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2.14: Exercise

Exercise 2.14.1

An object is placed 90 cm to the left of a thin lens in air. The image is real and is 99 cm to the right of the lens.
However, if the medium to the right of the lens is water (refractive index 1.33), the image is virtual and is 76 cm to the left of the lens.
And if the medium to the left of the lens is water (and to the right is air) the image is real and 47 cm to the right of the lens.

Calculate the two radii of curvature and the refractive index of the glass.

Exercise 2.14.2

An object is placed 100 cm to the left of the first surface (A) of a thick lens (thickness = 10 cm) in air. The image is real and is 25 cm to the right of the second surface (B).
However, if the medium to the right of the second surface (B) is water (refractive index 1.33), the image is real and 41 cm to the right of surface B.

And if the medium to the left of surface A is water (and to the right of B is air) the image is real and 92 cm to the right of the lens.

Calculate the two radii of curvature and the refractive index of the glass.

Neither of these two problems is likely to turn up in a practical situation — but they are very good practice for difficult lens problems! Solutions on the next page — but no peeking until you have

tried them!
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(You might be tempted to think that the left hand side of this equation should be % . Make sure that you understand why this is wrong.)
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The physics is now finished. All that has to be done is to solve the three equations for the three unknowns. I would start by letting © =71,y =72, 2 =n . The equations then become:
2(z —y) —z+y=0.021212121, (2.14.4)
2(z —y) —z+1.33y = —0.006388889 (2.14.5)
and
2(z —y) —1.33z +y =0.036054374. (2.14.6)

These are easy to solve:
z =—0.044977, y=-0.083639, =z=+1.54864.
Thus
71 =22.23cm, 79 =11.96cm, n =1.5549cm

The lens is a positive meniscus lens (i.e. thicker in the middle), both surfaces being convex to the right. It looks like this:

First:
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So far, we have obtained two complicated-looking Equations (2.14.10 and \(
| \ref{eq:2.14.14\)) in the three unknowns \(r_1, r_2\) and \(n\), and we are just about to embark on obtaining a third equation from the third experiment, after which we shall have to face the unpl task of solving the th
\) and 2.14.14 T make it
Ty = —43.64516129cm (2.14.15)
so that the second surface is concave to the left —i.e. it bulges towards the right. This was an unexpected piece of good fortune! We can now move on to the third experiment.
Third:
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We can now solve Equations 2.14.10and 2.14.19 or 2.14.14and 2.14.19for r; and n. The very conscientious will want to solve them using 2.14.10and 2.14.19and then repeat the solution
using 2.14.14and 2.14.19 and verify that they give the same answer, and will then further verify that the correct solutions have been obtained by substitution in each of the three equations in
turn. Being slightly less conscientious, I am going to use Equations 2.14.10and 2.14.19 and I shall then verify that the solutions obtained satisfy Equation 2.14.14

I find it easier to solve equations in 2 and y rather than in r; and n, so I am going to let z = r; and y = n. Then, bearing in mind that we have already found that 7, = —43.64516129 Equations
2.14.10and 2.14.19become, respectively, after a little algebra and arithmetic,

100y2 — 100y — zy

1002y + 102 — 1000y + 1000 ¥ ¢ (2.14.20)
and
1ooullofylzgzlgoﬁ)y()ayufllooofz =by+d, (2.14.21)
where
a=+1.33
b =-0.02291204730
c =+0.06291204630
d =+0.03379161252
After a little more slightly tedious but routine algebra and arithmetic, these become
Azy? + By’ +Cizy+Diz + Eiy+F, =0 (2.14.22)
and
Azy® + By® + Cozy + Doz + E*y + F, =0, (2.14.23)
where

A =2.291204730

@0

https://phys.libretexts.org/@go/page/8307



https://libretexts.org/
https://creativecommons.org/licenses/by-nc/4.0/
https://phys.libretexts.org/@go/page/8307?pdf

LibreTextsm

B =77.08795270
C, =-7.062084 257
D; =-0.6291204730
E; =-14.17590540
F1 =-62.91204730
Cp =-4.403431023
D, = -0.449295447
E; = -68.74536457
F, = -44.92954465.

Then we have to solve these two equations! These can be solved, for example, by the method described in Section 1.9 of Chapter 1 of the notes on Celestial Mechanics. Since I already have a
computer program that does that, I used it and got z = 15.386908and y = .1518865 Thus the solution for the lens is

71 =+15.39cm 7y = —43.65cm n=1.519
The first surface is convex to the left, and the second surface is convex to the right. Le. the lens is “fat”, bulging in the middle.
As a check that our arithmetic is all right, we can verify that this solution also satisfies Equation 2.14.14 (It does!)

As a further check, the reader might now like to start with these numbers, and an object distance of 100 cm, and see if it results in the three image distances given in the original problem. (It
does!)

Another way to solve equations 2.14.22and 2.14.23is to subtract the former from the latter to obtain
ary+br+cy+d=0, (2.14.24)
when
a = 2.658653234
b=10.179825026
c =-54.56945917
d =17.98260265.

You can then express z and a function of y and substitute into Equation 2.14.22 (or into 2.14.23 or both as a check). You then have a single cubic equation in y, rather than two simultaneous
equations in z and y, as follows:

(Ba—Ac} + (Bra+Bb—Cic— Ad)y2 +(Fia+E1b—Dic—Cid)y+ Fib— Dyc=0. (2.14.25)
Numerically, this is
329.9799377y° — 450.4024164y> — 77.14660950y — 6.294 x 107> = 0. (2.14.26)

The only positive real root of this is y(: n) = 1.518864, which is the same as we obtained before. The value of :c(: 1-1) is then readily found, from Equation 2.14.24 to be 15.3869 cm, as
before.

Exercise 2.14.3

A converging lens has a focal length of 40 cm in air. What is its focal length when it is immersed in water, of refractive index 1.333?

After a moment’s thought you will demand that you be told the refractive index of the glass. After further thought, you will conclude that not only do you need to know the refractive index of the
glass, but you also need to know the shape (radii of curvature of the surfaces) of the lens.

So, here’s the question properly set.

A biconvex lens is made of glass of refractive index 1.5. The radii of curvature of its surfaces are 25 cm and 100 cm. What is its focal length in air? What would be its focal length if immersed in
water of refractive index 4/3? What would be its focal length if immersed in carbon bisulphide of refractive index 5/3?

Exercise 2.14.4

A lens has a focal length in air of 30 cm.

A block of glass with the same refractive index as the above lens has an air bubble inside it of exactly the same size and shape of the above lens. What is the focal length of this lens-shaped
bubble?

You may be asking yourself if you need to know the shape of the lens, or the refractive index of the glass. I’ll let you ponder.

Exercise 2.14.5

A thin cemented doublet is made of two thin lenses cemented together, as shown in the drawing below. The radii of curvature in cm are indicated in the drawing. The refractive index of the left
hand lens is n, and that of the right hand lens is 5. The combination results in an overall diverging doublet lens of focal length 127 cm.

40 A 50

As a result of a manufacturing error, the two types of glass are inadvertently exchanged, and a doublet lens as shown below is made:
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40 50

This combination results in an overall converging doublet lens of focal lens 72 cm. Calculate the refractive indices of the two types of glass.

Here are my solutions to problems 3 to 5

3. The focal length in air is given by

_ 15-1.0 | 1.0-15 _
=0+ 5= e whence f = 40cm

The focal length in water is given by

4 4 3

s 1

3
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0+ 2? + 51;0;0’ whence f = 160cm

T=
The focal length in CS, is given by
5 ER- Y-
?:0‘#%4»%, whence f = —200cm

4. Regardless of the shape of the lens, the focal length of the glass lens in air is given by

o :("_1)&_%)’

whereas the focal length of the bubble in glass is given by

1 _ i1 _ 1
Foubble (nil) (Tl - Tz) .
Thus

Soubble = =71 X fins = =30 cm

5. The focal lengths of the two doublets are related to the refractive indices by

1 m-l | meny | 1em
"= a0 T2 tw
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i - )

These equations can be rewritten
1968n; —18288n; +803 =0

and
1296n; —1395n, +374 =0,

with solutions
ny =1.521 ny =1.682

This page titled 2.14: Exercise 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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