Joshua Shtein, Veronica Holt
Math/Physics
From the Burning Mirror to the Our Own Reflection

INTRODUCTION:
From the time of Ancient Greece to our modern age, we have used mirrors for many aspects. The history of mirrors dates back to ancient times when mankind first saw reflections in a pond or river and considered it magic. Then in the time of the Greeks, Archimedes invented something knows as the burning mirror. This mirror was used to defeat Roman warships in the Battle of Syracuse. In later times, polished stone or metal was used in the first early man-made mirrors. Later glass was used in combination with metals like tin, mercury, and leads to create mirrors. Today, combining glass and metal is still the design used in almost all modern mirrors. Mirrors were made by coating flat glass with silver or gold foil dates from the Roman times and the inventor of our modern day mirror is still unknown.
    
The ancient burning mirror and our modern day mirror both can differ and be similar devices. The burning mirror or burning glass is known as a large convex lens that can concentrate the sun’s rays onto a small area. By doing this, it is heating up the area which results in the ignition of the exposed surface. Where as now, we have a device known as the mirror. The mirror is an object with at least one reflective source. We have many modern day mirrors; common types of mirrors include the plane mirror and curved mirror. We also have mirrors that are convex and concave. Therefore, both the Greeks’ mirrors and our modern day mirror used a reflective source for what they were attempting to do. However, both societies used the mirror for completely different use. To sum it up, the mirror was key in both the Greeks and modern day civilization.
Any person would know that looking in a mirror is pure simplicity. But what many people don’t know is that there are physics to how a mirror works. Therefore, to show evidence of this, we will create an interactive exhibit with models showing evidence two detailed tags exemplifying the difference between the Greeks burning mirror and our modern day mirror.
The Greek tag will include a slide show presented by PowerPoint explaining the burning mirror and how it impacted that era and later came to help the development of the modern day mirror. Our presentation will include pictures and diagrams with an audio clip to accompany the slide show which will be centered around the theme of the law of reflection. Diagrams/photos will come directly from source citations straight from the Internet. An original audio recording, which will be recorded by us, will follow the slide show through every slide explaining each one. 
    
The Modern tag will feature two in-depth diagrams illustrating the convex mirror and the concave mirror. Each diagram will have labeled divisions defining how both mirrors work and how they are useful. They will be related to make-up mirrors and the physics of how both mirrors connect to the equation and the law of reflection. The goal of the modern tag is to define the equation for the mirror formula and relate to our everyday life. By seeing both diagrams and the physics to both a concave and convex mirror, we believe the viewers will get a glimpse and appreciate how mirrors have impacted everyday society. The diagrams will be printed on photo paper to be presented on a clean and slick poster board.
    
Our exhibit will consist of two hands on components. The first hands on component will embody materials such as several mirrors, a laser pointer, a stand, and a form of target or bulls-eye. With these materials we are planning to show the law of reflection and how the Greek civilization used physics to create the burning mirror. The bulls-eye will be acting as the Roman warship to present the target of the burning mirror. The second hands on component will encompass two mirrors. These mirrors are both make up mirrors; one being so you can see close and everything in the mirror is stretched in and the other being so everything in the mirror will be stretched out. These mirrors are both concave and convex. We are trying to pose how mirrors impact our modern civilization just by displaying one example of it. 

GREEK TAG: 
For many years, the burning mirror was doubted until Dr. Iaonnis Sakkis verified it with an experiment of the burning mirror. Sakkis used seventy flat bronze-coated mirrors to focus the sun’s rays on a tarred plywood silhouette of a Roman galley attached to a rowboat about 165 feet away from a pier on which the battery of  mirrors were operated by sailors of the Greek Navy. Within minutes of the experiment, the target was aflame and the legend was confirmed true. This is the source of how we still believe this legend of the burning mirror is true.
    
The materials used to construct such a complicated device such as the burning mirror is actually quite simple. All you really needed was a mirror or lens however some of these later writers say that Archimedes used the polished round shields of the Greek troops to concentrate the sunlight, while others insist that he focused the rays with a giant single mirror. All they really needed was a lens or a reflecting object and the sunlight to create the burning mirror. However the different between a mirror and a lens is that a lens allows light to pass through but focuses light due to refraction. To build or produce the burning mirror you needed to focus the sun’s rays onto the lens and apply the law of reflection so that it hits and burns the target. The burning mirror wasn’t actually used in everyday life. The burning mirror was only used to defeat the Roman warships in the Battle of Syracuse. Even though it does not seem like it impacted the Greek civilization, it contributed to be one of the most important battles in the Ancient Greece era. As well as that, we have based our culture off of the modern day era which Archimedes originally proved the law of reflection.
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FIGURE 1:

For the burning mirror process to work, the sun should be shining. The first step is having the sun’s rays reflected upon a lens. Back in the day they didn’t have real classified mirrors therefore they had to use a lens which the form of the reflective source seen in the figure above. The next step is having the sun’s rays strike the mirror or lens. You should angle the lens so that it is targeting the sun’s rays while also targeting the targeted object. The lens will then portray the sunlight to the object or target being the ship, and blow the ship up based on the physics to the law of reflection. 
    
Light is a key aspect in making the burning mirror work. Without the light none of this would work. The speed of light is a relation to how the sun reflects. The speed of light is a physical constant important in many areas of physics. Light and all other electromagnetic radiation always travel at this speed in empty space (vacuum), regardless of the motion of the source or the inertial frame of the observer. Its value is exactly 299,792,458 metres per second (approximately 186,282 miles per second).The speed of light is the speed of all massless particles and associated fields in vacuum, and it is predicted by the current theory to be the speed of gravity and of gravitational waves and an upper bound on the speed at which energy, matter, and information can travel.
   
 Another physics concept to relate to is the Law of Reflection. Light is known to behave in a very predictable manner. If a ray of light could be observed approaching and reflecting off of a flat mirror, then the behavior of the light as it reflects would follow a predictable law which is actually known as the law of reflection. Basically, the law of reflection says that for specular reflection, the angle at which the wave is incident on the surface equals the angle at which it is reflected. The laws of reflection’s physics components consist of the angle of incidence and the angle of reflection. This can relate to how the burning mirror functions because when the sun’s rays hit the lens, it creates an incident ray and from the lens to the ship it creates a reflected ray.
The Law of Reflection’s equation for the reflection of a mirror is: θR = θI. θ represents theta which is equivalent to saying the angle. The R represents the reflected ray and the I represents the incident ray. So the equation is stating that the angle of the reflected ray is equal to the incident ray. The variables are directly proportional simply because if you double one side of the equation then the other side has to be equal therefore you double the other side as well.
An example of the Law of Reflection problem can be related to the burning mirror. In the battle of Syracuse, if the sun’s rays were at a 67 degree angle toward the lens for the incident ray, what would the reflected ray measure? 
The solution: You would use the equation θR = θI and plug in θR = θ67 therefore the reflected ray or R would equal 67 degrees as well meaning if the sun’s rays are at a 67 degree angle toward the lens, there would be a 67 degree reflected angle toward the ship from the lens. 

MODERN TAG:
Man made mirrors have been around all the way back until the ancient times. The first man made mirror was made of sheets of polished metal. In modern times, we use glass the protect the thin metal from crumbling. The glass is made from natural crystals of silica. Then, the silica is melted down by a high temperature. After the silica is melted, it is carefully poured out onto sheets. Those glass sheets must be coated to construct a mirror.
You can have the option of coating mirrors with silver, chrome, and gold however metallic coating is the most common. Many mirrors can be made in different ways. This is so because mirrors have so many uses. For instance, a glass composed of silica and boron is made is made to stand high temperatures. We also use a chemical component to strengthen the glass. Therefore if you were a construction worker and you needed to hold a mirror handy, this would be the best mirror because it is harder to break.
A mirror allows a person to see their reflection as well as any physical object they desire. We use mirrors on an everyday basis at least more then once; mirrors are used to see our reflection, personal grooming, decoration, the rear-view mirror for a car, make-up, and the list goes on and on. For example mirrors hang on a medicine cabinet. You can really place a mirror, anywhere!
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FIGURE 2:
In a convex mirror as shown on the right, it is describing that when you put an object toward a mirror, a virtual image appears smaller as the object is closer. The focal point is where the rays meet which creates the image to focus. The center of curvature is the radius or the center of the mirror if the mirror were to be a complete circle. 
In a concave mirror as show to the left, it is describing that when you put an object toward a mirror, the virtual image originally appears upside down. The object rays hit the mirror where the rays hit the center of curvature. From the rays, the image reverses creating the virtual image to appear upside down. 
The convex and concave mirrors are also physics concepts to mirrors. When holding up an image to a convex mirror, the image appears smaller. Convex mirrors are commonly used to reflect images from wide areas. However, when you hold up an image to a concave mirror, the image appears larger. Concave mirrors are usually used to see far images, closer.

In the ancient era of Greece, the Greeks had no knowledge of what convex and concave mirrors were. They used reflection from glass/lenses, water, and metal. In the modern day era, we have developed a more advanced way of reflection called the mirror. For example, make-up mirrors can be made both convex and concave. As well as that, the convex mirror is to see an image furthermore. The convex mirror was known so you can see the image close up and reflected inward. 
We can also relate the physics of a mirror to the mirror formula which states: 


In this equation we use f as the focal length of a mirror, do as the distance of the object from the mirror, di as the distance of the image from the mirror. If two or three distances such as the variables, are known, then the third one can also be found.


An example of the Mirror Formula can be related to how a mirror is used currently. Say the focal length is 16ft and the distance of the object from the mirror is 4ft, how far is the distance of the image from the mirror? 


The solution: After having the numbers to complete the equation, all you need to do is plug them in: 1/16=1/4+1/x. You are solving for x therefore if there are fractions, which are shown here, you need to multiply by the lowest factor of both numbers; this one being 4. After multiplying both sides, you get 1/4=4/x. You then multiply both sides by x and get 1/4x=4. Then, you need to multiply both sides by 4 and you get a solution which is equal to x=16 ft. (feet)
HANDS-ON COMPONENT:

While walking through the interactive museum, people will notice our exhibit simple because of the attracting decoration and design. We plan to accompany two hands-on components. The first one being several mirrors set up reflecting off one another. At one end of the mirrors, there will be a red laser-pointer handy lying on a form of stand. On the other end, we plan on having a target/bulls-eye or a form of Roman ship. When the laser-pointer is turned on, it will reflect on to one mirror the reflecting off the others onto where the ship is our target. We are trying to model the burning mirror showing the law of reflection as well as how the burning mirror worked. For the other hands-on component, we are planning to relate the convex and concave mirrors to the make-up mirrors. We will bring in two make-up mirrors; one being convex and one being concave.


Viewers will learn tons of physics concepts just by looking at our exhibit. Our exhibit will feature tags going along with both hands-on components therefore viewers will get a good idea of the concepts. The make-up mirrors will show the view a convex and concave mirror and the physics to how that works. The mirrors reflecting off each other will show the law of reflection.

The exhibit will be professional because it will show high technology decorations as well as effort and time into the exhibit. It will show hard work and dedication as well as a strong knowledge for the subject matter. It will be well assembled as well as well constructed. 


The exhibit will definitely be user friendly because there will be an interactive PowerPoint leading one of the hands-on components. As well as that, the burning mirror exhibit will need someone to push the laser-pointer. I think this will definitely show attraction to our viewers because it will have that ‘interactive’ aspect. Furthermore, we will have the make-up mirrors which every girl can relate to. Therefore, overall our exhibit will be an interactive place for every viewer to relate too.

The exhibit will be informative because every step of our exhibit will go in-depth with information. There will be a set PowerPoint with a detailed audio recording to go along with it. As well as that, we will have detailed diagrams for both the convex and concave mirrors. We are trying to make this presentation/exhibit a fun, unique, but learning experience!
