LOOKING OUTWARDS

Telescope Design

Khalid Latif

Graduate Student in Mechanical Engineering

NSF Galileo Fellow

Contact Information:

University of Connecticut

180 Auditorium Rd., UTEB-160

Storrs, CT 06268

skl@engr.uconn.edu
Note: Permission to use the pictures is still pending.

INDEX

Chapter 1 Introduction







4


1.1 Required Background






5

Chapter 2 Light








6


2.1 What is light?







7


2.2 Electromagnetic Waves






9


2.3 So What Really is Light?






10


2.4 Activity Explaining Light Year





10


2.5 Reflection of Light






11


2.6 Refraction of Light






14


2.7 Total internal reflection






18

Chapter 3 Mirrors and Lenses







20


3.1 Flat Mirrors







20


3.2 Concave Mirrors







21

3.3 Convex Mirrors







24


3.4 Cases for different Object, Image and Mirrors Positions


25


3.5 Lenses








26

Chapter 4 The Eye








32


4.1 Structure of Eye







32


4.2 Blind Spot








35

Chapter 5 Telescopes








36


5.1 Refracting Telescopes






38


5.2 Reflecting Telescopes






39

Chapter 6 Design Process







41


6.1 Recognition of Problem






41


6.2 Problem Statement






41


6.3 Planning








42


6.4 Conceptual and Detail Design





42


6.4.1 Design Optimization






43


6.5 Production 







43


6.6 Marketing








44


6.7 Maintenance







44


6.8 Application







44

Chapter 7 Building the Telescope






46


7.1 Refractive Telescope






48


7.2 Reflective Telescope






48

Appendix A









50

References









52

CHAPTER 1

INTRODUCTION

Engineering in class is not a novel idea, in fact many teachers teach engineering in class without being aware of it. But the object of this module is to make an effort to consciously teach engineering along with the math and science concepts that are always an integral part of engineering. The module starts with some background information about light and its properties.

Students are then introduced to mirrors and lenses and how they work. Some math is required to completely understand the jargon used in optics. The human eye is explained in the next chapter so that students can fully appreciate the working of the human body and how nature has made it the perfect vehicle for life on earth.

The next section is the heart of the module and it covers the design process. Students go over the design process and understand that engineering is not just putting stuff together; it is rather going through a process that has great effect not only on human beings alone but on the world around us too. The last section comprised of two chapters deals with the actual telescope. The first of these two chapters talk about some of the telescopes that are commonly used and the last chapter explains how to build a telescope using all the information given in the module.

1.1 REQUIRED BACKGROUND

To fully benefit from this module it is recommended that students be familiar with basic trigonometry and simple algebraic equation solving. However, since optics is essential to building a telescope it will be taught in the module.

The module can be taught to younger kids with a few changes. Younger students without the necessary math background can also build their telescope, but with only limited engineering application. They can however be encouraged to build the telescope and then try and come up with reasons for why they think they can see far away things using it.

CHAPTER 2

LIGHT

Before we start any inquiry into the science of astronomy it is very important for us to understand light and its characteristics. Light has been, like many of natures other phenomena a mystery to human kind for almost as long as we have existed on Earth. The last few theories and discoveries about light have been made in the late nineteenth century (thus proving our limited understanding of the universe around us).

The history of light starts with the beginning of the Universe, but was first realized by Homo-sapiens with the observation of day and night and its effect on their observing other objects, though it was not realized that it was the primary reason for our ability to see objects. In the beginning it was thought that the eye sent out some kind of ray (for lack of a better term) that hit the object we were viewing and thus we saw them. This idea was later discarded as scientists around the Tenth century realized that it was actually reflected light that was being received by our eyes that enabled us to see different objects.
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Fig 2.1

2.1 WHAT IS LIGHT?

Until the beginning of the nineteenth century the generally accepted view was that light is a stream of particles that radiate from the source through space. The particles were supposed to be so small that they would go right through loosely held together atoms (as in the case of transparent or translucent objects, like glass) and would be held at bay by opaque objects like a panel of wood.

Newton was a great advocate of the particle theory, though it was during his life-time that another physicist, Christian Huygens, proposed that light was a wave that supported his theory of the laws of refraction and reflection (discussed later). But the problem with this theory was that waves need a medium to travel in (since waves are just the back and forth movement of particles and for that to happen we need some medium) and since light came from the sun and there was no medium between the sun and the earth (there is only vacuum), light must be particles traveling through this vacuum.

The most important light theory came from James Clark Maxwell, who in 1865 proposed the theory that light was a form of high frequency electromagnetic waves. Other scientists later proved the theory by way of experiments.

In the late nineteenth century it was proposed by Albert Einstein (along with Max Plank and other scientists) that light traveled in packets of energy called photons. The proposal said that the energy of these photons was directly proportional to frequency of the “electromagnetic” waves, given as:

E = hf






2.1

Where,


E = Energy of photon (in Joules)


h = Planck’s constant 6.63 x 10-34 J.s


f = frequency of the electromagnetic waves (1/sec)

Here we need to define some terms before we go any further. The first is wavelength (fig. 2.2), it the distance between two successive peaks (or any point for that matter at the same displacement from the equilibrium position) on a wave (unit is same as length). Frequency is defined as the number of cycles or vibrations per unit time (the unit of frequency is called Hertz, denoted Hz). If a wave has eight wave peaks passing through a point in one second then its frequency is known to be 8 Hz. Another important term is the period of the wave, and it is described as the time it takes for one wave to complete its cycle and thus it is the reciprocal of frequency. The relationship is:

T =  1






2.2





       f
Where,


T = Period of wave


f  = Frequency of wave

In the figure below, the total displacement of any point from its rest position is defined as the amplitude of the wave. 
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Fig 2.2

2.2 ELECTROMAGNETIC WAVES

Electromagnetic waves are energy waves and particles that travel at the speed of light with different frequencies and wavelengths. These waves are called electromagnetic since they have both electrical as well as magnetic properties. The difference in the wavelengths of these waves causes them to be different from each other in characteristics. All the waves belonging to the above form are said to belong to the “electromagnetic spectrum”. On one end of the spectrum are the Gamma rays, whose wavelength is smaller than 1 angstrom (or 10-14 meters; we are talking at atomic size level!), on the other end are Radio waves, whose wavelengths could be as much as 104 meters (as high as some mountains).

Other electromagnetic waves are X-rays, Ultraviolet rays, visible light (this is the only electromagnetic wave that is visible to human eye), Infrared, Microwaves and long waves. A spectrum of electromagnetic waves is given in figure 2.3.
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Fig 2.3

2.3 SO WHAT REALLY IS LIGHT?

Visible light is that part of the electromagnetic spectrum which can be detected by the human eye. It is produced when an electron jumps from one orbit to another and releases energy. The different colors that we see are actually due to the different wavelengths of the light waves and they range from λ ~ 4 x 10-7 m for violet to λ ~ 7 x 10-7 m for red. So light has dual nature, it interacts with an atom the way one particle interacts with another (photoelectric effect) and demonstrates the characteristics of waves like frequency and wavelength.
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Fig 2.4 A single photon moving through a medium other than air

2.4 ACTIVITY EXPLAINING LIGHT YEAR

This activity would help students understand the unit used in astronomy for calculating distances, i.e., light years, and its significance. Students will also be encouraged to study the different celestial bodies. The activity would help students solve problems where they are given more information than is required to solve the problem. By the end of the activity the students should have some idea about the size of the universe, how we see the celestial bodies in space and their relative distance from earth.

Pictures of the stars, planets and galaxies that students will study will be required for this activity, as well a table that gives the distances of the different heavenly bodies from earth in light years, and a cash register tape, to scale the distance between different objects.

The first part would be to fill the sheet shown in Appendix XX. As we can see only the speed of light and the distance in light years are needed to calculate the distance in kilometers. After filling the sheet, they’ll be given the total distance over which we will spread our pictures and will be asked to scale it in such a way that they can put all the pictures on the register tape.

2.5 REFLECTION OF LIGHT

One of the most commonly observed characteristics of light is that it reflects after coming in contact with other material (we can observe this phenomenon by simply looking in the mirror). In reality it is due to reflection that we are able to see the different things around us. What happens is that when light encounters anything in its path it rebounds from it and it is this rebounded light that then goes to our eyes and so we see that object.

Why is it that we can see a clear image of ourselves in the mirror but not in our books? The reason is that some surfaces are smooth (shiny) and they reflect all the light back in one direction; this is called specular reflection. Other surfaces that are not so smooth reflect light in various directions, so that the light rays are not parallel to each other; this causes us not to be able to view the image of the intended object. This kind of reflection is called diffuse reflection. A simple experiment would be to slightly rub sand paper on a piece of mirror. Before the treatment the mirror would show a perfect reflection of objects viewed in it, while after using the sand paper the image would be blurred at best.
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Fig 2.5

Now consider a ray of light coming from a source and hitting a perfectly smooth and shiny surface. The incident ray (the ray hitting the surface) will be rebounded back with the same angle as the incident angle except in the opposite direction. Thus, we can state that the angle of incidence is always equal to the angle of reflection (figure 2.6c and 2.8).





θ1 = θ2






2.3

where,


θ1 = angle of reflected light


θ2 = angle of incidence

Experiment 2.1:

An interesting experiment would be to design a simple Periscope. A periscope is a simple device used in submarines to look over the waters surface while the submarine is submerged in water. Other applications of periscopes include use in telescopes and anyplace where there is an obstacle in the line of sight. A Periscope is just a couple of mirrors arranged at 45( so that when light hits one of the mirrors it reflects it at 90( and directs it towards another mirror that too is inclined at 45(. This second mirror bends the light ray another 90(, so that the total reflection amounts to 0( (which is the same direction as before).
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Fig 2.6

2.6 REFRACTION OF LIGHT

What happens when we look at an object that is half submerged in water? It usually appears to be broken, as the half that is submerged looks closer than the half above the surface is of the water. When light rays are incidental on any medium other than air it bends by a certain angle so that the object viewed in that medium seems to be closer or further away (depending on the medium). This bending of the light rays on entering another medium is referred to as refraction.
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Fig 2.7

The reason for refraction is the change in velocities of light in different mediums. The reason for a slower speed of light in glass (and other mediums like water, plastic, etc.) can be explained by the help of an analogy. Think of a runner running in a relay match, the runner waits for his partner to come up to him and pass him the baton and then he runs and passes it on to his next partner. These two transactions slow the average speed of the runners. A somewhat similar scenario takes place for light. We can imagine one photon of light entering the glass; it hits the first atom it encounters. That atom absorbs the photon’s energy, which causes the atom to rearrange its electrons thus emitting another photon which then goes on to hit the next atom and so on until the photon gets out of the glass.







Fig 2.8

It can be observed that when light hits a piece of glass some of it is reflected and the rest refracted into the glass. Another observation can be made that the incident ray, refracted ray and the reflected ray all lie in the same plane. Willebrord Snell came up with the relationship between the incident and refracted angles for light, known as Snell’s law, and can be mathematically expressed as,





Sin (2 = V2 = constant




2.4





Sin (1    V1
Where,


(2 = angle of refraction


(1 = angle of incidence


V2 = velocity of light in medium 2


V1 = velocity of light in medium 1

An important constant defined for different mediums through which light can travel is the index of refraction, n, expressed as,





n = speed of light in vacuum    = c


2.5





      speed of light in a medium    v

Snell’s law is sometimes given in terms of the index of refraction. It is given as:





ni x sin(i = nr x sin(r




2.6

where,


ni = index of refraction of the incident medium


nr = index of refraction of the refractive medium


(i and (r = incident and refracted angles respectively

Since light encounters no resistance in a vacuum the index of refraction in vacuum is 1 and the value is greater than 1 for all other mediums. Some typical values are given in Table 1.1.

Substance
Index of refraction

Diamond
2.419

Glass
1.60

Ice
1.309

Water
1.33

Air
1.000293

Table 1.1

Experiment 2.2:

Apparatus: Slab of glass, eight thumb pins, a board to pin the paper to and a sheet of white paper

Procedure: Pin the paper to the board using four pins and put the slab of glass in the middle. Now trace the outline of the slab using a pencil. Next remove the slab and pin two thumb pins, such that they are in line with each other (the first pin will be called pin 1 and the second pin 2), at an angle to the outline of the slab and mark these two positions.

Put the slab back in its place and try to see the pins through the slab on the other side. When the two pins are in line so that they seem to be one, place a thumb pin (pin 3) in the board there. Finally, take a last pin (pin 4) and pin it in the board on the same side so that all three pins seem to be in line with this last pin. After marking the positions of the pins remove them along with the slab. Now draw a line from pin 1 to the edge of the slab passing through pin 2 (line 12). Repeat the same exercise for pins 3 and 4 (line #34). Lastly, draw a line from the end of the line #12 to the beginning of line #34. 

Calculations: Now we can measure (1 and (2 using lines #12, #34 and the line connecting them. From Snell’s law,





V2 = Sin (2 x V1




        Sin (1
Now we can calculate the index of refraction of the slab using equ. 2.5





n = speed of light in vacuum







V2
Result: The slab of glass does not change the direction of the final ray of light but only displaces it. Thus, proving that the refraction of light is reversible.







2.7 TOTAL INTERNAL REFLECTION

The phenomenon of light to reflect instead of refracting through another medium for certain angles is called total internal reflection. We can notice this characteristic of light on a hot summer day, when driving down a road. The hot asphalt road radiates heat, thus heating the air close to it. This changes the refractive index of air close to the road. Now, light coming from a distance is totally reflected instead of refracting and we see the image in the road. This happens a lot in the deserts where it is called Mirage.

Applications of total internal reflection are numerous; they are used in medicine for engeograms (where a tube is inserted down a patients throat to check on the internal organs without cutting the skin), in telecommunications for high-speed data transfer, etc.

We notice that some light is reflected when light travels from one medium to another. This reflected light increases in intensity as the angle of incidence increases. At a certain angle called the critical angle, no light escapes to the next medium but rather goes along the surface of the medium. The critical angle is given as,





(Cri = Ni





2.7





          Nr
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Fig 2.10

Where,


(Cri = the critical angle


Ni = refractive index of the incident medium


Nr = refractive index of the refractive medium

CHAPTER 3

MIRRORS AND LENSES

3.1 FLAT MIRRORS

In the building of telescopes we may use mirrors. It will therefore be useful to study and understand them. Almost all of us use mirrors in the morning to check that we look good (some use it every five minutes).

The simplest kind of mirror is the flat mirror. A flat mirror reflects light coming from an object and reflects it by the same angle as the incident angle. It is important that we define certain terms used in optics.

Object Distance: object distance is the distance the object is from the mirror.

Virtual Image: when we look in the mirror, it seems that the object we are viewing is actually behind the mirror. This imaginary object behind the mirror is called the image. Rays of light appear to originate from the virtual image.

Real Image: real images are formed where light actually intersecting or passing through is viewed.

Magnification: magnification is the ratio between the image height and the object height given as,





M = Image height




3.1





       Object height

In the case of a flat mirror, M is equal to 1.

Some of the observations made using a flat mirror can be summed up as:

· The image is as far behind the mirror as the object is in front of it.

· The image is not magnified is virtual and in an upright position.

· The image has a left-right reversal, meaning that the left side of the object appears to be on the right side of the image.

The above observations are made clear with the help of figures below.
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Fig 3.1

3.2 CONCAVE MIRRORS

Concave mirrors are used in the design of Newtonian Telescopes. These kinds of mirrors are curved inside (figure 3.2). It’s like using the inside of a ball as the mirror. Since the mirror is like a broken part of a round ball, it has a center of curvature C and a radius of curvature R. If a line is drawn from C to the center of the mirror say V, then this line is called the principal axis of the mirror.

[image: image10.jpg]Mirror




Fig 3.2

If there is an object O a little farther away from the center of curvature C on the line of the principal axis, then an image of O will be formed somewhere between C and V, we’ll call it I. The image I formed here will be a real image, since the light rays are intersecting this point and pass through it.
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Fig 3.3
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Fig 3.4

In the figure above, we can see that the angle ( can be given by the simple relationship,





tan ( = h





p

Now from equation 2.1 we get,





M = h’ = - q




        h        p
For the angle ( in the two other right triangles we see that,


tan ( = 
h

and 
tan ( = -
h’



       p  -  R



       R  -  q
Replacing the left side of the equation for M, we can write,





R  -  q  =   q 




p  - R        p
From the above equation we get,





 1 + 1 = 2 





3.2





p     q    R
Expression 2.2 is known as the mirror equation. If we study the equation carefully we notice that if we increase the value of p so that it is very large and can be assumed to approach infinity then the value of 1/p equals zero. This implies that the image from very far away will be exactly between C and V. This point has a special name, the focal point. Thus the focal point can be defined as the point where all rays converge provided the incident rays are all parallel to each other and the principal axis. It is given as,






f =  R





3.3






      2
3.3 CONVEX MIRRORS

Convex mirrors are the opposite of concave mirrors in that their outer side is used as the reflecting surface. As in the case of a flat mirror, the image formed in a convex mirror is behind the shiny surface and is therefore, a virtual image. Convex mirrors diverge the rays of light coming in parallel to the principal axis. Convex mirrors are used to give a birds eye view to the observer. Deriving equations for convex mirrors would lead to the conclusion that they are the same as for concave mirrors, if we stick to the sign convention.

3.4 CASES OF DIFFERENT POSITIONS OF MIRRORS, OBJECTS AND IMAGES 
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In all of the above pictures, I is image, O the object, F the focal length and C the center of curvature

Figs 3.5, 3.6, 3.7

3.5 LENSES

Lenses are typically made of glass or plastic in such a way that at least one of the sides of a lens is curved. The curved side (or both sides in the case of biconvex and biconcave lenses) of the lens is a segment of a sphere. Lenses are of two kinds, namely, converging lenses and diverging lenses. As the name implies converging lenses converge light passing through them, whereas, diverging lenses diverge the passing light.
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Figure 26.17 Various lens shapes:
(a) Converging lenses have a posi-
tive focal length and are thickest at
the middle. From left (o right are
biconvex, convex-concave, and
plano-convex lenses. (b) Diverging
lenses have a negative focal length
and are thickest at the edges. From

left to right are biconcave, convex-
concave, and plano-concave lenses.




We can recall what we studied about light and how it’s affected by a change in medium with different refractive index; the light is redirected in the same direction but displaced by a certain distance that we called d. However, for lenses that are very thin, the displacement is so small that we can assume it to be zero. Using this assumption, we can say that the light ray passing through the lens parallel to the principal axis, in the following figure, refracts such that it passes through the focal point, F, after refraction for a convex lens and appears to be converging at the focal point for a concave lens. All thin lenses have two focal points, for light coming from each side. The distance between the focal point and the lens is called the focal length, f, and all lenses have one focal length.
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Fig 3.8 Converging lens
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Fig 3.9 Diverging lens
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Fig 3.10

We can derive an equation for thin lenses like we did for mirrors. Taking the same approach, we first define the magnification of the lens as





M = h’ = - q




        h        p
For the angle ( in the two other right triangles we see that,




tan ( =  h
and 
tan ( = -  h’




 p  


   q
From the figure at the bottom of the page we can see that,


tan ( = PQ
and from the inverted triangle

tan ( = -  h’


f






 q – f
We notice that PQ is equal to h, and equating the two equations for tan (, we get,





 h  = -    h’





 f
q – f
or,





 h’ =  q - f




 h
f
Replacing the left side of the equation for M, we can write,





 q =  q - f




 p
f
From the above equation we get,





 1 +  1 =  1 





3.4





p      q     f
Equation 2.4 is called the thin lens equation and can be used for both converging and diverging lenses if we stay true to the sign convention. As before we can notice the effect of taking the object very far away from the lens. Once p approaches infinity, 1/p approaches zero and thus for viewing objects too far away, the image would be formed at the focal length of the lens.
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Fig 3.11, 3.12 and 3.13. In the above pictures I stands for image, O for object and F for focal length

CHAPTER 4

THE EYE

The eye is the instrument that enables us to view all objects and helped us in our study of the light, mirrors and lenses. Before we study the working of the eye, it will be beneficial to study its structure.

4.1 STRUCTURE OF EYE

The human eye has three layers. These layers are:

· Sclerotic coat

It is the outer most layer and the toughest of all. Sclerotic tissue is what makes the white of the eye, except in front of the pupil where it is transparent to let light into the eye. The part of sclerotic coat in front of the pupil is called the cornea. Since the refractive index of the cornea is not the same as that of air, it bends light so that it converges towards the center (where the lens is). The refractive index of the cornea is 1.38. The cornea also stops ultra violet rays that are injurious to the lens. The sclerotic coat is kept clean in front where it protrudes from the skull, by the conjunctival membrane.

· Choroid coat
The choroid is the middle layer and its primary function is to reduce stray light inside the eye (think of a projector; if there is too much light in the room, one can’t see the image produced by the projector. Once the lights are switched off in the room, the image becomes much clearer). This layer has an aperture in front of the lens to allow light into the inner eye. The aperture is formed by a small circular extension of the main coat in front of the lens. This extension is called the iris and it can increase or decrease the size of the aperture, depending on need. It is the iris that gives the eye its distinct color (when we say that a certain person has green eyes it is actually the color of the iris we are referring to). In bright light the iris expands, thus, allowing little light into the inner eye and it shrinks in low light to allow more light to form better image. The aperture formed by the iris is called the pupil.
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Fig 4.1

· Retina
The retina is the inner most layer of the eye. The retina is the camera film of the human eye. All the images that we see are formed on the retina with the help of two different kinds of cells called the cones and rods. Cones see best in light and they come essentially in three types; red, yellow-green and blue. They are responsible for the colors we see (color blindness can be associated with these receptors). The only problem with cones is that they don’t work very well in dim light. And that’s when rods come into play. Rods work well in dim light but the only caveat is that they see black and white. That’s why we see black and white in dim light and don’t register colors so well.

The space between the cornea and the iris is filled with aqueous humor. Aqueous humor exerts pressure within the eyeball, pushing out against the cornea thus giving it a bulging shape (helping in refraction of light, as we may recall from our study of the lenses that it’s the curvature that gives lenses their particular characteristics). The aqueous humor has a refractive index of 1.33. The lens separates the outer chamber, filled with aqueous humor, from the inner chamber. The lens is held in place by the ciliary muscle. The human lens is made of cells that are reproduced continuously with age, in a fashion after the layering of an onion. The human lens has the great ability to change its curvature, which helps us in focusing on objects that are at different distances from the eye. The lens has a refractive index of 1.40.

The next part of the eye after the lens is the vitreous humor. Vitreous humor has a refractive index of 1.34. Vitreous humor occupies 80% of the eye and protects the eye from damage by producing the necessary pressure.

Light rays coming from outside are refracted through all these different mediums forming an image on the retina where the image is recorded, though in inverted form. The inverted image is then sent to the brain, which translates it as an upright image.

4.2 BLIND SPOT

The optic nerve at the end of the retina makes that spot without any rod or cone receptors. Thus, the brain cannot view any image formed at this spot. This spot is called the blind spot. A simple experiment can demonstrate the blind spot effect. If you cover your right eye and look at the block below with your left eye and then start moving closer to the paper, you’ll notice that a point will come where you will not see the circle on the left. This is your blind spot. The same exercise can be performed for the other eye.


Fig 4.2
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Fig 4.3

CHAPTER 5

TELESCOPES

Before we start a study of telescopes it would be nice if we go over a short history of them. The first patent request for a telescope was put forward by Hans Lippershey in the Netherlands in 1608. Some other scientists also claimed to have invented a similar device around the same time. Galileo heard of the device and built his own in 1609. And it was Galileo that eventually used the device to study the universe in great detail (with respect to that time). It was due to this study using the telescope, and the controversy surrounding Galileo’s discoveries that helped our understanding our own solar system.

The first improvement on the basic model of the telescope came from Johannes Kepler, who first used a convex lens instead of Galileo’s concave lens in the telescope, though he got an inverted image, which he later fixed by improving his design and adding another lens to upright the image (although he did not build his design, the idea was taken up by astronomers around the 1630s).
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Fig 5.1 Galileo’s telescope

Improvements have been constantly made ever since to the science of telescopy. We now have many different kinds of telescopes. These include not only telescopes that use visible light but also telescopes that use other electromagnetic rays. Some of the telescopes in use these days are:

· Optic Telescopes

· Radio Telescopes

· Microwave Telescopes

· Infrared Telescopes

· Ultra-violet Telescopes

· Gamma-ray Telescopes

· Cosmic-ray Telescopes

· Neutrino Telescopes

In this module we’ll only be studying optical telescopes, as the rest of them are out the scope of this module. The different kinds of telescopes will be explained to students and after that they will be encourage to design their own telescopes. They will be allowed to use lenses, mirrors and tubes to make their basic telescopes. As constraints, there will be a dollar amount associated with these objects and the there will be some criteria to the dollar amount. For example, the diameter of the lens could be directly proportional to the cost of the lens.

5.1 REFRACTING TELESCOPES

As the name suggests these are the telescopes, which use the refracting characteristic of light to see far away objects. Telescopes of this kind use lenses to converge light and form image so that we can view them. Refracting telescopes work by using two lenses to focus the light and make it look like the object is closer than it really is. It takes two lenses to do this, and both of them affect the total power of the telescope. The problem with this type of telescope is that it requires both lenses to be held at the edges. The bigger the telescope is, then the bigger the lenses must be. Since big lenses are really heavy, they're very difficult to support just by the edges, so it's hard to make refracting telescopes that are very big. Also it should be noted that it is not only the diameter of the objective lens (outer lens) that increase the power of the telescope but the combination of the two lenses, though a bigger objective lens means more light and thus a clearer image.
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Fig 5.2

Fig 5.3[image: image27.png]



5.2 REFLECTING TELESCOPES

A reflector telescope works by gathering light through the opening of the telescope and reflecting it off of a concave mirror at the base of the scope, back up the tube to the secondary mirror. The secondary mirror then directs the light into the eyepiece where it can be focused to your eye.

Reflector telescopes are best used to view deep space objects because of their large aperture and ability to gather light. The same size aperture in a refractor would cost well over 10 times as much due to the cost of lenses (which are usually more expensive than mirrors) and their mounting problems. Sir Isaac Newton used the basic kind of reflecting telescope, and therefore it is usually called Newtonian telescope.
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Fig 5.4 Newtonian Telescope

A slight variation in the design comes about by the location of the secondary mirror and where it reflects light. The design where it reflects light in the direction of the incident rays is called the Schmidt-Cassegrain telescope.
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Fig 5.5

Further improvements on these designs include using mirrors and lenses together for improved viewing. One of the many examples is Maksutov telescope. It uses a curved glass at the aperture to improve the image and then a highly concave mirror to reflect the image. It is shown in the figure below.
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Fig 5.6 Maksutov Telescope

CHAPTER 6

DESIGN PROCESS

It is important for us to understand the design process before we actually start developing any engineering application. Any good engineer would first design the object on paper before actually building it and testing it. This reduces the cost and allows him to build the best design possible under the given constraints.

6.1 RECOGNITION OF PROBLEM

The first step in any engineering application is the recognition of problem. An engineer always builds for a reason, if there is no need for an application, it will not be build. The problem could be raised by any member (or group) of society and can be angled towards almost any problem. As long as, the development of the project requires engineering it is an engineering problem.

The need for a telescope could be anywhere from scientific curiosity to practical application in military. There was a strong desire to know the nature of the universe around us, which gave rise to a need to build something that could help us look beyond the world around us that we could see through the naked eye.

6.2 PROBLEM STATEMENT

It is always useful to define the problem in one short paragraph, in such a way that most of the major constraints, along with the requirements are listed and the main goal of the project is stated.

Problem statement for a project such as designing and building a telescope would be different from group to group. It should however, cover all the aspects of the design.

6.3 PLANNING

Planning a course of action to be taken is very important. It is at this time that engineers conduct brainstorming sessions, in which they usually write down all ideas no matter how irrelevant they may sound. Brainstorming sessions help us to identify all the different approaches that can be taken to solve the problem.

After the initial brainstorming sessions all the ideas presented are scrutinized, and are put to test by applying the different constraints of the project. These constraints may be outer constraints, such as, economic, social, religious or ethical, or they may be internal constraints, such as, budget, man power, in-house manufacturing capabilities, etc.

The best design that meets most of the constraints is then selected. It should be noted that information gathering is another integral part of the planning phase.

Time management is also part of the planning phase. Gantt charts and Critical Path Method (CPM) are widely used to make sure that the project goes according to plan and deadlines are met.

6.4 CONCEPTUAL AND DETAIL DESIGN

Before anything is send to the manufacturing floor it is very important to do the complete analysis of the proposed design. The analyses are carried out conceptually to establish the governing principles behind the problem, and this in turn leads to a working structure which combines these principles to lead to a viable design.

Complete analysis also requires that we study the different materials, manufacturing processes and principles involved in the project.

For the current problem it will be important that we find out the material available to us, the tools we can use and do all the calculations for the placement of the primary and secondary mirrors and lenses. It also helpful at this point to draw a scaled drawing of the telescope design proposed.

6.4.1 DESIGN OPTIMIZATION

Design optimization can be included in the overall design part of the project, although some engineers think it is a separate design step. According to the author, design optimization is a project long process and may continue all the way to the end of the project. Although it is important to realize that it starts in the design phase of the project. Optimizing the following is most important to any project:

1. Optimization of the principle;

2. Optimization of the layout, forms and material; and

3. Optimization of the production

6.5 PRODUCTION

The next logical step in the process is production. It is here that an engineer reaps the fruits of his labor; though he is far from completing the job at least he has a working model that he can usually look at and experiment with. The first manufactured piece is the prototype (that is, if the product is to be produced in a large number). The prototype is tested and it is noted if any improvements can be made to the design or the manufacturing process.

6.6 MARKETING

Unless the project is a research project, we want to sell our product (even in research projects there are customers, its just that there is not a lot of marketing involved). It is important that all the rival products current in the market are studied and realized their flaws and how our design is better than the existing. It is also important that an engineer is familiar with the complete working of his design and he should be able to impart this knowledge to others. Economics play a big role in marketing. A cheaper design is always better than an expensive one.

6.7 MAINTENANCE

Maintenance is a life long (of the product) process. While designing, it should be noted that the design should allow for maintenance, for example, a completely sealed gearbox that cannot be opened is not a good design, since it does not allow an engineer or consumer to do any maintenance. The customer should also be made aware of the different preventive and predictive maintenance schedules, and should be made to follow them. In case of professional maintenance, services should be provided.

6.8 APPLICATION

The design process explained in this chapter will be implemented for the telescope project and students will be encouraged to go through these steps to reach a final design.


Fig 6.1 Design Process

CHAPTER 7

TELESCOPE BUILDING

We now have the required knowledge to build an actual telescope. We start with the first step of engineering design namely, recognition of problem. The problem is that we cannot see far away things without physically getting closer to the object we want to view.

As said before the problem statement would be different for different groups but here is one example of a problem statement for designing a telescope:

“Design and construct a device that will help us view far away objects and the magnification power of the device should be at least 20x. The device should not use toxic material that can be hazardous to small kids. And cost should be kept to a minimum”.

At this point the groups can start work on their individual designs and should come up with complete plan for making their own telescope. They should however, remember that they’ll only have limited supply of material. The material available to them with the cost associated with the material is given below:

Material
Cost

PVC Pipe (4 inch diameter)
$3/ft

PVC Pipe (2 inch diameter)
$2/ft

Elbow Joint
$10

4 inch diameter lens
$30

1 inch diameter lens
$10

4 inch diameter mirror
$50

1 inch diameter mirror
$10

1/2x1/2x1/8 ft slabs of wood
$10

1x1 ft of cardboard
$4

Screw rod (1 ft long)
$2

Metal sheet 6x6 inches
$5

Sand paper
$1

Glue
$2

Table 7.1

Some of the equipment that will be needed is as follows:

· Saw

· Drill machine

· Soldering gun

· File

· Set of rulers

· Protractor

· Level, and

· Nails

7.1 Refractive Telescope

A simple refractive telescope can be build using a large diameter lens and a small diameter lens. The large diameter lens can be fixed at one end of the PVC pipe and the small diameter lens can be placed at the other end. However, it should be noted that the secondary lens (the smaller one) should be able to move forward and backwards in the tube. Now before the primary lens is fixed, its focal length should be found. The secondary mirror can be fixed in another pipe that can slide inside the bigger pipe. Image of a far away object can be seen through the secondary lens. It will be noted that a clear image is formed when the distance between the two lenses is approximately equal to the focal length of the primary lens.

7.2 Reflective Telescope

As explained in chapter 5, a reflective telescope typically uses two mirrors, a primary and a secondary mirror. One major difference in the construction of the two kind of telescope is that in a reflective telescope both the mirrors are fixed. It is therefore, important that we measure the focal length of the primary mirror (since the secondary mirror is a flat mirror it does not have a focal length, or rather has a focal length of infinity).

The pipe should be cut a few inches more than the focal length of the primary mirror. The primary mirror can then be fixed at one end of the pipe. Now the secondary mirror needs to be fixed at 45( in the center of the tube. In order to do this we make something called a spider. A spider is a small piece of wood (or any other material) that is cut such that one of its faces makes a 45( angle with one of the adjacent sides. The mirror is fixed at this face. A small piece of metal or screw is

inserted through the spider and into the wall of the pipe so that

the spider is suspended in the center of the tube.

Appendix A

Planets & Galaxies
Destination Distance from Earth
(light-years)
Time at Light Speed

Moon
0.000000038
1.1991888 seconds

Sun
0.000016
8.41536 minutes

Mercury
0.0000095
4.99662 minutes

Venus
0.00000476
2.5035696 minutes

Mars
0.0000076
3.997296 minutes

Jupiter
0.0000666
35.028936 minutes

Saturn
0.000135
1.18341 hours

Uranus
0.000285
2.49831 hours

Neptune
0.00046 
4.03236 hours

Pluto
0.0006183
5.4200178 hours

Alpha Centauri
4.27
4.27 years

Sirius (Dog star)
8.7 
8.7 years

Arcturus
36
36 years

Pleiades Cluster
400
400 years

Betelgeuse
520
520 years

Deneb
1,600 
1,600 years

Crab Nebula
4,000
4,000 years

Center of Milky Way
38,000
38,000 years

Magellanic Clouds
150,000
150,000 years

Andromeda Galaxy
2,200,000
2,200,000 years

Table A1

Distance different bodies are from Earth in light years and the time it takes for light to reach them. The speed of light is given to be 300,000,000 m/s. Students are asked to find the distance in Km. Below are the sample calculations for Mars.

Given:

Speed of light = 300,000,000 m/s

Destination distance in Light years = 0.0000076 light years

Time it takes light to get to Mars from Earth = 3.997296 minutes = 239.83776 sec

Required:

Distance in Km = ?

Formula:
Speed = Distance / Time

Solution:
Speed = Distance / Time

Distance = Speed x Time

Distance
= (300,000,000 m/sec) x (239.83776 sec)



= 71951328000 m



= 71951328 Km
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