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ABSTRACT 

THE ELECTRIC POTENTIAL OF THE 

LUNAR SURFACE 

by 

MOHAMED ESAM IBRAHIM 

The sunlit lunar surface potential has been determined experi¬ 

mentally using 20 months of data provided by the Apollo Lunar Surface 

Experiment Package (ALSEP) Suprathermal Ion Detector Experiment (SIDE) 

deployed at the Apollo 14 and 15 sites. 

The magnitude of the lunar surface potential was found to vary 

as the moon passes through the different plasma environments, such 

as the solar wind, magnetosheath and the earth's geomagnetic tail, 

in its orbit around the earth. 

In the dayside solar wind and/or the magnetosheath the potential 

is approximately +10 volts for the solar zenith angles less than 40°. 

At higher zenith angles, about 50°, an asymmetry exists where by the 

potential rises to +18 volts in the dawn side, and drops to +17 volts 

in the dusk side. 

In the geomagnetic tail, the data indicate potentials of +10 

volts or greater are common in some regions in the tail. This 

result probably applies to the higher plasma density regions of the 

plasma sheet and boundary layer. 

Computation of the dayside surface potential using recently 

measured values of the magnetosheath parameters and photoelectron 

flux yield approximately +11 volts potential, which agrees with our 

observational results. As a result of the positive potential on the 



dayside of the moon, an electron plasma sheet is formed adjacent 

to the surface to shield the net positive charge on the lunar 

surface. The electric field is calculated to be approximately 

> 1 V/m, directed outward. 
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CHAPTER 1 

INTRODUCTION 

The determination of the electric potential of the lunar surface 

is an important factor in understanding the plasma environment 

adjacent to the lunar surface, and is one of the major scientific 

objectives to he achieved through the Suprathermal Ion Detector 

Experiment (SIDE) Freeman et al. (1970)* 

This thesis is mainly concerned with the determination of the 

sunlit lunar surface electric potential, particularly when the moon 

is inside the earth's magnetosphere. 

1.1 HISTORICAL REVIEW 

In the past decade much theoretical work has been done to esti¬ 

mate the value of the lunar surface electric field and its effect 

on the lunar surface environment. Opik and Singer (i960) were the 

first workers to attempt to estimate the electric potential of the 

dayside of the moon. They concluded that the moon's surface will 

acquire a positive charge as a result of the photoemission of electrons 

from its surface. The positive charge is screened within a region 

above the lunar surface of a height equal to 4 meters. They proposed 

a value ranging from +20 volts to +25 volts for the lunar surface 

potential. Bernstein (1963) estimated that the solar wind electron 

flux may exceed the photoelectron flux resulting in a neutral or 

negative surface potential and less effective ejection of ions from 

the lunar atmosphere. Hefner (1965) neglected the electron emission 

and the solar wind protons, and correctly ascribed the dominant 

current to photoelectrons and charged particles frcm the solar wind. 
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By assuming that the vertical incident solar photon flux to he 

~ 2 x 1014 phot ons/crr^-sec and the photoelectron yield function 

of the surface material Y(hv) to he equal 10 3, Y(hv) is defined as 

the number of photoelectrons that will he emitted hy an incident 

photon of energy hv. He calculated the surface potential to he 

~ +18 volts. 

Grohman and Blank (l969)> using collisionless prohe theory, 

calculated the potential as a function of position over a portion 

of the sunlit side of the moon due to photoemission while the moon 

is in the solar wind. Their result ranges from approximately +10 

volts down to practically zero depending on the assumed values 

for the photoelectric electron yield function and the work function 

of the lunar surface material. The work function is defined as the 

part of the photon energy that causes the electron to pass through 

the surface. Manka (1973) has calculated the electric potential 

as function of local position on the lunar surface based on current 

balance using unspecified values for the photoelectric yield function. 

He derives the potential at the suhsolar point of near +10 volts. 

When the moon in the solar wind, the potential is found to he 

about -30 volts at the terminator and attains larger negative values 

on the dark side, where the effect of secondary emission was con¬ 

sidered. In the high latitude tail, a potential of about +17 volts 

was calculated hy taking the photoelectron spectrum as quasi-Max- 

wellian. Wàlbridge (1973) developed a theoretical model of the 

lunar photoelectron layer hy dividing the photon flux from the sun 

into 3 energy ranges, and using the following approximations: 
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a) The photoemission rate is much greater than the rate of 

electron accretion from the solar wind. 

t>) The electrons returning to the lunar surface do not give 

rise to secondary electron emission and the solar wind protons do 

not cause electrons to he ejected from the lunar surface. 

c) The photoelectrons were all taken to he emitted at the 

same energy (2 eV). 

d) Photoelectron emission from the lunar surface was taken 

to he isotropic over the upwards 2 TT steradians, and the total flux 

of the emitted photoelectrons is 3 x 1011 cm”2sec and the quantum 

yield Y (hv) was taken to he 10 x. 

He pointed out that there is a dense photoelectron blanket 

confined to the first few centimeters above the moon's surface and 

the photoelectron layer extends to a height of about 20 meters. 

The potential has been calculated as a function of the photoelectron 

layer's height and was found to he about +3*5 volts or greater for 

the dayside of the moon. 

Since all of these theories depend explicitly, on the photo¬ 

electric yield function and the work function of the surface, 

Feuerhacher et al. (1972) undertook to make measurements of these 

functions on actual lunar soil materials. Their results indicated 

.07 for the photoelectron yield function and 5 eV for the work 

function. Reasoner and Burke (1972) have measured a potential as 

high as +200 volts during the moon's passage through the near vacuum 

area of the earth's geomagnetic tail. These measurements were provided 

by the Charged Particle Lunar Environment Experiment (CPLEE) placed 
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on the lunar surface during the Apollo 14 mission. It is important 

to note here that the measured high energy tail (> 40 eV) of the 

spectrum obeys a power law rather than a Maxwellian, this tends to 

increase the potential calculated by Mahka (1972). From these data, 

which were taken when the moon was in the geomagnetic tail, they were 

able to estimate the work function and the photoelectric yield (see 

Table l.l). Freeman et al. (1973) discussed experimental evidence 

for a sunlit lunar surface electric field in the magnetosheath and 

solar wind of about +10 volts. This evidence comes from the analysis 

of the energy spectra of lunar ionosphere thermal ions accelerated 

toward the moon by an artificial field. It will be discussed in more 

detail in Chapter III. The data are provided by SIDE'S deployed 

at the Apollo 14 and 15 sites. Knott (1973) has pointed out that 

energetic electrons found in the plasma sheet can be expected to drive 

the night side of the Moon to several kilovolts negative on occasions. 

More recently, Freeman and Ibrahim (1974) reported that the surface 

potential could be as low as +10 volts when the moon passes through 

the earth's geomagnetic tail under certain conditions. Tail potentials 

are summarized in Table 1.2. 

1.2 CHARACTERISTICS OF THE PLASMA REGIMES AT’ THE LUNAR ORBIT 

Since the dayside surface potential may be affected by the 

different plasma environment the moon encounters in its orbit. 

Therefore, a brief review of the observed properties of these 

environments is presented. 
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a) The Solar Wind 

The solar wind is a tenuous, fully ionized plasma trans¬ 

ported into interplanetary space by the expansion of the solar 

corona. Since this plasma flows with a speed much greater than 

the Alfvén speed it is supersonic. The typical parameters for the 

solar wind are summarized in Table 1.3. 

The solar wind interacts with the earth's geomagnetic field 

(approximately dipolar) to form a geomagnetic cavity which confines 

the terrestrial environment from the interplanetary environment. 

It is known as the "magnetosphere". 

From gas-dynamic theory, a shock stands out from a blunt 

body receiving supersonic gas flow. The magnetosphere appears as an 

obstacle to the supersonic solar wind. As a result a detached shock, 

known as "bow shock", is formed 3 to 4 Rg upstream of the magneto¬ 

pause at the subsolar point. There the solar wind is heated, slowed 

down and altered in flow direction so as to flow around the earth 

and its magnetic field. The shock front is several 10's of km 

thick and has a waving motion with an average velocity of approximately 

8 to 10 km/sec. 

Due to the infinite conductivity in the solar wind plasma, 

the sun's magnetic field lines are carried by the solar wind and are 

directed, on the average, toward or away from the earth at 45* west 

of the earth-sun line in the equatorial plane at the earth's orbit 

Wilcox (1968). Figure (l.l) shows the direction of the field line. 
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TABLE 1.3 

OBSERVED PROPERTIES OF THE QUIET SOLAR WIND 

(Hundhausen, 1970) 

Bulk flow velocity 

number density 

proton temperature 

proton thermal anisotropy ratio 

electron temperature 

magnetic field strength 

proton flux 

kinetic energy flux 

kinetic energy density 

proton thermal energy density 

electron thermal energy density 

magnetic field energy density 

320 km/sec 

8 cm 3 

4 x 104* K 

2 

1 to 1.5 x 105* K 

5 v 

2.4 x 10s anT^sec 

.22 erg crn^sec 1 

7 x 10 9 erg cm 3 

6 x 10 11 erg cm 3 

1.5 x 10 10 erg cm 

10 10 erg cm 3 
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t>) The Magnetosheath 

The magnetosheath is a region of solar wind plasma that 

has passed through the earth's how shock and been confined between 

the boundary of the magnetosphere, the magnetopause, and the bow 

shock. Wolfe and McKibben (1968) summarized the typical magnetosheath 

characteristics recorded by Pioneer 6, as shown in Figure (l.2). 

The temperature decreases across the sheath and there is a general 

trend of velocity and density to increase going outward across the 

sheath from the magnetopause to the bow shock, Wolfe (1968). The 

magnetosheath plasma energy spectra may be differentiated from that 

of the solar wind by the following characteristics: 

i. The peak energy or velocity is somewhat lower than 

in the solar wind. 

ii. The temperature is increased, i.e., the spectrum is 

wider or random motion has increased with respect to the bulk flow. 

iii. The spectrum is non-Maxwellian because of an enhance¬ 

ment of high energy particles, which may be either a high energy 

tail over all energies or a secondary peak at high energies. 

More details of the plasma properties of this region near 

the lunar orbit are discussed by Fenner (1971> 197*0 and Moore 

(197*0- 



Figure (l.l) The typical configuration of the magnetic field 

lines in the interplanetary medium and in the 

magnetosphere (Benson 197*0- 

Figure (l.2) The magnetic field, ion velocity, ion density, 

compents of ion flow direction and electron 

temperature, shown as a function of time in UT for 

Pioneer 6 magnetosheath traversal of 16 December 

1965 (after Wolfe and McKibbin, 1968). 



Figure 1.1 
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c) Geomagnetic Tail 

The geomagnetic tail is the extension of the geomagnetic 

field in the anti-sunward side of the earth. Dessler (1964) predicted 

that the magnetospheric tail should extend several AU behind the 

earth, being kept inflated by the pressure from hydromagnetic waves. 

Recent observations showed that the magnetotail has been observed 

at 500 to 1000 Rg Intrilligator et al. (1969> 1972) Ness et al. (1967)» 

The tail has roughly a cylindrical shape divided along the equator 

by the "neutral sheet". This neutral sheet separates the field lines 

pointed toward the sun in the southern half (or lobe) and connected 

to the earth around the northern magnetic pole from the lines pointed 

away from the sun in the southern lobe and connected to the earth 

around the southern magnetic pole, as shown in Figure (1.3). Plasma 

along the neutral sheet provides the pressure required to maintain 

balance in the absence of magnetic field pressure. In the tail 

there are two particle regimes, which have a direct connection to our 

work. Their properties are described below. 

The Boundary Layer. It is a new plasma regime and has been ob¬ 

served by Vella satellite at 18 earth radii. Akasofu (1973) has 

called this region a "boundary layer" since it is located between 

the magnetotail and the magnetosheath. It flows in the anti-sunward 

direction, and contains plasma with number density less than that of 

the magnetosheath. However, the boundary layer particle density is 

much higher than that in the plasma sheet. The plasma temperature 

in the boundary layer is comparable to that in the magnetosheath and 

much lower than that in the plasma sheet. 



Figure (1.3) View of the magnetosphere of the earth, noon- 

midnight meridian plane (after Ness, 1965). 
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Recently, at a lunar distance SIDE has observed events similar 

to those observed by Vella satellites and reported by Hardy (197*0» 

The characteristics of these events can be summarized as follows: 

The number density ranges from .1 and 5/cm3, temperature from .4 to 

5 x 105* K, the integral flux from .1 to 9 x 107 ions/crcP-sec-ster, 

and bulk velocity from 100-250 km/sec. 

The Plasma Sheet. It is defined observâtionally as a persistent 

region, residing about 3-6 Rg on both sides of the neutral sheet and 

across the tail from the dawn to the dusk magnetopause. The plasma 

sheet electrons are characterized by a quasi-thermal energy spectrum, 

with mean energy on the order 1 keV and with a spectral intensity 

~ 107 - 109 electrons/cnF-sec-ster-keV which correspond to an electron 

current range of 2 x 10 11 - 2 x 10 10 amp/cm2. Plasma sheet protons 

also appear quasi-thermal but with a mean energy of order 1-5 keV 

and intensity roughly two order of magnitude less than that of the 

electrons. These fluxes give a number density for electrons and 

protons in the range of 0.1-l/cm3, and electron and ion temperatures 

typically Tg = 7 x 10
6* K and Tp = 3 x 10

7* K. 

1.3 PHYSICAL NATURE OF THE CHARGING PROCESS 

Mechanisms of charge acquisition can be classified as charge 

collection or charge emission. The Moon is subjected to both of 

these processes and will acquire either a positive or a negative 

charge according to which process exceeds the other on its surface. 
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During the lunar day, the sun's ultra violet radiation, with 

photon energy greater than the work function of the lunar material, 

strike the lunar surface and liberate photoelectrons and charge the 

Moon positively. Unless there is another source to provide a compen¬ 

sating electron current to the Moon to balance the lost photoelectric 

current, some electrons will still escape, and the potential will 

further increase. The sun again provides the incoming compensating 

current through the solar wind. This current will be the most important 

source of the collection process of electrons and ions on the lunar 

surface. 

Another emission process due to impacting the lunar surface by 

the solar wind particles is the secondary electron emission. This 

source had previously been assumed negligible for low energies solar 

wind electrons (< 10 eV), protons (~ keV) by Grobman and Blank (1969) 

and Brandt (197O). However, recent measurements by (CPEEE) showed 

that there are incident electrons in the energy range from 300 eV 

to several keV> during the Moon's passage through the magnetosphere 

Reasoner and Burke (1972). These high energy electrons will give rise 

to secondary electron emission at the lunar surface which in turn 

could effect the lunar surface charge and potential, particularly 

along the Moon's terminator and the dark side where the surface charge 

and potential are not dominated by the photoemission process. 

There are several charging mechanisms that may be neglected 

except, possibly, in special circumstances. These include cosmic 

rays, thermal emission and emission of alpha or beta particles from 

radioactive materials in the Moon. Also, the rate of ion production 
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through outgassing, charge exchange with the solar wind and photoioniza¬ 

tion is too low to he significant comparable to t hat from the solar 

wind. 

1.4 RESEARCH OBJECTIVES 

The three "SIDE" instruments deployed at the Apollo 12, l4, and 

15 sites observed the energy spectra of the lunar ionospheric thermal 

ions accelerated towards the moon by an artificial electric field. 

To understand the lunar ionosphere, the various fields which might 

influence the ambient lunar particles should be known. One of these 

fields is the electrostatic lunar surface field. The objectives of 

this work are: 

a) to determine the electrostatic lunar surface potential at 

the different plasma environments the moon encounters in its orbit; 

b) to relate the detected variations of the lunar surface 

potential with the existing plasma environments conditions; and 

c) to obtain better understanding of the mechanisms producing 

the electrostatic lunar surface field. 
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CHAPTER 2 

THE EXPERIMENT 

The Suprathermal Ion Detector Experiment (SIDE) is an ion spectro¬ 

meter deployed directly on the lunar surface. It is also called the 

Lunar Ionosphere Detector. It is a small package 9*1 kg in weight 

which stands 45 cm high on the lunar surface (Figure 2.l). It is 

designed to measure ions within an energy range that includes both 

thermal energies (from 0.2 eV/q) and solar wind energies (up to 

3500 eV/q). 

2.1 INSTRUMENT DESIGN 

The SIDE consists of two positive ion detectors. The first of 

these, the total ion detector (TID), is a curved plate analyzer 

referred to as the High Energy Curved Plate Analyzer (HECPA). 

It is composed of two parallel cylindrical plates 127° 17' of arc, 

4.25 cm and 3*75 cm in radius respectively, and connected to a 

voltage stepping supply. It is designed to pass energies per unit 

charge ranging from 3*5 keV/q to 10 eV/q. Assuming the radius of 

curvature of the center line between the plates is r, the separation 

between the plates is d and the potential of the external cylindrical 

plates (radius = r + d/2) with respect to the internal plate is Vo. 

A particle of mass m and charge q travelling along the center line 

between the plates will successfully exit through the slit at the 

end of the travelling path if its centrifugal force exactly balances 

the electrical force of the field of the plate, (i.e.): 



Figure (2.l) Apollo 12 and 14 SIDES deployed on the lunar 

surface. Apollo 15 SIDE is shown in the 

laboratory. 
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m v2 

r = q. 
v o 

r Xn( 
2r_+_d\ 
2r - d; 

(2.1) 

from which 

E 
q. 2 jta( 

2r + d\ 
2r - d^ 

(2.2) 

So by varying VQ we can discriminate energies per - unit - charge. 

The plate voltages step down from 875 V in 20 steps (called 20 SIDE 

frames). The corresponding energy per unit charge discrimination 

are centered on: 5500, 325O, 3000, 275O, 25OO, 2250, I75O, 15OO, 

1250, 1000, 75O, 500, 25O, 100, 70, 50, 30, 20, and 10 (eV/q). 

The second detector, the mass analyzer (MA), is also a curved 

plate analyzer, known as the Low Energy Curved Plate Analyzer (EEPCA), 

and is connected by a crossed electric and magnetic-field (or Wein) 

velocity filter that selects the incoming particle velocity before 

it is energy analyzed in the curved plates. The electric field is 

generated by two parallel plates 0.8 cm apart supplied by stepping 

voltages. A magnetic field of 85O + 10 gauss is created by a permanent 

magnet conveniently located (Figure 2.2). The selection of both 

the velocity and energy per unit charge of particles arriving at the 

collector is a mass - per - unit - charge selection. 

2E m 
q. V2 q 

(2.3) 
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Upon varying the voltage of the velocity filter parallel plates a 

mass - per - unit - charge spectrum is obtained at 6 energy steps 

between 48.6 and 0.2 eV/q. 

• The ions surviving the previous stage, pass to counting devices 

known as channel electron - multipliers, and are placed at the end 

of each of the curved plate analyzer. Both input ends of the channel 

electron - multiplier are held at -3.5 kV, as a post-acceleration 

voltage to enhance the collection efficiency and thus the sensitivity 

of the instrument. Figure (2.3) shows a schematic arrangement of 

the various components of the instrument. 

A special feature of the SIDE is a wire ground screen made of 

conducting material, in contact with the lunar surface. This screen, 

is connected to one terminal of a third stepped voltage supply the 

other side of which is connected to a grid above the entrance apera- 

ture of the detector, and the other terminal to the internal ground 

of the detector (Figure 2.%). The stepping voltage supply estab¬ 

lishes a voltage difference of 0^ between the ground plane screen 

and the grid at the top of the instrument. As a result, an ion just 

above the entrance sees a potential equal 0Q + 0^, where 0Q is the 

lunar surface potential. The detailed discussion about determining 

the lunar surface potential using this principle is presented in 

Chapter III. The stepping voltage varies from 0 to 27*7 and from 

0 to -27.7 volts in 24 steps. Each step is advanced only after a 

complete energy and mass scan of the mass analyzer (i.e.) after a 

complete SIDE cycle, in 2-577 minutes. To complete one cycle requires 

6l.2 minutes. 



Figure (2.2) A cutaway drawing showing the internal configuration 

of SIDE (after Freeman et al., 1970)* 

Figure (2.3) Schematic diagram of the SIDE in the plane of the 

ion trajectories (Hills et al., 197l)• 
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2.2 CALIBRATION 

The instrument records a counting rate per SIDE frame. This can 

"be converted to a particle flux j(E) by knowing the geometric factor. 

This geometric factor for a particle of energy E can he determined in 

the laboratory, and is defined as: 

where 

A(E) is the effective area of the detector for particles 

of energy E (in cup), Q(E) is the solid angle subtended 

by A(E) for particles of energy E (in steradians), 

and 

§(E) is the channeltron efficiency for particles of 

energy E (in units of counts/particleO. 

Therefore, the counting rate R at energy E may be expressed as follows: 

Assuming that the energy is unchangeable over the energy bandwidth 

of the detector, 

G (E) = A (E) Q (E) 5 (E) (2.4) 

R (2.5) 

R = j(E) JG(E) dE 

= J(E) GQ 

(2.6) 



Figure (2.4) a External view of SIDE as deployed on the lunar 

surface (after Freeman et al., 1969). 

h Schematic diagram showing the ground plane and 

top wire grid. The ground plane is tied to the 

aperature grid through a stepping voltage supply 

to produce a voltage (after Fenner et al., 

1975)• 
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where 

GQ = JG(E) dE (cfflF ster eV) 

and the limit of integration is carried out over the energy bandwidth. 

The average value of the geometric value was determined by using the 

calibration data to be: 

G 8 x 10 5 (cn^ ster) 

The energy pass band has alèo been determined in the laboratory to be: 

&E =“ 8.4$ E 

which can be used for all energy channels. 

Therefore the differential flux j(E) at energy E can be estimated 

by: 

j(E) ~ Q-f-j; (cm"2 sec-1 ster"1 eV"1) (2.j) 

Each SIDE was calibrated at Rice University laboratory and the 

results of the calibration for the TID (which is mainly used in this 

thesis) is shown in Table 2.1. For more details about the calibration 

techniques for both TID and MA., see Lindeman (1973)- 
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2.5 DEPLOYMENT 

The Suprathermal Ion Detector Experiment (SIDE) was deployed 

on the Moon hy the astronauts of three Apollo missions, as a part of 

the Apollo Lunar Surface Experiments Package (ALSEP). 

The Apollo 12 mission took place in November, L969, resulting 

in the placement of the Apollo 12 SIDE in Oceanus Procelarum (Sea 

of Storms) region of the Moon at 23.4* W Longitude and 3.2* S Latitude 

The Apollo 14 SIDE was deployed in the Fra Mauro formation at 

17.4* W Longitude and 3*6° S Latitude. Apollo's 12 and 14 are approxi 

mately 138 km away from each other. 

The Apollo 15 SIDE is located at the Hadley-Apennine region of 

the Moon at 3•6*E and 26.1* N Latitude. It is approximately 1100 km 

away from 12 and 14 sites. 

The positions of the three landing sites on the lunar surface 

and their seleonographic coordinates are shown in Figure 2.5. 

At the time of deployment, the vertical axes of the Apollo 12 

and 14 SIDE'S were aligned with the local vertical to within a 5° 

accuracy. A bubble leveling device attached to the top of the instru¬ 

ment was used, so that the look direction of the detector is approxi¬ 

mately in the ecliptic plane. The Apollo 15 instrument was equipped 

with an extra adjustable leg that allowed compensation for the high 

latitude deployment so that its detector look direction is also 

approximately in the plane of the ecliptic, as shown in Figure 2.6a. 

Each instrument is built with its detector at a 15* from the local 

vertical of the instrument. The look direction of Apollo 12 detector 



TABLE 2.1 

APOLLO l4 TID CALIBRATION RESULTS 

(Lindeman, 1973) 

Nominal Energy Peak Response 
(eV/z) (eV/z) 

Æ(FWHM) 
(eV/z) 

G 
(10 5 em2ster) 

10 7 1.4 3.6 

20 17 1 5.0 

30 30 2 6.8 

50 45 3 3-2 

70 69 6 15.0 

100 96 6 13.O 

250 245 24 7.7 
500 525 30 6.5 

750 730 30 3-3 

1000 1000 102 9-2 

1250 1200 50 4.5 

1500 1450 76 3.2 

1750 1750 140 9.0 

2000 2025 230 4.7 

2250 2250 180 7.9 

2500 2500 190 9.8 

2750 2700 250 3-3 

3000 2950 320 9-9 

3250 3250 330 8.8 

3500 3525 300 7-1 
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is 15* due west, while the detector of Apollo 14 is in opposite orienta¬ 

tion and looks 15* due east. Since the Apollo 14 instrument is 6* 

away in longitude from Apollo 12 instrument, a total of 36° difference 

in the look directions of the Apollo 12 and Apollo 14 detectors. The 

Apollo 15 instrument has its detector look direction at the same 

orientation as that of the Apollo 14 instmiment at 15° due east. So 

the difference in their look angle is just the 20* due to longitude 

(see Figure 2.6b). The field of view of each detector is roughly 

a square solid angle, 6* on a side. 



Figure (2.5) The location of Apollo 12, l4,and 15 on the 

lunar surface and their seleonographic coordinates. 
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Figure (2.6) a Shows the latitude configuration of Apollo's 

14 and 15 SIDEs. Apollo 12 SIDE is approximately- 

represented hy the drawing for Apollo 14 SIDE. 

b Shows the longitude configuration of Apollo's 

12, 14, and 15 SIDEs. 
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CHAPTER 3 

RESULTS 

In this chapter, the experimental technique used in the determina¬ 

tion of the electric potential of the sunlit side of the Moon is 

explained. Also, the observations are reported and discussed for the 

three plasma regimes: the solar wind, the magnetosheath and the geo¬ 

magnetic tail, the Moon encounters in its orbit. 

3-1 EXPERIMENTAL TECHNIQUE 

As was mentioned in Chapter 2, the SIDE makes direct contact 

with the lunar soil at several points through its ground plane grid. 

This contact has been shown in the close up photographs taken by 

the astronauts of the Apollo 14 and 15 missions at the time of deploy¬ 

ment. As a result of these photographs, a good electrical contact 

between the SIEE and the lunar surface is assumed. The potential of 

the ground plane grid is stepped through 24 voltages with respect to 

the wire grid on the top of the instrument which is at instrument 

ground. 

With the features of the SIDE explained above and the expected 

positive potential of the dayside of the Moon the instrument functions 

as follows: 

a) When the ground plane stepper voltage is substantially 

positive (for example + 27 volts), and the surface potential is 

positive (for example + 10 volts), a negative potential difference 

(-17 volts) will be produced on the top of the instrument. 
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This potential will accelerate thermal ions into the instrument 

such that the energy of these accelerated ions is equal to the ab¬ 

solute difference between the lunar surface potential and the 

voltage on the grid (17 eV). These accelerated ions will appear in 

their corresponding energy channel as a relatively higher flux with 

a specific stepper voltage. 

b) If the ground stepper voltage is positive and exactly 

equals in magnitude the positive lunar surface potential, there will 

be no accelerating potential. The ion flux will not show any enhance¬ 

ment . 

c) For zero or negative volts across the stepping supply and 

a positive surface potential (+ 10 volts), the ions will be repelled 

by the positive potential established on the entrace aperture. The 

instrument would not detect any of these ions. 

These detected ions are assumed to be produced by photoioniza¬ 

tion and solar wind charge exchange of thermal ions in the ambient 

lunar atmosphere. 

According to the foregoing discussion, the ion energy, E, detected 

by the SIDE can simply be expressed by 

E = Ei - (0Q + 0T)q (3.1) 

where E^ is the initial ion energy; 

is the lunar surface potential; 

0^ is the potential of the top wire grid of SIDE relative to 

the ground plane and hence to the lunar surface, and 

q. is the ion charge (assumed to be + l). 
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For these detected thermal ions, it can he assumed that 

<l|0o 
+ 0

T! 
>5> Ei 

accordingly equation (3*l) becomes 

E a: -q(0Q + 0T) (3.2) 

By knowing the ground plane stepper voltage and the accelerated 

ion's energy for that specific voltage, the surface potential can 

he determined from equation (3.2). If the initial energy of the 

ions is not negligible then the potential measured by the SIEE 

is a lower limit. 

Tables (3-l) and (3*2) show the expected observable values of 

0Qq for the differential energy channels E, and stepper voltages 

0^, of the Apollo 14 and 15 SIDE'S respectively, derived from equation 

(3.2). 

3.2 OBSERVATIONS 

The dayside data from 20 lunations (from October, 1971 till 

July 1973) have been analyzed. The data are provided by the Apollo 

14 and Apollo 15 SIDE'S. The data from Apollo 12 SIDE are not used 

in this work because of the sporadic coverage and high background 

for this instrument during the daytime. 
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TABLE 3.1 

APOLLO 14 SIDE - EXPECTED OBSERVABLE VALUES OF (0 q) 

E 
0T (volts) TOTAL ION DETECTOR 

Energy Channels 

7 eV/q IT eV/q 

- 0.6 - 6.4 -16.4 

-1.2 - 5.8 -15.8 

-1.8 - 5*2 -15.2 

- 2.4 - 4.6 -14.6 

- 3-6 - 3.4 -13.4 

- 5-4 - 1.6 -11.6 

- 7-8 +' 0.8 - 9.2 

-10.2 + 3.2 - 6.8 

-I6.2 + 9.2* - 0.8 

-I9.8 +12.8* + 2.8 

-27.6 +20.6 +10.6* 

0.0 - 7-0 -17.O 

+ 0.6 - 7.6 -17.6 

+ 1.2 - 8.2 -18.2 

+ 1.8 - 8.8 -18.8 

+ 2.4 - 9.4 -19.4 

+ 3.6 -10.6 -20.6 

+ 5.4 -12.4 -22.4 

+ 7.8 -14.8 -24.8 

+10.2 -17.2 -27.2 

+16.2 -23.2 -33.2 

+19.8 -26.8 -36.8 

+27.6 -34.6 -44.6 

* = Values Observed by SIDE 
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TABLE 3.2 

APOLLO 15 SIDE - EXPECTED OBSERVABLE VALUES OF (0Qq) 

E 
0T (volts) TOTAL ION DETECTOR 

Energy Channels 

10 eV/q 20 eV/q. 

- 0.6 - 9.4 -19.4 

-1.2 - 8.8 -18.8 

-1.8 - 8.2 -18.2 

- 2.4 - 7.6 -17.60 

- 3*6 - 6.4 -16.40 

- 5.4 - 4.6 -14.6 

- 7.8 - 2.2 -12.20 

-10.2 + 0.2 - 9.8 

-16.2 + 6.2* - 3.8 

-19.8 + 9-8* - 0.2 

-27.6 +17.6* + 7-6* 

0.0 -10.0 -20.0 

+ 0.6 -10.6 -20.6 

+ 1.8 -11.8 -21.8 

+ 2.4 -12.4 -22.4 

+ 3.6 -13.6 -23.6 

+ 5.4 -15.4 -25.4 

+ 7.8 -17.8 -27.8 

+10.2 -20.2 -3O.2 

+16.2 -26.2 -36.2 

+19.8 -29.8 -39.8 

+27.6 -37.6 -47.6 

* = Values Observed by SIDE 
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The data analyzed from "both the Apollo l4 and 15 SIDE'S show unique 

feature of frequent appearances of an enhanced flux in the low energy 

channels when a specific ground plane stepper voltages applied. 

Further this enhanced flux is observed to recur each time certain 

stepper voltages are used. This recurrence phenomenon will he referred 

to as a "resonance” and has been observed while the Moon is in the 

solar wind, the geomagnetic tail and the magnetosheath. It is these 

resonance which have been used to determine the surface potential. 

Our results can be reported as follows: 

a) In The Solar Wind 

While the Moon is in the solar wind region, the SIDE detects 

three different values for the lunar surface potential. 

i. An approximately + 10 volt surface potential is ob¬ 

served for solar zenith angles of less than 40*. This value is detected 

by both the Apollo 14 and 15 SIDE'S for all of the 20 lunations scanned. 

Figure (3.1) shows a correlation between the TID count 

rates from two low energy channels and specific ground stepper voltages. 

A set of data from the Apollo 14 SIDE for two successive time intervals 

has been used. A significant increase in the counting rate is observed 

for the 7 eV/q channel at a ground plane voltage of -16.2 volts and 

for the 17 eV/q channel at a ground plane voltage of -27*6 volts. 

Using equation (3.2) the magnitude of the surface 

potential, 0Q, is calculated to be approximately+10 volts. The 

same potential (+10 volts) has been detected by the Apollo 15 SIDE. 



Figure (3»l) Typical ground plane stepper resonances seen by 

Apollo 14 in the lunar afternoon while the Moon 

is in the solar wind. The time shown is the start 

time of the interval. Each interval is approximately 

three hours long. The potential is determined to 

be approximately +10 volts. 
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ii. At higher zenith angles (43° + l), the Apollo 14 

SIDE data indicate an enhancement in the count rate for the 7 eV/Q 

energy channel at a ground plane stepper voltage of -19.8 volts (see 

Figure (3*3)) • This resonance yields a +13 volts surface potential 

when equation (3*2) is solved. This potential has been only detected 

by the Apollo 14 SIDE. The reason for that can be explained by the 

fact that the Apollo 14 SIDE'S lowest energy channel is 7 ev/q which 

can indicate the approximately +13 volt potential (see Table 3*l)* 

However, the lowest energy channel of Apollo 15 SIDE is 10 eV/q and 

Table (3*l) shows that a +13 volts is not detectable. 

The +13 volt potential has been observed exclusively 

in the dawn side. The reason for that will be discussed in more 

detail in Chapter IV. 

iii. At much higher zenith angles (~ 55°)> a potential 

of +7*6 volts has been detected only by the Apollo 15 SIDE. The 

Apollo 14 SIDE cannot detect that value of a positive lunar surface 

potential for the same reason mentioned above (see Table 3*1)* 

Figure (3-3) shows an example of the ground plane stepper resonance 

seen by the Apollo 15 SIDE which gives a potential of approximately 

+7 volts. 



Figures (3*2) The SIDE total ion detector count rates in 7 eV/q 

and (30) and 20 eV/q energy channels respectively vs the 

ground plane stepper voltages. The surface potentials 

are determined to be approximately 13 volts and 7 

volts. 
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Another way of showing the resonance is demonstrated in Figure 

(3-4). One sees that the 20 minute averages of the counting rates 

in the 10 and 20 eV energy channels are enhanced for the period the 

Moon passed from the dawn side of the magnetosheath into the solar 

wind. 

An interesting result discussed hy Freeman et al. (1973) is that 

an increase in the solar wind flux enhances the resonant ion flux 

observed by SIDE. This result has been found to be true for all the 

lunations studied. It should be pointed out that the magnitude of 

the surface potential did not change with the increase in the solar 

wind flux. This may indicate that the sunlight is the major factor 

controlling the magnitude of the dayside potential for that range of 

zenith angles. 

b) In The Magnetosheath 

( l) The Dawn (Outbound) Magnetosheath 

By applying the same resonance technique, while the 

Moon is in the magnetosheath, the surface potential could be determined. 

Figure (3*5) demonstrates the typical resonance observed by the Apollo 

15 SIDE in the dawn magnetosheath. One notices the higher counting 

rate for the 10 eV energy channel at a stepper voltage of -19*8 volts. 

Again, by solving equation (3*2) for this example approximately +10 

volts potential can be calculated. This value of the surface potential 

has been calculated by the Apollo 15 SIDE for solar zenith angles 

less than 40° and for the Apollo 14 SIDE for solar zenith angles 

less than 30° • This difference in the ranges of zenith angles covered 

by the Apollo 14 and 15 SIDE’S can be explained in terms of the 20° 



Figure (3-4) Twenty minutes averages of the counting rates in 

the SIDE total ion detector vs time. Time increases 

along the Y axis such that the vertical log count 

scales are 24 hours apart. The differential energy 

channels are as follows: 10, 20, J>0, 50, TO, 100, 

and 250> then increasing by 25O up to 3500 ev/q. 

The location of the resonance is shown. 

Figure (3.5) The ground plane stepper resonances observed by the 

Apollo 15 SIDE, approximately +10 volts surface 

potential is determined. 
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difference in longitude of their locations on the Moon. Figure (3.6) 

shows the locations of the Apollo 14 and 15 SIDE'S in the Moon's 

orhit projected onto the plane of the ecliptic. At local noon 

(0° zenith angle) at the Apollo 14 site, the Moon is close to the 

magnetopause and will pass the dawn magnetosheath when the SIDE is in 

a range of zenith angles approximately between 5° - 35°. On the 

other hand Apollo 15's noon occurs approximately in the middle of the 

tail and the Moon will pass the dawn magnetosheath in a range of 

zenith angles approximately between 20* to 50° • 

At higher zenith angles, about 50°> the Apollo 15 

SIDE has detected a higher value for the surface potential. The 

resonance has been observed in the lowest energy channel of the 

Apollo 15 SIDE'S TID at a stepper voltage of -2J.J volts as shown 

in Figure (3*7)• An approximately +18 volts can be calculated from 

equation (3.2). This value has been observed near the bow shock 

region only during 7 lunations differing from the +10 volts which has 

been detected near the middle of the dawn magnetosheath in all the 

lunations. This may indicate the dependence of the magnitude of the 

surface potential on an external factor near the bow shock which is 

variable from one lunation to another. 

The Apollo 14 SIDE does not detect the +18 volts at 

all for the same range of solar zenith angles (~ 50°). The reason 

for that can be explained by the fact that the +18 volts is not in 

the range of detectability of the Apollo 14 SIDE (see Table 3*l)• 

Since Apollo 14 SIDE can detect a surface potential as high as +20.6 



Figure (3-6) The look directions of the three detectors for 

various locations in the lunar orbit. 

Figure (3 «7) The counting rates in the 10 eV/q. and 20 eV/q 

energy channels of the TID vs the ground stepper 

voltage for the period when the Moon was in the 

dawn magnetosheath 
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volts (see Table 3*l)* It can "be concluded that the surface potential 

near the zenith angles 50°> could be either less than +20.6 volts or 

some value beyond the limit of detectability of the Apollo 14 and 

15 SIDE'S. 

(2) The Dusk (inbound) Magnetosheath 
I 

In this side of the magnetosheath a low value surface 

potential has been detected by the SIDE. It is the only detected 

value in the dusk side of the magnetosheath and has been observed 

exclusively by the Apollo 15 SIDE. 

Figure (3-8) demonstrates the higher counting rate in 

the 20 ev/q channel at a stepper voltage of -27*7 volts. A surface 

potential of J.6 volts can be calculated in this case by using 

equation (3-2). This value has been observed during 6 lunations out 

of the 20 lunations studied in the range of solar zenight angle 

around 52°. 

Comparing the results observed in the two sides of the 

magnetosheath, where the +10 and +18 have been observed in the dawn 

side and not seen in the dusk side may indicate an apparent asymmetry. 

The interpretation of this interesting result may require taking into 

consideration some other factors which have not been considered before 

like the effect of the interplanetary magnetic field and the geomag¬ 

netic activity. 



Figure (5*8) The counting rates in the 20 eV/q. energy channel 

of the TID vs the ground stepper voltage when the 

Moon was in the dusk magnetosheath. 
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c) In The Geomagnetic Tail 

When the Moon passes through the geomagnetic tail, SIDE has 

been able to detect the lunar surface potential by using the same 

technique as described before. Figure (3*9) shows the resonances for 

two successive times observed by the Apollo 14 instrument for the 

third tail passage of 1972. As before, high counting rates are ob¬ 

served in the 7 eV/q energy channel at a ground stepper voltage of 

-16.2 volts and in the 17 eV/q energy channel at a stepper voltage 

of -27*7 volts. An approximately +10 volts can be calculated from 

equation (3*2) for this example. Contrary to what has been observed 

in the solar wind and magnetosheath regions, the +10 volts surface 

potential is not continuously detected in the geomagnetic tail. 

Figure (3.10) shows the disappearance of the resonance just two hours 

after it has been observed as shown in the previous example. This 

disappearance arises from the fact that the Moon encounters different 

plasma regimes during its tail passage, as described in Chapter 1. 

These regimes may change the potentail to a value beyond the limit 

of detectability of the SIDE instrument. 

The eclipse of the Moon during the first tail passage of 

1972, is of particular interest. During that time, one had the 

opportunity to determine how the magnitude of the surface potential 

depends on the solar ultra-violet radiation. 



Figures (3*9) SIDE total ion detector count rates in 7 and 

and (3.IO) 17 eV/q energy channels vs the ground plane 

stepper voltages. 
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On January 28 GMT 1200 the Moon passed from the dusk magneto- 

sheath into the tail. The Moon exited from the tail at day 32 GMT 

O7OO to the dawn magnetosheath. The Moon was in the tail about 88 

hours. During part of this time, the SIDE was able to detect a surface 

potentail of approximately +10 volts. The resonance clearly began 

to be observed on day 29 GMT 1700 and continued till day 30 GMT 0900 

as demonstrated in Figures (3*ll), (3*12), and (3.I3). From day 30 

GMT 0935 till I3O3 the Apollo 14 site was in eclipse and during this 

time the resonance disappeared, as shown in Figure (3.13)♦ As the 

Moon emerges from the earth's shadow, the resonance became observable 

again (see Figure (3*14)). The intensity, however, of the after¬ 

eclipse resonance is not as strong as the pre-eclipse resonance and 

disappeared completely after day 3® GMT 1800. A day later, on day 

31 GMT 1315> the resonance became observable again as shown in 

Figure (3.15)* This may suggest that, just after the eclipse, the 

Moon was encountered by a plasma region, where the potential has 

been altered to a value which could not be detected by SIDE instrument. 

The previous example shows clearly that the dayside potential is 

dominated by the solar radiation. 



Figures (3«11) SIDE total ion detector count rates in 7 and 

thru 17 eV energy channels vs the ground plane 

(3*15) stepper voltages. 
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Figure (3.16) illustrates the overall results observed by SIDE 

in the dayside of the Moon. The peak observed in the dawn side of the 

magnetosheath indicates an apparent dusk-dawn asymmetry. The dotted 

lines in the curve represent the expected values of the surface 

potential in the range of solar zenith angles between 55° " 75*• 

Although the values of the surface potential in this range are in 

the range of detectability of SIDE instrument, they are not observed. 

To explain this contradiction, the results of the surface potential 

near the terminator region have been used. Lindeman (1973) reported 

that the potential drops to -10 volt s as the solar zenith angles 

approaches 75*> reaching a potential as high as -100 volts for 

zenith angles of about 90** His determinations were based on detect¬ 

ing at the lunar surface, positive ions which had been accelerated 

to SIDE instrument by the surface potential. This result is shown in 

the lower half of Figure (3.16). This indicate that the potential 

goes down from approximately +7 volts at the solar zenith angles 

55* to approximately -10 volts at henith angles near 75* • This means 

that the potential decreases with a rate of approximately one volt 

per degree. Since SIDE observes the resonance at 6 data points once 

every SIDE frame (approximately 6l minutes) and every hour corresponds 

to 0.7° zenith angle it is difficult to detect a reliable resonance. 

For example, if SHE observes higher counts at certain ground stepper 

voltage, it will not see the same resonance at the same stepper 

voltage after one hour. Since the potential has been changed to 



Figure (3*16) The measured sunlit lunar surface potential as 

a function of solar zenith angle. 
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another value which requires a resonance at a different stepper voltage. 

That makes it hard to decide if the higher counting rates during only- 

one hour period is due to the resonance or something else. 

This fast variation of the surface potential near the terminator 

region is mainly due to the decrease in the intensity of the normally 

incident solar radiation (particularly UV). There, the solar wind 

electron flux starts to dominate the surface potential. As a result 

a negative potential will he established on the lunar surface causing 

a positive ion plasma sheath to form near the lunar surface to compensate 

the negative potential. 

5.5 THEORETICAL CONSIDERATIONS 

a) Calculation of The Lunar Surface Potential 

As explained in Chapter 1, the sunlit side of the Moon 

attains a positive potential because the rate of photoemission is 

higher than the rate of electron accretion from the plasma environ¬ 

ment. The determination of the surface potential can be done by the 

condition that in steady state the net current to the surface vanishes. 

Following the work of Whipple (1965), Grobman and Blank (1968), 

and Manka (1972), the different competing fluxes to the lunar surface can 

be expressed as follows: 

(l) The Ion Flux 

Since ions have a high bulk energy compared to the surface 

potential speed, the electrostatic force produced by the electrostatic 

surface potential has a negligible effect on the ion trajectories and 

those that reach the lunar surface will be absorbed. The ion flux 

is given by 
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(5-1) Fi = ni vi cos0 

where 

is the ion hulk velcity; 

n^ is the ion density/cm3; and 

0 is the solar zenith angle. 

(2) The Electron Flux 

Due to the positive charge on the dayside of the Moon 

the plasma electrons are not repelled by the surface. The electrons 

will not he affected hy the surface potential as long as their kinetic 

energies are much greater than the electrostatic potential produced 

hy the surface potential. The electron flux is given by 

F (cose) = J f(V.) (n v ) d v3 (3.2) e t —«— 
n v. >0 

where 

f(x) is the velocity distribution function,at infinity, assumed to he 

Maxwellian in the frame moving with a hulk velocity V^, and is given hy 

n 

' (at If)3/2 

r "(Jt -Zb\ 
exp [ 5"iS ] (5-5) 

V is the electron thermal speed 

2 K T 1/2 

- i-zr-1) m 

m , T are electron mass and temperature, respectively e e 

K is Boltzman's constant 
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n is a unit vector pointing inward and normal to the surface. 

Employing that the sheath is thin; therefore when substituting by 

(3.3) in (3*2) and performing the integration over the half 

space n*Vj., the election flux will be 

F (cos0) e 

n v.j. 

2/TT {e 1,2 + /TV u Cl + erf (u)]} 

where 

u COS0 

(3.^) 

(3) The Fhotoelectron Flux 

The photoelectron flux depends on the photoemission 

properties of the lunar surface material, solar spectrum and the 

direction of incidence on the lunar surface. For purpose of calculation, 

the photoelectric distribution function is assumed to be Maxwellian 

with an equivalent temperature T ^ As a result, the photoelectrcn 

flux is given by 

Fph = FQ cos© d" 
e$/KTph (3.5) 

where 

FQ is the photoelectron flux from an area of the lunar surface 

with normally incident sunlight 

T , is the photoelectrorx temperature, 
ph 

• Another flux which has a negligible effect on the dayside 

surface potential is the secondary emission flux, and will not be 

considered. 

The dayside surface potential can be determined from the 

soluation of the flux balance equation 
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F. + 
i 

F + 
e 

0 (3*6) 

(4) Computation of the Lunar Surface Potential 

In order to compare the experimental results observed 

by SIDE instrument with the theoretically predicted result done before, 

recently measured parameters have been used. Fenner (1974) and 

Moore (1974) have reported the following parameters for the mid-mag¬ 

net osheath 

Vi ~ 400 km/sec 

KT ~ 20 eV 
e 

n ~ 3 /cm3 

The photoelectron flux has been recently calculated by Feuerbacher 

(1972) to be 

F ^ ~ 4.5 x 1012 photons/cn?-sec, and 

T . ~ 2.2 eV 
ph 

By using these parameters in equations (3.1), (3*4), and (3*5)* the 

surface potential has been computed from equations (3.6) to be 

0 ~ 10.6 volts o 

This value agrees with the experimental result in the range of 

solar zenith angles near 40*. The point should be emphasized here 

that the computed surface potential near the solar zenith angles 

where the dusk-dawn asymmetry is observed, does not agree with the 

experimental result. This may indicate that another factor should 
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be taken into consideration when evaluating a theoretical model 

that can fit the observational results. 

As a result of the positive dayside surface potential, an electron 

sheath is formed to shield the charge at a distance equal to the 

Debye screening length, XD. The value of XD has been estimated by 

Freeman and Ibrahim (197*0 to be ranging from .1 to 1 meter and 

measured by Feurbacher (1972) to be equal to 78 cm. 

The electric field can be calculated by the expression 

E = 0o/XD 

Therefore, for the approximately +10 volts surface potential 

E > 1 volt/meter 

and directed outward 
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CHAPTER 4 

SUMMARY AND CONCLUSIONS 

This research has "been directed at measuring the electric 

potential of the sunlit lunar surface while the moon is in the 

solar wind, the magnetosheath and the geomagnetic tail. The 

dayside data of the SIDE from 20 lunar orbits has been analyzed. 

The new results presented in this thesis can be summarized 

as follows: 

1) While the moon is in the solar wind, the SIDE detected 

a surface potential of approximately +10 volts for solar zenith 

angles of less than 40°. Solar wind variations in this range of 

zenith angles do not appear to change the potential. However, 

the resonant ion fluxes enhance with the enhancement of the solar 

wind flux. This supports the idea that these ions represent 

ambient lunar atmosphere which is ionized by the solar wind and 

solar Ultra-Violet radiation. For higher zenith angles (43* + 1°) 

the potential goes up to approximately +13 volts. At a zenith 

angle of about 55*, the potential drops again to approximately +7 

volts. 

2) The potential has been determined to be approximately 

+10 volts in the dawn (outbound) side magnetosheath for solar 

zenith angles of less than 40°. At a zenith angle of about 50°, 

the potential was found to be approximately +18 volts on the dawn 

side and approximately +7 volts on the dusk (inbound) side. 
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This indicates a dusk-dawn asymmetry in the potential for the 

magnetosheath. A probable cause of this asymmetry is the earth's 

bow shock. 

3) The potential in the geomagnetic tail is determined to 

be about +10 volts in some regions. This potential is considerably 

lower than the +200 volts reported by Reasoner and Burke (1972). 

The conflict in these results has been resolved by Burke et al. 

(1975) and Reiff (1975) as an effect on the plasma due to local 

magnetic fields. 

The dayside electric field strength is calculated to be 

~ 10 volts/meter while the moon is in the solar wind. The surface 

potential is directed outward and with a Debye length of ~ 1 meter. 

Detailed calculations of the surface potential in the solar 

wind and the magnetosehath, using the recently measured magneto¬ 

sheath parameters reported by Moore (197*0 and Fenner (197*0, 

showed the potential to be approximately +10 volts providing that 

the photoelectron current is ~ 4.5 x 10 9 amp/cm2. This calculatéd 

value agrees with our observed values in the region of zenith angles 

less than 40°. However, these parameters do not agree with the dusk- 

dawn asymmetry indicated before. 

The photoelectron flux appears to be the dominant factor in 

determining the dayside positive potential. Theoretically, as 

the normally incident solar radiation decreases the potential is 

expected to decrease. However, our observations contradict this 
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expectation in the dawn side magnetosheath. Since the moon is 

very close to the bow shock, where the asymmetry is observed, an 

increased proton flux to the surface, may cause the potential to 

be higher. 

If this is correct, a possible explanation of the non¬ 

detectability of the +18 volts can be presented. At solar zenith 

angles near 50* the Apollo 14 SIDE is in the solar wind region and 

far from the bow shock, therefore there will be no increase in 

the proton flux to the surface. The question of why does the 

Apollo l4 SIDE not detect higher surface potential when it is near 

the bow shock? can now be answered. When the Apollo 14 SIDE is 

near the bow shock the solar zenith angles is approximately 30° 

and at this range of zenith angles the sunlight dominates the 

surface potential making it approximately +10 volts. 

Further Research 

In order to complete the picture of the surface potential of 

the moon and fully understand the different mechanisms causing 

the variations observed, further work must include: 

1) Examining the regions where the +10 volts potential has 

been detected in the geomagnetic tail, and comparing the Reasoner 

and Burke result of +200 volts with the present result of +10 volts 

for simultaneous periods. 

2) The dusk-dawn asymmetry in the potential indicated 

from our data is an important result. The question to be answered 

with respect to this asymmetry is: does an enhanced proton flux 



37 

near the bow shock or some other effect cause this asymmetry? 

3) The effect, if any, of the interplanetary magnetic 

field on the surface potential of the moon should be examined. 

We hope to obtain the Explorer 35 magnetometer data or comparable 

data from the Apollo 15 Lunar Surface Magnetometer. Using this 

data we shall be able to determine if a correlation exists between 

the direction and the magnitude of the interplanetary magnetic 

field and the magnitude of the observed potentials. 

4) A theoretical model to include all these factors which 

may increase or decrease the potential should be constructed to 

fit our observational results. 
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