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Introduction
Metropolia University of Applied Sciences has been given the task in name of Les Lumières
to design a set-up in a room on the island of Suomenlinna. The set-up will display a worthy
sight projected on a table in the room, using the technique of the century’s old Camera
Obscura. Metropolia’s engineers have created a set-up where through the use of a lens,
mirror and construction a perfect round image of the Suomenlinna Church is displayed on a
0.92m wide round table.
This is the Final report, in which all relevant information concerning the project can be found.
Various subjects like support for design decisions, 3D modeling, construction of components
and calculations are presented.
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The theory explained in short
A Camera Obscura is a device that makes use of a darkened volume, with one tiny hole to let
light reflecting from the objects outside pass through. By doing this it reflects the view in to
the room and effectively filters out unwanted light rays that would normally make it impossible
to see the reflected image with the human eye. This results in the light rays that do come in,
to display and projection of the through-the-hole-visible object.

In the set-up that is made, there has been made use of a lens, which will sharpen the image;
prevents diffraction of light rays by the edge of the hole; create a more preferable point of
focus and directs light more effectively than air would. This lens is placed in the pinhole. The
type is a convex lens, meaning it bends the light rays to come together, and essentially cross
paths.

In the case of the set-up at hand, the image is desired to be visible on a horizontal table.
Therefore a mirror is going to be used on a 45 degree angle to reflect the image downwards
on the presentation table. For achieving this set-up a construction is made that hangs the
mirror on an estimated 2.5m height. In order to create a near-perfect sharp image on the
table it has to be positioned on a precise place, having precise measurements and can’t be
moving.
Due to a cylinder a border is created between the light that is allowed in and not. The
resulting image will be exactly 0.86m in diameter on the 0.92m wide table, displaying a view
of the Suomenlinna church 380m away with a field of view that’s 108m wide at that given
distance. Its focus point of sharpness lays at the front of the church, mainly due to the fact the
un-sharpness is much more apparent in objects that are closer than 380m, than further away
in this case.
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Design decisions
Image display
Since the viewing table and sheet would be provided, the Engineers took those as base
dimensions, and built the rest around them. The viewers in the room will be able to see to
Suomenlinna church on a table. The image will be 0.86m in diameter and the table will be
about a meter in height, giving also the younger ones among us a chance to witness the
interesting effects one can deliver with light and physics knowledge.
The image is very sharp for a Camera Obscura thanks to all the calculations and component
selection such as the lens. It provides a detailed display of the church, and could be suitable
for taking photographs of. Naturally to exploit the system to its full potential the room will have
to be darkened, which thanks to the provided window covers can be done simply be closing
the door and turning the light off.

Room layout
Considering that the front windows had barely any sights that
would be considering photograph worthy, the rear window,
displaying the shipyard with the Suomenlinna church in the
background, quickly became the point of focus. The
conclusion about what sight would be used thus was formed
fast, and measurements begun. The angle in which the light
enters the room, and so the lens, is low enough to allow for a
bullseye. The result will be that the set-up is placed about one
meter away from the widow, under an angle. This results in
more than plenty of space for visitors to see the displayed
image on the table.

Materials
Materials used consist out of the things provided by les Lumières such as the table, sheet
and covers for southern windows, as well as the items Metropolia has provided. Most items
are made out of either wood, steel or aluminum. All of which have been modified to suit the
traditional look of the 18th century, as described in detail under heading “Material treatment”.
Steel has its goals set on being strong, easy to weld and spotting excellent looks for
traditional material. Aluminum has mainly been chosen due to its lightness, cheap price and
ease to work on. Wood is a viable construction material because it’s cheap, light, simplicity
when it comes to modifying and above all being a major construction material 250 years ago.
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Viewing variables
There have been various approaches, requests and researches performed when it comes to
creating a dynamic system, giving multiple viewing options. Though none of them were
realistic to complete and fabricate within this timespan and budget, they are noteworthy.
The first was an idea to have the set-up being able to move and look onto different things, but
the mere fact this would change almost all dimensions it was disregarded fast, as image
quality as well as construction restraints would limit the end result heavily.
Secondly there was a plan to attach a mirror outside of the room on a turning rod, enabling
the viewer to get a 180 degree view of the surroundings. Frankly the design and production
costs, in both man-hours and materials, were over-exceeding the realistic project deadlines
and proportions, and therefore the idea wasn’t implemented. Additionally there weren’t any
noteworthy sights to be seen besides the Suomenlinna Church, and thus the high effort would
barely give any significant gains.
As third there was a plan on making a zoom-out version. Enabling the viewers to first see an
image of the full size view, containing the modern day shipyard and the old church, which
after they could zoom back in to get a better view of the church. Though it sound simple such
a zoom-out function would require at least one, but preferably two extra lenses to
compensate for the focus point that would drastically change, as well as an extra mirror and a
switch-system.
All combined the total work would
triple in calculations and at least
double in materials and components.
Therefore it was highly unrealistic to
complete such a task within the given
time and project costs, and was
therefore disregarded.
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Defining the components
Defining the lens magnification and viewing diameters
There are a few given unchangeable dimensions. These are the distance to the Suomenlinna
church (s = 380m) and the given diameter that the image should be, which is 0.86m because
this fits nicely on the 0.92m wide table. Then there is a high preference in a lens value that
has a focal point of 3m. With these one can calculate that the image distance (v), the distance
from the table surface to the lens (on a 90 degree angle because the mirror is in between),
should be 3.02m and it is revealed that the resulting picture will spawn a 108m width at the
distance of the Suomenlinna church.
This means on will be able to view the church and some
small part of the surroundings as well. Overall the
resulting sizes are excellent for the given purposes, and
give a very nice result if implemented like this. With
these numbers it becomes clear that a magnification
value is 0.00796 times the original object size. In other
words, the object viewed is actually about 125 times as
big as seen on the table.
For calculations providing the given dimensions above,
refer to Appendix III-I

Defining the table location
The position of the table is important, because a wrong location could cause the image to be
unfocussed, out of shape, or misplaced due to the fixed position of the lens and mirror. The
table should be straight in line with the Suomenlinna Church, lens and mirror. Also the center
point of the table should be precisely underneath the center point of the mirror, which should
be located exactly 1.50m away from the lens. In order to easily accommodate this z-axis
alignment the table will be mounted on a platform that also has the gallows, which holds the
mirror, attached to it.
Furthermore the distance in between the mirror and table is important for the same reasons.
Due to the focal length of the lens, and distance to the Suomenlinna Church, the image
distance has to be 1.52m, meaning the table surface center should be located exactly 1.52m
underneath the surface center of the mirror. This is easily achieved because the gallows have
been specifically designed and made to accommodate this general length, and the table itself
can extend for fine tuning.
For calculations providing the given dimensions above, refer to Appendix III-II
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The pinhole dimensions
The pinhole is highly important when it comes to preventing unwanted light from entering the
room, selecting desired light rays, preventing the image form becoming distorted and helping
making the image as sharp as possible. Basic rule is that the smaller the pinhole, the sharper
and less distorted the image will be. On the other hand making it too small causes the edges
of the pinhole to causes diffraction of the light waves which ruins image quality and might not
let enough light trough, causing a lack of illumination. Therefore there has been formulated a
basic formula to find an optimal balance between diffraction and distortion/sharpness. If
applied, we result in receiving an optimal pinhole size of 2.2mm.
Because as shown in this example the hole-size will be about a few millimeters in theory, and
the image does not require to be top-notch HD material, while projects costs need to be kept
within reasonable levels, a standard diameter of 60mm is the best. To fabricate the pinhole it
in most optimal quality precise drilling equipment from the lab has been applied. There has
been no scouring, as this will roughen the surface on small scale, enabling light to diverge.
Additionally it’s highly important that the pinhole is from a material that has very smooth
edges and absorbs most light. This is why there is rubber used in-between the lens and its
housing. This seal does not only act as a light catcher, but also prevents the lens from
sustaining damage during its placement in the housing. The housing itself is a bulls eye which
can be adjusted to anyone’s liking to make sure the desired image is captured.
For calculations providing the given dimensions above, refer to Appendix III-III

Specifying the cover length
To minimalize maintenance and cleaning and above all, limiting the entering light, covers will
be made to functioning as housing. A housing that’s capable of withstanding elemental
harshness, while maintaining an easy to reach position for cleaning and adjustment is
preferred. Treatment with long term protection coatings don’t seem necessary and would best
be skipped to preserve costs.
In order to create the wanted image width of
0.86m on the table, and thus the 108m wide view
at the church, a cover has been made to limit the
angle at which light can enter the lens. There will
be an extension on the bullseye, which will have
a retractable Aluminum cylinder shoved over it.
The bullseye (and thus the extension) will be
made out of steel. The cylinder will be made out
of aluminum to save weight and ease production.
Both parts will be painted matte black to ensure
no unwanted light rays get reflected. The inner
diameter is 56mm, 4mm smaller than the lens’s
initial size of 60mm. The length will be 185mm in
order to provide the right border.
For calculations providing the given dimensions above, refer to Appendix III-IV
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The mirror Dimensions
It has been decided that the image shown on the table has to be exactly round for exhibitional
purposes, to give the prettiest effect towards the crowd. Therefore a mirror angled at 45
degrees would have to be oval in a ratio that has the length 1.414 times as big as the width.
The created image on the table is to be slightly smaller than the table’s diameter, because
this insures a complete image and gives a slight edge with functions as a nice looking frame.
The frame width will be 60mm. This width also gives the diameter of the image as it’s round,
and thus also provides its radius of 430mm. The resulting dimensions of the mirror are
0.651m in length and 0,460m in width. Note that these are minimum dimensions, and an
actual mirror can exceed them if need be, because the covers are the factor that specify the
image’s edges, not the mirror. The mirror used, and supplied by Metropolia is a specifically
made one, spotting the exact dimensions displayed here.
For calculations providing the given dimensions above, refer to Appendix III-V

The Gallows
In order to make an easy to move
construction to fit the table and assemble
the mirror on, a gallows-like construction will
be made. It will consist out of a big “foot”
area where the table can be fitted, giving it
some extra height to be better adjustable for
the desired height of 1.52m. Additionally a
builder reaches up from the side of the foot,
until a height about 2m from the ground.
Here an assembly mechanism will be made
for the mirror, so that it will be adjustable in
both height and angle. This is to ensure the
wanted image is displayed and the image
shown on the table will be perfectly round.
The mirror itself will be on a classical metal
back plate, to ensure protection and a strong
build while also maintain elegance and
reference to scientific tools present during
that time period. It will be assembled on a
rod that can be twisted in order to move the
mirror. The plate will be welded to an axle
that will support the mirror. The end result is
a movable mirror that can be varied in angle
so with the right mirror dimensions a perfect
circle will be displayed at the focus point.
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3D simulations
In order to get a good idea of the design and potential alternatives, without having to travel to
Suomenlinna often, a 3D model has been created. With this one can have a good overview of
all the dimensions and the end concept, in addition to drawing “invisible” lines that represent
the light rays. The model has been made with Autodesk AutoCad. Initially it was intended that
the model would be imported and finalized in an assembly in the program Dassault systems
CATIA, but as there was no need for it, and it would costs a lot of time investment to make it,
it was decided it’s much wiser to disregard that and keep the AutoCad model just for design
purposes. In the pictures below one can view what the concept phase of the AutoCad model
looks like.
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Production
Material treatment
The materials out of which the mirror plate, gallows and foot have been made have had
certain treatments to ensure they resemble craftsmanship from the 18th century. Firstly there
is the table provided by Les Lumières, which on its own will suffice. Next there is the
remaining wooden parts that have been made by Metropolia. These will be constructed out of
wood that has been visibly aging, so it gives a nice 1800 A.C. look to it. Additionally modern
references such as specification ID’s have been removed. The aluminum window covers
have been painted black, spotting a simple black exterior without revealing its material.
The external metal covers, assembly covers, mirror plate and additional metal components
are made out of new and reliable steel, but have been given a sandblasting and hammering
beating to ensure a “used” look. After that they’ve been getting a heating followed by oiling
treatment which after they’ve been slightly oxidized. The end result is that they have a slightly
deformed look, spotting a brownish tint with slight sings of rust having an influence, typically
like the iron-rich metals used for basic construction back in the 18th century where they were
exposed to salty elements and hammered bolts.

Assembly
There will be steel screws holding the construction together insuring a stable and strong
design. These will be hidden by the external metal covers. Once all parts were finalized or in
usable state, they were assembled in Kalevankatu to perform tests, which after they’ve been
brought to Suomenlinna. There various adjustments could be performed given the need to.
Basic hand tools are qualified to do the job and a middle aged man with basic wrenching
skills should be able to take the set-up apart if desired so.

Testing
In order to make sure the set-up was working before being transported to Suomenlinna it was
tested in multiple ways to ensure everything worked as intended. Aside from the checking of
the theory done by external professionals the produced components have been put to the test
as soon as possible. The earliest tests consisted out of using overhead projectors in a
reasonably darkened office room, in order to test the idea in general, and develop some
practical knowledge in the optical engineering field. Furthermore as soon as the construction
components had been fabricated they were tested for strength and dimensional properties.
Once the mirror and lens were within possession of the
engineers, a specific testing environment was created, by taking
a non-active and empty classroom, and removing all external
light sources by blocking windows and so forth. In this test setup there was a building opposing the lens, 30m away. This
meant that the image length would change to 3.30m, image
width to 0.64m. Surprisingly the outcome was successful without
a single error, which is very good considering it was the first real
try going from theory to real life application.
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Result
The results are highly satisfying, especially when
taking into account the expectations, costs,
demands and deadlines. The images shown below
should give enough of an idea when it comes to
how the end result looks.
Do however take into account that the photo of the
projection will not represent the actual real life view.
Due to the environment it’s difficult for a camera to
capture a good image. When actually viewing the
projection with one’s own eyes, there is a much
higher level of brightness, sharpness and less
distortion. Also one can view the dynamical aspect,
because after all it’s a “living” picture that shown
any movement that is present at that moment, such
as birds and effect of the wind.
On the next page a photograph can be found of
Johan Stén posing as Astronomer Anders Johann
Lexell with the Camera Obscura.
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Conclusion
The project can be considered a good success. Noteworthy is that in general the Engineers
were working outside their field of expertise and only have been at the location for
measurements once. Hence why it is an achievement that the Camera Obscura being a 1st of
it’s make for Metropolia, being designed and constructed purely on theoretical information,
works out exactly as intended once it was assembled in Suomenlinna. Naturally the project
was slightly ahead of schedule; a lot of testing was done; theory was checked with experts
and the components were made so they can be adjusted on site. This all contributed to being
on the safe side, and being cautious about factors that might slow the project down.
In the end the Camera Obscura, once it was fine-tuned at sight, displayed a very detailed and
sharp image within the desired dimensions. The visible components look like what one would
expect from an 18th century set-up and is in harmony with the look of the old room it’s located
in. The Metropolia team hopes the crowd whom get to view the Camera Obscura will have a
pleasant and interesting attraction that made their day one to remember.

Publication date: 11/06/2015
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-Metropolia Project Staff

Pekka Hautala Lic.Sc.
Sampo Kuikka B.Eng.
Tomash Groen

Appendix II

-Legend

𝑓 = 𝑓𝑜𝑐𝑎𝑙 𝑙𝑒𝑛𝑔𝑡ℎ 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝐹 = 𝑓𝑜𝑐𝑎𝑙 𝑝𝑜𝑖𝑛𝑡
𝑠 = 𝑜𝑏𝑗𝑒𝑐𝑡 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝑆 = 𝑜𝑏𝑗𝑒𝑐𝑡
𝑣 = 𝑖𝑚𝑎𝑔𝑒 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝑉 = 𝑖𝑚𝑎𝑔𝑒
𝑑 = 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝑑𝑚 = 𝑚𝑖𝑟𝑟𝑜𝑟 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝑚 = 𝑚𝑎𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛
𝑚𝑖𝑛𝑣. = 𝑖𝑛𝑣𝑒𝑟𝑡𝑒𝑑 𝑚𝑎𝑔𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛, 𝑚𝑎𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝑓𝑟𝑜𝑚 𝑖𝑚𝑎𝑔𝑒 𝑡𝑜 𝑜𝑏𝑗𝑒𝑐𝑡
𝑊 = 𝑤𝑖𝑑𝑡ℎ 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝑊𝑜 = 𝑤𝑖𝑑𝑡ℎ 𝑜𝑏𝑗𝑒𝑐𝑡 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝑊𝑖 = 𝑤𝑖𝑑𝑡ℎ 𝑖𝑚𝑎𝑔𝑒 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝑊𝑚 = 𝑤𝑖𝑑𝑡ℎ 𝑚𝑖𝑟𝑟𝑜𝑟 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝑊𝑙 = 𝑤𝑖𝑑𝑡ℎ 𝑙𝑒𝑛𝑠 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝐻 = ℎ𝑒𝑖𝑔ℎ𝑡 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝐿 = 𝑙𝑒𝑛𝑔𝑡ℎ 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝐿𝑜 = 𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑏𝑗𝑒𝑐𝑡 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝐿𝑖 = 𝑙𝑒𝑛𝑔𝑡ℎ 𝑖𝑚𝑎𝑔𝑒 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝐿𝑚 = 𝑙𝑒𝑛𝑔𝑡ℎ 𝑚𝑖𝑟𝑟𝑜𝑟 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝐿𝑙 = 𝑙𝑒𝑛𝑔𝑡ℎ 𝑙𝑒𝑛𝑠 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝐿𝑐 = 𝑙𝑒𝑛𝑔𝑡ℎ 𝑐𝑜𝑣𝑒𝑟 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝐿𝑙−𝑡 = 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑡ℎ𝑒 𝑙𝑖𝑔ℎ𝑡𝑟𝑎𝑦𝑠 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑙𝑒𝑛𝑠 𝑡𝑜 𝑡ℎ𝑒 𝑡𝑎𝑏𝑙𝑒 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝐷 = 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝑟 = 𝑟𝑎𝑑𝑖𝑢𝑠 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝑟𝑖 = 𝑟𝑎𝑑𝑖𝑢𝑠 𝑖𝑚𝑎𝑔𝑒 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝑟𝑙 = 𝑟𝑎𝑑𝑖𝑢𝑠 𝑙𝑒𝑛𝑠 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝑟𝑐 = 𝑟𝑎𝑑𝑖𝑢𝑠 𝑐𝑜𝑣𝑒𝑟 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝜆 = 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑐𝑜𝑙𝑜𝑟𝑒𝑑 𝑙𝑖𝑔ℎ𝑡 𝑤𝑎𝑣𝑒𝑙𝑒𝑛𝑔𝑡ℎ = 0. 00055𝑚𝑚
𝛼𝑙𝑖𝑔ℎ𝑡 = 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑎𝑛𝑔𝑙𝑒 𝑎𝑡 𝑤ℎ𝑖𝑐ℎ 𝑙𝑖𝑔ℎ𝑡 𝑒𝑛𝑡𝑒𝑟𝑠 𝑡ℎ𝑒 𝑙𝑒𝑛𝑠 𝑖𝑛 𝑑𝑒𝑔𝑟𝑒𝑒𝑠
𝑐 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 (𝑅𝑎𝑦𝑙𝑒𝑖𝑔ℎ)
𝑥 = 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑚𝑒𝑛𝑡𝑣𝑎𝑙𝑢𝑒𝑠 𝑔𝑜𝑖𝑛𝑔 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑙𝑒𝑛𝑠𝑒𝑑 𝑤𝑖𝑛𝑑𝑜𝑤 𝑖𝑛𝑡𝑜 𝑡ℎ𝑒 𝑟𝑜𝑜𝑚 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝑦 = 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑚𝑒𝑛𝑡𝑣𝑎𝑙𝑢𝑒𝑠 𝑔𝑜𝑖𝑛𝑔 𝑓𝑟𝑜𝑚 𝑒𝑛𝑡𝑟𝑎𝑐𝑒𝑤𝑎𝑙𝑙 𝑡𝑜 𝑡ℎ𝑒 𝑜𝑝𝑝𝑜𝑠𝑖𝑡𝑒 𝑤𝑎𝑙𝑙 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝑧 = 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑚𝑒𝑛𝑡𝑣𝑎𝑙𝑢𝑒𝑠 𝑔𝑜𝑖𝑛𝑔 𝑓𝑟𝑜𝑚 𝑓𝑙𝑜𝑜𝑟 𝑡𝑜 𝑡ℎ𝑒 𝑐𝑒𝑖𝑙𝑖𝑛𝑔 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
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Appendix III

-Calculations

I
Magnification calculations
Lens magnification value will depend on how big the requested image will be (Wi), how far it
will be from the lens (s), how far away the lens will be from the table (v), the diameter of the
table (Wt) & the size of the pinhole with its corresponding distance. Once these numbers are
known one can calculate the needed magnification of the lens by taking the size of the light
beam at the distance the lens has opposed to the pinhole. After that one is known one can
estimate the required increase (or decrease) in the beam’s diameter expansion, and choose
a corresponding lens using the following formula:
𝑊𝑖(𝑧𝑜𝑜𝑚𝑒𝑑 𝑜𝑢𝑡) 3.35𝑚 𝑊𝑖 0.860𝑚
𝑣 3.02𝑚
=
= 𝑚 = 0.00796 =
=
=
=
𝑠 380𝑚
𝑊𝑜(𝑧𝑜𝑜𝑚𝑒𝑑 𝑜𝑢𝑡) 422𝑚 𝑊𝑜
108𝑚
1
1
𝑚𝑖𝑛𝑣. = =
= 125
𝑚 0.00796
𝑠 = 𝑜𝑏𝑗𝑒𝑐𝑡 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝑣 = 𝑖𝑚𝑎𝑔𝑒 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝑚 = 𝑚𝑎𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝑓𝑟𝑜𝑚 𝑜𝑏𝑗𝑒𝑐𝑡 𝑡𝑜 𝑖𝑚𝑎𝑔𝑒
𝑚𝑖𝑛𝑣. = 𝑖𝑛𝑣𝑒𝑟𝑡𝑒𝑑 𝑚𝑎𝑔𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛, 𝑚𝑎𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝑓𝑟𝑜𝑚 𝑖𝑚𝑎𝑔𝑒 𝑡𝑜 𝑜𝑏𝑗𝑒𝑐𝑡
𝑊𝑜 = 𝑤𝑖𝑑𝑡ℎ 𝑜𝑏𝑗𝑒𝑐𝑡 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝑊𝑖 = 𝑤𝑖𝑑𝑡ℎ 𝑖𝑚𝑎𝑔𝑒 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝑊𝑜(𝑧𝑜𝑜𝑚𝑒𝑑 𝑜𝑢𝑡) = 𝑤𝑖𝑑𝑡ℎ 𝑜𝑏𝑗𝑒𝑐𝑡 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚) 𝑤ℎ𝑒𝑛 𝑡ℎ𝑒 𝑖𝑚𝑎𝑔𝑒 𝑐𝑎𝑝𝑡𝑢𝑟𝑒𝑠 𝑎𝑙 𝑏𝑢𝑖𝑙𝑑𝑖𝑛𝑔𝑠
𝑊𝑖(𝑧𝑜𝑜𝑚𝑒𝑑 𝑜𝑢𝑡) = 𝑤𝑖𝑑𝑡ℎ 𝑖𝑚𝑎𝑔𝑒 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚) 𝑤ℎ𝑒𝑛 𝑡ℎ𝑒 𝑖𝑚𝑎𝑔𝑒 𝑐𝑎𝑝𝑡𝑢𝑟𝑒𝑠 𝑎𝑙 𝑏𝑢𝑖𝑙𝑑𝑖𝑛𝑔𝑠
II
Calculation of image distance
Here’s a calculation of the distance the table should have from the mirror. Because the table
is under a mirror that is located 𝑦 = 1.50𝑚 away from the lens the resulting number should be
the distance from the mirror and not the total image distance (𝑧ℎ𝑒𝑖𝑔𝑡ℎ 𝑚𝑖𝑟𝑟𝑜𝑟−ℎ𝑒𝑖𝑔ℎ𝑡 𝑡𝑎𝑏𝑙𝑒 = 𝑣 −
1.50𝑚). Using the distance to the 𝑆𝑢𝑜𝑚𝑒𝑛𝑙𝑖𝑛𝑛𝑎𝑛 𝑘𝑖𝑟𝑘𝑘𝑜(𝑠) = 380𝑚 & 𝑓𝑜𝑐𝑎𝑙 𝑙𝑒𝑛𝑔𝑡ℎ(𝑓) = 3𝑚
results in:
1 1 1
= + →𝑣=(
𝑓 s 𝑣

1
) = 3.02𝑚 → 𝑧ℎ𝑒𝑖𝑔𝑡ℎ 𝑚𝑖𝑟𝑟𝑜𝑟−ℎ𝑒𝑖𝑔ℎ𝑡 𝑡𝑎𝑏𝑙𝑒 = 𝑣 − 1.50𝑚 = 1.52𝑚
1
1
−
3.00𝑚 380𝑚

𝑓 = 𝑓𝑜𝑐𝑎𝑙 𝑙𝑒𝑛𝑔𝑡ℎ 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝐹 = 𝑓𝑜𝑐𝑎𝑙 𝑝𝑜𝑖𝑛𝑡
𝑠 = 𝑜𝑏𝑗𝑒𝑐𝑡 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝑆 = 𝑜𝑏𝑗𝑒𝑐𝑡
𝑣 = 𝑖𝑚𝑎𝑔𝑒 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝑧 = 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑚𝑒𝑛𝑡𝑣𝑎𝑙𝑢𝑒𝑠 𝑔𝑜𝑖𝑛𝑔 𝑓𝑟𝑜𝑚 𝑓𝑙𝑜𝑜𝑟 𝑡𝑜 𝑡ℎ𝑒 𝑐𝑒𝑖𝑙𝑖𝑛𝑔 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)

17

III
The pinhole Calcul ations
The smaller the pinhole, the sharper and less distorted the image will be. On the other hand
making it too small causes the edges of the pinhole to causes diffraction of the light waves
which ruins image quality and might not let enough light trough, causing a lack of illumination.
There has been formulated a basic formula to find an optimal balance between diffraction and
distortion/sharpness:
𝐷𝑝𝑖𝑛ℎ𝑜𝑙𝑒 = 𝑐 ∗ √𝑓 ∗ 𝜆
1.7 ∗ √3.00𝑚 ∗ 0.0000005𝑚 = 0.0022𝑚 = 2.2𝑚𝑚
𝑓 = 𝑓𝑜𝑐𝑎𝑙 𝑙𝑒𝑛𝑔𝑡ℎ = 3.00𝑚, defined for its simplicity and most practical application
𝑐 = 1.7, a constant based on multiple sources, deriving from the Rayleigh constant
𝜆 = 0.50𝜇𝑚, the average wavelength of visible light in between yellow and green
𝐷𝑝𝑖𝑛ℎ𝑜𝑙𝑒 = 𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑖𝑛ℎ𝑜𝑙𝑒, 𝑎𝑛𝑑 𝑡ℎ𝑢𝑠 𝑡ℎ𝑒 𝑙𝑒𝑛𝑠
IV
Cover calcul ations
A cover has been created to limit the angle at which light can enter the lens. The estimated
length will be around 0.230m, specified with the following formula:
cos−1 ( 𝑣/√(𝑟𝑙 + 𝑟𝑖 )2 + 𝑣 2 ) = cos−1( 3.02𝑚/√(0.028𝑚 + 0.430𝑚)2 + (3.02𝑚)2 )
= 𝛼𝑙𝑖𝑔ℎ𝑡 = 8.62 𝑑𝑒𝑔𝑟𝑒𝑒𝑠
𝑟𝑐 / tan(𝛼𝑙𝑖𝑔ℎ𝑡 ) = 0.028𝑚/ tan(8.62) = 𝐿𝑐 = 0.185𝑚
𝑣 = 𝑖𝑚𝑎𝑔𝑒 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝐿𝑐 = 𝑙𝑒𝑛𝑔𝑡ℎ 𝑐𝑜𝑣𝑒𝑟 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝑟𝑖 = 𝑟𝑎𝑑𝑖𝑢𝑠 𝑖𝑚𝑎𝑔𝑒 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝑟𝑙 = 𝑟𝑎𝑑𝑖𝑢𝑠 𝑙𝑒𝑛𝑠 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝑟𝑐 = 𝑟𝑎𝑑𝑖𝑢𝑠 𝑐𝑜𝑣𝑒𝑟 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝛼𝑙𝑖𝑔ℎ𝑡 = 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑎𝑛𝑔𝑙𝑒 𝑎𝑡 𝑤ℎ𝑖𝑐ℎ 𝑙𝑖𝑔ℎ𝑡 𝑒𝑛𝑡𝑒𝑟𝑠 𝑡ℎ𝑒 𝑙𝑒𝑛𝑠 𝑖𝑛 𝑑𝑒𝑔𝑟𝑒𝑒𝑠
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V
The mirror Dimensi ons
It has been decided that the image shown on the table has to be exactly round. Therefore a
mirror angled at 45 degrees would have to be oval. The exact ratio can be calculated below.
𝐿=

𝑊
𝑊
=
= 1.414 ∗ 𝑊
𝑐𝑜𝑠(𝑎𝑛𝑔𝑙𝑒) 𝑐𝑜𝑠(45)

The created image on the table is to be slightly smaller than the table’s diameter, because
this insures a complete image and gives a slight edge with functions as a nice looking frame.
The frame width will be 60mm, as stated in de formula below.
𝑊𝑖 = 𝑊𝑡 − 0.060𝑚 = 0.920𝑚 − 0.060𝑚 = 0.860𝑚
This width also gives the diameter of the image as it’s round, and thus also provides its radius
of 430mm which is to be used in the following formula to calculate a necessary length.
𝐿𝑙−𝑡 = √(𝑟𝑖 − 𝑟𝑙 )2 + 𝑣 2 = √(0.430𝑚 − 0.030𝑚)2 + 3.000𝑚2 = 3.02655𝑚
Now the length of the light between the far side of the table and far side of the lens is known,
one can apply the main formula to calculate what the required width of the mirror need to be.
2

2

𝐿𝑙−𝑡
3.02655𝑚
𝑊𝑚 = 2 ∗ √( 𝑣 ) − 𝑑𝑚 2 + 𝑟𝑙 = 2 ∗ √(
) − 1.500𝑚2 + 0.030𝑚 = 0.460𝑚
3.000𝑚
𝑑𝑚
1.500𝑚
If the constant provided in the top formula is used the wanted length can also be specified so
the engineers can outline the exact desired size of the oval mirror, to create a perfect round
image on the table sheet.
𝑊𝑚
0,460𝑚
𝐿𝑚 =
=
= 0.651𝑚
𝑐𝑜𝑠(𝑎𝑛𝑔𝑙𝑒) 𝑐𝑜𝑠(45)
𝑣 = 𝑖𝑚𝑎𝑔𝑒 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝑣 = 𝑖𝑚𝑎𝑔𝑒 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝑑𝑚 = 𝑚𝑖𝑟𝑟𝑜𝑟 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝑊 = 𝑤𝑖𝑑𝑡ℎ 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝑊𝑖 = 𝑤𝑖𝑑𝑡ℎ 𝑖𝑚𝑎𝑔𝑒 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝑊𝑚 = 𝑤𝑖𝑑𝑡ℎ 𝑚𝑖𝑟𝑟𝑜𝑟 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝑊𝑡 = 𝑤𝑖𝑑𝑡ℎ 𝑡𝑎𝑏𝑙𝑒 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝐿 = 𝑙𝑒𝑛𝑔𝑡ℎ 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝐿𝑚 = 𝑙𝑒𝑛𝑔𝑡ℎ 𝑚𝑖𝑟𝑟𝑜𝑟 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝐿𝑙−𝑡 = 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑡ℎ𝑒 𝑙𝑖𝑔ℎ𝑡𝑟𝑎𝑦𝑠 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑙𝑒𝑛𝑠 𝑡𝑜 𝑡ℎ𝑒 𝑡𝑎𝑏𝑙𝑒 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝑟 = 𝑟𝑎𝑑𝑖𝑢𝑠 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝑟𝑖 = 𝑟𝑎𝑑𝑖𝑢𝑠 𝑖𝑚𝑎𝑔𝑒 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
𝑟𝑙 = 𝑟𝑎𝑑𝑖𝑢𝑠 𝑙𝑒𝑛𝑠 𝑖𝑛 𝑚𝑒𝑡𝑟𝑒𝑠 (𝑚)
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Appendix IV

-Attributions

Head of Competence Unit

Pekka Hautala Lic.Sc.

Project Engineering

Sampo Kuikka B.Eng.

Design Engineering

Sampo Kuikka B.Eng.
Tomash Groen

Construction Engineering

Sampo Kuikka B.Eng.

Component Engineering

Sampo Kuikka B.Eng.
Tomash Groen

Material Treatment

Sampo Kuikka B.Eng.

Assembly

Sampo Kuikka B.Eng.
Tomash Groen

Marketing & Communications

Pekka Hautala Lic.Sc.

Report Writing & Formatting

Tomash Groen

Photography

Tomash Groen
Jari Soini

Photo Editing

Jari Soini

Model (Anders Johann Lexell)

Johan Stén M.Sc.Eng., Lic.Sc., D.Sc., Ph.D.

Lens Supplier

Teknofokus

Mirror Supplier

Lasihuolto M. Nygård

Client & Communications

Marja Rumpunen

Appendix V

-Sources

http://www.lumieres.fi/index_en.html
http://en.wikipedia.org/wiki/Overhead_projector
http://en.wikipedia.org/wiki/Camera_obscura
http://en.wikipedia.org/wiki/Diffraction
http://en.wikipedia.org/wiki/Depth_of_field
http://en.wikipedia.org/wiki/Focal_length
http://photo.stackexchange.com/questions/46489/how-to-calculate-the-optimal-pinhole-size
http://www.owlnet.rice.edu/~dodds/Files231/pinhole.pdf
http://www.infinitysw.com/library/details/La20f6fb12
http://camera-obscura.co.uk/camera_obscura/images/in_room.jpg
http://lcogt.net/files/styles/fourcolimage/public/jbarton/convex%20lens%20trans%20background.png
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Appendix VI

-Resource gathering and sharing terms

All material used and bought was either made, constructed or bought by Metropolia’s
engineers. All items delivered at the location at Suomenlinna June the 8th 2015 are to be
considered possessions of Les Lumières from the 8th of June 2015 and onwards, and thus
are free to use by the mentioned party.
The reports are written by Tomash Francesco Groen to be made usable for all parties
involved. Direct copying of text or full layout, partly or entirely to be used under the name of a
different author without written consent is not allowed. Quoting text or full layout, partly or
entirely referring to either the original author T.F. Groen or the Metropolia team in general
however is allowed, and can thus be used for, for example, press publications.
Indirectly the association STHO is possibly responsible for the contribution of financial
coverage when it comes to traveling costs, and thus is to be considered a contributing party.

Publication date: 11/06/2015

