LCP 8 PART II: PHYSICS ON THE MOON


LCP 8 PART II, PHYSICS ON THE MOON
Constructing a Moon habitat

It is generally considered a fairly safe prediction that by about the year 2030 a small colony will be established on the Moon. The first base would probably consist of small living and working quarters and a nuclear power plant to provide the main power supply. The structure of the living quarters would be built with prefabricated modules. Some of the larger buildings could be small geodesic domes. These domes could be connected by both ground-level passageways (which could be closed off in an emergency) and a network of underground tunnels.
              Constructing a Moon habitat must be based on a thorough study of the adjustment required to cope with the low gravity of the Moon, the lack of an atmosphere and psychological factors associated with isolation. 


Fig. 28: Race to the Moon; when are we returning?
IL 12
* Source of figure 28

(http://img.timeinc.net/time/magazine/archive/covers/1968/1101681206_400.jpg)
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Fig. 29: Moon habitat with a small geodesic dome and solar panels to generate electricity.

IL 13** Establishing lunar human outposts

(www.dailygalaxy.com/.../10/lunar-human-out.html)
Imagine that you are a member of the International Space University. You belong to a group that is designing a lunar base. The group faces a number of unusual problems. The most obvious one is connected with the low gravity on the Moon, about 1/6 that of Earth. Furthermore, there is no atmosphere or moisture and you would encounter a temperature range from about 120 º C to about -175 º C. Ultraviolet rays are not filtered out by a layer of ozone and cosmic rays come through freely. There is also the constant hazard of meteorite and especially micrometeorite bombardment. Finally, planetary geologists estimate that the chance of a Moonquake within 50 km of a base is one in 600 years.   


The surface of the Moon is covered with fine-grained material, called regolith (See Fig.   ) , that looks like sand, as well as with rocks and boulders. The lunar day and night last for two weeks each. The small colony is expected to be placed at least 5 km from the launch and landing pad to protect the colony from the effect of rocket blasts.       


The most noticeable difference for Earthlings (once established inside a protective space) will be the low gravity on the Moon. This small value of gravity will have direct physical and physiological consequences. Let us explore these. We will place the problems in the following categories: kinematics, dynamics, "games on the Moon", and “building on the Moon”.       


The main problems that must be dealt with before a lunar base is established are:

a.
The transportation of astronauts and materials to the Moon.

b.
Dealing with and taking into account the low gravity on the Moon.       

c.
Dealing with and taking into account the fact that there is no atmosphere on the Moon.      

d.
The shielding of structures and bodies from the effect of ultraviolet and cosmic rays and from the effect of micrometeorite bombardment.

e.
Other problems. The more obvious ones are: Taking appropriate measures to deal with Moon quakes. The establishment of solar and nuclear power stations; the extraction of oxygen from metallic oxides, such as iron oxide; recycling of all water, recycling of air, methods of maintaining a constant ratio of O2 and N2, recycling of waste products.
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Fig. 30: Various consideration for life on the Moon

IL 14
** More on lunar bases.
(http://en.wikipedia.org/wiki/Image:Lunar_Base-1.jpg)
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Fig. 31: Solar (Voltaic cells) got converting solar energy into electricity
IL 15
* Source of figure 31.

http://www.ssi.org/assets/images/slide07-large.jpg
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Fig. 32: A greenhouse in a geodesic dome on the Moon.
IL 16** Source of figure 32

(http://www.ssi.org/assets/images/lunar_farm.jpg)

In addition, the Moon is the closest large body to Earth. While some Earth-crosser asteroids occasionally pass closer, the Moon's distance is consistently within a small range close to 384,400 km. This proximity has several benefits:

1.
The energy required to send objects from Earth to the Moon is lower than for most other bodies. Transit time is short. The Apollo astronauts made the trip in three days. Other chemical rockets such as would be used for any Moon missions in the next one to two decades at least, would take a similar length of time to make the trip.
2.
The short transit time would also allow emergency supplies to quickly reach a Moon colony from Earth, or allow a human crew to evacuate relatively quickly from the Moon to Earth in case of emergency. This could be an important consideration when establishing the first human colony. 
3. 
The round trip communication delay to Earth is less than three seconds, allowing near-normal voice and video conversation. The delay for other solar system bodies is minutes or hours; for example, round trip communication time between Earth and Mars ranges from about eight minutes to about forty minutes. This again would be of particular value in an early colony, where life-threatening problems requiring Earth's assistance could occur.
· 
On the lunar near side, the Earth appears large and is always visible as an object 60 times brighter than the Moon appears from Earth, unlike more distant locations where the Earth would be seen merely as a star-like object, much as the planets appear from Earth. As a result, a lunar colony might feel less remote to humans living there. 
Disadvantages
There are several disadvantages to the Moon as a colony site:

The long lunar night would impede reliance on solar power and require a colony to be designed that could withstand large temperature extremes. An exception to this restriction are the so-called "peaks of eternal light" located at the lunar north pole that are constantly bathed in Sunlight. The rim of Shackleton Crater, towards the lunar south pole, also, has a near-constant solar illumination. Other areas near the poles that get light most of the time could be linked in a power grid. 
The Moon lacks light elements (volatiles), such as carbon and nitrogen, although there is some evidence of hydrogen near the north and south poles. Additionally, oxygen, though one of the most common elements in the regolith, constituting the Moon's surface, is only found bound up in minerals that would require complex industrial infrastructure using very high energy to isolate. Some or all of these volatiles are needed to generate breathable air, water, food, and rocket fuel, all of which would need to be imported from Earth until other cheaper sources are developed. This would limit the colony's rate of growth and keep it dependent on Earth. The cost of volatiles, however, could be reduced by constructing the upper stage of supply ships using materials high in volatiles, such as carbon fiber and other plastics, although converting these into forms useful for life would involve substantial difficulty. 

The 2006 announcement by the Keck Observatory that the binary Trojan asteroid  Patroclus and possibly large numbers of other Trojan objects in Jupiter's orbit, are likely composed of water ice, with a layer of dust, and the hypothesized large amounts of water ice on the closer, main-belt asteroid 1 Ceres, suggest that importing volatiles from this region via the Interplanetary Transport Network may be practical in the not-so-distant future. However, these possibilities are dependent on complicated and expensive resource utilization from the mid to outer solar system, which are not likely to become available to a Moon colony for a significant period of time. One of the lowest delta-V sources for volatiles for the Moon is Mars, suggesting that developing colonies on Mars first may in the long run be the easiest and least expensive way to establish a colony on the Moon. 


There is continuing uncertainty over whether the low (one-sixth of g) gravity on the Moon is strong enough to prevent detrimental effects to human health in the long term. Exposure to wightlessness, over month-long periods has been demonstrated to cause deterioration of physiological systems, such as loss of bone and muscle mass and a depressed immune system. Similar effects could occur in a low-gravity environment, although virtually all research into the health effects of low gravity has been limited to zero gravity. Countermeasures such as an aggressive routine of daily exercise have proven at least partially effective in preventing the deleterious effects of low gravity. 

The lack of a substantial atmosphere  for insulation results in temperature extremes and makes the Moon's surface conditions somewhat like a deep space vacuum. It also leaves the lunar surface exposed to half as much radiation as in interplanetary space (with the other half blocked by the Moon itself underneath the colony). Although lunar materials would potentially be useful as a simple radiation shield for living quarters, shielding against solar flares during expeditions outside is more problematic. 

· Also, the lack of an atmosphere increases the chances of the colonial site being hit by meteors, which would impact upon the surface directly, as they have done throughout the Moon's history. Even small pebbles and dust have the potential to damage or destroy insufficiently protected structures. 

· Moon dust is an extremely abrasive glassy substance formed by micrometeorites and unrounded due to the lack of weathering. It sticks to everything, can damage equipment and it may be toxic.

· Growing crops on the Moon faces many difficult challenges due to the long lunar night (nearly 15 Earth days), extreme variation in surface temperature, exposure to solar flares, and lack of bees for pollination. (Due to the lack of any atmosphere on the Moon, plants would need to be grown in sealed chambers, though experiments have shown that plants can thrive at pressures much lower than those of Earth. The use of electric lighting to compensate for the 28 day/night might be difficult: a single acre of plants on Earth enjoys a peak 4 megawatts of Sunlight power at noon. Experiments conducted by the Soviet space program in the 1970s suggest it is possible to grow conventional crops with the 15 day light, 15 day dark cycle. A variety of concepts for lunar agriculture have been proposed, including the use of minimal artificial light to maintain plants during the night and the use of fast growing crops that might be started as seedlings with artificial light and be harvestable at the end of one lunar day. Placing the farm at the constantly lit North Pole would be a way of escaping from this problem. One estimate suggested a 0.5 hectare space farm could feed 100 people.
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Fig. 33: Exploring the Moon’s surface.
IL 17
*** A comprehensive discussion of future colonization of the Moon.
( http://en.wikipedia.org/wiki/Colonization_of_the_Moon#cite_note-19#cite_note-19)
There have been numerous proposals regarding habitat modules. The designs have evolved throughout the years as mankind's knowledge about the Moon has grown, and as the technological possibilities have changed. The proposed habitats range from the actual spacecraft landers or their used fuel tanks, to inflatable modules of various shapes. Early on, some hazards of the lunar environment such as sharp temperature shifts, lack of atmosphere or magnetic field (which means higher levels of radiation and micrometeoroids) and long nights, were recognized and taken into consideration. 


One suggestion is to place the lunar colony underground, which would give protection from radiation and micro meteoroids. This is not the only advantage to this option. The average temperature on the Moon is about −5 degrees Celsius. The day period (two weeks) has an average temperature of about 107 degrees Celsius (225 degrees Fahrenheit), although it can rise as high as 123 degrees Celsius (253 degrees Fahrenheit). The night period (also two weeks) has an average temperature of about −153 degrees Celsius (−243 degrees Fahrenheit).[41]
                                          
Energy Storage

Solar energy is a strong candidate. It could prove to be a relatively cheap source of power for a lunar base, especially since many of the raw materials needed for solar panel production can be extracted on site. However, the long lunar night (14 Earth days) is a drawback for solar power on the Moon. This might be solved by building several power plants, so that at least one of them is always in daylight. Another possibility would be to build such a power plant where there is constant or near-constant Sunlight, such as at the Malapert mountain near the lunar south pole, or on the rim of Peary crater
 near the north pole.


The solar energy converters need not be silicon solar panels. It may be more advantageous to use the larger temperature difference between Sun and shade to run heat engine generators. Concentrated Sunlight could also be relayed via mirrors and used in Stirling engins or solar trough generators, or it could be used directly for lighting, agriculture and process heat. The focused heat might also be employed in materials processing to extract various elements from lunar surface materials.


For colonies away from the lunar poles and not using nuclear power, some way to store energy for the long lunar night would be needed. One possibility would be to use solar energy to convert water into hydrogen and oxygen and then use the stored gases to run fuel cells or internal combustion engines during the night.


Fuel cells on the Space Shuttle have operated reliably for up to 17 days at a time. On the Moon, they would only be needed for 13.7 days — the length of the lunar night. Fuel cells produce water directly as a waste product. Current fuel cell technology is more advanced than the Shuttle's cells — PEM (Proton Exchange Membrane) cells produce considerably less heat (though their waste heat would likely be useful during the lunar night) and are physically lighter, and thus more economical to launch from Earth.


Combining fuel cells with electrolysis would provide a 'perpetual' source of electricity - solar energy could be used to provide power during the Lunar 'day', and fuel cells at night. During the Lunar 'day', solar energy would also be used to electrolise the water created in the fuel cells - virtually perpetual electricity production; although there would be small losses of gases that would have to be replaced.

Lunar colonists will want the ability to move over long distances, to transport cargo and people to and from modules and spacecraft, and to carry out scientific study of a larger area of the lunar surface for long periods of time. Proposed concepts include a variety of vehicle designs, from small open rovers to large pressurised modules with lab equipment, and also a few flying or hopping vehicles.
[image: image4.jpg]



Fig. 34 Electromagnetic mass drivers powered by solar energy could provide low-cost 
transportation of Lunar materials to space construction sites. 

Rovers could be useful if the terrain is not too steep or hilly. The only rovers to have operated on the surface of the Moon (as of 2008) are the Apollo Lunar Roving Vehicle (LRV), developed by Boeing, and the robotic Soviet Lunokhod. The LRV was an open rover for a crew of two, and a range of 92 km during one lunar day. One NASA study resulted in the Mobile Lunar Laboratory concept, a manned pressurized rover for a crew of two, with a range of 396 km. The Soviet Union developed different rover concepts in the Lunokhod series and the L5 for possible use on future manned missions to the Moon or Mars. These rover designs were all pressurized for longer sorties.


If multiple bases were established on the lunar surface, they could be linked together by permanent railway systems. Both conventional and magnetic levitation (Mag-Lev) systems have been proposed for the transport lines. Mag-Lev systems are particularly attractive as there is no atmosphere on the surface to slow down the train, so the vehicles could achieve velocities comparable to aircraft on the Earth. One significant difference with lunar trains, however, is that the cars would need to be individually sealed and possess their own life support systems. The trains would also need to be highly resistant to derailment, as a punctured car could lead to rapid loss of life.
Physics on the Moon:

Kinematics on the Moon

Motion on the Moon will be different from Earth where gravity is only about 1.7 m/s2, or 1/6 of that on Earth. In the following problems we will investigate the motion for familiar situations, but without considering the forces involved. 

[image: image45.jpg]//,7/’!//
’ i }’W e
i | 43 P////////
) /77/7// / // F /////
i |t





[image: image46.jpg]


                      
[image: image47.jpg]MDOV\




Fig. 35: Comparing motion on Earth with motion on the Moon
1.
We will begin with a simple problem. If you dropped a steel ball from a height of 2 m on Earth,

      
a.
How long would it take the ball to reach the level ground?



b.
With what speed would it hit the ground?

2.
Now answer the same questions, place yourself inside a geodesic dome in the Moon. How do the times and speeds compare?

3.
Assuming that you can safely hit the ground up the a speed of 5m/s, from what height could you safely jump on Earth? On the Moon? What is the ratio of these heights?

4.
Now compare the times it takes an object to fall on Moon to the time it takes on Eart. try to guess this before you actually calculate it.

5.
You know that the period of the pendulum depends on the value of the acceleration due to gravity, g. The length of a pendulum that keeps time with a period of 1 second on Earth is .25 m. After checking this value both by calculation and actual demonstration with a simple pendulum, how long must a pendulum be on the Moon to get a period of 1 second?

[image: image48.jpg]


6.
 If you were given a stopwatch, a string 1 m long, a measuring tape 10 meters long, a small rock, a metallic sphere, how would you go about determining the value of g on the Moon? Propose two different methods and decide which one would give you the most accurate answer.

Fig. 36: See problem 6, above
7.
A good pitcher can throw a baseball 70 m on Earth.  If you threw a baseball at an angle of 45º at 30 m/son level ground, how would the following compare for the Moon and the Earth, neglecting the effect of air resistance?



a.
The height to which the ball rises.



b.
The distance the ball flies,



c.
The time the ball is in motion

8.
Walking and running on the Moon (inside a geodesic dome, with and atmosphere) would be quite difference from walking on Earth. For example, when you jog on Earth, you cover a distance of about 1m each time you touch the ground. 



a.
What distance would you cover on the Moon for the same effort, all things 

being equal?



b.
Compare the times during which you are air-born.



c.
Compare the times it would take you to cover a distance of 100 m. 



Discuss.

9.

What size of steps would be suitable for a staircase on the Moon? Take the 
average height of a step on Earth to be about 20cm. Describe what it would look 
like running up a flight of stairs on the Moon.

10.

Jogging inside a geodesic dome would be interesting to watch. Describe it.
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                                 Fig. 37: Comparing the times for the 100 m dash.
Dynamics on the Moon
Here we will consider the forces involved the motion problems
Problems for the student

1. Your weight on the Moon would be considerably less than on Earth. For example, if your mass is 70 kg what would be your weight on Earth? On the Moon. How far could you throw it on the Moon?

2.
An astronaut on the Moon is given an object that has a weight of 210 N.       



a.
What would be the object's weight on Earth? 

     

b.
What is the object's mass?  

3.
You would probably find it awkward to walk inside a module, especially one with a low ceiling. Why? In order to walk "normally", you would have to weigh yourself down by adding mass to your body in the form of a Moon suit (perhaps weighted down with a lead belt), so that your Moon weight would equal your Earth weight.  



a.
If your mass is 70 kg how much additional weight would it take on the 


Moon to your Earth weight? 



b.
If you returned to Earth in your Moon suit how much would  you weigh? 

3.
Driving conventional car on the Moon would not be feasible, even if very large protective domes could be built. For example, on Earth a midsize passenger car can accelerate from rest to 50 km/h in 5.0 seconds on a level, dry road. What would be the car's acceleration on the Moon, given the same surface conditions? 

4.
Similarly, if you wanted to stop a conventional car on a road surface similar to that on Earth, how far would the car slide as compared to a car on Earth?   

5.
You will be using the elevator a lot in an advanced design of a Moon colony. Imagine standing in an elevator on a Newton-balance (a balance that is calibrated in Newtons), ascending in an underground passage. You know that your mass is 70 kg. Looking at your balance you read a maximum of 252 N.       



a.
What was the maximum acceleration of the elevator? 



b.
What would the acceleration of an elevator on the Moon have to be in 


order to simulate the Earth's gravity?

Thought experiments for the student
1. A thought-experiment will illustrate the different effects of gravity and that of inertia. Imagine two physics students, one on the Moon and another on Earth, conducting identical experiments. Experiment A requires that the students find the acceleration of a 1 kg cart along a horizontal table when a 1 N unbalanced force is applied to the cart. Experiment B requires that the students find the acceleration of two masses when they are connected. Compare the results obtained in each experiment, on Earth and on the Moon, and comment on the results.
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Fig. 38: Motion experiment using dynamic carts.

2. Isaac Asimov has suggested that it would be possible for a man to fly on the Moon, using wings, given Earth atmospheric conditions. Discuss the forces acting on a bird in a gliding flight, or on a glider in flight, and speculate on the possibility of winged flight on the Moon.      

3.
Below is a sketch of a tall can filled with water. See figure 38. The water level is kept constant, as shown. The trajectory of the water is shown. 



a.
Which picture shows the correct trajectory?



b.
If you performed this experiment on the Moon, how would the trajectories 


compare?
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   Fig. 39: Trajectories from a large can of water 
A research problem for the student

1.

Let us compare the heights to which you could jump, on Earth and on the Moon. 
First, however, imagine that you were in deep space in a large interplanetary 
vehicle, traveling at a constant velocity relative to the fixed stars. When you 
jump here there is no gravity to overcome, only inertia. Your mass is 70 kg.

a.
If you jumped from a crouching position through a distance of 50 cm (see sketch below), your legs pushing with an average force of 1000 N, what would be your velocity at the moment your feet lost contact with the platform?

b.
Now imagine that you were jumping up on Earth, your legs pushing with the average force over the same distance. It is clear that this time you have to overcome gravity and inertia. What will be the velocity at the point of losing contact now? Compare the velocities for parts a. and b. and comment.  



c.
To what height would you rise?   


d.
Finally, place yourself on the Moon in the same situation and calculate 
both the "take-off” velocity and the height reached. Is the height to which 
you could jump on the   Moon six times as much, as you probably 
guessed? Explain.                

2.
When you compare the heights to which you can jump on the Moon with the height you can jump on Earth, as measured from your center of gravity, the ratio is not 6 to 1 , but is given by the following expression:

h2 = h1 (6n-1)/n-1
      a.         Show that the above relationship is correct if n = 1,2,3.. given as nmg.



b.
Show that h2 = h1, only for high values of n.



c.
Compare h2 with h1 for the following values of n: 1.1, 1.5, 2.5, 5, 20.       


d.
Sketch a graph of h2 against h1 .Comment.
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Fig. 40: Jumping on the Moon.

Building on the Moon 

[image: image53.jpg]
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Fig. 41: Building a Moon Colony
IL 18 ** Source of figure 40.
(http://spaceflight.nasa.gov/gallery/images/mars/lunaractivities/hires/s99_04195.jpg)

 Structural design on the Moon would be affected by both the low gravity and by the absence of an atmosphere.The physics we discussed in LCP 3 (The Physics of the Great and Small), of course, applies here also. Let us consider some structures whose design would by greatly affected by these factors.  It may be possible to build giant geodesic domes after a permanent base has been established. The danger that such buildings would be exposed to is connected with the high probability of their being hit by meteorites. Neglecting that danger for the moment let us say it is possible to build geodesic domes with a radius of 100m.
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                                             Fig. 42: A geodesic dome on the Moon.

IL 19
* Source of figure 41

(http://www.witchweb.net/familiar/dome.jpg)

On Earth a dome must support its own dead load as well as the live load of wind, rain, snow, or ice. The geodesic dome's strength is due to the fact that triangles are very stable shapes. It is difficult to distort a triangle; compression at one joint is balanced by tension along the opposite side. The geodesic dome's design distributes loads over all of the different triangles that comprise it.

On the Moon, however, we have to be concerned with the large push of the artificial atmosphere against the covering of the geodesic domes.  To maintain an Earth-like atmosphere we would need a pressure of about 100 kPa (kilo Pascals). That is simply 100,000 Newtons per square meter or 10 Newtons per ems square centimeter.  The situations described below will acquaint you with the magnitude of this problem for future Moon architects.        
Problems for the student
 1.

Show that 100 kilopascals is equivalent to about 15 lbs/ in  (You should get a 
"feeling" for these values, since many scientific publications that you will be 
frequently asked to consult still use the British system of units.
2.

Calculate the total force of the atmosphere on your chest area. 

3.

Now speculate about what would happen if an Moon-dweller suddenly were 
deprived of the atmosphere inside the dome.  

4.

Calculate the total force that would act on the surface of the dome. To do that, 
however, you must first show or argue that this force is the same as the force that 
would act on a circular area with a diameter of 200 m. (See figure 42) Show that 
the total force acting on the dome would be about 78,000 metric tons.   
5.

The total force that you calculated above must be supported by the base of the 
dome. It may help to imagine this base to be pinned down by large and long steel 
bolts around the circumference. Show that the force necessary to prevent the 
dome from exploding would be about 250 tons per meter around the periphery. 
This would be the force per unit length necessary to counter the effect of the 
artificial atmosphere inside the dome. Discuss the feasibility of this kind of 
structure with your teacher or an architect.

6.

It is interesting to speculate how heavy a dome made of asphalt or heavy building material, 50cm thick (with a density of a bout 5000 kg/m3 )would be. Assuming such a building could be erected on the Moon, you can show that the total weight of this building would be about 6.7x106 kg. 

    
 Clearly not enough to counteract the upward force of the “atmosphere” in the dome.

7.

Finally, calculate the total force acting on a smaller geodesic dome, say 27 m in radius.  Compare the values here, and comment. Hint: since the area is a square function and the radius is halved, you should get an answer of ¼ of the weight you found in the question above.) Clearly, this is still much too high.

8.

Now calculate the force when the geodesic dome has a radius of 10m. What size of a geodesic dome would you recommend to be built on the Moon? Discuss.
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Fig. 43: A drawing showing the forces acting on a geodesic dome due to the pressure of the artificial atmosphere inside the dome.
[image: image8.png]Settlement under construction on Mars or Moon in artist’s concept.
(Courtesy of NASA).




Fig. 44: A Moon colony under construction

IL 20
* Source of figure 43

(http://www.bigear.org/CSMO/Images/CS12/cs12p05l.gif)
Taken from: 
IL  http://www.space.com/businesstechnology/technology/lunar_hotel_010719-3.html
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Fig. 45      As  attractive as a Mars base may sound, a better case can be made for 



establishing a colony on the Moon first. (credit: NASA)
	A Four-Star Hotel That's Out of this World 


Let the games begin

Low gravity, one-sixth that of Earth, is a master builder's paradise. Structures impossible to build here on our gravity-grip of a world become feasible on the Moon. Furthermore, minerals and ores found on neighboring Luna are ideal to fabricate much of the hotel. Hauling all the requisite construction materials from Earth would be far too expensive. Each tower is comprised of a thick hull of Moon rock and a layer of water held between glass panes. The water absorbs energetic particles hitting the hotel. At the same time, the water helps to keep temperatures constant. The lunar rock adds yet another layer or protection.

Rombaut said that the Moon hotel design allows tourists to indulge in low-gravity games. Indoors mountaineering can be offered. Outfitted with special suits replete with bat-like wings, guests can also take flight in an indoor enclosure.
The limits of sizes of structures on the Moon 

1. We have seen in LCP 3 (The Physics of the Large and Small) that the limits of sizes of structures are determined by their strength to weight ratio. There we compared the strength-to-weight ratio of King-Kong and his son, if King-Kong is 20 m tall and his son is 2 m tall. Assume that they are identical in all other respects. Now compare their strength-to-weight ratio.   Hint: Assume that strength is directly proportional to the cross-sectional area of the body and, of course, the weight is directly proportional jointly to the volume and gravity.     



Research problem for the student

[image: image10.jpg]



Fig. 46: Jodrell Bank radio astronomy TELESCOPE : A large parabolic dish

This massive instrument at Jodrell Bank is 80 m across and has a mass of about 80 tons. The dish is parabolic, reflecting radio waves onto an antenna at the principal focus.  The radio waves are very weak, and the focusing by the reflector makes them much more intense. 
1. You should now be able to solve a problem which will become a standard one for space architects: The large parabolic dish at Jodrell Bank has a diameter of 80 m and a mass of 80 tonnes. How large a dish could you build on the Moon and retain the same strength-to-weight ratio, using the same materials and retaining the same geometric shape?

Hint: Refer to LCP3 (The Physics of the Large and Small) for calculating the strength to weight ratios of materials)

2.
In the problem above you should have found that, in principle, it would be possible to build a radio telescope with a radius of 6 times that of the one on Earth. The area of the telescope would increase by a factor of 36.

a.

If you used this area to receive solar energy and focused it to heat water 
converting it to steam, what would be the power output of the parabolic 
dish? Assume that about 1400 Watts of solar radiation is collected for each 
square meter.

b.

How much power could converted into electric energy id the efficiency of 
the conversion processes involved were 15%? Comment
Ideas for establishing a first Moon base
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  Fig. 47: NASA proposed first Moon base                 Fig. 48: Soviet proposed first Moon 





base.

IL 21
*** Source of figure

(http://www.news.com/2300-11397_3-6162208-1.html)
IL 22
* Source of figure 46

(http://newsimg.bbc.co.uk/media/images/42392000/jpg/_42392114_sovietbase_azak_416.jpg)
NASA tests Moon building

February 27, 2007 11:32 AM PSTNASA will begin testing a two-room, inflatable building that will be a model for its planned base on the Moon. It is the first generation of a building that eventually will be bustling with activities when astronauts are visiting but will be durable enough to last long periods of inactivity. 

NASA plans to build a Moon base that will serve as a visitor center, laboratory and stepping stone to Mars.

Credit: NASA/Jeff Caplan





Fig. 49: One of NASA’s ideas of an initial Moon base.

One of NASA's inflatable habitat design, TransHab, was proposed by Kriss Kennedy at the SPACE '92 conference. The inflatable habitat made of composite fabric landed on the Moon and was deployed there. A metal floor was used to ground the 45 x 8 meter module.
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Fig. 50: Some ideas about building Moon dwellings

IL 23
***

(http://www.universetoday.com/2008/02/07/building-a-base-on-the-Moon-challenges-and-hazards/)
 Building a Base on the Moon: Part 1 - Challenges and Hazards    

Based on  IL 23:

So where do you start when designing a Lunar Base? High up on the structural engineers "to do" list would be to consider the damage building materials may face when exposed to a vacuum, such as:

1.
Severe temperature variations,

2.
High velocity micrometeorite impacts, 

3.
High outward forces from pressurized habitats,

4.
Material brittleness at very low temperatures and 

5.
Cumulative abrasion by high energy cosmic rays and solar wind particles

These will all factor highly in the planning phase. Once all the hazards are outlined, work can begin on the structures themselves.


The Moon exerts a gravitational pull 1/6th that of the Earth, so engineers will be allowed to build less gravity-restricted structures. Also, local materials should be used where and when possible. The launch costs from Earth for building supplies would be “astronomical”, so building materials should be mined rather than imported. Lunar regolith (fine grains of pulverized Moon rock) for example can be used to cover parts of habitats to protect settlers from cancer-causing cosmic rays and provide insulation. According to studies, a regolith thickness of least 2.5 meters is required to protect the human body to a "safe" background level of radiation. High energy efficiency will also be required, so the designs must incorporate highly insulating materials to insure minimum loss of heat. Additional protection from meteorite impacts must be considered as the Moon has a near-zero atmosphere necessary to burn up incoming space debris. Perhaps underground dwellings would be a good idea?
[image: image14.jpg]



Fig. 51: View of a futuristic Moon colony with large geodesic domes’

Games on the Moon
 
Many of the recreational games we play on Earth will be unsuitable for Moon colonists. Tennis and baseball are obvious examples of games that would have to be radically changed before they could be played on the Moon. Others, like billiards, could be played on the Moon without modification. Having studied the kinematics and dynamics on the Moon we are ready for some "creative physics".   


The following questions will help us decide on the potential of various games on the Moon.
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Fig.52: Games on the Moon
Problems to investigate the effect of gravity on motion

1.
A batter can easily hit a ball a distance of 100 m on Earth. How far would the ball have traveled on the Moon?  

2.
A pitcher can throw a baseball with an initial speed of 25 m/s. Consider these two cases:


a.
The ball is thrown at a small angle of elevation, say about 10 degrees.

 
b.
The ball is thrown at a large angle of elevation, say 30 degrees. 



Compare the following for the Earth and the Moon:                 

i. The distances traveled  

    

ii.
The height to which the ball rises.                   

   

iii.
The time the ball will be in the air. (Assume that the ball leaves the pitcher's hand at a height of 1m and that the ground is level)

 

Fig. 53: The shotput 
Research topics for the student
Baseball on the Moon
Based on your answers in questions 1 and 2, describe what a baseball game would look like on the Moon. Start with your description of the pitcher throwing, then describe the path of the ball after the pitcher hits it.  
Tennis on the Moon
Describe a game of tennis on the Moon. Start your description with the server hitting the ball, followed by the receiver returning the ball at small and large angles.  Do you think that using balls with larger mass (or perhaps bats with smaller mass) would make the baseball or tennis more "Earthlike"? Discuss in some detail.  
Playing pool or billiards on the Moon
Imagine playing pool on the Moon. As far as your is weight is concerned you would definitely notice a difference. What difference will he notice as far as his game of pool is concerned? 
Invent Your Own Game for the Moon
Based on what you have learned in this investigations, invent your own game that Moon colonists could safely and comfortably play in the low-gravity environment of the Moon. Defend your game with "good physics".  

Olympic records on the Moon
Discuss realizable Olympic records on the Moon. Choose such events as high-jumping, the 100 m sprint, the 100 m free style swimming, weight-lifting, the shot-put, and pole-vaulting.   

Especially compare events that rely on overcoming gravity, such as high jumping and weight lifting, and events that rely chiefly on overcoming inertia, such as sprinting and fencing.

How high could a world-class pole-vaulter jump on the Moon? Based on what we have discovered so far it would appear that he could jump six times as high. Analyze the pole-vault, especially the first stage where the athlete must hold a pole six times as long as the one used on Earth. 
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           Fig. 54 An artists idea of a structure on the Moon for sports activities.

IL 24
*** A look at futuristic Olympic games

(http://www.paleofuture.com/2007/03/olympic-games-on-Moon-in-2020-1979.html)
IL 25
* Source of figure 54
(http://www.cartoonstock.com/newscartoons/cartoonists/rdi/lowres/rdin432l.jpg
IL 26
** Source of figure 54

(http://bp1.blogger.com/_sGYULzoQCgA/Rgv-KyVhcYI/AAAAAAAAAWw/WUbU0JYuWBM/s1600-h/olympics+on+Moon+2020.jpg)

Thought-experiments for the student.
1.
The Moon cannot have an atmosphere. Why not? Assuming that it could, and that other than the low gravity conditions had been identical to ours, and that life could have evolved parallel to ours, speculate on the physical features of a humanoid species that would have evolved. 

 2.
On Earth when you are in the deep end of a swimming pool  you can float if you inhale deeply. Could you similarly float in a swimming pool on the Moon? Discuss.

Special problems for discussion
1. When you empty a can of water through a hole at the bottom, the rate of flow depends on gravity. Compare the times to empty two identical cans filled with water ( the holes at the bottom should be identical, not larger than about .5 cm in diameter). You can show that the time it takes to empty a can with a small hole at the bottom is given by:

t = k hn ,

where k is a constant, t = time to empty can, h the height of the water level at the start, and n the power to which h is raised. devise a simple experiment using a large tin can to show that 





               t = kh1/2 , or  t =   k h

Hint: Assume that for a small opening the water coming out of the can has a velocity given by free-fall, e.g. the kinematic equation v2 = 2 g h applies. 

2. Shooting from a cliff, as shown below, in a horizontal direction, is an interesting problem. Show that the range on the Moon would be, not the six times the distance travelled on Earth, but the square root of six times the distance reached on the Moon. Why?                 
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             Fig. 55: Throwing a projectile from a cliff in an initial horizontal direction.
Categorizing problems of kinematics and dynamics

We can now make the following observations, based on the problems we have solved:
For kinematics: you should have noticed that for problems of kinematics, when we compare motion on Earth and on the Moon, there were three types. First, those where the ratio is 6 times, those where the ratio 6 times and those where g has no effect and the ratio is 1:1. Make a table and list problems that fit these categories and discuss.

For dynamics: You should have noticed that we had to learn to differentiate clearly between the effects of inertial mass, mi   (F = mi a), and gravitational mass, mg, ( W = m gg). Make a table to show examples of problems where these effects act separately, and where they act together and discuss.

Astronomy on the Moon: The Ultimate Observatory
A lunar base would provide an excellent site for any kind of observatory. As the Moon's rotation is so slow, visible light observatories could perform observations for days at a time. It is possible to maintain near-constant observations on a specific target with a string of such observatories spanning the circumference of the Moon. The fact that the Moon is geologically inactive along with the lack of widespread human activity results in a remarkable lack of mechanical disturbance, making it far easier to set up interferometric telescopes on the lunar surface, even at relatively high frequencies such as that of visible light. 
 
The lunar surface vacuum would provide perfect "seeing", which would be ideal for diffraction-limited imaging and optical interferometry. The night sky would be about four times darker than on the sites on Earth. In addition, the Moon's two-week nights would give astronomers a chance for deep exposures of faint sources.

     
Radiation from space at all wavelengths reaches the lunar surface, and spectra would be free of contaminating emission lines. Telescopes could be built very large and used for observation of unimpeded light.

     
The astronomer Harlan J. Smith, for example, suggests that "the smooth and symmetric bowls of many lunar craters, coupled with the low gravity, should allow the construction of radio antennas like the one at Aricibo, Puerto Rico, but up to almost 10 times larger. Shielded from the Earth on the lunar side, such telescopes would be ideal for ultra-sensitive low-noise observation and the search for extraterrestrial intelligence". (See reference) 
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Fig. 56: The Arecibo Observatory

IL 27
* Source of figure 57

(http://cache.boston.com/resize/bonzai-fba/Globe_Photo/2007/09/15/1189901065_8597/410w.jpg)

 
                               Fig. 57: A NASA proposed telescope for the Moon

IL 28
** Source of figure 58

(ksjtracker.mit.edu/?m=200611)








Fig. 58: Telescope using interferometers that could be built on the Moon

IL 29
** Observatory explained

(http://en.wikipedia.org/wiki/Observatory)
Astronomical interferometers can produce higher resolution of  astronomical images than any other type of telescope. At radio wavelengths image resolutions of a few micro-arcseconds have been obtained, and image resolutions of a few milliarcseconds can be achieved at visible and infrared wavelengths.


One simple layout of an astronomical interferometer is a parabolic arrangement of mirrors, giving a partially complete reflecting telescope (with a "sparse" or "dilute" aperture). In fact the parabolic arrangement of the mirrors is not important, as long as the optical path lengths from the astronomical object to the beam combiner or focus are the same as given by the parabolic case. Most existing arrays use a planar geometry instead, and Labeyrie's hypertelescope will use a spherical geometry, for example.


Optical interferometers are mostly seen by astronomers as very specialized instruments, capable of a very limited range of observations. It is often said that an interferometer achieves the effect of a telescope the size of the distance between the apertures; this is only true in the limited sense of angular resolution. The combined effects of limited aperture area and atmospheric turbulence generally limit interferometers to observations of comparatively bright stars and active galactic nuclei. However, they have proven useful for making very high precision measurements of simple stellar parameters such as size and position (astrometry), for imaging the nearest giant stars and probing the cores of nearby active galaxies.
Further research activities for the student

Based on research in the library, searching on the Internet and on group-discussions, write a short paper on one of the following:   

a.
Methods of minimizing the danger of meteorite and micro-meteorite bombardment.

b.
Methods of minimizing the danger of ultraviolet radiation and cosmic rays.  

c.
Preventing the occurrence of a "greenhouse effect" in the geodesic domes.  

d.
How to maintain a fairly constant ratio of oxygen to nitrogen to carbon dioxide.  

e.
Methods of recycling water.  

f.
The setting up of observation stations, their advantages and disadvantages, for optical, radio, cosmic ray, infra-red, and neutrino astronomy.

g.
Recovering oxygen from lunar soil. Oxygen seems to be the most abundant element in the lunar soil, constituting about 40% of the soil by weight.

h.
Setting up mining operations.                                     

i.
The building of giant catapults for the transfer of materials to one of the liberation points. 

j.
The setting up of large arrays of photovoltaic energy conversion devices.

Advanced Problems: Energy of transfer 

1. It is important to know the energy needed to place each 1 kg mass in orbit, neglecting air resistance. This would be a difficult problem to solve, because you must know the payload mass, the discarded mass (rocket-boosters) and at what altitude the mass was discarded. Furthermore, you must know the mass of the fuel consumed, the rate of consumption, and the height at which the fuel was consumed. Finally you must have a good idea of the retarding influence of the air throughout the flight.


You can, however, get a good idea of the total energy involved by making some approximations.  

a. First calculate the energy required to place a 10 tonne spaceport in circular orbit around the Earth at an altitude of 200 km, disregarding air resistance and mass loss ( the ideal case). 

b. Now make some reasonable approximations, as suggested above. Try to defend these.

c. Add up all the energy-contributions and compare this value with the ideal one. Comment.

d. Add up all the energy-contributions and compare this value with the ideal one. Comment.

e. It is known that it takes about five times as much energy to place a mass into orbit around the Earth as it does to place an identical mass in a similar orbit around the Moon. Do you agree with this estimate? Discuss in the light of your calculations.

NASA is planning to set up radio telescopes on the far side of the Moon

IL 30
** MIT lead Moon telescope project

(http://web.mit.edu/newsoffice/2008/Moonscope-0215.html)

NASA has selected a proposal by an MIT-led team to develop plans for an array of radio telescopes on the far side of the Moon that would probe the earliest formation of the basic structures of the universe. The agency announced the selection and 18 others related to future observatories on Friday, Feb.15.

The new MIT telescopes would explore one of the greatest unknown realms of astronomy, the so-called "Dark Ages" near the beginning of the universe when stars, star clusters and galaxies first came into existence. This period of roughly a billion years, beginning shortly after the Big Bang, closely followed the time when cosmic background radiation, which has been mapped using satellites, filled all of space. Learning about this unobserved era is considered essential to filling in our understanding of how the earliest structures in the universe came into being.

[image: image23.jpg]



Fig. 59: Prototype of a radio telescope array (from IL 30)

Physics professor Jacqueline Hewitt, director of MIT's Kavli Institute for Astrophysics and Space Science, stands behind a prototype of a radio telescope array. A team she leads has been chosen by NASA to develop plans for such an array on the far side of the Moon.
The Lunar Array for Radio Cosmology (LARC) project is headed by Jacqueline Hewitt, a professor of physics and director of MIT's Kavli Institute for Astrophysics and Space Science. LARC includes nine other MIT scientists as well as several from other institutions. It is planned as a huge array of hundreds of telescope modules designed to pick up very-low-frequency radio emissions. The array will cover an area of up to two square kilometers; the modules would be moved into place on the lunar surface by automated vehicles.

Observations of the cosmic Dark Ages are impossible to make from Earth, Hewitt explains, because of two major sources of interference that obscure these faint low-frequency radio emissions. One is the Earth's ionosphere, a high-altitude layer of electrically charged gas. The other is all of Earth's radio and television transmissions, which produce background interference everywhere on the Earth's surface.

The only place that is totally shielded from both kinds of interference is the far side of the Moon, which always faces away from the Earth and therefore is never exposed to terrestrial radio transmissions. 
Liquid mirrors for the telescopes on the Moon

IL 31
** Super telescopes

(http://www.space.com/businesstechnology/050309_lunar_scope.html)

One concept under assessment is a deep field infrared observatory situated near the Moon’s south pole. The idea is championed by Roger Angel of the University of Arizona in Tucson and has been funded by the NASA Institute for Advanced Concepts (NIAC
Angel foresees the prospect of lunar telescopes using liquid primary mirrors that are some 60-feet to nearly 330-feet (20-meter to 100-meter) in diameter. "There is a trick to making very large, very accurate mirrors…which is to spin liquid," he said. 

On Earth, liquid mirrors are limited to roughly 20-feet (6-meter) in size, but subject to atmospheric absorption and distortion, even the wind kicked up by spinning the liquid, usually mercury. The Moon, though, provides the required gravity field with no such limitations.

"Because of the unique advantages on the Moon even a 100-meter liquid mirror ain’t that scary," Angel said. "The Moon is the absolute ideal place to make an inexpensive, very big spinning liquid mirror."
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Fig. 60: A liquid mercury telescope on Earth
IL 32
* Source of figure 61

(http://www.space.com/images/v_in_observatory_000922_03.jpg)
An advanced topic: The Lagrangian points 

We will close with a brief study of the exotic Lagrange points that are found in the vicinity of every binary system (Sun-Jupiter, for example). 


Fig. 61:Lagrangian libration points for the Earth-Moon system

IL 33
* Source of figure 62

( http://www.asi.org/images/1999/asi199900075.gif)
IL 34
*** Three body orbit problem

(http://ccar.colorado.edu/geryon/CRTBP.html)

The Lagrangian points (taken from IL 34)
1.
There are five points in the Earth-Moon system (indeed in any binary system moving in circular or near-circular orbits relative to each other) that provide semi-stable or stable regions for space stations. These points were first predicted on theoretical grounds (while trying to solve the difficult "three-body problem") by the great French-Italian mathematician and physicist Louis Lagrange, in the late eighteenth century.) He predicted that if an object (mass is small compared to that of the Moon) were placed at these locations they would maintain a fixed orientation relative to the two greater masses, while moving in a circular orbit. L1, L2, and L3, however, are unstable, i.e. if a body is displaced slightly it will drift away from its circular orbit. 

     

Since small perturbations are unavoidable one would not expect to see examples in nature where three bodies revolved in the positions L1, L2, or L3. We do, however, find in nature configurations that have small bodies in regions L4 and L5. The best known is the configuration defined by the Sun, the planet Jupiter, and the two groups of Trojan minor planets. The Sun and Jupiter move in near-circular orbits relative to each other and the mass of the minor planets is small in comparison to these large bodies.  



Libration points L1 and L2 may be unstable but they will be of great assistance in further space travel. It turns out, for example, that the lowest energy transfer point for travel to and from Mars is L1. L2, on the other hand is thought to be ideal as a receiving station for lunar soil that could be catapulted there, to be processed and then shipped to Earth.    

IL 35
**** Three body orbit applet

(http://faculty.ifmo.ru/butikov/Projects/Collection2.html)
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                               Fig. 62: Example of calculations for the Lagrangian points.
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Fig. 63: The five Lagrangian points

IL 36
* Sorce of figure 63

(http://astronauticsnow.com/GalacticFrontier/spie2005_fig/fig_09.jpg)

Where does the gravitational attraction between Earth and Moon balance?
1. Before attempting to locate L1 and L2 it may be instructive to find another important point. Let us call this region Lo. This is the position where the gravitational attractions between the Earth and the Moon balance. In other words, if you placed an object in that position the net gravitational force on it would be zero. If you placed an object there would it remain stable at L0? What would happen? Discuss.

2. Using Newton's inverse-square law calculate the location of L0. It is particularly easy to get an approximate answer (within 1% accuracy) for the Earth-Moon system, because it turns out that the mass ratio-between Earth and Moon is about 81, and the square-root of 81 is 9. So you can solve this problem in your head. Try it. Now solve the problem algebraically.                     

Locating L1 and L2




1.
The positions of L1 and L2 are relatively easy to calculate. First sketch a force diagram to show the forces acting on a mass at L_1 due to the combined effect of the Earth and the Moon. Then equate this unbalanced force with the centripetal acceleration required by the condition that the mass have the same radial velocity as that of the Moon. Assume that the Moon is revolving around the Earth in a circular orbit. Why can you make that assumption? How would you solve this problem if you wanted a more accurate solution?   



But we can also find L4 and L5 by showing that the resultant vector of the gravitational forces of the Moon and the Earth goes through the center of mass of the Earth-Moon binary system. 

2.
Catapulting devices that can hurl large objects into space could deliver such cargo as minerals and ore mined on the Moon to one of the libration points, say L2. Estimate the velocity with which the cargo should leave the catapult in order to be placed at L2.     

3.
The Moon revolves in a near-circular orbit (actually they both revolve around their common center of mass) around the Earth. The Moon always faces the Earth as it circles.  

     
a.
Make a sketch of the motion of the Earth-Moon binary system relative to the Sun.       


b.
We know from photos made on the Moon by the astronauts in the early seventies that there is a "Earth-rise". Describe how this can happen, i.e. describe the motion of the Earth as seen from the Moon.
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Fig. 64:  The forces in determining the Lagrangian points.
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Fig. 65: A science experiment left on the Moon

Future lunar launches


IL 37
** 
(http://www.space.com/news/050919_nasa_Moon.html)

The following is taken from IL 37:

Despite a stalled space shuttle program, NASA is confident it can launch and sustain human exploration of the Moon by 2018, the space agency's top official said Monday.
The $104-billion plan calls for an Apollo-like vehicle to carry crews of up to four astronauts to the Moon for seven-day stays on the lunar surface. The spacecraft, NASA's Crew Exploration Vehicle (CEV), could even carry six-astronaut crews to the International Space Station (ISS) or fly automated resupply shipments as needed, NASA chief Michael Griffin said.

"Think of it as Apollo on steroids," Griffin said as he unveiled the agency's lunar exploration plan during a much-anticipated press conference at its Washington, D.C.-based headquarters. "Unless the U.S. wants to get out of manned spaceflight completely, this is the vehicle we need to be building.
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                                                      Fig. 66: Olympic games on the Moon?

Moon plan unveiled
NASA's lunar exploration plan entails the development of reusable 18-foot (5.5-meter) diameter capsule capable of seating six astronauts in all, or a four-person Moon expedition. 

Capped with an escape tower, the capsule would launch atop an in-line booster and rendezvous with an Earth Departure Stage and lunar lander in Earth orbit, which themselves would launch atop a separate, heavy-lift rocket. Both launchers will be derived from external tank, shuttle engine and solid rocket booster technology developed for the orbiter program, with power for the CEV to be provided via solar arrays.

"What we're really developing is the shuttle's successor," Griffin said. "The CEV is designed to go to low-Earth orbit."

Once in orbit, the spacecraft could link up with other, mission-specific vehicles and push on toward the Moon, Mars or service the Hubble Space Telescope, Griffin said.

"You can do anything," he added.

The article below is taken from:

IL **** http://adsabs.harvard.edu/full/2000ESASP.462..337K

[image: image31][image: image32][image: image33][image: image34][image: image35][image: image36][image: image37][image: image38][image: image39][image: image40][image: image41][image: image42]
R = 50 m





   L3 ●





L4


●  


  





L5 ●








EARTH





MOON





L1    ●





L2      ● 








                CM





60º





   ●





     60º











2

