
 

 
 

INTERNATIONAL JOURNAL OF RESEARCH IN AERONAUTICAL AND MECHANICAL 

ENGINEERING 

WWW.IJRAME.COM 

ISSN (ONLINE): 2321-3051 

Vol.7 Issue 10,  

October 2019 

Pg: -01-27 

 

 

Surya.R 

                     1 

 

SPACE WEATHERING ON MOON 

Surya.R 

Student &amp; Department of Aerospace engineering 

Surya.abroadfly98@gmaail.com 

 

ABSTRACT 

 

Space weathering is the type of weathering which is encountered in the outer space of the harsh 

objects. Thus, the upper space is the one where there is no atmosphere and it is of zero gravity. 

There arises difficult in producing artificial atmosphere and the analysis of human beings. The 

Moon is one of the stars to the earth and to the solar system. As the collision occurs in the 

interstellar space due to the solar energy rays and also from the meteorites and the other micro-

energy particles. Irradiation from the solar wind particles also causes a change in the space 

monitoring of the system. Space weathering is important because it alters the physical and the 

materialistic properties of the planetary bodies. Much of the space weathering reports comes 

from the Apollo program and the first product of space weathering which is recognized in the 

lunar soil is “agglutinates”. They are created with micrometeorites which accounts for about 70% 

of the mature soils. It appears black to the human eye due to the largely present concentrate of 

the neophyte ion. The space weathering has a drastic effect on the wavelengths such as 

ultraviolet, visible and near-infrared wavelength regions. It involves the inclusion of the 

neophyte ions which causes the change in the properties of the ions and alter its form.  The moon 
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can be weathered using the weather mission satellites which gives accurate information about the 

causes and formation of meteorites. 

 

INTRODUCTION’ 

 

Materials exposed to the harsh surface produces a change in both the physical and material 

properties. The impose of the different wavelengths from the sunrays and the breaking of the 

large meteorites into smaller one causes the formation of irregular regolith patterns on the moon 

surface. Soil maturity is the common term which can be used for the weathering purpose. 

Depending upon the degree in which the soil atmosphere has reacted to various circumstances 

the quantity of the soil can be analyzed throughout. It also depends on the measurement of the 

accumulated particles such as solar wind noble gases or cosmic ray tracks. Thus, it can be 

grouped into two categories such as the non-coherence impact from the debris and the other 

smaller particles which are found in the solar system. Secondly, the radiations from the ions of 

the electromagnetic particles emitted from the satellites and the other meteorites. Depending on 

the impact parameter portion of the parameter can be retained and mixed with a host of the 

combined product. Depending upon on the different environments and the other factors space 

weathering is much difficult in predicting for the specific situation. It also depends on the 

location and the surface of the lunar which is exposed to the moon. The land of the lunar cannot 

be analyzed precisely because of the accumulation of the meteorites and the microparticles 

within the moon surface. The earth-based instruments also fail to entail the accurate 

measurements of the lunar surface and it would not be possible to attain the desired results from 

the laboratory experiments. In my research paper, I would imply the way of monitoring the space 

weather on the lunar surface of the moon with the help of the higher emerging technologies and 

guidance materials.  

 



 

 
 

INTERNATIONAL JOURNAL OF RESEARCH IN AERONAUTICAL AND MECHANICAL 

ENGINEERING 

WWW.IJRAME.COM 

ISSN (ONLINE): 2321-3051 

Vol.7 Issue 10,  

October 2019 

Pg: -01-27 

 

 

Surya.R 

                     3 

 

 

 

Figure 1: The above image shows the complex weather process involved in the weathering of the 

airless bodies.  

 

LUNAR SPACE WEATHERING 

 

Space weathering of the moon involves the complex process with the usage of the advanced 

materials and resources. Thus, the composition of the moon is not constant for all over the time 

and it tends to change with the physical interaction and occurrences. The advancement of the 

materials still has not come and it is privileged to occur in the coming years. The deposits of the 

lunar particles on the moon tend to change frequently and it is difficult to deal with the 

observations of the properties of the moon. The optical changes occurring in the moon can be 

due to the neophyte ion in the other word we can say it as agglutinates. In some cases, there are 

multiple rims which are deposited over the other and constitutes for the smaller amount of the 

deposits of the meteorites. Transmission electron microscope (TEM) finally resolved some of the 

lunar deposits into finer particles with the upgraded spectrum of analysis. 
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The detailed consideration is done from the photos taken from the Apollo spacecrafts and the 

other missions. This was undertaken to discover the petrographic, chemical, and optical 

properties on the lunar surface. The values of FEo are considered for soil maturity. The 

observations led by Keller and McKay led that agglomerated particles causes the formation of 

Redding effects and other cases it also leads to darkening of the lunar surface. The size of the 

range is different for the optical sources. “optically active particles” can be spelt to facilitate the 

different size of optical ranges. As the FeO decreases with the increase of the particle size and it 

resides on the surface particles.  

 

 

 

Figure 2: Lunar eclipse which is formed on the surface with various phases. 
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IRRADIATION AND ITS EFFECTS OVER LUNAR METEORITES 

Irradiation is the one in which the object absorbs the radiation. It applies to different terms such 

as the ionizing and non-ionizing radiations. The radiation when absorbed by the electromagnetic 

particles terms to ionizing radiations and the rays from the electromagnetic spectrum such as 

infrared, visible are termed as non-ionizing radiations. The lunar surfaces enclose the wide 

variety of the spectrum which has to be analyzed in a much detailed version with the help of 

sophisticated instruments. Lunar spectral irradiance and radiance (LUSI) is the term which is 

applied for the spectral measurements of the moon for the climate weathering of the earth 

surface. Low uncertainty measurements are both needed to refine the climate models and 

monitor the changes over the decadal periods of time. Thus, the accuracy and range of 

measurements cannot be guided precisely with much of the evolution. The theoretical 

measurements must be converted to the experimental values using the ROLO method for 

verification purposes. It contains the unilluminated portion of the pixels including the coupled 

terms of the ROLO method as discussed. Following formula gives about the lunar irradiance 

over the surface which is entailed with zeta  

 

For both the developmental model and spacecraft conductance the values are corrected to the 

normal standard distance of the Sun-Moon in which the above formula can be rewritten as 
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This has the solar spectral irradiance model which will have some of the uncertainties which can 

be corrected through the reflection of the back and forth of irradiance model. Another way of 

developing the identification is to count the number of rims which is deposited over the crater 

surface. By this, the soil maturity can also be appropriated and the thickness and the density of 

the corresponding soil can be validated. The image source from the TEM has processed the 

image with the three layers one over the other. The first layer corresponds to the vapor layer, and 

second of olivine and the last layer of melt layer. Soil deposits change according to the layer of 

the surface which is exposed to the various kinds of the electromagnetic spectrum. The neophyte 

ions deposits mostly on the melt and vapour layer and the demonstration of the model prove 

above.  

 

Figure 3: The Irradiation of the Moon with the different layers of absorption and deposition of 

the ions is shown. 
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MOON CHARACTERISTICS 

 

The moon is the differentiated structure which consists of crust, mantle and core. It has a small 

rich ion core which is very much small as inner diameter. The crystallization which has occurred 

in the moon has created a mafic mantle and led to the formation of the three different layers such 

as olivine, clinopyroxene and orthopyroxene which is caused by the precipitation of ion particles. 

Thus, about three-quarters of magma has been crystallized and plagioclase is formed on top of 

the crust in the moon. Moon is the second-largest satellite in the solar system which is comprised 

of about 380 kilometres in diameter. The composition of the moon is still not well understood 

but it consists of the two most accumulated regions one of Sulphur and other nickel. 

Observations from the various have conformed that surface is full of the molten state. The 

topography of the moon can be observed with photo ailmetry and stereo image analysis. The 

lunar reconnaissance orbit implies that the moon must be altered within the past billion years and 

led to change in the chemical composition of craters and dust particles. Lunar swirls are caused 

by enigmatic rotating motion over the surface of the moon. They are characterized by high 

albedo that swirls between the regions  
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Lunar surface chemical composition 

Compound Formula Composition 

Maria Highlands 

silica SiO2 45.4% 45.5% 

alumina Al2O3 14.9% 24.0% 

lime CaO 11.8% 15.9% 

iron(II) oxide FeO 14.1% 5.9% 

magnesia MgO 9.2% 7.5% 

titanium dioxide TiO2 3.9% 0.6% 

sodium oxide Na2O 0.6% 0.6% 

  99.9% 100.0% 

 

 

Table 1: The different lunar surface chemical compositions are shown. 

 

ATMOSPHERE 

The moon has the atmosphere that is so tenuous in nature and the composition can include the 

small microtones to the millimetres. The main source for the deposition includes the outgassing 

and the sputtering which are produced in the solar system. The sputtering is caused by the 

emission of the electromagnetic ions from the surface of the sun and other planetary bodies. 
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Although chandrayaan mission detected the presence of the water deposits on the moon and it 

seems to be varied with the latitude angle every day. The absence of regolith particles such as 

carbon, nitrogen, oxygen, and magnesium are not well understood. The moon also consists of 

dust particles which are created from comets. Measurements from LDEX suggested that 

approximated so many particles of dust are deposited from the comets every 24 hours. Thus, it 

rises and falls according to the diameter of the object. The peak of dust particles has also 

occurred during the passing of the daylight and night hours of earth over the equatorial axis. 

 

 

Figure 4: Lunar volcanoes and lava lakes formed on the moon surface. 
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The model has three zones with separate curve fits for the troposphere, the lower stratosphere, 

and the upper stratosphere. The troposphere runs from the surface of the Earth to 11,000 meters. 

In the troposphere, the temperature decreases linearly and the pressure decreases exponentially. 

The rate of temperature decrease is called the lapse rate. For the temperature T and the 

pressure p, the curve of the metric unit fits for the troposphere are: 

T = 15.04 - .00649 * h 

p = 101.29 * [(T + 273.1)/288.08]^5.256 

where the temperature is given in Celsius degrees, the pressure in kilo-Pascals and h is the 

altitude in meters. The lower stratosphere runs from 11,000 meters to 25,000 meters. In the lower 

stratosphere, the temperature is constant and the pressure decreases exponentially. The metric 

units curve fits for the lower stratosphere are: 

T = -56.46 

p = 22.65 * exp (1.73 - .000157 * h) 

The upper stratosphere model is used for altitudes above 25,000 meters. In the upper 

stratosphere, the temperature increases slightly and the pressure decreases exponentially. The 

metric units curve fits for the upper stratosphere are: 

T = -131.21 + .00299 * h 

p = 2.488 * [(T + 273.1)/ 216.6] ^-11.388 

In each zone, the density r is derived from the equation of state. 

r = p / [.2869 * (T + 273.1)] 
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The above formula can be used for the calculation of the boundary layer of the atmospheric 

properties. 

 

WEATHER SATELLITES 

The weather satellites are used for meteorological patterns and observations and they are 

positioned for several hundreds of miles from the view of the earth surface and the other objects 

for observation purposes. They can be employed with advanced electrical barometers for 

observation purposes. Most of the satellites are positioned certain height for measurement 

purposes and to gather data for most of the climatic observations. In this, the weather satellites 

are made for the space weathering on the moon with the following calculations and the other 

design parameters needed for innovation of the satellites.  

 

BAROMETERS 

The barometers are a device used for most of the observation of the weather is used in space 

weathering of the moon. Thus, it consists of the two devices one is aneroid and the other is 

mercury, thus aneroid is almost used in many of the weathering observing stations. Digital 

barometers are also employed for the measurement purposes which involves placing of electrical 

transponders across the satellite. The placing of the transponders in the weather satellite is much 

important for measuring of the climate on the moon. The working of the barometer can be 

explained with the following schematic representation. When the air pressure crosses over there 

is a change of air quantity in the instrument which causes the change in pressure and the needle 

inside the barometer indicates the following pressure change with the help of dial gauge 
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The electrical barometer coupled with pressure transducer can be used for my purposes. The 

needle pointed out with the transducers can be used for measurement purposes. Transducers the 

one which senses the changes of the object and produces the required output for the conditions of 

the environment. The barometer measures the changes in the output and input pressure also 

along with harsh environmental conditions. Mercury barometers are not used in most of the cases 

because of the density involved with them as the density is more it cannot measure the changes 

in pressure and the other things involved with them. An aneroid barometer is best as it involves 

the needle made of beryllium or copper small changes in the outer atmosphere can be sensed 

with the help of this needle and measurements can be made.   

 

 

Figure 5: Schematic representation of aneroid barometer involving the dial gauges. 
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The barometers are designed in such a way that it senses the pressure with the help of the 

electrical transponders and sensors. Advanced pressure sensors and transducers are utilized for 

this purpose as the atmosphere in the moon is much less as compared with earth. During the 

morning time the weather will be much hotter and as the day reaches it will be reaped to minus 

degree Celsius at night.  

 

 The following formula is employed in barometer for calculating the pressure difference for the 

barometer involved in taking measurements of pressure. 

 

Where 

 

(ρ) = density 

(G)= acceleration due to gravity 

(H)= height of the object to be measured. 

 

WEATHER SENSORS 

The weather sensors are the one which measures the pressures and temperatures in space 

which is inaccessible in the earth. This sensor is used only under certain prescribes conditions 

and also in certain degrees of Fahrenheit. The weather sensors play a predominant role in case 

of the space and planetary science and also in astrobiology and astrophysics with the help of 
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pressure sensors and transducers. These weather sensors can be hatched to the remote 

sensing satellite for the purpose of validation of observations from meteorology. The sensors 

are valuable in the segregation of information regarding the satellite location and the 

observation of weather on the moon. Some of the advanced weather sensors had been flown by 

spacecraft with the help of satellites and the other booster rockets. 

 

 

 

Figure 6: Raspberry station pi is installed for the observation of weather on the moon surface. 
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Although Raspberry Pi is as small as the size of a credit card, it works as if a normal computer at 

a relatively low price. it is possible to work as a low-cost server to handle light internal or web 

traffic. Grouping a set of Raspberry Pi to work as a server is more cost-effective than a normal 

server. The above services can be employed for purposeful verification of the meteorological 

observations on the moon. The above hardware must be connected to the raspberry pi based 

operating software for the operation of weather stations. This can be connected to the inbuilt 

BIOS setup software from the weather sensors and transducers then connected to the satellites. 

The above setup must be performed to get the best output across the weather sensing satellite and 

sensors.  With the help of advanced raspberry pi option, it is possible to sense the information 

from the system and then send it to the weather station systems and operations from there the 

control system provide the information about the meteorological observations of the moon. As 

the air in the moon is below the level of the atmosphere than earth the advanced sensors must be 

employed to gather the information relating to weather and the other conditions of harsh 

environment.  

 

{ 

    "external_id": "SF_TEST001", 

    "name": "San Francisco Test Station", 

    "latitude": 37.76, 

    "longitude": -122.43, 

    "altitude": 150 

} 

 

API Response 
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{ 

    "ID": "583436dd9643a9000196b8d6", 

    "updated_at": "2016-11-22T12:15:25.96727176Z", 

    "created_at": "2016-11-22T12:15:25.967271732Z", 

    "user_id": "557066d0ff7a7e3897531d94", 

    "external_id": "SF_TEST001", 

    "name": "San Francisco Test Station", 

    "latitude": 37.76, 

    "longitude": -122.43, 

    "altitude": 150, 

    "source_type": 5 

} 

 

[ 

  { 

    "station_id": "583436dd9643a9000196b8d6", 

    "dt": 1479817340, 

    "temperature": 18.7, 

    "wind_speed": 1.2, 

    "wind_gust": 3.4, 

    "pressure": 1021, 

    "humidity": 87, 

    "rain_1h": 2, 
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    "clouds": [ 

        { 

            "condition": "NSC" 

        } 

    ] 

  } 

] 

 

 

[ 

    { 

        "type": "m", 

        "date": 1480508280, 

        "station_id": "583d7bbbebb3ff000123f1ce", 

        "temp": { 

            "max": 22.7, 

            "min": 21.7, 

            "average": 22.03, 

            "weight": 3 

        }, 

        "humidity": { 

            "average": 76.33, 
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            "weight": 3 

        }, 

        "wind": { 

            "deg": 160, 

            "speed": 3.3 

        }, 

        "pressure": { 

            "min": 1031, 

            "max": 1033, 

            "average": 1031.67, 

            "weight": 3 

        }, 

        "precipitation": {} 

    }, 

    { 

        "type": "m", 

        "date": 1480599660, 

        "station_id": "583d7bbbebb3ff000123f1ce", 

        "temp": { 

            "max": 21.7, 

            "min": 21.7, 

            "average": 21.7, 

            "weight": 1 

        }, 
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        "humidity": { 

            "average": 77, 

            "weight": 1 

        }, 

        "wind": {}, 

        "pressure": { 

            "min": 1031, 

            "max": 1031, 

            "average": 1031, 

            "weight": 1 

        }, 

        "precipitation": {} 

    } 

] 

 

[ 

    { 

        "id": "583436dd9643a9000196b8d6", 

        "created_at": "2016-11-22T12:15:25.967Z", 

        "updated_at": "2016-11-22T12:15:25.967Z", 

        "external_id": "SF_TEST001", 

        "name": "San Francisco Test Station", 

        "longitude": -122.43, 
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        "latitude": 37.76, 

        "altitude": 150, 

        "rank": 0 

    }, 

    { 

        "id": "5834367b9643a9000196b8d5", 

        "created_at": "2016-11-22T12:13:47.135Z", 

        "updated_at": "2016-11-22T12:13:47.135Z", 

        "external_id": "NY_TEST001", 

        "name": "New York Test Station", 

        "longitude":-73.99, 

        "latitude": 40.72, 

        "altitude": 30, 

        "rank": 0 

    } 

] 

 

With the help of above commands in Raspberry pi, the data can be received from the weather 

stations from the moon. These must be encoded with the available sensors and transducers for 

the measurement purposes. 

This method is used to get information about one station with a standard set of attributes: 

external and internal identifiers, creation and update timestamps, name, geographical 

arrangement, height above sea level and station rank.  
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New Moon: During the New Moon phase, the sun is illuminating the "far" side 
of the moon, so the part of the moon that is facing the Earth is not illuminated 
or visible (except during a solar eclipse). 

 

Waxing Crescent: Less than one-half of the moon is visible and the 
illuminated area is increasing. 
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First Quarter: About one-half of the moon is visible and the illuminated area 
is increasing. 

 

Waxing Gibbous: More than half, but less than all of the moon is visible and 
the illuminated area is increasing. 

 

Full Moon: During a full moon, the moon is completely visible. The moon is 
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“full” of illumination. 

 

Waning Gibbous: More than half, but less than all of the moon is visible and 
the illuminated area is decreasing. 

 

Last Quarter: About one half of the moon is visible and the illuminated area is 
decreasing. 
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Waning Crescent: In this phase, less than one half of the moon is visible and 
the illuminated area is decreasing. As the illuminated area of the moon 
disappears, the lunation will repeat and begin again with the New Moon 
phase. 

 

RESULTS AND CONCLUSION 

The sensors system and pressure transducers mentioned above provided the accurate results 

regarding the meteorological observations. It is found that the raspberry pi system involved 

measured the condition of temperature in-terms of degree and Fahrenheit. As the moon 

temperature is under humid conditions it is difficult for us to predict the exact locations of the 

space particles and the other kinds of meteorites. With the help of the weather sensor system, it is 

possible for us to measure the principles of a harsh environment. The satellites can also be 

controlled with the help of advanced weather sensors and systems of operation.  

 

CONCLUSION 

Space weathering is much important to protect our future planet and every individual all over the 

country. Moon weathering is advance when compared to normal weathering of space under the 

earth. In my article with the indulgence of technological sensors and transponders, it is possible 

to measure the conditions in the moon and also, we can study the moon historical convergence 

using the weather reports and observations. 
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