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Worksheet - Exp 22: Thin Lenses

Objective

The objective of this experiment is to measure the focal lengths of a converging lens and a diverging lens and
investigate magnification.

Theory

Light refracts (bends) when passing through media with difference indices of refraction. This property can be very
useful, especially when a thin lens is used. A thin lens’ thickness is much less than its diameter.

A converging (convex, positive) lens is thicker in the center than at the edges. It can be used to focus parallel light
rays and form a real image. A real image can be projected on a screen. The image exists regardless of whether or
not a screen is in position to show it.

A diverging (concave, negative) lens normally forms a virtual image. Light rays do not actually pass through a
virtual image. It cannot be projected on a screen. When you look at yourself in a mirror, you are looking at a virtual
image. If the object is real, the image is virtual (with a diverging lens). However, when a diverging lens is used in
combination with a converging lens, for instance, the object can be virtual, the image real. Parameters must be met
for a real image to be formed; read the Part 2 procedure carefully.

An important property of a lens is its focal length, f. The focal length of a thin lens is given by:
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where d, is the object distance and d; is the image distance. These distances are measured from the lens.

PROCEDURE

Part 1: Converging Lens
Method I - Use the lens equation (di + % =

)
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1. Mount the lens, screen, and light source on the opti-
cal bench. Adjust the height of the object, lens(es),
and screen so that the optical axis passes through f
the center of each element. t

2. Adjust the position of the lens and the screen un- U l
til a clear image of the object is projected onto the
screen. Considering the lens equation, how many

combinations of d; and d, are possible? do: d;:
3. Using the diagram to the right, record the position f=
of each device: O, L, i. Positions are measured di-
rectly from the optics bench; a line is scribed on (6 pts)

each holder for accuracy.
O is the position of the object.

4. Calculate d, d;, and f. L is the position of the lens.
1 is the position of the image.
d, is the calculated object distance (absolute value).

di=1—1L d; is the calculated image distance (absolute value).



10.

Method II - Use a distant object (d, — 00)

Hold lenses carefully by the edge. Project the image
of a distant object on a screen. One way to achieve
this is to take the lens and a ruler to a long hall-
way. Hold the lens such that light from a distant
light source at the other end of the hallway passes
through the lens and focuses on the wall.

Adjust the distance between the lens and the screen
until a clear, distinct image of the distant light
source is projected onto the screen.

Measure the distance from the lens to the screen.
This distance is f. The lens equation shows that
when d, is large, d; — f.

f=

8. Is the image inverted? Magnified? Reversed?
(4 pts)

9. Compare f (% difference) from the two methods.
(4 pts)

Draw a ray diagram for Method I. Use at least two rays. (8 pts)

11. Draw a ray diagram for Method II. Use at least two rays. (8 pts)



Part 2: Diverging Lens

To determine the focal length of a diverging lens, the
lens must create a measurable, real image as in Part 1.
However, light cannot be focused through a diverging
lens to form a real image unless that light was already
converging. To accomplish this, a real image from a
converging lens will be used as a virtual object.?

12. Form a real image using a converging lens. Note:
d, should be greater than 2f.

13. Place the diverging lens between the converging lens
and its (real) image; refer to the figure below. The
real image from the converging lens is now a virtual
object for the diverging lens.

14. Determine the position of the diverging lens’ image
by adjusting the screen’s position.
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15. Record your data in the digram above.
16. Determine d, and d; for the diverging lens.

17. Calculate f for the diverging lens.

18.

19.

Converging Lens:

O: L: i:

dy: di:

Diverging Lens:

L: O: i:
dOZ dii
h=______  f=

(12 pts)

Compare [ of a Diverging Lens

Recalculate f using the following equation:

_ VW
f_V—W

where V and W are defined as:

V =1d,| and W = |d;]

(6 pts)

Compare f values from the lens equation and the
equation above for the diverging lens. If you fol-
lowed the sign conventions closely, the f values
should be identical.

2For a diverging lens, either the object or the image can be real; the other must be virtual.




20. Consider a concave lens made out of air that is immersed in water (perhaps two watch glasses glued to each end
of a piece of pipe, with air inside). Will it form a real image that can be focused on a screen? Draw a ray diagram
to support your answer. (8 pts)

Part 3: Lateral Magnification, M

Use only the converging lens to investigate lateral mag-
nification. Record all data in the diagrams to the right. 0O: L: i:

Converging Lens: d, > 2f

21. Set d, > 2f by adjusting the distance between the
object and the lens. Find the image using your large f
screen. Record the position of the image and mark 2
on the screen the top and bottom of the image.
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22. Measure the image height, h;, and the object height,
h,. Be sure to measure the same dimension on both

object and image. (2 pts) do: d;:
hii hot
f =
23. Calculate M:
. (6 pts)
M= M= (2 pts)

24. Verify the magnification (M) using the following
equation:

M==% M= (2 pts)

25. Compare the two values of M.
% diff: (2 pts)




26.

27.

28.

29.

30.

32.

Set f < d, < 2f. Locate the image.

Measure h; and h,. (2 pts)
hii ho:

Calculate M using both of the previous equations
and compare the two values. (4 pts)

M1: M2:

% diff:

Set d, = f. Try to find d;. Consider Method II
and Eq. 21.1; where should the image be? (4 pts)

Set d, < f. Look through the lens at the object.
Note your observations. (4 pts)

Converging Lens: f < d, < 2f
O: L: i:
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(6 pts)

31. Set the lens carefully aside where it will not be dam-
aged. Unplug the light source and lay the power
cord across the optics bench.

If a convex lens with n = 1.30 and f = 25 cm is immersed in a fluid with an index of refraction that is also 1.30,
what is the new focal length of the lens? Draw a ray diagram. (10 pts)



