PHYS 1112L - Introductory Physics Laboratory II
Laboratory Advanced Sheet
Thin Lenses

1. Objectives. The objectives of this laboratory are
a. to be able to measure the focal length of a converging lens.
b. to test the predictions of the thin lens equation when more than one
lens is used to produce an image of an object.

2. Theory.
a. The thin lens equation is
1/f = 1/p + 1/q
where
f is the focal length of the lens,
p is the object distance from the lens, and
q is the image distance from the lens.
b. The following sign conventions are used with the lens equation:
quantity

sign/condition

p

positive if object is is front of the lens

p

negative is the object is in back of the lens

q

positive if the image is in back of the lens

q

negative if the image is in front of the lens

c. Two methods will be used to estimate the focal length of two different
convex lenses.
1) Parallel beam shift. A laser beam is aligned to pass
through the center of the lens. A slab of transparent material

is then rotated in the beam in front of the lens. Refraction in
the slab produces beams that are parallel to the central axis
beam. Since parallel rays converge at the focal point of a
lens, the distance from the lens to a screen can be varied
until the rotation of the slab produces no motion in the
position of the laser beam on the screen. When this
condition is met, the image distance is equal to the focal
length.
2) Measurement of the object and image distances, and
calculation of the focal length. If these distances are
measured, the focal length can be calculated directly using
the thin lens equation.
d. Using the focal lengths determined from the measurements described
in paragraph 2c2) above, combinations of the two lens will be used to test
the predictions of the thin lens equation. When multiple lenses are used,
the image of the first lens becomes the object for the second lens. Thus,
for two lenses, two applications of the thin lens equation will be required to
predict the image position produced by both lenses. The predicted and
measured positions of such images will be compared.

3. Apparatus and experimental procedures.
a. Equipment.
1) Optical bench with metric scale.
2) Lenses with focal lengths of approximately 10 and 20 cm.
3) Diode laser.
4) Acrylic slab.
5) Light source with object on face.
6) Image screen.
b. Experimental setup. A figure for the experimental setup will be provided
by the student.
c. Capabilities. Capabilities of the equipment items listed in paragraph 3a
will be provided by the student.

d. Procedures. Detailed instructions are provided in paragraph 4 below.

4. Requirements.
a. In the laboratory.
1) Your instructor will introduce you to the equipment to be
used in the experiment.
2) Place one of the lenses at the 25.0 cm position on the
optical bench. Align the beam of the diode laser along the
central axis the lens. Rotate the acrylic block in the beam in
front of the lens and adjust the position of the image screen
so that the spot produced by the laser beam on the image
screen does not move when the acrylic slab is rotated. Make
three trials with each lens. Record your results.
3) Place the light source with object on its face at the 0.0
position on the optical bench. Place a lens at an object
distance of several centimeters more than its focal length
(Annex A provides suggested positions). Adjust the position
of the image screen to produce a sharp focus. Record the
positions of the object, lens and image for fifteen (15) trials.
Repeat for the second lens.
4) Place the light source with object on its face at the 0.0 cm
position on the optical bench. Place the image screen at a
position of 80.0 cm on the optical bench.
a) Place the first lens at a position on the
optical bench of approximately 5.0 cm less
than its focal length. Adjust the second lens to
produce a sharp image on the screen.
b) Move the first lens to an optical bench
position approximately 1.0 cm greater than its
focal length, find the position of the second
lens required to produce a sharp image on the
screen.
c) Move the first lens to an optical bench
position approximately 5.0 cm greater than its
focal length, find the position of the second

lens required to produce a sharp image on the
screen.
Switch the lenses and repeat these steps.
5) Your instructor will discuss methods to be used to prepare
your data using the Microsoft ExcelTM spreadsheet program.
b. After the laboratory. The items listed below will be turned in at the
beginning of the next laboratory period. A complete laboratory report is
not required for this experiment.
Para 3. Apparatus and experimental procedures.
1) Provide a figure of the experimental apparatus (para 3b).
2) Provide descriptions of the capabilities of equipment used
in the experiment (para 3c).
Para 4. Data. Data tables are included at Annex A for recording
measurements taken in the laboratory. A copy of these tables must be
included with the lab report. Provide the items listed below in your report in
the form a Microsoft ExcelTM spreadsheet showing data and calculations.
The spreadsheet will include:
1) A listing of the measured focal lengths of the two lenses
using the diode laser and acrylic plate. Calculate the mean
focal length for each of the two lenses.
2) A table of the positions of the object, lens and image on
the optical bench for the calculation method for determining
the focal length.
4) Calculations of the focal lengths for each of the fifteen
measurements for each lens. Calculate the mean focal
length for each lens.
5) Predictions of the positions of the image in the the two
lenses experiments using the focal length data from the last
set of calculations. Compare your results to the actual
measured positions using the percent discrepancy statistic.
5. Results and Conclusions.
a. Results.

1) Provide a table of the mean focal lengths for the two
lenses for the two methods used to estimate the focal length.
2) Discuss the accuracy of the predictions of the image
position calculations for the two lenses experiments.
b. Conclusions.
1) Provide a description of the sources of systematic error in
the experiment.
2) Provide a description of the sources of random error in the
experiment.

Annex A
Data
1. Focal length determinations.
a. Parallel beam shift method.
trial

focal length (cm)
lens 1

lens 2

1
2
3

b. Object and image distance measurement method.
1) Lens with smaller focal length.
trial

position of
object
(cm)

position of lens
(cm)

1

0.0

12.0

2

0.0

13.0

position of
image
(cm)

3

0.0

14.0

4

0.0

15.0

5

0.0

16.0

6

0.0

17.0

7

0.0

18.0

8

0.0

19.0

9

0.0

20.0

10

0.0

25.0

11

0.0

30.0

12

0.0

35.0

13

0.0

40.0

14

0.0

45.0

15

0.0

50.0

2) Lens with larger focal length.
trial

position of
object
(cm)

position of lens
(cm)

1

0.0

26.0

2

0.0

27.0

3

0.0

28.0

4

0.0

29.0

5

0.0

30.0

6

0.0

35.0

7

0.0

40.0

8

0.0

45.0

9

0.0

50.0

position of
image
(cm)

10

0.0

55.0

11

0.0

60.0

12

0.0

65.0

13

0.0

70.0

14

0.0

75.0

15

0.0

80.0

2. Two lenses experiments.
a. Lens with smaller focal length nearest to object.
trial

object position
(cm)

1st lens
position
(cm)

2nd lens
position
(cm)

image position
(cm)

2nd lens
position
(cm)

image position
(cm)

1
2
3

b. Lens with larger focal length nearest to object.
trial

object position
(cm)

1st lens
position
(cm)

1
2
3
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