Optics

Geometrical optics

Lens maker’s equation % =(n- 1)(i + ij with positive radii if convex
1 2

Geometric optics equations for lenses and mirrors

111 d._h
—_— = 4 m=—-——-=
f do d[ do ho

. . R o
For spherical mirrors f = iE, positive if concave

Problem 1.- Calculate where the final image is formed in this combination of lenses.

f1=25cm f2=-20cm
object

Solution: The first lens equation is
1 1 1 1 1 1 1 25x%x15
— = _%_:_+—%dl: = =
f d, d, 25 15 4, i_i 15-25
25 15
This means that the image produced by the first lens will be 37.5cm to the left of the first lens

and 67.5cm to the left of the second lens. Now we can use this image as the object for the second
lens
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-37.5

1 1 1 1 67.5%20
+— > ——=d, = =—
f d, d =20 675 d, 1 20+67.5
20 67.5
So the image is formed 15.4 cm to the left of the second lens.

! =-15.4 cm



Problem 2.- If the five lenses shown below are made of glass (n=1.5), which lens has the longest
positive focal length?

A B C D E

Solution: Notice that D and E are negative lenses, so the choice is between A, B and C.

Also notice that between B and C the focal length of C will be shorter because it has two curved
surfaces instead of one.

So the final choice for longest focal length is between A and B. Let us look at the lens maker’s
equation:

i:(n_l)(i+ij
f Rl R2
In case B the contribution of the flat side is zero, because i 1S zero, but in case A the
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contribution of — is negative. The focal length is still positive but the value in brackets ;+R—
1 1 2

is smaller than 1 , so the focal length of A is longer.
2

Answer: A

Problem 2a.- If the five lenses shown below are made of glass (n=1.5), which lens has the
shortest negative focal length?

A B c D E




Problem 3.- The figure below shows an object O placed at a distance R to the left of the center
of curvature of a concave spherical mirror that has a radius R. The image formed by the mirror is
at

(A) infinity

(B) a distance 2R/3 to the left of the mirror and inverted
(C) a distance 2R/3 to the right of the mirror and upright
(D) a distance 2R/5 to the left of the mirror and inverted
(E) a distance 2R/5 to the right of the mirror and upright
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Solution:

Using the fundamental equation of geometrical optics:
I 1 1 2 1 1 3 1 2R
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Answer: B

Problem 3a.- The figure shows a spherical concave mirror with center of curvature at C and
radius R. An object is located a distance L=1.5R from the center as shown in the figure.
Calculate the position of the image formed by the mirror.
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Solution: The focal length of the mirror is R/2, positive and according to the figure the value of
d, is 2.5R, so the equation is
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Problem 3b.- The figure below shows an object O placed at a distance R to the left of a concave
spherical mirror that has a radius R (so the object is at the center of the sphere). The image
formed by the mirror is at

(A) infinity

(B) a distance R to the left of the mirror and inverted
(C) a distance R to the right of the mirror and upright
(D) a distance R/2 to the left of the mirror and inverted
(E) a distance R/2 to the right of the mirror and upright
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Problem 4.- A survival kit contains a thin plano-convex lens made of glass (n=1.46) with a
spherical surface of 23cm radius. Find how far from a bunch of straw you need to hold the lens
to start a fire with the sun’s rays.
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R=23cm

Solution: We can use the “Lens maker equation” to calculate the focal length
1 _146-1 —>f:£:50cm
f 23 0.46

That is the answer because if the sun is at infinity, the rays are going to converge at the focal
point.



Problem S5.- Considering the geometry shown in the figure, calculate the location of the image

created by light striking the spherical transparent surface at point P.
Take do= 2.5 cm, R=1.2 cm, n=2.42, ®=15°

Image

Center
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Solution:

h=Rsing=1.2sin15" =0.3106
x=R—Rcos¢=12(1-cos15") =0.0409

o =tan™ = tan’l(Ll%j =6.969°
2.5+0.0409

0 =a+¢=15 +6.969" = 21.969°

+Xx

o

sin 21.969°

=8.89°
242

. . . [ siné, .
sing, =nsinf, — 6, =sin 1(—’) =sin 1(
n

w=¢—-60 =15 -8.89" =6.11

h 0.3106
+xXxX=—

d, = -+0.0409 =2.94

l

X
tan @ tan6.11

Problem 5a.- Considering the geometry shown in the figure, calculate the location of the image

created by light striking the spherical transparent surface at point P.
Take do=2 cm, R=1 cm, n=2.42, ®=25°

Image

Center
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Solution:

h = Rsin¢ =sin25" =0.4226
x=R(—cos@)=1-cos25 =0.0937

o =tan™ L tan’l(Lz%j =11.41°
d +x 2+0.0937

o

6 =a+¢=3641°

6, = sin![ S0 | _ g SI30AL g g0
n 2.42

w=9-0 =108

=0.0937 +M =2.309 cm

tan @ tan14.19

d =x+

1

Problem 6.-

a) A Christmas tree ornament creates an image of your face that is upright and 18 times smaller.
What is the radius of the ball if your face is 24cm away?

b) A very large and well polished bowl (but not a super one) shows your face upright and 2.5
times larger. How far away is your face if the spherical shape of the bowl has a radius of 85 cm?

Solution:
a) An upright image means that the magnification is positive and being 18 times smaller means
that:

=t __d_ 1
h, d, 18
We also know the value of d, = 24cm, so using the equation above:
d, 1 24
-——t=—>d =—"—cm
24 18 ' 18
Now we can use the mirror equation to find the focal length:
I 1 1 1 1 1 24

d d, f ~—(24/18) 24 f 17

And the radius is twice this value (the sign of f means it’s convex): R=2.82cm

b) In this case the magnification equation is M = h—’ _ 4 2.5 so we can write: d, = -2.5d,

The focal length, which is half the radius, is 42.5cm (positive because it is a concave mirror). So
using the mirror equation we get:

tr rt, .t vt 08 b 06x42.50m=255cm
dd " f 254 'd 425 d 425




Problem 7.- A light source is at the bottom of a pool of alcohol (index of refraction is 1.36). At
what minimum angle of incidence will a ray be totally reflected at the surface?

(A) 0°

(B) 22°
(C) 27°
(D) 47°
(E) 60°

Solution: Finding the critical angle for total internal reflection we get

ecrirical :Sin_l l :Sin_l L :47
n 1.36

Answer (C) 27°

Problem 8.- The figure below shows an object O placed at a distance 2R to the left of a convex
spherical mirror that has a radius of curvature R. Point C is the center of curvature of the mirror.
The image formed by the mirror is at

(A) infinity

(B) a distance 2R to the left of the mirror and inverted
(C) a distance 2R to the right of the mirror and upright
(D) a distance 2R/5 to the left of the mirror and inverted
(E) a distance 2R/5 to the right of the mirror and upright
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Problem 9.- Find the radius of a concave polished bowl that shows your face upright and 2.5
times larger when you are 20 cm away.

Solution: In this case the magnification equation is M = % = —% =2.5 and d, =20cm so we

o o

can write: d, = =2.5d, = =50cm

Using the mirror equation we get:
I 1 1 1 11 1 1

0.05-0.02 0.03

—_— — f=333cm
d d, f =50 20 f

The radius is twice this number: R = 2f = 66.6 cm



