

The lens shown has radii of curvature 16 and 30 c¢m, and is 5 cm thick. An object is 36 cm to the left of the 16 cm face. Its
image is 50 cm to the right of the 30 cm surface. Show that the refractive index is the positive solution of
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l 1845n2 —2417n — 520 = 0.

Here's another one.

Example 2.11.2

The lens shown is 4 cm thick and the refractive index is 1.6. The radius of curvature of the first face is 15 cm. An object is 32
cm to the left of the 15 cm face. Its image is real, inverted and magnified by 22. Determine the radius of curvature of the
second face.

15 16 |7 FIGURE IL.19

Solution

Hints. The image is real. Which side of the lens is it? You can easily calculate C'y, C5 and C'3, so you should be able to get Cy
from the magnification. The answer, by the way, is 80.1 cm — but is it convex to the right, as shown, or is it concave to the
right?

One more.

Example 2.11.4

The two lenses are made of a very light solid whose refractive index is only 1.3. (I’'m not sure if there is such a stuff!) and they
are immersed in a liquid of index 1.4. That means that the convex lens is diverging. The second surface of the second lens is a
reflecting mirror. I have indicated the radii of curvature, and the lenses are 40 cm apart. Parallel light comes from the left.
Where does it come to a focus?
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FIGURE I1.20
» 1.3

The initial convergence C; = 0. I’ll calculate the convergence after the light arrives at or leaves each surface or interface. I

hope the notation will be clear. All convergences are in cm™*.

Solution
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1.3-14
Cy =0+ —— =—-0.006.
2 =0+ 75
1.4-1.
C3 =—0.006 + —3 =—0.0116.
—20
1.4C5
1.3-1.4
Cs = —0.00875 + 3_—25 =—0.00475.
—2x1.3
Cs = —0.00475 + % — _0.091416.
1.4-1.
C; =—0.091416 + —3 = —0.087416.
+25
1.4Cy
= ————=-0.02499319265.
Cs 14400, 0.02499319265
1.3—-1.4
Cy =Cs+ ~—0 —0.02999319265.
1.4-1.3
Cio =Cy + _—15 = —0.03665985931.
Finally, C1p = 22, so 2 = —38.18890815 (= —Z%%) cm
That is, the focus is 38.2 cm to the right of the convex lens, or 1.8 cm to the left of the concave lens.

Compose a problem in which a student is given the focal length of two lenses, and the positions of object and image, and the
student is asked to calculate the distance between the lenses.

This page titled 2.11: Thick Lenses is shared under a CC BY-NC 4.0 license and was authored, remixed, and/or curated by Jeremy Tatum via
source content that was edited to the style and standards of the LibreTexts platform.
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