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Abstract
The thin lens equation can predict how lenses in an optical system refract light. In this exercise, we investigated
how well our theoretical predictions coincided with our experimental findings. What was done? Using the thin
lens equation, we first derived the distance to the image plane for an object positioned in front of a convex and
concave lens and thereafter experimentally measured the distances. How was it done? We found that the
experiments agreed with the theoretical predictions, with a discrepancy of only 1.0 ± 0.2 mm. What was found?
We then built and verified the performance of both a Kepler and a Galilean telescope. We found that theory
and experiment coincided with a discrepancy of 3.0 ± 0.3 mm. However, we observed a significant amount
of aberrations, which we suggest is related to the spherical shaped lenses used in the setup. The findings in
this exercise suggest that the thin lens equation can accurately predict how lenses should be positioned for
imaging purposes, but that it does not take into account the degree of aberrations.What is the significance of the
findings?.
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1. Introduction
The thin lens equation provides the quantitative relationship
between the object distance, the focal length, and the image
distance. We investigated how well this equation could predict
the refraction of light in optical lenses. Identifies the scientific
concept which forms the learning context for the lab The
thin lens equation, which is also denoted the Gaussian lens
formula, was derived by Edmund Halley in 1693 under the
assumption that the thickness of the lens is ignored and that
the paraxial assumption is used [1]. This simplifies ray tracing
calculations but give rise to errors if the rays are focused by the
outer part of a lens [2]. Background of the scientific concept
Therefore, we expected to have some discrepancy between the
theoretical and experimental values under certain conditions.

2. Methods
2.1 Theory
The thin lens equation can be derived from the thick lens
equation [3]. By denoting s and s0 as the object and image
distances, respectively, and si1 as the image distance due to
refraction in the first surface a relation can be expressed as,
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where nm and n1 are the refraction index for the glass and air,
respectively, R1 and R2 are radii of curvature of the surfaces,
and d is the thickness of the lens. If the lens thickness is
d  si1 , Eq. (1) can be rewritten and simplified as,
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which is known as the lens maker’s equation or thin lens
equation. For a thin lens, the focal length of the object, f0 ,
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equals the focal length of the image fi , therefore, we can
define,
1
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The definition in Eq. (3) together with Eq. (2), yields the
fundamental and practical thin lens equation,
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2.2 Experimental procedure
We used a small light emitting diode as an object and imaged
it on a white 10x5 cm2 screen using different lenses. All
lenses were made of glass and either biconvex or biconcave
with a diameter of 7.0 cm. We mounted all components, the
diode, lenses, and the screen in sliding holders, which could
be moved and locked on a metal rail for accurate positioning.
An illustration of the setup is shown in Figure 1.
To measure the positions of our objects we used a stainless
steel ruler and assumed a ± 1.0 mm accuracy in each measurement. We used this assumed accuracy to calculated the error
by the Gauss error propagation formula [4]. A description of
the method used for statistical analysis, and a reference to
what you have used

Figure 1. Schematic of the setup used to mount the optical
components (light emitting diode, lens, and screen) and
measure how light was refracted by the lenses. A 5 mm light
emitting diode was used as an object and the the white screen
was moved until a sharp image was seen. The distances were
measured using a regular steel ruler.

3. Results
3.1 Verification of the thin lens equation
Our experimental findings are in good agreement with theoretical calculations. One can start with a sentence that highlights
the findings for each result and support this with facts We first
verified the thin lens equation of a concave and convex lens of
15.0 cm and -15.0 cm focal length, respectively. For an object
distance of 25.0 cm we derived an image distance of 37.5 cm
and 9.4 cm. The experimentally measured image distances,

the distance from the lens to the screen, were 37.1 ± 0.2 cm
and 9.1 ± 0.2 cm, respectively.
Next, we calculated how to position two positive lenses
of 5.0 cm and 25.0 cm focal length in order to image distant
objects, i.e., more than 50 m away. This type of setup resembles a Kepler telescope. We found that the telescope provided
almost five time magnification when looking at distant objects
but that the image was significantly distorted. We therefore
carefully realigned the lenses such that the optical axis of
the two lenses were at the same height. This rearrangement
signficantly reduced the amount of aberrations in the optical
system. Try to write the text so it tells a story and try to
connect sentences
3.2 Chromatic aberrations
Chromatic aberrations are a result of the dispersion relation,
which is connected to the variation of the index of refraction
of a medium with wavelength. We investigated this relation
by imaging three diodes, a red, a green, and blue, positioned
at a fixed object distance from a single lens. We measured
the image distance, s’, to 18.0 cm, 16.7 cm, and 15.5 cm for
the red, green, and blue diode, respectively. Our observations
are thus inline with the expected prediction. Notice how this
paragraph introduces the character - Chromatic abberation,
as compared with the first paragraph in 3.1 that starts with
the outcome of the results. Just different styles of writing.
The following text is not related to anything of science, but
is just placed here to fill the page. Figure 2 is just a dummy
figure and is placed there to show how a figure can be neatly
positioned across two columns.
Etiam euismod. Fusce facilisis lacinia dui. Suspendisse
potenti. In mi erat, cursus id, nonummy sed, ullamcorper eget,
sapien. Praesent pretium, magna in eleifend egestas, pede
pede pretium lorem, quis consectetuer tortor sapien facilisis
magna. Mauris quis magna varius nulla scelerisque imperdiet.
Aliquam non quam. Aliquam porttitor quam a lacus. Praesent
vel arcu ut tortor cursus volutpat. In vitae pede quis diam
bibendum placerat. Fusce elementum convallis neque. Sed
dolor orci, scelerisque ac, dapibus nec, ultricies ut, mi. Duis
nec dui quis leo sagittis commodo.
Nulla in ipsum. Praesent eros nulla, congue vitae, euismod
ut, commodo a, wisi. Pellentesque habitant morbi tristique
senectus et netus et malesuada fames ac turpis egestas. Aenean
nonummy magna non leo. Sed felis erat, ullamcorper in,
dictum non, ultricies ut, lectus. Proin vel arcu a odio lobortis
euismod. Vestibulum ante ipsum primis in faucibus orci luctus
et ultrices posuere cubilia Curae; Proin ut est. Aliquam odio.
Pellentesque massa turpis, cursus eu, euismod nec, tempor
congue, nulla. Duis viverra gravida mauris. Cras tincidunt.
Curabitur eros ligula, varius ut, pulvinar in, cursus faucibus,
augue.

4. Discussion and Conclusion
The thin lens equation is an approximate equation that can
predict the distance from a lens to an image, given the distance
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Figure 2. Example of a double column figure with three subplots. Make sure that you clearly describe each panel and that the

resolution of you figure is at least 300 dpi.
from an object. Using this equation, we investigated and
compared the accuracy between theoretical prediction with
experimental data. One to three sentences to introduce what
was done
The theoretical and experimental results for the concave
and convex lenses agreed well, however, the theoretical values
were slightly overestimated. We suggest that this overestimation is due to the rather large-sized lenses used in the exercise.
Rays refracted by a large-sized low-quality lens will produce
an elongated focus along the optical axis since these rays are
focused closer to the lens than those refracted by the central
part of the lens. Thus, it was difficult to find the exact focal position when positioning the screen, and the measured
distance therefore included errors. Analyzing results 1
For the telescopes we experienced that the alignment procedure was very important. In the first setup, we positioned
the lenses according to the distances calculated with the thin
lens equation. Thus, when viewing distant objects, the images
were significantly distorted. We corrected this, however, by
carefully centering their optical axis when realigning, and
managed to get a decent agreement between theory and experiment. Analyzing results 2
Since we used a regular steel ruler with mm resolution
to measure and estimate the distances, we introduced measurement errors. To minimize these errors all members in the
group made individual measurements each time and we used
the average values. What errors did you have?
Since the thin lens equation is derived under the assumption that the lens has no thickness, and we used thick lenses
in the exercise, we initially assumed that this would give a
slight overestimated distance, Eq. (1) and (4). Indeed, all
experimentally measured values agreed with this hypothesis.
Despite this, we are satisfied with the outcome of the exercise since it still proved that the simple thin lens equation,
with good accuracy can predict the image position, given the
lens focal length and the distance from the object to the lens.
Prediction based upon analyzing the theory

In conclusion, we verified the validity of the thin lens
equation using different optical systems, and found that our
experimentally measured distances coincided well with the
theoretical predictions. Concluding the findings in the laboratory exercise
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Appendix
This sample report can hopefully be of help when you write
your report. Remember that writing is a craft and requires a lot
of practice. Use the information handed out during preivous
classes to get detailed advice of each section of a report. If you
are interested in improving your writing skills, we recommend
you to read the book by Joshua Schimel - Writing Science:
How to Write Papers That Get Cited and Proposals That Get
Funded. 2011. Oxford University Press.
To generate a Reference for a website or article there are
several generators that you can use. For example:
www.harvardgenerator.com/ or
www.qub.ac.uk/cite2write/harvard3l.html
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Problems and Solutions With LATEX writing
P: My figure is going over the column width
S: Make sure to set a correct width when using
\includegraphics inside a figure-environment, e.g.
\includegraphics[width = \linewidth]
(you can also use \columnwidth). You can also try
to set a smaller width, for example by using
0.8\linewidth. If you have a figure*, which
should span both columns, use \textwidth.

How to make high-resolution illustrations
P: My illustration is not sharp
S: PowerPoint is perfect if you want to make illustrations.
The trick is to first set the resolution of how PowerPoint
should save image files and secondly define your figures correctly inside PowerPoint. So first, change the
resolution by modifying the Register! To see how this
is done on a PC, follow this link. If you are using a Mac
or Linux, try Google ”change power point resolution
mac/linux”.

P: My equation is going over the column width
S: If you want to list a long equation, like this

Second, in PowerPoint you need to first set the correct
size of you figure before you start to draw (8 cm wide
x2 x3 x4 x5 x6 x7 x8 x9 x10 x11
x
e = 1+x+ + + + + + + + +
+
+· · · , for single column figure or 16 cm wide for two column
2! 3! 4! 5! 6! 7! 8! 9! 10! 11!
figure). Under the tab Design, change Slide Size
(5)
to the preferred width and height. Now, make your
illustrations using the drawing tools. If you include
you should use the align environment. Simply place
figure text, set the font size to about 9, Arial is a
& next to the symbols you wish to align and use \\ to
good choice of font style. When you are ready, just use
start a new equation line. In this example, then
the command Save as and change the type to jpeg,
x2 x3 x4 x5 x6 x7
png or what ever format you want to use. If you need
x
e =1 + x + + + + + + +
higher resolution (larger image → higher resolution),
2! 3! 4! 5! 6! 7!
just change the Register to 600 or 1200 DPI.
x8 x9 x10 x11
+ + +
+
+··· .
(6)
8! 9! 10! 11!
If you prefer you can also create illustrations directly
Note: If you use equation numbering; simply put a
in your LATEX-document using the TikZ-package
\notag before you line-break (\\) for every line you
(\usepackage{tikz}), where you program your
want un-numbered.
drawings. Refer to Google for some examples (with
code) and tutorials. Note however that that TikZ has
P: A reference is going over the column width
a steeper learning curve and can in some situations be
S: This is commonly caused by a website link. Put your
very time-consuming. PowerPoint is therefore recomlink inside a \url{}. If this does not solve it, make
mended over TikZ.
sure to line break just before the link to give it enough
space. Using \url inside thebibliography normally supports automatic line breaking, so you should
not have to worry about that there. It is also possible to use \href{your link here}{text to
display}.
P: Text is going over the column width
S: Text written using \textbf{}, \textit{}, \texttt{}
etc. or in-line variables/equations inside $$ do not support automatic line breaking (as you can see above).
Sometimes, longer scientific abbreviations like DFDFPC-OR are not supported by automatic line-breaking.
Be aware of this as you need to line-break manually if
needed.
P: I have unwanted white-space between paragraphs
S: This is sometimes related to wide and/or poorly placed
figures. In addition to setting a correct width, you may
need to specify [t!] or [ht!] instead of [H] to
move your figure to the top of the page.
Is your problem (or solution) not listed here? Let us
know by sending an email to it@tekniskfysik.se.

Matlab tips on next page.
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How to save your Matlab plot as a high-res image
P: My result figure is not sharp
S: Make sure to save your figure with at least 300 dots
per inch (DPI). This is easily done in Matlab by simply
placing a print-command after a plot in your script.
For example, if you place the following command just
after your plot commands:
print(gcf,’figname’,’-dpng’,’-r300’);,
then Matlab will save your plot as figname.png with
300 DPI. The argument gcf is needed to Get the Current Figure-handle and can be removed if you have one
figure plotted by your Matlab-script.
You can also save your plot as an .eps-file - a vector
graphics file format. If you place the following command just after your plot commands:

(a) .png (300 DPI)

print(gcf,’figname’,’-depsc’);,
then Matlab will save your plot as figname.eps.
Note that the c in ’-depsc’ is needed to save your
plot with color.. While the raster image file type .png
will suffice in most cases (given that you have set a
high DPI), .eps-files offer a higher image quality (although this is not easily noticed until you zoom in far
on your image). Note however that you cannot view an
.eps-image on its own. See Figure A1 for a comparison
between the resulting images.
Note also that you may need to set your axes appropriately before saving your plot. A safe bet can be to use
axis square after your plot. For other axis-limiting
plot options, see the axis documentation.

(b) .png (600 DPI)
110
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90

For a tutorial on how to stylize your plot further, see
this MathWorks blog post.
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(c) .eps
Figure A1. Example of a Matlab-plot being saved as (a) a

.png-file with 300 DPI, (b) a .png-file with 600 DPI and (c) as
an .eps-file. All images where saved using the
print-command. Note the small difference in size between
the .png and .eps images. Matlab saves .eps-files differently,
that is, they do not include any additional white-space around
the figure axes.

