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The goal of this experiment was to build a microscope to test the thin lens and magnification equations. A
microscope was built with a 3D printer and lenses were obtained from Kodak disposable cameras. Magnification
was found to be 1.75x at percent error of 97.88% off theoretical magnification

I. INTRODUCTION AND HISTORY OF THE PROBLEM

Although glass was invented in the first century CE, it was
not until the thirteenth century CE that eyeglasses were in-
vented by Salvino D’Armante. The first compound micro-
scope was invented around three hundred years later, in the
early 1600s by Zacharias Janssen. In the 1650s, Anton van
Leeuwenhoek built a microscope with magnification power of
270x, which he used to study biological substances. Modern
microscopes are able to observe objects as small as 200 nm.[1]

II. BASIC PHYSICS

The basic microscope contains four main parts; stage, ob-
jective lens, eyepiece, observer. A typical microscope set up
can be seen in FIG. 1. The stage acts as a place to rest spec-
imen that will be observed through the microscope. There
is usually a hole in the middle of the stage that allows light
to be passed through the specimen. The objective lens is the
lens closest to the stage, while the eyepiece is the lens farthest
from the stage. These lenses work together to magnify the the
specimen according to equation (1).
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L is the distance between the objective lens and the eyepiece,
fo is the focal length of the objective lens and fe is the focal
length of the eyepiece. The objective lens usually has a shorter

FIG. 1: Basic layout of a laboratory microscope

FIG. 2: 3D-printed Microscope with removable optical tube

focal length and higher magnification than the eyepiece. The
objective lens creates a real image from the specimen, which
is in turn used by the eyepiece to create a real image at roughly
25 cm from the observer. This 25 cm is important due to the
near point of the human eye. The near point is the closest dis-
tance at which the human eye can clearly make out an image.
This is the final part of the microscope.[2]

III. DESCRIPTION OF EXPERIMENT

The goal of the experiment was to use a laser to test the
magnification equation given by equation (1). In order to do
this, a microscope was 3D printed by the makerspace and a
red LED light was used as the specimen. The diameter of a
red led light was measured before and after magnification by
the microscope and compared to the theoretical magnification
calculated. The microscope was printed in many pieces and
assembled. The optical tube is removable in order to decide
if the objective lens or the eyepiece faces up (this becomes
important later). The set-up of the microscope can be seen in
FIG 2.

The lenses are 35mm focal length lenses removed from Ko-
dak disposable cameras. Two lenses are used to form the eye-
piece, and two lenses are used to form the objective lens. This
set up can be seen in FIG 3. The lenses are calibrated so the
light hits the center of each lens and glued into place so that no
shifting occurs. In order to properly test the magnification of
the laser, it is important that the measurement be taken at the
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FIG. 3: The piece of the tube holding the four lenses is second from
the left. The two lenses forming the objective lens are at the top of
the piece and the two lenses forming the eyepiece are at the bottom
of the piece.

focal length of the eyepiece. This ensures that the image cre-
ated by the eyepiece is in focus and the measurement taken is
correct. The focal length of the eyepiece is found from equa-
tion (2) to be 27.22 mm.
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f is the effective focal length, f1 is the focal length of the first
lens, f2 is the focal length of the second lens, and d is the
distance between the two lenses.

To get a measurement for the unmagnified diameter of the
LED, the laser was placed a distance of 195 mm from the
stage. This measurement corresponds to the sum of the fo-
cal length and the length of the optical tube. It is important
to measure the laser from the same distance as the light will
physically travel through the microscope to account for the
possibility of the light being uncolumnized. The optical col-
umn was then set in place and 20 independent measurements
were made of the diameter of the magnified beam. The set up
of the microscope with the light can be seen in FIG. 4.

IV. ANALYSIS AND DISCUSSION

The data seen in FIG. 5 have a large standard deviation
of 0.439, about 25% of the mean magnification. This im-
precision stems from systemic, instrumental errors. The mi-
croscopes ability to maintain a constant distance between the
screen and the objective lens is limited by the gear ratio of the
optical tube casing. The data points appear weakly normally
distributed about the mean, and a closer look at the residuals
in FIG. 6. supports this assessment, with six out of twenty
points (30%) falling outside of one standard deviation. The
measurement process, then, while imprecise, was not subject
to erroneous systematic errors, but it was horribly inaccurate.
With a percent error of 97.88, the actual magnification fell
well short of the predicated value of 83.11. This was almost

FIG. 4: LED light being shone through the microscope with magni-
fied beam coming through the bottom

FIG. 5: Beam magnification data with error bars

certainly due to the quality of the lenses. This experiment was
designed to be made by anyone, so plastic disposable camera
lenses were used. These are easily scratched and not easily
polished. It is possible that a resin from the superglue used to
hold the lenses in place clouding the optical path. All attempts
to improve the quality of the lenses failed.

V. CONSLUSION

The microscope we built did not magnify in the way that it
theoretically should have magnified. The theoretical data was
significantly off of the experimental data. Much of this was
attributed to low quality supplies or design fault.
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FIG. 6: Residuals of beam magnification
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