Reconstructing an Instant Camera
Kenzie Mayer
1 Abstract
The goal of this project was to reconstruct the shutter of an old Polaroid
camera so that it would once again function to take pictures. An old
Polaroid was purchased to ensure quality lenses, the correct size film
holder, and a stable frame. The Arduino-based circuit to control the
shutter consisted of a push button allowing current to flow through the
rest of the circuit when pressed, a potentiometer providing a variable
resistance and therefore a variable voltage drop value to be passed back
to the Arduino, a relay switched on by an Arduino signal, and a solenoid that opened and closed for a variable amount of time proportional
to the potentiometer value. The amount of time the solenoid was open
represented the shutter speed of the camera. After months of work, the
camera produced high-quality instant photographs. The final Arduino
code allowed for a shutter speed between 250 and 2000 milliseconds.
2 Introduction
Instant cameras differ from other popular cameras because they immediately dispense film that develops within seconds, whereas digital
cameras, the most popular type of cameras on the market, store files
to memory cards. Cameras in general have a great impact on today’s
world. Being able to physically capture memories has personal benefits
as well as more global, widespread effects. Cameras allow people from
across the world to visualize what life is like in other cultures; the pictures they capture can spark social change, and they also allow people to
document their lives and look back on events years later. Most obviously, cameras matter to people because people love taking pictures of their
lives to document what they do, whom they spend time with, what they
eat, and so on. Cameras allow people to look back in history, during the
This paper was written for Dr. James Dann’s Applied Science
Research class in the spring of 2015.
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time periods where cameras existed, and deepen their knowledge of the
world. Photographs have a universal audience because, unlike literature
or other written texts, someone who wishes to look at the picture and
understand it is not limited by literacy. Each time someone views a picture, he or she can interpret the picture freely without being confined
by words and the author’s interpretation, as can happen when reading
a book. Cameras have been a growing industry in the past few decades
with an increase in technology and a growing demand in the market for
a wider variety of cameras and lenses. Cameras have transformed into
an everyday device for the typical household. Today, a large majority
of the population has smartphones equipped with normal and frontfacing cameras. Even though this project itself is limited to an instant
camera, the diversity of cameras and photography is an extremely interesting topic in itself (see Table 1 in Appendix A). Everyday people are
surrounded by hundreds of pictures in the news, advertisements, social
media, and more. Cameras and photography are still growing fields,
and building an instant camera provided some insight into that realm.
The particular camera I used does not differ greatly from other instant cameras on the market. It is different due to time, material, and
knowledge constraints, but the theory behind it mimics already existing
instant cameras. This project did not seek to invent a new product or
improve an existing one. Rather, the purpose was to understand how a
camera works and create high-quality pictures.
With this project, I developed a wide range of skill sets. The theory of
the camera allowed me to dive deeper into optics and engineering because I needed to understand the physics behind a camera’s operation
in order to design the shutter. I also learned Arduino programming in
order to work the circuit that controlled the shutter. As I had never coded with Arduino, this part of the project was extremely rewarding. The
inspiration for my shutter design came from researching D.I.Y. camera
shutters online. I came across a shutter circuit that used a solenoid and
an Arduino Uno [1]. This circuit involved working with a potentiometer to control the shutter speed. I also furthered my knowledge of design and CAD drawing because I used the laser cutter to construct a
wooden shutter frame.

THE MENLO ROUNDTABLE

49

I have always been interested in photography, but I had never gone beyond the surface level. I love taking pictures with my friends and of
nature, yet I had never stopped to truly understand the physics and
engineering behind cameras. For me, I tend to take a camera, put it on
auto-focus, point, and shoot. However, I do love having documented
pieces of my life and I love looking back at old photos. While I am not
an advanced photographer, I appreciate the process. With my interest in photography always in the back of my head, I was immediately
intrigued when I saw that Kelly McConnell ’13 had made an instant
camera a couple years ago for her second semester ASR project. The
success and topic of her project inspired me to propose creating an instant camera myself.
In sum, this camera is partially made of pieces of old Polaroid cameras,
but it contains a shutter mechanism I designed myself. I based my project
on the existing model of a Polaroid camera but added some ASR twists.
3 History
The first version of the modern camera is the camera obscura, a simple
device that uses a pinhole or lens to take the light from an outside source
and project it upside down onto a viewing surface. Camera obscuras
were used in ancient Greece and China. This technique was used for
centuries to view eclipses of the sun without having to look directly at it
and damage one’s eyes. Artists used them to trace a subject onto a piece
of drawing paper [2]. The physical documentation and ability to view
photographs in a setting different than where they were taken is the
most important aspect of cameras today, but the camera obscura did
not produce images that could be preserved. These cameras projected
an image of an outside setting, but there was no physical documentation of the image. Despite this camera not producing physical photographs, the concepts behind the camera obscura led to the development
of the cameras we use today. Different models of the camera obscura
were produced, and portable camera obscura boxes with mirrors inside
were used so that the image could be viewed right side up [3].
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Nicéphore Niépce (1765-1833) was a key player in the invention of
photography. He sought to copy images with sunlight by coating pewter with light-sensitive substances. In 1816, he worked on heliography,
or sundrawing, by recording an outside view on paper coated in silver
chloride, a chemical that made the surface light-sensitive. Under exposure to light, silver chloride darkens and disintegrates into metallic
silver and elemental chloride according to the following equation:
AgCl(s) + light → Ag(s) + Cl(s) [4]
The area of the light-sensitive surface that is exposed to light darkens,
and this forms the image. However, this process did not generate a full
picture. In 1822 Niépce began working with bitumen of Judea, a lightsensitive type of asphalt that hardens when exposed to light. Using this
method, he was able to produce a photographic copy of an engraving
superimposed on glass. In 1826 he successfully reproduced a view from
his workroom onto a pewter plate. Niépce’s exposure times for his photographs were hours long, so in 1829 he partnered with painter JacquesMandé Daguerre in order to perfect his work with heliography [5].
Daguerre invented the daguerreotype, a process of photography that required only about thirty minutes to develop. (For comparison, Niépce’s
first permanent photograph took eight hours of exposure and was not of
good quality.) Daguerre continued working with Niépce’s heliographic
process after Niépce died in 1833. He discovered that a lasting image
could be produced if an iodized silver plate was exposed to light in the
fumes of mercury and then fixed with a solution of salt [6]. More specifically, Daguerre’s process was to coat a polished piece of silver with
iodine because this would create a light-sensitive surface. Silver halides,
which are compounds of silver and a halogen (iodine, bromine, chloride, etc.), are light-sensitive materials because when the silver halide
crystals are exposed to light, a “latent image” is formed. This latent image is formed by metallic silver atoms. With a silver halide that is made
up of iodine, the chemical equation is as follows:
AgI(s) + light → Ag(s) + I(s)

[7]
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The solid silver is what makes up the image. To continue his process,
Daguerre then put this plate into the camera for a few minutes, exposed
it to light, and after the image was generated the plate was put in a solution of silver chloride. This created an image that would last even when
exposed to more light. The daguerreotype revolutionized the photography process and paved the way for more developments for the camera
and film photography [8]. The chemical equations for his process are
as follows:
		

AgI(s) + light → Ag(s) + I(s)

		

2Ag(s) + 3Hg(g) → Ag2Hg3

Another major accomplishment in the history of photography and the
camera is the negative-to-positive process. Henry Fox Talbot created
the first negative by sensitizing paper to light with a silver salt solution.
The paper was then exposed to light, so there could be a black background and the subject would appear in gray shades. This served as
the negative image, and Talbot would reverse the light and shadows to
create a correctly colored, detailed picture. Talbot was able to produce
multiple photographs out of one negative with this process. His papernegative process was known as a calotype, meaning “beautiful picture”
in Greek. Talbot perfected the calotype in 1841 [8].
In the mid-20th century, photography was revolutionized by the development of the instant camera. Prior to this device, film had to be developed
in multiple steps, so there was a significant time delay between taking the
photograph and having the physical picture in hand. In 1947, Polaroid
presented its first instant camera. The company was founded by Edwin H.
Land, who wanted to research light polarization. Most notably, Polaroid
created a camera that would immediately dispense film with the photograph on it. Inspired by his daughter, who wanted to be able to see the
photograph as soon as it was taken, Land sought to create a new product
for the growing camera market. In 1963, Polaroid introduced Polacolor,
the first instant color film. As Polaroid’s instant cameras grew more popular, other companies began producing similar models [9].
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In addition to the instant camera, many other new forms of photography have been created within the last half century. In the 1940’s
color film was introduced to the market. This film was made up of
multiple layers of dye that created a colored image once the chemical process was complete. The first digital electronic camera was created by Canon in 1984. The disposable camera, introduced by Fuji
in 1986, was very popular. This camera had a set number of pictures
that could be taken and required the film to be developed afterwards
in order to view the photographs [10].
Digital cameras function much differently than instant cameras, however their presence in the world today is remarkable and worth noting. A digital camera can be described as having a miniature computer
inside it that records images and makes them available in the form of
pixels. In order for the computer to recognize the image, it needs to be
computed into bits and bytes. The light pattern that enters through the
camera lens is broken down into pixel values. By recording the image
this way, it is preserved on a memory card and can then be uploaded
to a more powerful computer. Since the format of these photographs is
recognizable by the computer, the images can be edited and copied over
and over again.
Inside a digital camera there is either a charge coupled device (CCD),
the more common option, or a complementary metal oxide semiconductor (CMOS). The CCD and CMOS are image sensors that convert
light into electrons. At a basic level, these sensors are 2-D arrays of miniature solar cells. Once the light is converted into electrons, the charge
value of each cell is read off. Because CCD sensors are more common,
the next step of producing an image will be explored in accordance with
how a CCD works. A CCD moves the charge to the corner of the array
and reads that value. An analog-to-digital converter (ADC) turns the
pixel value into a digital value based on the amount of charge at each
cell site. The amount of charge is converted into binary so that a computer can recognize the information.
The resolution of a digital camera is the amount of detail it can capture.
The resolution is directly proportional to the number of pixels in a cam-
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era, so the more pixels, the higher the resolution. For example, the typical resolution for emailing pictures is 640 x 480. An image size of 1216
x 912 is known as a “megapixel,” and is used for printing images [11].
This project did not change instant cameras or photography in any
radical way. The science behind this instant camera is neither new nor
revolutionary, but the combination of Arduino programming, laser
cutting, and overall engineering required to construct the camera is not
common. Besides the main purpose of producing a functioning instant
camera, this project is also designed to demonstrate that people can
construct their own cameras. More broadly, this project will speak to
the D.I.Y. designers and engineers out there. Despite this camera inevitably being of a lower quality than those on the market, the process
behind it and the applied science made for a rewarding project.
4 Theory
Understanding the instant camera is a two-fold challenge, because it
functions by first capturing an image and then immediately developing it. The fundamental concept regarding a camera is optics. Within
a camera, there is a hole or opening, known as the aperture, that takes
in the light. In a simple pinhole camera, the aperture is produced by
poking a pin through aluminum foil and allowing the light to enter. In a
typical camera that is more functional, a lens controls the aperture. The
lens is normally made out of glass or plastic, and cameras range from
having one lens to having a series of twenty lenses lined up. Lenses are
important because the other option, a hole, does not provide desirable
image quality. A pinhole too small will not capture enough light, but
a pinhole too large does not focus all of the light onto a single point,
so the image turns out blurry. The size of the aperture, which can be
modified by adjusting settings on the camera, determines how much
light enters the camera. If too much light enters, the image will be overexposed. Once the light enters the camera, it is refracted. A camera has
a converging lens, or series of lenses, that takes in light and focuses the
light rays onto a photosensitive material. For this project, the photosensitive material is instant film. With a converging lens, parallel light
rays entering the lens from an angle perpendicular to the position of
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the lens are refracted to one focal point. This focuses the light so that
a clear image can be produced [12]. When light is refracted, it enters a
medium and bends through an angle with respect to the normal line of
the material boundary. The angle of refraction, that is, how much the
light bends when it encounters the second medium, depends upon the
speed of light in the initial and final medium. The relationship between
the speed of light in a medium and how much it bends can be described
through Snell’s law. Snell’s law of refraction states that n1sinθ1 = n2sinθ2.
The n values are the indices of refraction, which are calculated by the
ratio (speed of light in a vacuum / speed of light in a medium) [13].

Figure 1: Illustration of Snell’s Law (www.math.ubc.ca).

In a camera, the two different materials that light passes through are the
outside air and a glass lens. The converging lens refracts the light from
the subject and generates a real image, which is inverted. The distance
to the object relative to the center of the lens, the distance of the image
relative to the center of the lens, and the focal length of the lens are related through the thin lens equation: 1/Si + 1/ So =1/f where Si refers to
the distance to the image and So refers to the distance to the object. The
focal length of the lens is f [14]. See the Design section for focal length
information in regard to this particular camera.
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Figure 2: An illustration of the thin lens equation. Note that in the equation on the
previous page Si and So were used used to describe the distance to the image and to the
object, respectively, while in this picture di and do are used. (http://www.animations.
physics.unsw.edu.au/jw/light/lenses_and_images.htm)

The second essential part of the instant camera is the instant film. Photographic film is fundamentally paper that captures light; once light hits
the surface, chemical reactions start to record the specific light pattern.
Modern films work by light being captured by the microscopic crystals of silver bromide. The crystals of this compound are stored in a
transparent gelatin and this mixture, known as the emulsion, is thinly
spread on the film base. This gelatin is made from the hides and bones
of animals, so the diet of the animals has a strong effect on the sensitivity. Before scientists discovered the specific compounds that affect
the sensitivity of films, images would be captured differently on different batches of film. Now, the compounds that have a great effect on
film sensitivity are synthesized and added to the emulsion in specific
amounts. The size of the silver bromide crystals also plays a large role in
the type of image produced. Larger crystals require less light to produce
an image. Many photographers would like high sensitivity photos, but
larger crystals produce lower-quality images. On the market, there are
films that are either sensitive yet grainy, fine-grained yet less sensitive,
or a compromise [15].
Color instant camera film is made up of layers that are sensitive to the
different colors of light: red, green and blue. The top layer is sensitive to
blue light, the middle layer is sensitive to green, and the bottom layer to
red. When the film is exposed to light, the grains within the film react

56		

Kenzie Mayer

to the light of the same color, meaning that when blue light hits the blue
layer, a chemical reaction starts that records the pattern of the entering
light. The light-sensitive layers are on top of the base and underneath
the image layer, timing layer, and acid layer. This organization of layers is designed for a chemical reaction to take place. The film bases,
which are made up of silver bromide, form silver atoms. These silver
atoms then need to be developed in order to turn this pattern into a picture. Under each of these layers there is a developer layer composed of
dye couplers. The dye couplers contain three different dye colors: cyan,
which is a combination of green and blue light; magenta, which is a
combination of red and blue light; and yellow, which is a combination
of green and red light. The dye couplers react with each colored layer of
the light-sensitive layer by attaching to particles that have been exposed
to light [16].

Figure 3: A diagram of the different parts of instant film (http://science.howstuffworks.
com/innovation/everyday-innovations/instant-film1.htm).

THE MENLO ROUNDTABLE		

57

Figure 4: Another image illustrating the layers of instant film. The order of the lightsensitive layers (blue then green then red) goes in order of increasing wavelength. The
layer that is sensitive to blue light is right on top of the yellow dye developer. Because
yellow is made up of green and red light, it takes in the green and red light but stops
the blue light from continuing through. This same process applies to the magenta dye
succeeding the layer that is sensitive to green light (http://science.howstuffworks.com/
innovation/everyday-innovations/instant-film.htm).

All the chemistry involved in developing film is already present in the
instant film. The reaction begins with the reagent, which is a mix of
opacifiers, alkali, white pigment, and other elements. The opacifiers and
light blockers and alkali are acid neutralizers. The chemical development process of generating the image begins when the reagent is spread
throughout the layers of the film. The opacifiers stop light from moving through layers; this stops the film from being completely exposed.
As the reagent chemicals move through the film layers, the exposed
particles turn metallic silver. The chemicals then dissolve the developer
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dye, and the developer dye moves towards the image layer. The grains
on the film that were exposed to light and then became metallic silver
grab the correctly colored dye so that the color stops moving up. The
acid layer in the film is neutralized by the alkali and the acid, alkali and
opacifiers react to make the opacifiers clear. This allows the image to be
seen. The timing layer slows the reagent down as it moves to the acid
layer, allowing the film developing time before it gets exposed to light.
The classic Polaroid experience of seeing the image form before one’s
eyes is due to the opacifiers clearing up [17]. Also, the famous shape of
the Polaroid image with the white border and the thick band at the bottom is due to this development process. This thick band area is where all
of the chemicals for the development process are stored.
In an instant camera, the film back stores the film before the photograph is taken and then aids in the development of the film. Unlike ordinary photo paper, which needs to be developed, instant film produces
a developed image seconds after the shutter clicks. The film is stored in
the film holder because it needs to be in a dark location. To generate a
photograph, the film cannot be exposed to light until the actual photograph is to be taken. When the film is exposed to light it records the
image. A piece of film that is exposed prior to taking the picture would
therefore turn out black because it would be overexposed with light
and the desired picture could not be recorded. In an instant camera,
the shutter opens and closes at an adjustable speed to allow the film to
quickly be exposed to light. Once the shutter closes to prevent the film
from being exposed to more light, the next step is for the film to move
through the rollers. The film back generally contains ten sheets of film,
each with a pull-tab. The film is pulled through two metal rollers via
this tab in order to start the chemical development process.
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Figure 5: An illustration of how the chemicals are stored in instant film
(http://content.photojojo.com/photojojo-original/photo-science/).

The shutter of the instant camera for this project works on the same
principle but has a slightly different design than the shutters of instant
cameras on the market. For the shutter, an Arduino was programmed
with a solenoid and potentiometer. A potentiometer is a variable resistor.

Figure 6: Diagram of potentiometer (www.beavisaudio.com).
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It contains a manual twist top so that the user can change the resistance
by him or herself. The varying resistance is used as a voltage divider in
the circuit. As the resistance is manually altered, the voltage drop across
the circuit changes as well. The Arduino then reads in the voltage as
an analog value. The potentiometer is connected to the Arduino board
with three wires. The first wire connects the outer pin of the potentiometer to the ground, and the second wire connects the other outer
pin of the potentiometer to 5 Volts from the Arduino board. The final
wire connects the middle potentiometer pin to an Arduino input value.
Then, as the potentiometer turns and changes the amount of resistance,
the analog input to the Arduino changes as well. The higher the resistance, the higher the voltage drop will be over the potentiometer, so the
voltage read by the Arduino will decrease. The path that leads to the
Arduino will read how many volts are coming in, and output a number
between 0 and 1023—0 corresponds to 0 Volts, and 1023 corresponds
to 5 Volts [18].
The Arduino is programmed to send a current to a solenoid, and the
solenoid opens for a certain amount of time depending on the voltage
reading. There is a foil “leaf ” attached to the spring of the solenoid.
When the solenoid has current going through it, a magnetic field will
be induced and push the spring of the solenoid out. When there is no
longer current moving through the solenoid, the spring is released to
its original position. In the context of the shutter, the duration for how
long the current moves through the solenoid corresponds to the shutter
speed. The solenoid spring moving back to its original location closes
the shutter again to prevent more light from reaching the film. At this
point the image has been captured. Based on the Arduino code, the
analog value read in from the potentiometer pin is multiplied by a delay
constant. The delay constant tells the Arduino how long to leave the
shutter open. This value was found through experimentation so that
the range of analog values will correspond to the correct range of shutter speeds. The desirable shutter speed after testing is between 250 and
2000 ms.
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This shutter circuit is set off using a push button. A push button’s operation is logically and physically very simple. A push button consists of
two metal contacts that connect together when the button is pressed
to complete a circuit. In this circuit, once current can flow through the
push button to reach the Arduino, the shutter opens and closes at the
specified speed.
5 Design
The idea and design of the pinhole camera was extremely basic. The
name “pinhole camera” says it all; essentially it is just a box with a very
tiny hole poked at the top. The shutter is manually opened and closed
by the photographer. When designing the pinhole camera, the most
important aspect is that the only light that reaches the film paper is the
light that comes from the pinhole. To achieve this blocking of light, it
was necessary for the box to have a darkened interior and be tightly
closed. A Coach shoebox was used as the body of the pinhole camera
for its thick cardboard and tight seal. The next steps for creating a pinhole camera are to cut a square out of the top, cover it with aluminum
foil, and then poke a hole in the center of the foil. After that, a shutter
is taped over the hole. For this camera, a shutter was made out of cardboard covered with electrical tape. The thickness of the shutter guaranteed that no light would make it through the hole when the shutter was
closed. To ensure that no light entered the camera when the shutter was
closed, a preliminary test was done: a piece of photographic paper was
placed inside the box, the shutter was closed, and the box was placed
outside for a minute. Then the paper was developed with chemicals.
The film paper remained white, indicating that no light had reached it.
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Figure 7: CAD drawing showing a bird’s eye view of the pinhole camera. The shutter
was centered in the middle, and covered a pinhole that served as the aperture.
The CAD drawing was created using 123D Design.

Figure 8: CAD drawing of the side view of the pinhole camera. The CAD drawing was
created using 123D Design.
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The design of the pinhole camera is different than the design of the
instant camera due to its simplicity. The shutter of the pinhole camera is manual, whereas an Arduino controls the instant camera shutter. Even so, building this basic prototype provided valuable insight on
how shutter speeds function. When a pinhole picture was taken while
it was bright outside, the shutter was opened for a significantly smaller
timeframe. Testing out a pinhole camera with multiple settings outside
provided the knowledge of varying shutter speeds.
The design of this instant camera relied primarily on the design of the
Polaroid 400 Land Camera (see Appendix D). The film holder is a critical facet of any instant camera because the film must be stored in the
camera in between uses and it must self-develop as it passes through
the film holder rollers once the image has been captured. Because the
Land Camera that was purchased for this project holds the correct size
film, it was taken apart so that its film back could be repurposed. Without extensive knowledge and experience with CAD drawings and 3D
printing, the most practical option was to take apart an existing camera
rather than attempt to create a personalized film holder.
Another reason why the basic frame and scraps of the Land Camera
were used is for the viewing lens. On the Land Camera, there is one lens
that takes in the light to capture the picture and another at the top of the
camera that the user can look through to decide the subject matter of
the photograph. For an instant camera, the film held in the body needs
to be shielded from light until the moment that the image is captured.
For this reason, the camera operator cannot look through the lens that
is covered by the shutter. Instead, a different lens is needed on the top
of the camera. This lens can be open at all times, whereas the other lens
must block light from reaching the film at all times except when the
photograph is taken. Using the frame of the Land Camera with its viewing lens was practical and time saving.
Another reason for purchasing the old Polaroid camera was the caliber of its lenses. Because the quality of the photographs produced will
largely depend on the quality of the lenses used, it was important to
pick lenses that were already known to produce good photographs.
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Figure 9: An image of the Arduino circuit. This circuit was generated using CircuitLab.
This circuit uses a push button to trigger the rest of the circuit, and then the Arduino
reads in an analog value from the pin connected to the potentiometer. This value is
multiplied by a constant to create a delay value. The Arduino outputs current to the
relay, which triggers the solenoid. The time that the Arduino outputs current is based
on the delay constant.

The Arduino circuit that controls the shutter is partially inside the camera body and partially outside of it. A push button is used as a shutter
clicker. The simplicity of having a push button trigger the shutter allows for a user to operate it easily. A computer was used to power the
Arduino circuit so that once the push button is pressed, the shutter will
open and close. This push button must be outside of the camera body
so that the user can actually take the picture.
Another element of the Arduino circuit that must be outside of the
camera body is the potentiometer knob. By twisting the potentiometer,
the user can adjust the speed of the shutter. A label indicating the range
of shutter speeds will be placed on the outside of the camera, bordering
the potentiometer. This ensures that the user of the camera can easily
and knowledgeably adjust the potentiometer to the correct resistance.
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The relay must be used in this circuit because the Arduino does not output enough current to switch the solenoid on and off. A relay consists of
a coil and multiple switches. Inside of the relay there are switches which
correspond to two different contacts or spokes. When the coil of the
relay is not activated, meaning that there is no current running through
it, then one contact connects to ground. When the Arduino powers the
relay, current goes through the coil, causing the switch to move to the
spoke that is connected to the relay. By using the relay instead of the
Arduino directly, enough current can be output to the solenoid to turn
it on.
The potentiometer works as a voltage divider by varying the resistance
between the pin terminals.

Figure 10: An inside look at a potentiometer. This view shows the outside terminals
as A and B and the inside wiper terminal as W. A and B are connected by a resistive
material, and the wiper is a moveable contact that can touch this resistive material
at any point (http://fddrsn.net/pcomp/examples/potentiometers.html).
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Figure 11: An inside look at the potentiometer when all of the resistive material is
between B and W (http://fddrsn.net/pcomp/examples/potentiometers.html).

Figure 12: An inside look at the potentiometer when all of the resistive material is
between A and W (http://fddrsn.net/pcomp/examples/potentiometers.html)
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Figure 13: An inside look at the potentiometer when there is an equal amount of the
resistive material between A and W and between B and W (http://fddrsn.net/pcomp/
examples/potentiometers.html).

Figures 10 through 13 above demonstrate the reasoning behind using
a potentiometer for the shutter circuit. The shutter of a camera needs
to be able to function at different speeds, and by using a potentiometer
to change resistance and act as a voltage divider, a variable voltage can
be read by the Arduino. The Arduino then takes this voltage value and
multiplies it by a constant to get a delay value. This delay value is the
time that the current is sent out to the solenoid. The solenoid is attached
to a metal leaf so that when the solenoid turns on, the shutter will open.
Because the solenoid turns on when current is going through it, the
potentiometer ultimately varies the shutter speed.
The design for the location of the lens and the film, in regard to focal
length, was already a part of the camera body. However, tests were done
to confirm the focal length. As shown in Figure 14, a flashlight was
shined through the lenses and the resulting light was projected onto a
wall. The position of the flashlight and the body of the camera were altered until the pattern on the wall was clear. A clear light pattern on the
wall, which meant that the circle outlines were not blurry and that they
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lined up on top of each other, meant that when light passed through the
lens of the functioning camera, a clear image and photograph would be
produced.

Figure 14: A setup of the test for focal length.
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Figure 15: Calculations for the focal length of the instant camera. Because the camera
was known to have taken pictures with this setup of the lenses, the test for focal length
was to have experience with these calculations. The focal length test confirmed that the
location of the film back was correct to produce an image. Through calculations, the
focal length was determined to be 4.90 inches.
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Figure 16: The caliper-measured distance between the film back, where the image
would be captured, and the lens was 4.860 inches. Because this value is extremely close
to the calculated focal length value of 4.90 inches, it can be assumed that the camera is
set up with the correct placement of the lens and the film.
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Another critical part of the design is the solenoid holder for the shutter mechanism. The design of the Polaroid camera features one lens, a
shutter, and then another lens. The top piece of plastic that holds the
first lens can be unscrewed in order to reach the shutter. For this project, the shutter circuit that came with the camera was ripped out. Then,
a piece of ⅛-inch wood was cut to fit into the camera part. It has a hole
cut out to function as the aperture. The hole size was based on the aperture size of the camera’s old shutter design. This piece of wood also
includes a cut-out rectangle into which the solenoid fits. Without this
cut-out piece, the height of the wood and the solenoid would have prevented the two lens sections from closing.

Figure 17: Image of wood piece that was laser cut to fit in between the two lenses. Each
measurement was made using a caliper.
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One more piece that needed to be designed for this camera was the solenoid cap. A small cylinder was 3D printed to attach to the end of the
solenoid. This piece was used so that the solenoid could be attached to
a shutter leaf. Without this 3D printed piece, the surface area of the top
of the solenoid core was too small and too slippery for glue to properly
attach to it.

Figure 18: CAD drawing of solenoid cap. The exterior diameter was 0.156 inches, the
interior diameter was 0.116 inches, and the length was 0.35 inches.

Once this 3D piece was printed, a lot of tinkering was required to get
the shutter to properly open and close. The width of the aperture was
much larger than the distance that the solenoid could extend and retract. Therefore, it was not possible to simply attach the leaf to the solenoid straight on. Instead, the bottom of a pushpin kept one side of the
metal shutter leaf grounded so that when the solenoid opened, the leaf
would pivot around the pushpin and open farther than it would have
opened without the pivot point. While this step of the project is simple
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enough to explain, the execution of finding the correct place to put the
solenoid and the pivot point, deciding the size of the shutter leaf, and
getting the shutter to open all the way took a couple weeks.
6 Results
The initial prototype for this project was a pinhole camera. The production of the camera was very straightforward, as it was just a box with a
hole and manual shutter. In order to capture pictures, the shutter needed to be open for a variable amount of time depending on how bright it
was outside. The less light outside, the longer the shutter needed to be
opened. Pictures were taken with this camera at shutter speeds ranging
from 5 to 42 seconds.
The next step was to reconstruct the instant camera purchased online.
After months of work, the reconstructed instant camera successfully
took pictures. The results of this project consist of the different shutter
speeds that the camera took pictures with. Because the shutter speed of
the camera can be manipulated with the Arduino code, this camera has
a wide range of potential shutter speeds. However, a very slow shutter
speed of over 2 seconds would likely never be desirable because too
much light would reach the film, preventing a visible image. The first
successful picture taken had a shutter speed of 880 ms. After two dark
images with respective shutter speeds of 220 and 440 ms, the shutter
speed was increased to allow more light to reach the film.
7 Conclusion
Overall, I am beyond thrilled that I finally captured photos with my
camera. Looking back, I can explain the way my camera functions very
quickly, but the simplicity of the explanation greatly understates the
amount of work each step required. I am very happy to have gotten to
choose my own second semester project and to have had the freedom
to work independently on this instant camera. The combination of pinhole and instant photography allowed me to produce two very different
types of photographs, and I really enjoyed each process.
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10 Appendices
Appendix A
Table 1: Comparison of Different Types of Cameras
Type of Camera

How Picture is Produced

Limitations

Benefits

Instant Camera

instant film develops
moments after picture is
taken and image is visible

each picture is
automatically
printed

picture is ready
within seconds

expensive film
lack of features
(such as scene
specific settings)
Digital Camera

image is stored to a memory
card in the form of pixels

expensive camera
requires more
technique to use
properly (such
as setting shutter
speed or setting
mode)
can be very big
and heavy

easy to use
polaroid pictures
are fun and artsy

possible to
produce
extremely high
quality images
ability to delete
photos
ability to see
photos on a
screen instantly
after they have
been taken
photos can be
transferred to a
computer and
edited
wide variety of
digital cameras
on the market
using a memory
card with a lot
of storage allows
for hundreds
of pictures to
be taken in one
outing
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(Table 1 continued from previous page)
Type of Camera

How Picture is Produced

Limitations

Benefits

Disposable Camera

film captures images but
it must be enlarged and
developed to generate
a photograph

film has an
expiration date

inexpensive

limited number of
photographs on
each camera
mistake pictures
are recorded

Pinhole Camera

film is exposed and then
developed with a series
of chemicals

easy to use even
for young kids
or people who
are bad with
technology

not practical for
commercial uses

basic steps to
build a camera

shutter must be
opened and closed
manually

provides
good learning
experience and
an introduction
to photography

inability to
precisely select
the image subject

Appendix B
Table 2: Parts List
Part Description

Needed For

Cost

Where It’ll Be Bought

Polaroid 440
Land Camera

body of camera

$23

eBay

FujiFilm 100c
instant film10-pack

taking pictures

$9

Amazon

Arduino board

camera shutter

lab

Potentiometer

adjust shutter speed

lab

Tactile button

shutter trigger

Solenoid (https://
www.sparkfun.com/
products/11015)

shutter

Relay

shutter circuit

lab
$5

Sparkfun

lab
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Appendix C
Pinhole Photographs and Pinhole Camera

Figure 19: First pinhole camera photograph. Exposure time was 5 seconds.
The smudging in the top left is due to bad technique when developing the
image. This photo was underexposed, but had clear outlines meaning that
the camera stayed still while the shutter was open.

Figure 20: Another pinhole camera photograph. Exposure time was 35 seconds.
The exposure time was slightly less than what it should have been, but after
many failed attempts, it was the first proper-looking photograph produced.
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Figure 21: The best image produced using the pinhole camera.
Exposure time was 42 seconds.
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Figure 22: Another image produced with the pinhole camera. Exposure time for this
image was 14 seconds. Because the camera was not mounted on a tripod, the lines
are not clear. However, the purpose of this prototype was to obtain the correct light
exposure, which was successfully achieved.

Figure 23: The pinhole camera with the shutter open. A square was cut out of the top
of a Coach shoebox, and then a small hole was created with a pin to allow light to reach
the film paper that was placed inside of the box.
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Appendix D
Images of the Old Polaroid Cameras

Figure 24: Image of the inside of the Polaroid 400 Land Camera. This image was taken
after the main lens of the camera was taken off. The rollers that help develop the image
can be seen here. This photo was taken before the film was placed inside of the camera.

Figure 25: Another image of the Polaroid 400 Land Camera. This photo shows how the
film fits into the back of the camera. The perfect fit of the film and the film back here
demonstrates the need for purchasing an old camera.
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Appendix E
Photos of Reconstructed Camera

Figure 26: Image of shutter mechanism. This photo shows the solenoid, the shutter flap,
and the piece of wood that was cut to fit inside the already existing camera part.

Figure 27: A zoomed-in look at the way the solenoid was connected to the foil.
This image also shows the push pin pivot point.
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Appendix F
Photos Taken with Reconstructed Camera

Figure 28: The first successful image taken with the camera. This photo was taken
in the photography room with a shutter speed of 880 ms.

Figure 29: Photo on the soldering bench. Shutter speed was about 630 ms.
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Figure 30: Another picture taken inside the lab. Shutter speed was about 630 ms.

Figure 31: Photo of Griffin and Sam’s fish. Shutter speed about 630 ms.

THE MENLO ROUNDTABLE

85

Figure 32: A photo of the wood pile in the tool shop. Shutter speed was about 630 ms.

Figure 33: A photo of my lab bench. Shutter speed was about 600 ms.
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Appendix G
Arduino Code
const int potPin = A1; // connected to middle potentiometer pin
int solenoidPin = 4; // connected to relay that controls the solenoid
int pushPin = A0; // determines whether the push pin completes the
circuit or not
int delayCount; // value that will determine how long the shutter
is open
int pushPinValue; // will become an analog value
int potPinValue; // will become an analog value
//int pushPinAna;
void setup()
{
// pinMode(A0, INPUT); //push
pinMode(4, OUTPUT); //solenoid
// pinMode(A1, INPUT); //pot1
Serial.begin(9600);
}
void loop()
{

pushPinValue = digitalRead(pushPin); // output value will be
0 or 1023 depending on if it takes in
// 0 or 5V
potPinValue = analogRead(potPin); // output value ranges from
0 - 502
// used for testing and verifying that the code is working properly
Serial.print(“push value outside of loop: “ );
if (pushPinValue == HIGH)
{
Serial.print(“HIGH”);
}
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else
{
Serial.print(“LOW”);
}
Serial.print(“
pot analog value outside of loop: “);
Serial.println(potPinValue);
delay(400);
//pushPinAna = analogRead(pushPin);
if (pushPinValue == HIGH)
// analog value from the push button must be greater than 1000 in
order for the solenoid to be triggered
// if the push button is open, sometimes there are slight Arduino
errors and the output value
// is greater than 0 (sometimes around 20). to avoid this becoming a
problem, the shutter will
// only be triggered if the analog value is very large
{
Serial.println(“push pin is triggered by user...”); // read in the output
code to ensure that this loop is entered
Serial.print(“pot pin analog value: “);
Serial.print(potPinValue);
Serial.print(“
delay count value: “);
Serial.println(delayCount);
digitalWrite(solenoidPin, HIGH); // output current to the relay
//analogRead(potPin);
delayCount = (potPinValue * 3); // delay value proportional to the
potentiometer value
delay(delayCount);
digitalWrite(solenoidPin, LOW); // stop current to the relay
delay(1000);
}
}
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Figure 34: Sample output of the code while it is running.
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Appendix H
Other Photographs

Figure 35: Image of the original circuit before soldering.
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Figure 36: An inside look at the instant film. I messed up when trying to load and
develop the film the first time, so while this film could not print pictures, it shows
what goes on in the film pack.

Figure 37: After the film is pulled out of the camera, it needs to develop for two minutes.
After that, the photograph is removed from the paper shown above.

