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ABSTRACT 

I review current understanding of the Orion A complex. Although 

not fully understood, the optically visible HII region and background 

molecular cloud have been intensely studied. HI regions are also as

sociated with the complex. I attempt to explain the observed carbon 

recombination lines from Orion A in terms of two such regions, a fore

ground cloud observed in absorption at 21-cm, and the interface be

tween the HII region and the molecular cloud. 

The coefficients of departure from local thermodynamic equilib

rium within the proposed source regions are calculated with considera

tion of the effects of the radio continuum radiation from the HII 

region on the level populations of the atomic states, including the 

effects of the previously neglected I An|>1 radiatively induced transi

tions. I discuss the uncertainties in the collisional cross-sections 

and their effects. 

I have made observations of the 85a and 1073 lines of carbon 

with the 140-ft. telescope at Green Bank (and incidentally detected 

corresponding lines due to heavier-than-carbon elements). I analyze 

the present and earlier observations with that instrument to support 

my contention that the source is multiple and to determine the con

ditions within the component regions. 

The radial velocities are used to identify the sources as the 

foreground cloud and background interface, and the ratios of the 

xi 



intensities of alpha lines to beta lines of the same frequencies are 

used to infer electron densities and temperatures within the regions 

of origin. The resulting model is then tested against the observed 

dependence of alpha line intensities on frequency and the agreement is 

discussed. A fitting to observations gives more precise information 

on the geometiy and cloud conditions, and further research is suggested. 



CHAPTER 1 

INTRODUCTION 

From the belt of the Hunter hangs a sword. The hazy central 

"star" of this sword is itself a sharp cleaver, a weapon with which to 

slash out a path toward a better understanding of the origins of stars 

and planetary systems, of organic molecules, and, perhaps, of life it

self. Our earth and sun and the material of which our bodies are con

structed condensed out of the interstellar medium which preceded them, 

the remains of earlier stars and of the primordial event -- the birth 

of the universe. This is one motivation for the investigation of inter

stellar sites of current and recent star formation, of which the Great 

Nebula in Orion is the most intensely studied. 

The Orion Nebula is a very close object, only 500 parsecs 

distant, close enough to reveal the complexity of its intricate struc

ture. The optically visible part, consisting of the Trapezium star 

system and the surrounding ionized hydrogen is about one degree across, 

and the total object extends about 3°. It is obscured here and there by 

dark material. Twenty-one centimeter observations reveal associated 

neutral hydrogen clouds, and behind the HII region is a huge, cold, dark 

cloud of great mass in which most of the interstellar molecules which 

have been discovered to date can be observed. In one or more parts of 

this complex, ionized carbon and other heavy ions in a process of re

combination emit radiofrequency line radiation as the recombining 
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electrons cascade through the hydrogenic upper levels of the complex 

atoms. This radiation has been observed and it is toward a better 

understanding of the regions of its origin that this dissertation 

aims. 

I shall analyze the geometry of and the conditions in the regions 

in which this radiation may arise. Since the radiation is formed in HI 

regions where the observed heavy elements are ionized, we are provided 

with a probe into regions otherwise difficult to observe directly. 

Structure and Importance of the Orion Nebula 

The Orion Nebula was discovered by Peirisc in 1610 (Spitzer 1968) 

and has since been examined in great detail. The emission region has 

been more closely studied than any other emission region, and a detailed 

structure for the HI I region has been proposed by Loclanan and Brown 

(1975). They describe the nebula by a model of a spherically symmetric 

central core partially surrounded by two coextensive hemispherical shells 

(see Figure 1). This model accounts for the radio observations of the 

HI I region. Schiffer and Mathis (1974) use recent optical data to show 

that there is little scatter of the continuum by dust in front of the 

Trapezium and conclude that neutral condensations which seem to exist 

in the HI I region do not scatter efficiently, that dust immediately sur

rounding the Trapezium must have been swept out, and that there is a 

slablike (not necessarily planer) accumulation of dust behind the 

Trapezium. 

It is now well known that the emission nebula is not the only 

part of the Orion Complex. The free-free radio emission approaches 
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Figure 1. Schematic Diagram of Lockman-Brown (1975) 
Model of HII Region in Orion A. 



circular symmetry about the Trapezium (Schraml and Mezger 1969), but 

the HII region is not spherically symmetric since it is partially 

embedded in the dense neutral cloud behind (Zuckerman 1973). Then, 

behind the Lockman-Brown hemisphere the HII region must at some point 

give way to the cold cloud. Thus the emission nebula is matter bounded 

in front but ionization bounded in back (Balick, Gammon and Hjellming 

1975). The ionized hydrogen behind the Trapezium will not change the 

Lockman-Brown results significantly since the central part of the nebula 

(which emits most of the radio radiation) is optically thick in either 

case. 

The neutral cloud contains dust and many species of molecules 

(Solomon 1973). The Trapezium is falling into the molecular cloud at 

3 km/s. As it falls, the ionization front is pushed further into the 

molecular cloud setting up huge pressure gradients in the transition 

(from ionized to neutral hydrogen) zone. Ionized gas will rapidly flow 

forward toward the earth (Zuckerman 1973). In fact, we observe the gas 

in the HII region to approach the sun at 2.8 km/s. The transition 

zone is receding from the sun at about 9 km/s (see Zuckerman 1973), 

so a flow velocity of 12 km/s away from the front edge of the molecular 

cloud is implied. 

Neutral hydrogen associated with the coup lex has been directly 

observed. Menon (1970) has made 21-cm observations of an emission 

source with a radial velocity of +12.5 km/s. Radhakrishnan et al. 

(1972) have observed the same line in absorption from a small cloud in 

front of the HII region at +6 km/s. 
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The Orion Complex is a powerful emitter of infra-red radiation 

(Low and Aumann 1970). This radiation comes from more than one source. 

At 2.2p three sources are identified: the Becklin-Neugebauer point 

source and the Ney-Allen and Kleinmann-Low objects. At longer wave

lengths (to 650y) the IR radiation remains multiple in nature, but 

changes in character (Harper 1974). Our understanding of population I 

stars in the solar neighborhood is consistent with star formation in 

groups (Spitzer 1968) , and we Icnow that the Orion Nebula has been the 

site of recent star formation (certainly the Trapezium is composed of 

young stars). The infra-red radiation is generally attributed to dust 

associated with young stars or protostellar objects. The Orion Nebula 

is the place to look for clues to the circumstances of star formation. 

Morris et al. (1974) define two classes of far IR/molecular 

line sources: 

class I -- without associated HII regions 

class II -- with associated HII regions 

Zuckerman and Palmer (1974) identify class I objects as warm protostars 

or new stars surrounded by accreted dust of sufficient density to absorb 

enough of the stellar UV to prevent the creation of an HII region. 

Class II objects occur later in the evoluationary track when the UV can 

overcome the dust (which may have been swept away by stellar winds) to 

create an HII region. Thus the Trapezium is the associated stellar ob

ject with a class II source and the Kleinmann-Low nebula is associated 

with a class I object. But where, precisely, is the dust causing the IR 

radiation around the Trapezium located? Zuckerman (1973) disputes the 
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conclusions of Harper and Low (1971) and Harwit et al. (1972) that the 

dust is circumstellar in the Mil region. Schiffer and Mathis (1974) 

conclude from optical observations that the dust has been swept out of 

the HII region in the immediate vicinity of the Trapezium. Further, 

high resolution infra-red observations at 10Op reported by Hoffmann 

(1975) indicate that the IR peak changes slightly with wavelength, 

which is difficult to explain by a spherically symmetric circumstellar 

distribution of dust. Instead, much of the IR radiation could originate 

in a slab behind the HII region at the front edge of the molecular 

cloud. 

Foreground obscuration can also be seen. In particular notice 

the dark dust lane and bay in the northeast of Figure 2. 

I have already mentioned the numerous molecules, many organic, 

which are found in the cold background cloud. Zuckerman and Palmer 

(1974) suggest that molecules may have formed there at an earlier era 

when the complex resembled optically dark nebulae like the p Ophiucus 

cloud which may typify an earlier stage of star formation (Strom, Strom, 

and Grasdalen 1975). There are two kinds of theories of molecule forma

tion (Solomon 1973); (1) Molecules are formed in and expelled from proto-

stellar or stellar envelopes; and, (2) Formation takes place continuously 

in the dark.clouds, perhaps on grain surfaces. There is no good quanti

tative understanding of these mechanisms now. The Orion Complex, ex

hibiting characteristics of various phases of stellar formation and 

interstellar matter evolution makes a good observing ground for clues 

to improve our understanding of the mechanisms of molecular formation. 



Figure 2. Photograph of Orion Nebula Taken with the KPNO 4 -meter 
Telescope (Courtesy Kitt Peak National Observatory). 

North is at the top and east is at the left. 

7 
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In particular, the distribution of molecules (vs. simple atoms) through 

the Complex may provide clues. 

The Orion Complex, then, is a testing ground for the theories 

of stars and molecules. It is in tills context of questions on the gen

eral structure of the nebula and of the problems of stellar and molecular 

formation (see Solomon 1973, Zuckerman and Palmer 1974, and Strom et 

al. 1975 for more lengthy discussions) that the nature of the carbon 

line emitting region assumes importance. These general problems can 

only be solved if we grasp the geometry and dynamics of the complex as 

a whole. The attempt to understand the carbon recombination line radiation 

will lead to a better understanding of the distribution of gas, of the 

temperatures, densities, and abundances of material in the Orion Complex. 

Origin of CI Recombination Radiation 

Detection of a heavy element recombination line was first re

ported by Palmer et al. (1967) while they were studying the hydrogen and 

helium 109a transition originating in the HII region. Since then this 

element has been seen in the direction of many HII regions in transi

tions from 85a to 220a. In the case of Orion some g transitions have 

also been observed (see Chapter 5 ) .  

Dupree and Goldberg (1970) reviewed the case for believing the 

lines to be due to carbon. If they were due to hydrogen, the regions of 

origin would be moving at an unusually high velocity (80-120 km/sec) 

with respect to the HII region. On the other hand, if the emitting atom 

were helium, we would be hard-pressed to explain the absence of a 

hydrogen line at the same radial velocity. An emitter with a lower 
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ionization potential than hydrogen or helium avoids these problems. 

Carbon is, cosmically, the most abundant such atom. The identification 

as carbon has been verified by the subsequent observations of lines due 

to heavier elements still at X92a (Chaisson 1974) and X85ct and X107g 

(Ahmad 1975 and Chapter 4). 

From the beginning, the region of origin of these lines has been 

a mystery. Given the low abundance of heavy elements in general, why 

are these lines detectable at all? Attempts to appeal to overpopulation 

of the upper levels due to di-electronic recombination (Goldberg and 

Dupree 1967) were unsuccessful (Dupree and Goldberg 1970). In addition, 

the radial velocity of the heavy element lines (̂ 9.5 km/s at 10.5 GHz) 

differs from that of the observed HII region (-2.8 km/s) and the carbon 

lines are narrow relative to the hydrogen lines: 

V̂Q09a < .5 l~)h (1-1) Avu,nn J J 
H109a c 

For these reasons attention was turned to the possibility that the 

heavy element lines originate in HI regions. 

Since the dissociation energy of CO is approximately equal to 

the ionization potential of carbon, atomic carbon will be available for 

ionization in a radiation field strong enough to ionize it. This in

terpretation has proven successful in other sources where the carbon 

lines have been detected (see Dupree 1974 and Zuckerman and Ball 1974). 

Observations by Chaisson and Lada (1974) of Orion derive an upper limit 

for the gas tenperature also consistent with a cold cloud (£ 1300°K). 



Although origin of the lines in an HI region is well established, 

the location, geometry, and nature of the region in the case of Orion 

has been the subject of much debate (Ahmad 1973). Dupree (1974) has 

argued that the radiation must come from in front of the HII region so 

that stimulated emission may be invoked to explain the brightness of 

the lines at intermediate frequencies (v ̂  1 GHz) . Zuckerman and Ball 

(1974) maintain that the radiation arises in the transition zone behind 

the Trapeziums and point out that there is no evidence of stimulated 

emission at the high frequencies (v 10 GHz). Schiffer and Ma this 

(1974) believe that the radiation originates in the HI condensations 

which the optical observations indicate exist. Balick, Gammon, and 

Hjellmxng (1975) have proposed a model of the nebula in which multiple 

CII regions exist. 

A correct analysis of the situation requires accounting for all 
i 

of the observations and using a realistic theory of equilibrium condi

tions within suspected HI regions. In Chapter 2 I review the physics of 

radio recombination line formation. The HI clouds in which the heavy 

element lines originate are not in thermodynamic equilibrium, and in 

setting ip the statistical equilibrium equations, the effect of the con

tinuum radiation from the HII region cannot be ignored. In Chapter 3 

the coefficients of departure from thermodynamic equilibrium are calcu

lated taking this background radiation into account. In Chapter 4 I 

review the existing observations and present new observations at 10.5 

CHz. The new theory and collected observations are then, in Chapter 5, 
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used to evaluate older models and to formulate a new model for the 

regions of origin of the heavy element recombination lines. 



CHAPTER 2 

PHYSICS OF RADIO RECOMBINATION LINES 

In this chapter I shall seek to show, in the most concise manner 

possible, the derivation of the equations governing the transfer of 

radio recombination line radiation due to hydrogenic atoms in HI regions. 

Most of the symbols used are conventional. A subscript c sig

nifies that the quantity is evaluated for the continuum, a subscript 

L that it is evaluated for the line at line center, and a subscript v 

that it is evaluated at frequency v. To save space commonly used phys

ical constants are not defined in the text, but for convenience they 

are defined and evaluated in the glossary of physical constants in 

Appendix A. 

Local Thermodynamic Equilibrium (LTE) 

I shall review LTE theory to introduce some fundamental concepts 

and to provide a reference point for the discussion of the more relevant 

non-LTE theory. 

The basic equation of all radiation transfer theory is 

dl = j ds - I k ds (2-1) 
V J\> V V 

where I is the specific intensity, j is the emission coefficient per 

unit volume, ds is an element of pathlength, and the line absorption 

coefficient per unit pathlength is 

12 
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(2-2) 

for a line due to a transition from an upper level m to a lower level 

n. Here the asterisk indicates that the starred quantity is evaluated 

for the LTE case. N is the population of the nth level, B and 
n nm 

B are the Einstein coefficients for absorption and stimulated emission, 
mn 

respectively, and 0 is the appropriate line profile function, which is 

unity when integrated over frequency. For a guassian shaped line 

0 V =  e x P {  -  [ M s l  ( v - v o ) ] 2 }  ( 2 - 3 )  
VTT AV 

where vQ is the frequency of the line center and Av is the full width 

at half intensity of the line. 

The Einstein coefficient for stimulated emission may be ex

pressed 

B = f (2_4) 
mn m c nm hv v ' 

e 

and the Einstein B's are related to one another by the well known re

lation 

u B = a) B (2-5) 
n nm m mn v J 

where w is the statistical weight of the nth level and f is the os-
n nm 

cillator strength of the m -> n transition. 

The LTE value of the population of a level n is given by the 

Saha-Boltzmann equation 
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N. N ,2 ~n ~ 

V • -JV2 ' nexpty, (2-6) 

where N- is the density of the ion under consideration, N is the elec-
1 c 

tron density of the plasma, T is the electron temperature, and the 
c 

ionization energy of the nth level for a hydrogenic atom may be eval

uated 

v _ h R Z2 _ 157,800  ̂

n n k T n T 
e e 

Substitution of equations (2-4) to (2-7) into equation (2-i2) per

mits us to write 

T 2 .2 7/9 9 N. N M,*® 
kv" • jnr '  f™ »2-«pcy o - c-b 

e e T n 
e 

In the Rayleigh-Jeans domain (hv/kT << 1) we may approximate the 

Boltzmann Relation by 

\ 1 . , hv s , hv r, « 
N *ur kT ̂  1 " kT * 2̂-9) 
n m e e 

Now, substituting equations (2-3) and (2-9) into equation (2-8) we have, 

at line center 

Avk* = 5.09 x 10" 2 8  v n 2  exp(Xj f m  T " 5 / 2  N N. . (2-10) 
L  ^ ^ n ^ n m e e i  

Now integration of both sides of equation (2-10) over path-

length yields 

AVT* = 1.56 x 10"9 v n2 exp(Xj f T ~5/2 E , (2-11) 
L *^n nme ' 



IS 

where = /k̂ ds is the optical depth in the line and E = /N̂ Ngds is 

the emission measure of the emitting region in psc cm ̂ . If the region 

is optically thin, the relation 

TL = TLTe (2-12) 

holds for the brightness temperature of the line and we may multiply 

both sides of equation (2-11) by T to obtain 

AvTl = 1.56 x 10"9 v n2 exp(Xn) f̂  Te"3/2E . (2-13) 

Non-LTE Theory 

Goldberg (1968) solved the equations of transfer for radio re

combination lines in HI I regions and found that small departures from 

LTE have a significant effect on the line brightness. In this section 

I shall follow his approach in establishing the basic theory from which 

the analysis of HI clouds may proceed. 

The coefficients of departure from LTE for a level n are de

fined as 

bn = W , (2-14) 

that is, as the ratio of the actual population of the level to the LTE 

population. 

Departures from LTE affect the lines in two respects: (1) 

Transition rates change in direct proportion to the change in the popu

lation of the levels themselves, and (2) the factor in the absorption 
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coefficients which allows for stimulated emission, i.e., the factor 

(1 " fP̂  = 1 • exPC-We' C2"15) 
n tii 

in equation (2-8), changes to 

N e b ,  
m°n-j _  ̂ m r hv 

(1 " W = 1 * *n GXPC" ̂  * (2"16) 

Thus we may define a non-LTE correction factor to the line absorption 

coefficient 

1 ~ fyrAn) expC-hv/kTJ 
6 5 1 - e^c-iUy ' C2"17) 

such that the line absorption coefficient may be written 

KL = bnB kL* , (2-18) 

and the emission per unit volume at line center is 

\ - Sc + Vl* - <*c + bm V • (2"19> 

For an isothermal medium of uniform density 

1 - exp(-T ) 

1A = "v 1 - eM-r) - 1 • (2"203 

where t = T . T and where 
/» T » ' 

j A 

\> 5 W C2"21) 

can be evaluated 
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nvo ~ 1 + V (klW 
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(2-22) 

In the Rayleigh-Jeans domain 

6 - Vh t1 " cSg^lli (2-23) 
o m 

and thus, for an optically thin (X , T << 1) gas, 
o 

2/o T " T 2 
V V 

T /T  — 0  0  i  It/1,. ~ n If c VTZ 
o t - T /2 

c c 

2 • Vbn6TL* 
" H + 2 - t * !' (2-24) 

c 

Rearranging the terms and dividing through by IT */l = kT */k , we have 
1j C J_J C 

W • Ctc*Vl*) C2-25) 

for the ratio of non-LTE to LTE line intensities. 

Application to HI Regions Near HIT Regions 

We now consider the equation of transfer in the presence of a 

background continuum radiation field of brightness temperature T : 

t2 J 
vo I = B (T ) exp(-TV ) + / ̂  exp (-x) dx , (2-26) 

oo o 0 v 
o 

where all optical depths refer to the HI region. Proceeding with the 

integration, we obtain 

Tv = Bv exP ("Tv } + F^[C1 - exp C- T )] . (2-27) 
0 0 o v„ o o 
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The continuum intensity for the same case is 

I = Bv (Tc) exp(-xc) + Bv (Te) [l-exp(-rc)] . (2-28) 
o o 

Slibtracting equation (2-28) from equation (2-27), we have for the line 

intensity 

XL = Bv [exp("Tv )-e3qj(-Tc)] + Bv (TJ nv [l-exp(-Tv )] 
o o o o o 

- B (Te) [l-exp(-Tc)] . (2-29) 

By the definition of brightness temperature we may re-write equation 

(2-29), after rearranging the terms, 

Tl = Te {nv [l-exp(-xv)] - [l-exp(-xc)] 

-Tcê (-Tc) [l-exp(-xL)] . (2-30) 

For an optically thin source equation (2-30) becomes 

T t  =  n  T  T  - T T - T  ( 1 - T  )  T t  .  ( 2 - 3 1 )  
L V e v c c ̂  cJ L K 

o o 

Now, in accord with the preceding section, and using equations (2-19) 

and (2-24) we approximate 

TL * VLTe - Tc VV • C2"32' 

Relating our final result to the LTE solution, we may write 
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T b 

Av Tl = TL*bm (1-̂ 3̂ ) , (2-33) 
e m 

where, for a background source which is an HII region 

Tc = TeHIT [l-exp(-TcHI1)] . (2-34) 

Brocklehurst and Seaton (1972) have shown the continuum optical depth of 

HI I an HI I region of emission measure EM tc , can be evaluated by the 

equation 

TcHI1 = 6.94 x 1010 v2 [4.69-log10 EM . (2-35) 

In order to use the equations we have derived to analyze the 

recombination lines emitted from the Orion Nebula, we must evaluate the 

departure coefficients for a model of that source. That is the sub

ject of the next chapter. 



CHAPTER 3 

DEPARTURE COEFFICIENTS 

It has been established that the high atomic levels of neutral 

atoms in HI regions are not populated according to LTE (Dupree 1972a). 

Dupree (1972a, b) calculated the population of these levels for the case 

where collisional transitions between adjacent levels are more important 

than transitions induced by a background radiation field. Although 

Dupree (1972a) undertook to evaluate the effect of such a background 

radiation field on the level populations, her calculations included 

only those bound-bound transitions between adjacent (An=±l) levels. 

Cesarsky (1972), however, has suggested rough calculations which indicate 

that the |An| > 1 radiatively induced transitions have a non-negligible 

effect on the level populations. I have, therefore, revised the deter

mination of the high-n level populations of neutral atoms in the presence 

of a background radiation field such as would be produced by the HII 

region of Orion A, including the radiatively induced transitions for 

which | An | > 1 and extending the range of electron densities and tempera

tures beyond those of Dupree (1972a). The results show that the effects 

of the radiation field on both the departure coefficients themselves and 

on the stimulated emission parameter (SEP) l-bn/bn+̂ , which controls the 

magnitude of stimulated emission (Dupree and Goldberg 1969), are larger 

than indicated by Dupree's calculations. 

20 
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Statistical Equilibrium Equations 

I assume that the levels are populated by radiative recombina

tion, absorption, stimulated emission, three body recombination, and 

by collisional excitation and de-excitation from adjacent levels; and 

tliat they are depopulated by spontaneous emission, absorption, stimu

lated emission, collisional ionization, collisional excitation and de-

excitation to adjacent levels. For the high energy states of interest 

here collisional transitions among angular momentum states are far more 

frequent than transitions between principal quantum states (Dupree 

1969) so I assume the 1 states are populated according to their statis

tical weights. Equating the rates of depopulation and population of any 

given level n we have 

N  ( A  +  C  . i + C  n + C  1  +  £  B  J )  
n n,n+l n,n-l n,l m̂ n n,m vJ 

= N ±1C J.1 + N , + Z B J N 
n+1 n+l,n n-l,n m̂ n m,n v m 

+ Z A N + N.N (a. + C. ), (3-1) 
m>n m,n m i ê  i,n i,nJ> 

n-1 
where the notation A = Z An,m has been introduced. Here a. is 

n m=n ', 1' 
ground 

the radiative recombination coefficient and is the mean intensity of 

the background radiation field at the frequency of the transition. 

C . is the collisional ionization rate, C. is the three-body recombi-
n,i ' i,n / 

nation coefficient where detailed balancing gives 
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NN.C. = N *C . , (3-2) 
e 1 i,n n n,i ' *• J 

and C signifies collisional excitation or de-excitation from level 
n,m 

n to m. The rates of collisional excitation and de-excitation are 

related to one another by 

2 i 
C „ = C m exp[(I - IJ/kT] cm" s , for m > n, (3-3) m . n  n . m  2  r L V  n  m J  >  t  \  s  
' m 

where Xn is the measure of ionization potential defined in (2-7). 

In addition to Dupree's (1969) assumption that there exists 

some cut-off level N for which bn>̂ =l, I further assume that induced 

photoexcitations and de-excitations into or out of levels n>N may be ig

nored. After dividing equation (3-1) by Nn* and rearranging terms, we 

now have 
N 
Z b.R . = S , (3-4) 

j Aground 3 ̂  n 

where 
N * N.N 

S = Z A + -i-f. a- + C . (3-5) 
n m»n N * N * i,n n.i v 

m>n ' n n ' ' 

and 
N.* 

R . = [j. .C. + B. J ] (j<n) 
y 1 3,n-l ],n j,n vJ u- 1 

N 
—  A .  +  £  B  J  +  C -  + C  , + C  i  ( i = n )  

m=n n,m v 11,1 n,n+l n,n-l • J 
ground 

N.* 
= " A" [5- . iC. + B. J + A. ] (i>n) (3-6) N̂  1 j,n+l j,n j , n v  j ,nJ  » v *  j k  j  
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where 6 is the Kronecker delta function, equal to unity when m=n and 
m»n n 7 

zero when m/n. 

I have left out the effects of dielectronic recombination. Al

though dielectrcnic recombination can be important in HII regions 

(Goldberg and Dupree 1967), it should be negligible in HI regions. This 

is certainly the case for carbon. According to Aldrovandi and Pequignot 

(1973) the dielectronic recombination coefficient is down to 14% of the 

value of the radiative recombination coefficient at T=12,000 °K for 

carbon I. Although their expression for the dielectronic recombination 

coefficient is not numerically accurate at lower temperatures, the di

electronic recombination coefficient continues to decrease as the 

temperature decreases (see Burgess 1964 for a full discussion). 

Solution 

I now write a set of N-9 equations (3-4) for the levels n=10 to 

n=N in a neutral carbon atom, using the hydrogenic approximation. Ac

tually, the fact that the atom is carbon only enters into the energy 

level calculations and the numerical results should be useful for any 

neutral atom for ivhich the assumptions of the preceding section are 

valid. In writing these equations, I assume that excitations out of 

levels n<10 are negligible, and that once an electron has fallen into 

one of the lowest levels it stays there until the atom is ionized. 

I take as the source of the background radiation a simple model 

of an HII region in which only a radio continuum due to brehmsstrahlung 

is considered. In general 
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Jv = DBv(Tc) [1-expC-x)] , (3-7) 

where Tc is the continuum temperature of the background source, as in 

Chapter 2, and I have approximated the Planck function by the Rayleigh-

Jeans equation 

2kT v2 

W = —§— > (3~8) 
c 

and where D is the dilution factor, assumed to be equal to % for an HI 

cloud adjacent to an Mil region. The optical depth may again be eval

uated with equation (2-35). 

The hydrogenic approximation for the Einstein A's is taken 

from Dipree (1969): 

A = 7.87 x 109 2 n2 g (j ,n) 
n>i n5 2 2 

j (n -j ) 

where g(j,n) is the Gaunt factor for the transition. Menzel and 

Pekeris (1935), as corrected by Burgess (1958), give: 

a •2 -4 

2 „ 0.0496(1-7 + ) 

«,M rrt - 1 - 0-1728 (1+jW) •• n n f- ,m 
gU>nJ =s J- 2 ? 7 / x  f ' / x  2 2 4/3 57? '  ̂  ̂

d-jV)2/3cj) •2/3 (i-j V) 4/3ar/3 

For that term in equation (3-5) for which we require n summed over 

all n from N+l to infinity, I use the equation 

00 N * Q C fN+ -I -V 2 
1 Am n irV = 7.87 x 10 gn" {In [-5= \ j]} exp(X ) 

m=N+l m'n n (N+l) - n n 

(3-11) 



25 

where g=0.5[g(n,n+l)+g(n,«)]. A similar foimula given by Dupree (1969) 

is erroneous, apparently due to an incorrect integration. The errors in 

Dupree's results introduced by the incorrect equation are, however, 

quite small. 

We obtain the radiative recombination coefficients from Seaton's 

(1959) approximation. The error involved in applying Seaton's formula

tion to the small temperatures of interest here is less than 1 percent. 

Seaton's (1964) evaluation of the collisional ionization rate 

from the classical Thomson cross-sections is given by Dupree (1969) 

as 

Cn)i = 3.45 x 10"5 n"2 T&~h N0 exp(-Xn) . (3-12) 

Values of Cm n were calculated using a fourth-degree polynomial fitted 

to Dupree's (1972a) tabulation based on the cross-sections of Flannery 

(1970a,b,c), accuaate to within 5 percent in the range n=50 to n=400. 

The polynomial was determined by a computer program using a technique I 

developed (Ahmad 1966). 

I selected N=609 as the cutoff point. The validity of this 

choice was checked by rerunning one set of calculations (T=20°IC, Ne=0 

_3 
N =0.1 cm ) using N=509. The difference between the two sets of re-

suits in bn and was 1*6 percent and 0.6 percent at n=100 and 

3 percent and 1 percent at n=200. 

I assumed that population by excitation out of the lowest levels 

(from the ground state to n=9) is negligible so that the problem is in 

the form of 600 simultaneous linear equations with 600 unknowns. These 



equations were solved numerically by a scheme of Gaussian matrix inver

sion using the CIC 6400 computer of the Kitt Peak National Observatory. 

As a check of my computer code, one program run was made with 

the induced radiative transitions for [An.|>1 supressed. The conse

quent agreement with Dupree's (1972a) calculations was good (within 

a few percent at worst). 

Results 

Figures 3 and 4 give the results for a background radiation 

7 -6 
field of emission measure EM=2 x 10 pc cm which, I shall show in 

Chapter 5 is appropriate for the background interface discussed in 

Chapter 1. Figures 5 and 6 give the results for a background radiation 

6 -6 
field of emission measure EM=2 x 10 pc cm which is the overall emis

sion measure seen from this side of the HII region, and which is there

fore appropriate to foreground clouds. 

The figures show the values of the departure coefficients 

themselves (b ) and the SEP for the alpha transitions, (l-b̂ /b̂ )̂. 

The SEP appears in the expression for the non-LTE correction factor to 

the stimulated emission 

kT 
6 • b„/»„ H " ,KT d'W (3"13> 

o 

where equation (3-13) is equivalent to equation (2-23). We see from 

equation (2-25) that for sufficiently large negative values of g stimu

lated emission dominates the line, and 1̂  becomes proportional to g. 

But inspection of equation (3-13) shows that at large negative values 
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Figure 3. _ Departure Coefficients for Several Values of 
Electron Temperature and FJ.ectron Density 
(in cm"3) in the Presence of a Free-Free Radio 
Continuum of Emission Measure 2 x 10̂  pc cm . 
-- From Ahmad (19 74). 
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Figure 4. Stimulated Emission Parameter Associated with 
Departure Coefficients in Figure 1. -- From 
Ahmad (1974). 
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Figure 5. Departure"Coefficients in the Presence of a 
Free-Free Continuum of Emission Measure 2 
x 106 pc cm"6. -- From Ahmad (1974). 



,30 

T s|0°K 
Da.5 -
EM s 2 K 10 psc cm"6 EM= 2 xlCrpsc cm" 

.001 
150 250 50 100 200 90 70 100 50 200 250 

T«!000°K 
D«.5 6 
EMs2xl0psc cm* 

T = t00°K 
0=5 6 
EM = 2 xlO psc cm-1 

£01 .001 

JOOOI .0001 
150 250 250 50 <00 200 50 100 150 

Figure 6. Stimulated Emission Parameter Associated with the 
Departure Coefficients in Figure 5. -- Froin 

Ahmad (1974). 
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of 3 the term containing the SEP dominates. Thus when 1̂  is dominated 

by stimulated emission it is proportional to the SEP (hence the name 

stimulated emission parameter). 

The departure coefficients and the values of the SEP are tabu

lated along with the quantity bnexp(Xn) in Appendix B. Figure 7 com

pares the present results with those of Dupree (1972a) in the case of 

T=20° K, N =0.1 cm"3. Dupree's b 's are smaller by ̂  50 percent at n=160 
© n 

and her values of the SEP are smaller by ̂  40 percent at n=120 and 

larger by a factor of 2 at n=200. : 

The Role of Collisions 

The largest uncertainty is in the theoretical cross-sections 

for excitation by collisions. I have used the binary encounter theory 

values of Flannery (1970a,b,c). Since the calculations in the preceding 

section were made, Percival and Seaton's (1972) claim to have disproven 

the validity of the binary encounter theory cross-sections has come to 

' my attention. Before discussing the effects of the ambiguity in the 

collisional cross-sections on the departure coefficients, it will be 

useful to discuss the source of the ambiguity. 

First order time-dependent quantal perturbation theory turns 

out to be equivalent to the Born Approximation of elastic scattering 

theory (Percival and Richards 1970a). The Bethe Approximation is a 

simplification of the Born expressions (Seaton 1955, 1962). In the cold 

clouds of interest here low energy collisions for which the Bethe-Born 

solution is known to be false (because the sum of all possible transition 

probabilities exceeds unity, Percival and Richards 1970a) are important 
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and the Bethe-Born cross-sections must be too large. In the binary en

counter theory, Flannery assumes that the effect of the nucleus on the 

intersection is negligible and obtains cross-sections somewhat smaller 

than those of the Born Approximation. Banks, Percival, and Richards 

(1973) have extended the strong coupling correspondence principle of 

Percival and Richards (1971) to lower energies by using a dipole ap

proximation for the small impact parameters and a quantal perturbation 

theory for the large impact parameters to obtain a solution up to two 

orders of magnitude smaller than Flannery's. These calculations are of 

particularly low accuracy at the extremes of their "applicable" range 

and should be interpolated at high energies with the earlier corres

pondence principle cross-sections of Percival and Richards (1970b). 

It should be noted that the smaller cross-sections (as opposed to those 

of Flannery) are supported by Percival's (1973) Monte Carlo solution to 

the three-body problem which, within the limits of statistical errors, 

gives the exact classical solution. According to Vriens (1970) the 

classical solution at high principal quantum numbers is not expected to 

give good results unless corrected for quantal effects. 

Percival and Seaton's strongest criticism of the binary encounter 

theory is that their calculation of an upper limit to the cross-sections 

using the impact parameter theory falls far below the values obtained by 

Flannery. Their approach is quantum mechanically correct only at large 

values of the impact parameter, so an upper limit is obtained by using 

as the contribution from small impact parameters the maximum allowed by 

conservation conditions. 
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The Flannery cross-sections are as much as 16 times the size of 

those calculated by Banks, Percival and Richards (1973) at incident 

energies of 0.3 Rydbergs/n, and 2.7 times larger at 2 Rydbergs/n. This 

- difference can be important at very low temperatures (see Chapter 5). 

To obtain an upper limit to the effects of changing the cross-sections, 

I have made an overly extreme comparison in Figure 8, where solutions 

in which collisional excitations and de-excitations are completely ig

nored are plotted along with solutions using the binary encounter 

_3 
theory cross-sections for T=20° and Ne=10 cm . This electron density 

was chosen because the effects are generally most important there, col

lisions decreasing in importance at smaller densities, and LTE being 

approached at larger densities. The difference between the two solu

tions is no greater than a factor of 2 for both bn and the SEP. In the 

case of the larger background emission measure the difference between 

the b 's is never more than 351. Such errors as these would result 
n 

in an error in the derived line temperatures of no more than 10% at 

small and intermediate quantum numbers. At very large quantum numbers, 

where stimulated emission dominates, the line temperature is propor

tional to the SEP and the error in the line temperature may be larger, 

up to a factor of 2. Dupree (1972b) has arrived at a similar conclusion 

comparing the cross-sections of Flannery against the impact parameter 

cross-sections of Saraph (1964) in the absence of a background contin

uum. 

Hoang-Binh and Walmsley (1974) have calculated departure co

efficients using the Banks, Percival and Richards cross-sections. 
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These calculations are overcorrected in the direction of the smaller 

cross-sections due mainly to the fact that they do not include the ef

fects of the [An|>1 radiatively induced transitions, but aggravated by 

the fact that they do not include the effects of the |An|>1 collisional-

ly induced transitions. Inclusion of these processes would tend to 

counteract the effect of using the smaller cross-sections. In my cal

culations I ignore the effects of the J An|>1 collisionally induced 

transitions because the cross-sections for them are extremely small in 

the Flannery solution. According to Flannery (1970a), a(An=2) is an 

order of magnitude smaller than a(An=l) at n=100. The ratio a(An=2)/ 

a(An=l) is substantially larger for the impact parameter cross-sections 

near the center of their applicable incident electron energy range, 

which is 

in Rydbergs. For n>>An Banks, Percival and Richards' (1973) expres

sion for the cross-sections can be written to first order as 

4/n2 < E < 2/n (3-14) 

a (An) = \ aQ2 E2 n7 (1-̂ ) [C(xJ-C(x+) ] , (3-15) 

where a is the first Bohr radius and 
o 

C(x) = x2/(2+3x/2) In (l+2x/3) , (3-16) 

where 

9 
x+ = 2/ [En (1+ -jf-)]. (3-17) 
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_3 
Evaluating equation (3-15) for n=100 and E - 3 x 10 [near the center 

of the range specified by equation (3-16) ], we have 

.. ,n10 2 ri 3An In (1+40/9 An)1Q̂  o(An)-10 »a0 [1 - — J] . (3-18) 

Thus a(An=2)/a(An=l) = 0.28, three tines as large was obtained with the 

Flannery cross-sections. This component of the overcorrection should be 

small but significant. The component due to the omission of the |An|> 1 

radiatively induced transitions will be roughly comparable to the ef

fect in the case of the Dupree calculations illustrated in Figure 7. 

The Hoang-Binh and Walmsley (1974) and the present calculations, then, 

give respectively lower and upper limits to the actual departure co

efficients . 



CHAPTER 4 

OBSERVATIONS 

In this chapter I describe the acquisition of my 10.5 GHz 

observations of Orion A with the 42.7 -m (140-ft) radio telescope of 

the National Radio Astronomy Observatory in Green Bank, West Virginia. 

In the last section I review the available observations obtained with 

that instrument. 

Instrumentation and Observing Technique 

Using only observations obtained with the same instrument 

simplifies the comparison of the work of different observers and helps 

to reduce systematic errors. For the present problem the price paid in 

data excluded is very small, since almost all the heavy element recom

bination line observations of Orion A have been made with the 42.7-m. 

Important parameters of the telescope are given as a function of fre

quency in Table 1. They are: the beam full width at half power (0̂ )̂ , 

the inverse effective aperture of the antenna in flux units per degree 

2 
Kelvin (2k/A , where A is the effective aperture in cm ), and the beam 

6 6 

efficiency, rig where for a source of brightness temperature T̂  that 

fills the beam an antenna temperature of 

TA - Tb/nB (4-1) 

results. 

38 



39 

Table 1. Parameters of NRAO 42.7-m. 
Dupree 1974) 

- -(From 

V 

(GHz) 

0r , 2k/A 
fwhp ' e 

(arc minutes) (f.u./°K) 

nB 

10.5 3 3.85 0.76 

5.01 6.45 $ 6.3a 3.67 0.81 

2.70 11 3.43 0.76 

1.65 18 3.71 0.70 

1.42 21 3.77t0. 4 0.70 

1.06 28 3.94±0. 4 0.66 

0.700 42 3.31±0. 3 0.77 

0.403 73 2.97 0.86 

Q 
For E and H planes of polarization respectively. 

In December of 1974 I observed the Orion Nebula with the NRAO 

42.7-m antenna coupled to a cryogenically cooled 3 cm parameteric ampli

fier and a 192 channel autocorrelation spectrometer. Each channel 

covered 26 kHz giving a spectral resolution of about 32 kHz. 

On-source observations were centered on the peak of the C85a 

line as given by Balick, Gammon, and Doherty (1974) by first centering 

the antenna on the peak of the continuum source and then offsetting 

1° to the northeast. It should be noted that previous observers gen

erally centered on the continuum peak itself, unless mapping. 



The "total power" mode of operation was used, which is to say-

that in addition to the on-source observations, off-source observa

tions (with the telescope direct 1° to the north of the nebula) were 

also made. The off-source results were subtracted from the on-source 

results to eliminate the shape of the observing window from the base

line. To minimize error the off-source observations should have the 

same root-mean-square (rms) noise as the on-source observations. To 

achieve this by the most obvious method, using the same integration 

time in both cases, one must spend a large amount of time observing 

empty sky. Of the alternatives available, the one which seemed best 

for the present case is to reduce the off-source time by the well-

known method of decorrelating the off-source noise from the on-source 

noise by shifting the frequency of the local oscillator (LO) between 

on-source observations. The LO was offset in intervals of ±2 autocorre 

lator channels. For K different LO settings the optimum ratio of on-

source to off-source time is 

W* off =  ̂• . (4_2) 

I used K=ll to observe the 85a lines at 10.527 GHz and K=15 to observe 

the 1073 lines at 10.4474 GHz. 

The above process is complicated by the fact that standing 

waves between the antenna and the feed are different in intensity be

tween the on-source and off-source observations and are thus not com

pletely removed by the subtraction. To eliminate these waves the 

telescope is defocused so that the distance between the feed and the 
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antenna's surface is set +1/8A from focus for half the observations 

and -1/8A from focus for the other half. 

I calculated a difference in gain correction factor between 

the calibration source (3C 273) and Orion A to allow for the effects 

of beamwidth dependence on elevation of 1.045. The antenna tempera

tures were multiplied by this factor. The elevation of the calibration 

source was such that no additional correction for atmospheric extinc

tion was necessary. 

Data Reduction 

The unreduced observations are illustrated in Figures 9 and 10. 

From these an NRAO library program removed the baselines using second 

(Figure 11) and third (Figure 12) degree polynomial fits, respectively. 

In both cases the helium (larger) and carbon (smaller) peaks are 

plainly visible. In addition there is a tail on the low frequency side 

of the carbon (smaller) peak which corresponds to the heavy element 

blend observed by Chaisson and his co-workers (Chaisson 1972; Chaisson 

et al. 1972; and Chaisson and Lada 1974) in several sources including 

Orion A, and which Chaisson (1974) has ascribed to ̂ ĝ, ̂ Si, 

and ̂ Fe, all of which have the same order of cosmic abundance and all 

of which would be singly ionized in an HI/CII region. Of the four 

components of the blend, however, only one in each of the figures rises 

above the 3a noise level. A gaussian fit to the significant (>3a) 

peaks was made using the NRAO library functions, and the results are 

illustrated in Figures 13 and 14. The He85a and C85a lines agree 

reasonably well with earlier observations. 
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Table 2 gives the results of the data reduction. Listed are the 

antenna temperatures, full line widths at half intensity (uncorrected 

for instrumental broadening), radial velocities with respect to the 

local standard of rest for the carbon lines, and for lines other than 

carbon their separation in kiloHertz from the carbon lines. Errors are 

3a estimated from the rms errors of the gaussian fit. There may be sys

tematic errors as well, but these are probably less than 5%, and are 

taken into account where appropriate in the analysis in Chapter 5. 

The displacements in frequency of the lines due to the four 

components of Chaisson's blend from the corresponding carbon lines, 

assuming that all have the same radial velocity, are given in Table 3. 

The line in Figure 13 corresponds in frequency with magnesium, but ac

cording to Chaisson (1975) the centroid of the four-line blend would be 

at the same frequency, and so, given the considerable breadth of the 

line one cannot say with certainty which of the suggested elements are 

responsible. The frequency of the line in Figure 14 is in very good 

agreement with that of sulphur, although it is broad enough that there 

may be a contribution due to silicon. Any assymmetry due to the 

presence of a silicon component would be impossible to detect at this 

signal to noise level. The other components of the blend, if present, 

appear to be buried in the noise. Note that the uncertainty in the 

line temperatures of the lines are about ±753 at the 3a level, so that 

they are not useful for quantitative analysis. At this level of signal 

to noise, then, the absence of a positive identification of S85a does 

not detract from the evidence that the X107g is due (at least primarily) 

to silicon. 
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Table 2. Observations of 10.5 GHz Recombination Lines in Orion A. 

Transition Av(kHz) V(km/s) v-vc(kHz) 

He85a 0.422 ± 0.016 714 + '46 -538 + 27 

C85a .151 t .032 199 + 62 9.28 ± 0.60 

X85a .050 * .035 123 •t 115 237 •t 49 

Hel07B .092 + .005 700 + 68 -539 + 35 

C1073 .046 + .011 227 + 63 9.22 + .67 

X1O70 .021 * .016 68 + 60 306 t 35 

Table 3. (v-v ) for Some Heavy Element Lines 

Element 85a. Lines 1073 Lines 

24Mg 
241 kHz 239 kHz 

28Si 
275 273 

32s 301 299 

S6Te 378 375 
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The Carbon Line 

Since Palmer et al. (1967) first detected C109a in Orion A, 

a sizeable body of carbon line observations of that source has accum

ulated. In Table 4 I have collected the best of the available carbon 

line observations acquired with the NRAO 42.7-m instrument. Abbrevi

ations in the column headings have the same significance as in Table 

2. The line-widths are as corrected for instrumental broadening except 

where noted. In those cases in which the line-width has been corrected 

for instrumental broadening the line temperature (antenna temperature) 

has not, and therefore AvT̂  is not quite a measure of the line flux. 

All errors are, as in the rest of this work, 3a. 

In addition to the observations given in Table 4, the observa

tions of Palmer (1968) and Simpson (1970) are useful for obtaining the 

ratios of the quantity AvT̂  (see Chapter 2) for an alpha line to that 

of a beta line at the same frequency. Such ratios, Dupree (1971) has 

shown, are valuable diagnostics of the interstellar medium. This ratio 

is defined 

p(na/m$) e (AvTL)na/(A\jTL)m(3 (4-3) 

where, for an element X, the frequencies of the Xn« and the Xmg transi

tions are approximately equal. Dupree obtains p(C109a/C137$) = 

2.68+0.71 from Palmer (1968) and p(C168a/C21l3) = 5.8+3.1 from Simpson 

(1970). From Table 2 I find p(C85a/C107$) = 2.9±1.5. 

These observations are analyzed and discussed in the next 

chapter. 
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Table 4. Carbon Line Observations Toward Orion A. 

Transi
tions (°K) 

Av 

(kHz) 

Av T̂  

(kHz-°K) 

V 

(km/s) 

Notes 

85 a 

92 a 
94 a 

109a 
134a 
143a 
157a 
158a 
166 a 

168a 

183a 
197a 
198a 
210/ 
211a 

1073 

0.13 :!0.03 
0.12 if).02 
0.116+0.004 
0.151±0.032 
0.122±0.012 
0.087±0.02 
0.21 ±0.049 
0.15 ±0.06 
0.20 ±0.05 
0.26 ±0.05 
0.125±0.02 
0.15 ±0.02 
0.17 ±0.02 
0.183±0.042 
0.134±0.035 
0.18 ±0.08 
0.34 ±0.010 
0.07 ±0.03 

<  0 . 2  

0.046 0.011 

150 ±53 
122 ±35 
197 m 
196 ±62 
147 d40 
133 ±26 
58 ±13 
48.2± 7 

100 ±11* 
74 ±18 
48.4± 6.5* 
40.4± 5* 
47.5± 9.5 
52.3± 0.7 
43.1±13.8* 
18.8±10.65 
61 ±20* 
44.9±14.0 

28 ±23.3 

225 ±63 

19.5 ± 8 
14.6 ± 5 
22. 85± 2.56 
29.60+10.90 
17.9 ± 5.2 
11.56± 3.5 
12.18± 3.94 
7.23± 1.4 
20.0 ±5.5 
19.24± 6.0 
6.1 ± 1.3 
6 .1  ±  1 . 1  
8.08± 3.3 
9.57± 2.2 
5.78± 2.39 
3.38± 2.44 
2 . 1  ±  1  
3.1 ± 1.7 

< 6.4 

10.35± 2.8 

9. 7±0.75 
10.4 ±0.5 
9.6±0.5 
9.3 ±0.6 
9.7±1.2 
9. 7±0.3 
11.3 ±1 
8.2+0.4 
10 +3 
11 ±2 
6.7±0.3 
7.0±0.5 
7.0±1 

9.4±3 
7.2 ±2 
9.0±3 
3. 4±2 

6 ±5 

9.2±0. 7 

a 
b 
c 
d 
3 
f 
c 
g 
h 
i 
j 
j 
k 
1 
m 
k 
h 
k 

k 

d 

*Line-width uncorrected for instrumental broadening 

Notes: 
a. Balick et al. (1974). 
b. Balick et al. (1974); 2 arc min to NE. 
c. Churchwell in Dupree (1974). 
d. Present work, l7 to NE. 
e. Chaisson (1974) 
f. Chaisson in Dupree (1974) 
g. Churchwell (1970). 
h. Lockman and Brown (1975). 
i. Churchwell and Edrich (1970). 
j. Chaisson and Lada (1974). 
k. Zuckerman and Ball (1974). 
1. Simpson in Dupree (1974). 
m. Boughton (1975). 



CHAPTER 5 

DISCUSSION MD ANALYSIS 

Dupree (1974) and Zuckerman and Ball (1974) have had great dif

ficulty trying to account for both high and low frequency observations 

of carbon radio recombination lines in the Orion nebula with a single 

source model. The absence of stimulated emission effects at high (<5 

GHz) frequencies is at odds with its apparent existence at low (<1.5 

GHz) frequencies. Hoang-Binh and Walmsley (1974) almost fit the obser

vations to a Zuckerman-Ball type (i.e., background source) of model, but 

admit the multiple cloud model as an alternative. The thrust of the 

present analysis is that the carbon line originates in at least two dif

ferent regions. The first four sections of this chapter are aimed at 

justifying this view and inferring the natures of these regions through 

an analysis of the observations and a critique of the earlier models. 

Finally, I propose a hybrid model and discuss it in the light of the 

observations and theory set forth in the present work. 

Radial Velocities 

Following the discussions of stimulated emission referred to in 

the preceding section I shall divide the frequencies over which the car

bon recombination line has been observed into the high frequency (v > 5 

GHz), low frequency (v < 1.5 GHz), and intermediate frequency regions. 

In this section I shall show that the observed radial velocities also 

52 
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demonstrate that the carbon recombination lines at low frequencies arise 

in a different region from those at the high frequencies. We shall 

begin with a consideration of the high and low frequencies only and 

then discuss the intermediate range. 

The rules of error imply that a set of measurements of a single 

constant quantity fall in a normal distribution about their weighted 

mean, if the measurements are independent. This simple fact provides us 

with a powerful tool for testing whether or not we are measuring the 

same radial velocities at high frequencies as at low frequencies. Con

sider two models: in model A there is only one source for the origin 

of the carbon recombination lines; in model B the source at high fre

quencies lias a different constant radial velocity than the source at 

low frequencies. In Table 5 I have listed those observed radial veloc

ities from Table 4 for which an allowance has been made for systematic 

errors due to uncertainties in separating the gaussians in the blend. 

In the case of the present observations I have taken this additional 

error to be ±0.30 km/s at the 3a level. If the systematic errors are 

independent of one another (which is almost true since the 14 obser

vations are from 10 different sources) then the observations will fall 

in a normal distribution for Model A, while for Model B the high and 

low frequencies will fall into separate normal distributions. 

The first column in Table 5 gives the name of each line and in 

parentheses the source from wlv rh it is taken (the key to sources is 

the same as in Table 4). Column 2 gives the weighting factor for the 



Table 5. Distribution of Radial Velocity Observations.3 
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1 
line (source) 

b | 2|"1 
l°il 
(s/km) 

3 
|AVi| 
model A 

4 
lAVi/ad 
model B 

85a (a) 4.0 5.28 0.06 

(c) 6.0 4.68 .66 

(d) 4.5 1.44 1.84 

107a(d) 4.1 1.56 2.10 

92a(e) 3.3 2.20 0.02 

94a (f) 10.0 8.80 .10 

109a(c) 3.0 7.44 4.77 

166a(j) 6.0 10.92 0.30 

00 3.0 5.46 .15 

168a(m) 1.0 0.58 2.35 

183a (k) 1.5 2.43 0.22 

19 7a (h) 1.0 0.18 1.95 

198a(k) 1.5 8.13 5.48 

210/ 

211a(k) 0.5 1.69 0.61 

aSee text for explanation of columns. 

Legend for sources same as in Table 4 (Chapter 4). 



observation which is simply the inverse of the standard deviation of 

error. Column 3 gives the difference between the individual observed 

radial velocity and the weighted mean for the entire set (8.82+0.13 

km/s for model A) in units of standard deviations of the individual ob

servation. Column 4 gives the difference between the individual 

observed radial velocity and the weighted mean of the applicable (i.e., 

high or low frequency) subset (9.71+0.161<m/s for high v and 7.05+0.32 

for low v) in the same units. 

The results are very impressive. For the single cloud case 

(model A) the scatter is horrendous. Half the observations fall out

side the 3a range, including some observations of very large weight. It 

is clear that, all other assumptions being correct, these are not meas

urements of a single radial velocity. 

For model B the results are much more satisfactory. Two ob

servations still fall outside the 3a range, but both are of relatively 

low weight. We may quantitatively compare the two models by asking 

what the weighted root-mean-square value of the deviations |aV /̂ô | 

of the two models (where AV̂  is the difference between the radial ve

locity of an individual measurement i and the appropriate weighted mean 

velocity, and â  is the standard error of the same observation as given 

in the sources). For model A we obtain an rms deviation of 7.28 (in 

units of sigma), while for model B we obtain 1.03. Clearly the radial 

velocities favor the two cloud model. 

We have seen that the observations seem to be of two different 

radial velocities: 9.71+ 0.16 km/s at high frequencies and 7.05+0.32 
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kra/s at low frequencies. The former is compatible with the dynamics 

of the background interface (Zuckerman 1973), while the latter satis

factorily agrees with the radial velocity of 6±1 km/s for the foreground 

coud observed by Radhakrishnan et al. (1972). This is precisely the 

arrangement we need to account for the appearance of stimulated emission 

effects at low frequencies only! 

Thus far I have not discussed the intermediate frequency obser

vations. A look at Table 4 shows that the 134a line falls between the 

two radial velocities mentioned above. 157a seems to be the background 

cloud, and 143a favors the background but is consistent with the low 

velocity cloud. Its unusually large line-width suggests that it may be 

a blend. The 158a is almost certainly the low velocity cloud. Which 

cloud one sees at these frequencies may be a matter of telescope pointing 

and the manner in which data reduction is done. 

Electron Densities and Temperatures 

We shall consider further evidence of cloud multiplicity in the 

succeeding sections, but now let us proceed on the understanding that . 

there are (at least) two clouds and see what might be inferred about 

their electron densities and temperatures. 

Hoang-Binh and Walmsley (1974) doubted that a foreground cloud 

of reasonable temperature and density could be hypothesized to account 

for the observations. But now that we know that the foreground cloud 

need only account for the low frequency observations and that the Hoang-

Binh and Walmsley departure coefficients are probably too small, we are 

able to give the problem a better treatment. With our better 



understanding of the circumstances of the carbon line origins we shall 

now see that the low frequency observations are consistent with a 

foreground cloud of low density and temperature. 

Dupree (1971) has pointed out that the ratio of the intensity 

of a beta line at a given frequency to an alpha line at the same fre

quency can be a powerful tool in diagnosing the interstellar medium. I 

shall follow her approach. Evaluating (2-33) for a transition n-m+1 

and again for a transition p+p+2 at the same frequency and dividing 

we obtain 

w 

f2a1 „ nl e*P(V fn n+1 VltTe"Tc[1' Kv~ OVW1' C5_2) 

P p2 exp (X ) f T kT 
p p p 2 b +9{T -T [1- j-2- (l-b /b .,)]} p+2 e cL hv v p p+2̂ J 

where I have defined the ratio 

(avtlpna 
p (na/pg) = . (5-3) 

<AvTiPPe 

Simpson (1970) made observations at 1.4 GHz to obtain p(168a 

/211g) = 5.8+ 3.1. Table 6 gives the range of densities out of those 

_3 
for which departure coefficients were calculated in Chapter 3 (10 to 

3 -3 
10" cm ) for which Simpson's observations are satisfied, where I have 

used Tc=10̂  for equation (5-2) (see i\hmad 1974). Contrary to Dupree's 

(1971) conclusion, arrived at using the incorrect departure coefficients 

(see Chapter 3), we see that there is no overly severe lower limit on 

the possible densities, only an upper limit which is most severe for 

the lowest temperatures. 



Table 6. Range of Permitted Foreground Cloud Densities. 

Te(°K) .Approximate Density Rangea 

10 
-3 10 ° to 10 

20 10'3 to 1 

100 10"3 to 10 

1000 

o
 

I—
1 

to 10 

a  - 3  3 - 3  
Out of the range considered (10 to 10 cm ); clearly the 

lower limit is an upper limit on the lower limit. 
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We must be concerned with the effects of the overly large cross-

sections, as discussed in Chapter 3. It turns out that lowering the 

cross-sections has no significant effect on Table 6 except at the lowest 

temperature. At T =10°K, conditions are so far out of equilibrium that 

the line ratio is particularly sensitive to collisional effects. As 

the strength of these effects are turned down a lower limit rises 

quickly while the upper limit also rises, though more slowly. Thus if 

the Hoang-Binh and Walmsley (1974) departure coefficients are used, we 

_3 
obtain acceptable densities in the range of about l<Ne<4 cm . 

Now let us consider the high frequency cloud. Since we believe 

this to be a background cloud, the effects of stimulated emission must 

be omitted from equation (5-2), that is, it must be replaced by 

n̂ exp(X )f ,, b ,, 
p(na/pe) = 2 " " "+1 [5-4) 

P exp(Xp)fp p+2 p+2 

The value of p(85a/107g) taken from Chapter 4 (using only my own ob

servations so that systematic errors may cancel) is 2.9±1.5. This is in 

good agreement with the value of p(85a/107g)-2.5 which we get from 

equation (5-4) for the values of electron density and temperature sug

gested by Zuckerman and Ball (1974) in their model for the background 

_3 source, viz., T =70°I(, Ne=30 cm . Again using the departure coeffients 

of Hoang-Binh and Walmsley (1974) to gauge the effects of reducing the 

cross-sections we find that their departure coefficients (which I re-

emphasize are overcorrections) also give p(85a/1073) =;2.5. 

Now, rather than simply checking for consistency, let us ask what 

electron densities and temperatures satisfy both the observed value of 



p(85a/107g) given above and Palmer's (1968) observation that p(109a/1376) 

=2.68+. 71. It turns out that a background cloud of Te=100°IC and Ne=10 

cm""5 predicts P(85"/107$)=2.4 and p(109a/1373)=2.8, both well within the 

1° errors of the respective observations. Neither temperature nor 

density may be changed by an order of magnitude in either direction 

without talcing us out of the 2o errors of at least one of the observa

tions. We seem to have a handle now on the temperature and density of 

the high frequency source. We note that the temperature and density sug

gested by Zuckerman and Ball (1974) and used earlier in this section 

gives P(109a/1373)=3.1, which just barely falls within the 2a errors. 

The effects of using the smaller cross-sections of Banks et al. (1973, 

see discussion in Chapter 3) would for all but the lowest temperatures 

be to raise somewhat the inferred electron density, making the value 

_3 
suggested by Zuckerman and Ball (1974) more reasonable (Ne~70 cm ). 

We finally note that we cannot completely reject the single 

cloud hypothesis on the basis of the alpha to beta line ratios alone. 

The 100°K, 10 cm ̂  background cloud predicts a P(168°t/2118) which dif

fers from the Simpson (1970) observation by only 2a, while a 1000°K, 

.001 cm ̂  foreground cloud predicts (using T =60°K) P(85ct/1073)=3.9 

andP(1o9«/1370)=2.6 which are tolerably close to the observed values. 

How well these models measure up against the observed line intensities 

as a function of frequency is considered in the next two sections. 
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Critique of the Dupree-Goldberg Model 

Dupree and Goldberg (1969) tried to account for the carbon re

combination lines in Orion A by a single foreground cloud. I have al

ready maintained that radial velocity considerations rule out any single 

cloud theory. However, since the preceding section showed that there 

were conditions under which such a model could account for the available 

alpha to beta line ratios, let us see if that cloud can explain the 

observed dependence of line intensity on frequency. 

I have used the theory of Chapter 2 to write a computer program 

which calculates AvT̂  for Cn as would be observed on the NRAO 140-ft. 

radio telescope (see Chapter 4) for a given source radius (0 in arc 

minutes), electron temperature, electron density, background emission 

measure (and departure coefficients), and HI cloud emission measure. 

This last quantity may be scaled by the program so that the intensity 

curve will fit some single observation. Stimulated emission effects 

are suppressed by the program in the case of a background (e.g., 

Zuckeman-Ball) source. In the case of the Dipree-Goldberg model the 

background emission measure need not be equal to the emission measure 

used in the calculation of the departure coefficients. The latter is 

characteristic of the overall background continuum falling on the HI 

cloud while the former must be typical of only the region directly be

hind the HI cloud and, therefore, responsible for stimulating the stim

ulated emission. Recall that in Chapter 1 I mentioned the reasons for 

believing that the HII region in Orion is of variable density (see also 

Brocklehurst and Seaton 1972 and Lockman and Brown 1975). The emission 



6 -6 
measure behind the Dupree-Goldberg cloud then will be 2 x 10 pc cm 

only if the HI cloud is at least of comparable size to the HII region. 

If it is much smaller than that, the emission measure of that part of 

the HII region behind it could be anything up to the peak emission meas 

1 -6 
measure through the HII cloud (2.5x10 pc cm ). I shall assume 

that the foreground cloud is not too far from the HII region center and 

that therefore the appropriate emission measure is somewhere between 

2 x 10̂  and about 2 x 10̂  pc cm ̂ . 

I have run this program for the Dupree-Goldberg model, using a 

background radiation field of 2 x 10̂  pc cm ̂  and using the N = 

-3 
.001 cm and Tg = 1000 °K as derived in the preceding section. Not 

only is there no value of 9 for which a satisfactory fit to the obser

vations given in Table 4, but to obtain even a poor fit requires unac-

ceptably long pathlengths to account for the required emission measure 

in the HI region. 

Critique of the Zuckerman-Ball Model 

Earlier in this chapter we obtained values of electron density 

and temperature for a background source which were in good agreement 

with the Zuckerman-Ball (1974) model for the source of the carbon re

combination lines. Let us now see if their model will account for the 

observed dependence of the observed intensities on frequency, as Hoang-

Binh and Walmsley (1974) have maintained. 

In Figure 15 the observations from Table 4 are plotted along 

with my calculations of the theoretical Zuckerman-Ball intensities 

_3 
using T =100°K and N=10 an as determined earlier in this chapter. 

c u 
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A variety of source radii have been used, and all curves are normal

ized (approximately) to the 109a observation. No curve fits all the 

observations well. 

Let us return to a consideration of Hoang-Binh and Walmsley's 

(1974) departure coefficients. Hoang-Binh and Walmsley's model B is, 

save for their choice of departure coefficients, nearly the same as 

the present version of the Zuckerman-Ball model with 0 chosen as 5' (see 

Figure 14). With the overcorrected cross-sections and slightly higher 

T and Ng they obtain a fit which is somewhat better, but I believe that 

the fit to the data points given in their Figure 5 is still at best mar

ginal. They have only 10 points to which they must fit their model, and 

yet in 4 cases (almost half) the predicted value is at or outside the 3a 

error bar edges. If one insists (because of the overcorrection) that 

A 
the actual solution must lie between their model B and my 5' curve, • 

the validity of the Zuckerman-Ball model becomes very doubtful. If we 

now recall the radial velocity considerations made earlier, it is clear 

that the single cloud model should be abandoned. 

A Revised Model, Predictions, and Comparison 
with Observations 

Now let us go back to the beginning. We know that there are 

multiple HI regions along our line of sight through the Orion nebula, 

and so there was no reason to expect a single cloud model to account for 

the observations. Since the radial velocities of the carbon recombina

tion lines are in satisfactory agreement at high and low frequencies 

with the Zuckennan (1973) interface and the Radhakrishnan et al. (1972) 
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foreground cloud, let us synthesize what the intensities of the Cna 

lines should be based on the information already presented in the 

present work. 

A model of the Orion carbon recombination line must take into 

account the effects of at least two components. Behind the HII region 

(and therefore evidencing no stimulated emission effects) is the in

terface between the HII region and the background cold molecular cloud. 

7 
This component has departure coefficients appropriate to a 2 x 10 pc 

cm ̂  background radiation field (see Chapter 3). The component must 

- 3 
have an electron density of 10 cm and a temperature of 100° (approxi

mately, in both cases) to satisfy the observed high frequency ratios. 

Unfortunately we have no very strong constraints on the source size, so 

i shall take 0=0.7' which gives the best fit to the three highest 

frequency lines given in Table 4. The intensities predicted from the 

contribution of this component alone are graphed in Figure 16 by the 

line labeled background. Here the emission measure of the HI component 

has been chosen to be 134 pc cm ̂ . This gives a very good fit to the 

three high frequency points while requiring a believable characteristic 

pathlength of about a parsec. I note there that the pathlength could 

be further reduced a factor of 2 by increasing the source size to 0=1' 

without greatly harming the fit to the high frequency points (cf. 

Figure 14). 

In front of the HII region we know is the foreground cloud with 

0=1. ̂  (Radhakrishnan et al. 1972). Zuckerman and Ball (1974) argue 

3 -3 
that this type of cloud probably has a hydrogen density of 10 cm and 

that a cloud of such density and this small size will be ionized 
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Compared to Observations. 
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completely in carbon. For a normal carbon abundance, then, we expect 

'b -3 
N =.3 cm . If the cloud is roughly spherical the emission measure 
© 

-3 
will be about 0.045 pc cm . Using the departure coefficients for a 

2 x 10̂  pc cm ̂  badcground and also using 2 x 10̂  pc cm ̂  for the actual 

characteristic emission measure for the HII region stimulating the ob

served stimulated emission we obtain the results marked "foreground" in 

Figure 15. An impressive agreement with most of the low frequency ob

servations is obtained for a cloud temperature of 20°K. 

We notice that two points fall completely out of reach of this 

model, 143a and 157a. There is something suspicious about these points 

in any case. The 157a line seems to be 5 times as intense as the 

neighboring 158a observation. Could it be that the line is blended with 

some other line? Returning to Table 4 we see that the 143a and 157a 

lines are anomalously broad -- about a factor of two broader than we 

would have expected from the run of other line breadths. It seems very 

likely that in both these cases there is something complicating the 

observation and we exclude them from further consideration here. 

We shall now consider whether the overall fit can be improved. 

Recall the discussion earlier of the fact that for a small foreground 

source the background emission measure appropriate for calculating 

stimulated emission may exceed that used in the calculation of the de

parture coefficients. In the case of the foreground component under 

consideration this difference cannot be too great since we have taken 

the source size to be a moderate 1.8' radius. Nonetheless, the bulk of 

the observed radiation will come from the center of the HI cloud 



(since we have assumed a spherical shape), and therefore the emission 

measure adopted for calculating the stimulated emission may be con-

6 ~ 6 6 
siderably larger than 2 x 10 pc cm . Adopting a value of 4 x 10 pc 

cm ̂  gives us the results shown in Figure 17. Having excluded the two 

suspect observations, we find the fit is excellent. 
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Figure 17. Present Model with Stimulating Emission Measure Taken as 4 x 106 pc cm"6 • 
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CHAPTER 6 

CONCLUSIONS AND SUGGESTIONS FOR FUTURE RESEARCH 

The Orion Nebula is a complex object. Associated with the HII 

region are two HI regions which are responsible for the observed carbon 

recombination lines. The background interface between the HII re

gion and the cold molecular cloud dominates these lines at low fre

quencies. At high frequencies the foreground cloud observed in ab

sorption at 21-cm dominates. Two features are not accounted for by 

this picture. The C143a and C157a lines appear to be much more in

tense than expected, suggesting that they are blended with some other 

feature (s). This interpretation is supported by the anomalous width of 

these lines. 

Apart from the just mentioned complication, this picture of the 

C-line sources accounts with excellent precision for 

(1) the observed radial velocities, 

(2) the line intensity dependence on v, and 

(3) the alpha to beta line intensity ratios. 

Further, the geometry, densities and temperatures employed are consis

tent with the overall picture of the Orion complex given in Chapter 1. 

The assumption of this picture has permitted us to obtain some 

relatively precise information about the nature of the HI clouds. The 

foreground cloud is quite cold, T-20°K, and of a typical density for 
6 
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_3 
this type of cloud, N =.3 cm . The background cloud appears to be of 

the temperature and density accepted by previous researchers, T~100°I( 

_3 
and Ne~10 cm , but is much smaller than supposed by Hoang-Binh and 

Walmsley (1974), &v0.7~ as opposed to 5'. This smaller size is much 

preferable, since the Hoang-Binh and Walmsley value would make the, 

background interface twice the size of the HII region! In any case, 

the present model gives a much better fit to the observed line intensity 

dependence on frequency than does Hoang-Binh and Walmsley's. The vari

able density of the HII region is supported by the fact that the charac

teristic emission measure of the HII region behind the central part of 

the presumably spherical foreground cloud seems to be twice the value 

of the characteristic emission measure of the HII region as a whole. 

There are further research projects which would be of 

interest: 

(1) An observation of higher frequency C-lines than 85a would 

permit more stringent limits on the size of the background cloud. 

(2) High resolution mapping should be conducted at C109a. The 

foreground cloud is only down by a factor of 5 in intensity from the 

background cloud at this frequency and the two lines might be separable 

if the data reduction is conducted with the difference in their radial 

velocities borne in mind. It is possible that the apparatus at Wester-

bork Observatory developed to observe the H109a line at 6" resolution 
V 

may be adaptable to such a purpose. The results might help pinpoint 

the position of the foreground cloud. 
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(3) The cross-section calculations for collisional transi

tions should be revised to try to meet the criticisms put forth in 

Chapter 3. It would be worthwhile to consider a new approach to the 

atomic physics, e.g., a renormalized Bom Approximation (Garcia 1974). 

A more precise set of departure coefficients would make possible a more 

precise understanding of conditions in the HI clouds through more de

tailed fitting. 

(4) No attempt has been made to determine the effects of the 

hypothesized tiny HI clouds within the HII region. Such a study would 

be interesting in light of the anomalously bright C143a and C157a 

lines. On the observational side one might try to measure the cor

responding 1803 and 197(3 lines. The results may shed light on whether 

the blend, if any, is due to lines other than carbon recombination 

lines. 



APPENDIX A 

glossary of constants 

a radius of first Bohr orbit = 5.29 x 10 ̂  an 
o 

10 -1 
c speed of light = 2.998 x 10 cm s 

e electron charge = 4.80 x 10 esu 

-? -1 -1 
f.u. flux unit = 10 ergs cm s Hz 

-27 h Planck's constant = 6.625 x 10 erg s 

1 a 1 
k Boltzmann constant = 1.38 x 10 erg °K 

- 2 8  m electron mass = 9.109 x 10 g 
e b 

hydrogen mass = 1.673 x 10 ̂  g 

n̂ e helium mass = 6.646 x 10 ̂  g 

carbon mass = 1.993 x 10 ̂  g 

tt circumference to diameter ratio = 3.1416 

j8 pc or 
psc parsec = 3.08 x 10xtJ cm 

R  o r  5 - 1  - 1 1  
Ryd Rydberg constant (energy unit) = 1.1 x 10 cm (=2.18 x 10 

ergs) 
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appendix b 

DEPARTURE COEFFICIENT TABULATIONS 
« 

The tables in this appendix give the coefficients of departure 

from LTE (bn), the stimulated emission parameter (SEP), and the quanti

ty bnexp(Xn) where Xn is the ionization energy for every fifth level 

from n=50 to n=285 in HI regions under the conditions discussed in 

Chapter 3. Tables B-l to B-28 correspond to Figures 3 and 4 and Tables 

B-29 to B-56 correspond to Figures 5 and 6. 

As in the rest of this dissertation, parameters are cgs unless 

otherwise noted. 
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TAPLE 8- 1 

DEPARTURE COEFFICIENTS FOR BACKGROUND EM=20 MILLION PC 
ELECTRON TEMPS 10 DEG KELVIN LOG.ELECTRON DENSITY 

N B(N) SEP B(N)EXP(XN) 
50 .5465F-02 .379E+00 .303E+01 
55 ,3097001 .212E+00 , 573E + 01 
60 ,8519001 ,146000 a 6G5E+01 
65 ,16P2E +00 ,103E + 0 0 „707F*01 
70 ,2694000 .731E-01 ,676001 
75 .3758F+00 .528E-01 ,623E+01 
80 ,4773F+00 .386E-01 .563E+01 
65 ,5664000 .285E-01 ,506Ef01 
90 ,6466E+00 .213E-01 , 454001 
95 ,7122E+00 ,161E-01 ,410E+01 

100 , 7 6 6 0 F + 0 0 .123E-01 , 3 7 2 E + 01 
105 ,8099F+00 ,943E-02 ,339E*01 
110 ,84 530 0 0 ,730E-02 .312E+01 
115 ,8738F + 0 0 .569E-02 .2C8E+01 
120 , 8968F +0 0 ,447E-02 , 269E+01 
125 .9153E+00 .354E-02 , 251E + 01 
130 ,9303000 ,281E-02 .237E+01 
135 .9424E+00 ,225E-*02 .224E+01 
100 .9522E+00 .181E-02 .213E+01 
145 .9601E+00 .147E-02 .203E+01 
150 , 9666F + 0 0 .119E-02 , 195E + 01 
155 .9720E+00 ,974E'03 , 188E + 01 
160 ,9764000 ,799E-03 .1B1E+01 
165 ,9800E+00 .659E-03 .175E+01 
170 .9830F+00 ,546E-03 .170E+01 
175 ,9855E+00 ,455E-03 ,165E+01 
160 ,9876000 ,380E-Q3 ,161E+01 
185 ,9893000 .319E-03 .157E+01 
190 ,99080+00 ,269E-03 ,153E+01 
195 ,99?1F+00 ,227E-03 .150E+01 
200 .9931G+00 ,193F.-03 ,147001 
205 .9940F+00 .164E-03 ,145E+01 
210 ,994800 0 .140F-03 .142001 
215 .9954F+00 .120E-03 .140E+01 
220 ,9960000 ,104E-03 , 138E + 01 
225 ,9965000 ,894E-0 4 •136E+01 
230 ,9969000 ,774E-04 ,134001 
235 ,9973000 .672E-04 , 13 3 E + 01 
240 ,9976000 ,5CbE-04 , 131E + 01 
245 , 9979000 ,511E'04 , 13 0 F + 01 
250 ,9981000 ,447E-04 .129E+01 
255 ,9963000 , 392E-04 , 12 7 E • 01 
260 .99C5F+00 ,345004 .126E+01 
265 ,9987000 ,304F:-04 ,125E+01 
270 ,99JiBOOO ,269004 , 1P4E + 01 
275 ,9990000 .238E-04 . 123E+01 
280 ,9991000 .212E-04 , 122E+01 
265 ,9992000 ,188004 ,121O01 



TABLE 0 -  2  

DEPARTURE COEFFIC IENTS FOR BACKGROUND EMs20  MILL  ION PC CM-6  

ELECTRON TEHP= 20  DEG KELVIN  LOG-ELECTRON DENSITY=  3  

N B (N) SEP B < N)EXP 
50 .3819E-01 , 272E*0 0 ,899E* 0 0 
55 • 1217E+00 ,144E+C0 ,lfi5E*01 
60 ,2344E*00 .957E-C1 .210E+01 
65 ,3605E + 0 0 .651E-01 .234E+01 
70 ,4818E*00 .449E-01 .241E+01 
75 .58C1E+00 .314E-01 , 239E + 01 
80 ,67f>0F + 00 .223E-01 .232E+01 
65 , 7462E»00 ,160E-01 ,223E*01 
90 .8013E+00 .117E-01 .212E+01 
95 ,8441E-»00 , 859E-02 .202E+01 

100 ,8771F*00 ,640E-02 .193E+01 
105 .9027E+00 .482E-02 .185E+01 
110 ,9225E+00 , 3 6 7 E - 0 2 ,177E-<-01 
115 ,9379E*00 ,282E-02 .170E+Q1 
120 ,9499F. *00 .218E-02 .164E+01 
125 .9594E+00 .171E-02 • 159E + 01 
130 .9669E+00 , 134E-02 ,154E*01 
135 ,9729E + 0 0 .107E-02 , 150E + 01 
140 .9776E+00 , 852E-03 ,146E*01 
145 ,9B15E + 0 0 .685E-03 .143E+01 
150 , 9846E+0Q ,554E-0 3 .140E+01 
155 ,9871F+00 , 450E-03 . , 13 7 E * 01 
160 , 9891E + 0 0 .366E-03 , 135E + 01 
165 , 99 tl 8E*- 0 0 ,303E-03 .132E+01 
170 ,9922F*00 .250E-03 .130E+01 
175 .9934E+00 ,208E-03 .129E+01 
180 ,9943F+00 .173E-03 ,12 7E + 01 
185 , 9951F. + 0 0 .145E-03 • 125E + 01 
190 .9958E+0Q .122E-03 <124E+01 
195 ,9964F.*00 .103E-03 , 123E + 01 
200 19969E + 0 0 ,875E-04 , 121E+01 
205 f 9973E + 0 0 ,745E-04 ,120E+01 
210 .9976E+00 .637E-04 ,119E + 01 
215 ,9979E + 0 0 ,54 6E"0 4 .118E+01 
220 ,99P2F*00 .470E-04 .118E+01 
225 ,9984E*00 .406E-04 .117E+01 
230 ,99B6E * 0 0 ,351E- 04 .116E+01 
235 ,9968000 .305E-04 •115E+01 
240 ,9909K + 0 0 , 2 6 6 E - 0 4 .115E+01 
245 ,9990r- + 00 .232E-04 , 114E + 01 
250 , 9991F. + 0 0 , 203E-04 .113E+01 
255 ,9992E • 0 0 ,179E-04 .113E+01 
260 , 9993E + 0 0 .157I--04 , 1' 12 E + 01 
265 .9994E+00 ,139E"04 .112E+01 
270 ,9995F+00 .123E-04 ,111E+01 
275 ,999 5C + 0 0 , 109E-0 4 .111E+01 
280 ,9996F + 0 0 ,967E-05 ,111E + 01 
265 ,99V6i: + 00 .861E-05 , 110E + 01 



TABLE B- 3 

DEPARTURE COEFFICIENTS FOR BACKGROUND EM=20 MILLION PC CM-6 

ELECTRON TEMP = 100 DEG KELVIN LOG ELECTRON DENS ITY= 3 

N B < N > SEP G ( N ) E X P 
50 , 1932E + 0 0 , 119 E * 0 0 .363E+00 
55 ,3199h+0Q .721E-01 .539E+00 
60 .4425E+00 ,508E"01 .686E+00 
65 ,5555E+00 .360E-01 ,807E*00 
70 ,6520 F.+ 00 ,255E-01 , 9 0 0 E + 0 0 
75 ,7300E*00 .182E-01 .967E+0Q 
80 , 7912E+00 ,130E-01 ,101E*01 
85 , 8384E + 00 .945E-02 , 104E + 01 
90 .8744E+00 i693E«02 ,10 6E + 01 
95 ,9018E+00 .513E-02 .1O7E+01 

100 ,92?8E«00 .384E-02 .108E+01 
105 ,93P8E+00 ,29 IF. •'02 1108E + 01 
110 .9512E+00 ,222E*02 , 108E + 01 
115 ,96[i8E + 00 ,171E-02 (lOBF+Ol 
120 .96R3E+00 ,133E-02 ,108t+01 
125 .9742E+00 .lOSE-'OS .108E+01 
130 ,97fs9E*00 .828E-03 • 10 7E•01 
135 ,98?6E*00 ,660E-03 •107E+01 
140 «9856E*00 .530E-03 ,107E+01 
145 i 9880E*00 .428E-03 • 107E + 01 
150 ,9899E+00 ,348E-03 1106E + 01 
155 ,9915E*00 ,285E«03 . .106E+01 
160 ,9928E + 0 0 .234E-03 , 106E + 01 
165 ,9939F + 0 0 .194E-03 1105E + 01 
170 ,99<S8E«.00 , 161E » 0 3 .105E+01 
175 .9955E+00 ,134E"03 1105E + 01 
1B0 ,9962E*00 , 113E-03 .105E+01 
165 i 9967E*00 .950E-04 .104F+01 
190 .9971E+00 .804E-04 , 10 4 F. + 01 
195 i9975E+00 .683E-04 .104E+01 
200 , 9978E + 0 0 ,582E-04 .104E+01 
205 .99ME + 00 ,499E-04 • 104E + 01 
210 ,9963E*00 .426E-04 ,103E+01 
215 .9965F+00 ,369E-04 .103E+01 
220 ,9987E+00 .319E-04 .103E+01 
225 .9989F+00 .277E-04 • 1D3E + 01 
230 .9990E+00 .241E-04 .103F+01 
235 , 9991E+00 , 210 E - 0 4 •103E+01 
240 i 9992E + 00 ,184E-04 .103E+01 
245 .9993E+00 .161E-04 .103E+01 
250 ,9994F+0D , 142E-04 •102E+01 
255 , 9994f.*00 ,125E-04 »102E + 01 
260 , 9995E+00 111 0 E - 0 4 •102E+01 
265 i9996E*0 0 , 979E-05 .102E+01 
270 , 9996F+00 ,669E-0'j .102E+01 
275 ,9996E * 0 0 ,773E-05 , 10 2 E + 01 
280 19997E + 0 0 .689E-05 .102E+01 
205 ,9997F+00 .616E-05 .102E+01 



TABLE B» 4 

DEPARTURE COEFFIC IENTS FOR BACKGROUND EK=2Q MILL ION PC CM-

ELECTRON TEMP =  1000  DEG KELVIN  LOG"  ELECTRON DENS ITY=  3  

N B(N) SEP B(N}EXP 
50 ,43('5F*n0 .270E-01 ,465E + 0 0 
55 ,49f9E+00 .247E-01 .524E+00 
60 ,56200+00 .234E-01 .5P7E+00 
65 ,6294E+00 .206E-01 ,653E*00 
70 ,69340+00 .170E-01 ,716E*00 
75 , 75020+00 , 13 6 E •» C1 .772E+00 
80 ,79830+00 , 106E-01 .818E+00 
85 ,8379F+00 , 824E-02 .856E+00 
90 ,86980+00 ,637E-02 , 887E+00 
95 ,89530*00 .493E-02 , 911E + 0 0 

100 ,91560+00 .383E-02 ,930E*00 
105 ,93160+00 .299E-02 .945E+00 
110 ,94440*00 , 2 3 4 E - 0 2 .957E+00 
115 ,95450+00 .185E-02 , 966E + 0 0 
120 ,96260+00 .147E-02 .973E+00 
125 .9691E+00 , 117E-02 , 979E + 00 
130 ,97440+00 .944E-03 .984E+00 
135 , 97B6E+00 .764E-03 .987E+00 
140 ,9821E+0D .622E-03 ,990E+00 
145 , 9819E + 0 0 .509E-03 . 992E + 0 0 
150 ,9872E+00 .419E-03 , 994E + 00 
155 ,98910+00 ,347E-03 . .996E+00 
160 ,9907E+00 , 288E-03 ,9970+00 
165 ,99210+00 .241E-03 .998E+00 
170 , 99320+00 , 202E-03 ,999E + 00 
175 ,99410+0 0 .170E-03 .999E+00 
160 .9949E+00 , 144E-03 .100E+01 
185 ,99560+00 .122E-03 .100E+01 
190 ,99620+00 .104E-03 .100E+01 
195 ,99660*00 , 889E-04 .100E+01 
200 ,9971E+00 , 763E-04 .100E+01 
205 ,9974E+00 .657E-04 , 100E + 01 
210 , 9977E+00 ,567E-04 ,100E+01 
215 .99P0F+00 , 491E-04 •100E+01 
220 ,99820+00 .427E-04 •100E+01 
225 ,9904000 .372E-04 .100E+01 
230 ,99e.6o+oo .325E-04 .100E+01 
235 ,99fi8F +00 .285E-04 . 100E + 01 
240 ,99fi9F + 00 ,25f)E-04 .100E+01 
245 ,99900+00 ,2200-04 .1000+01 
250 ,99910+00 .194E-04 ,1000+01 
255 ,9992F+00 ,17?E-04 ,}OOE+Ol 
260 ,99930+0 0 ,15?E-04 ,iooo+oi 
265 ,99940+00 , 135E-04 ,1000+01 
270 ,9994E*00 .120E-04 .100E+01 
275 ,9995E+00 ,1070-04 • 100E + 01 
200 ,99950+00 , 9 6 J. E - 0 5 .100E+01 
285 ,9996F«00 , 860E + 05 .100E+01 
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TABLE B -  5  

DEPARTURE COEFFIC IENTS FOR BACKGROUND EM=20  MILL ION PC CM-6  

ELECTRON TEI1P  =  10  DEG KELVIN  LOG ELECTRON DENSITY*  2  

N 0<N> SEP B(N)EXP(XN > 
50 .6039E-03 .268E+00 , 334E+00 
55 .2576E-02 , 234E + 00 .477E+00 
60 , 91 ? 8 F - 0 2 ,207E+00 , 736E+00 
65 ,26<'7F^01 ,17lE+00 «113E+01 
70 .62P6E-Q1 , 134E + 0 0 .158E+01 
75 ,1198E + 0 0 .102E+00 , 198E + 01 
60 , 1941F + 0 0 ,77aE-01 ,229E*01 
65 ,27f9F+00 .591E-01 .248E+01 
90 .3666E+00 .452E-01 • 258E+01 
95 ,4516F+ 00 ,348E-01 .260E+01 
100 ,53P0F+00 .270E-01 , 25 7E + 01 
105 .60C2E+00 .212E-01 .251E+01 
110 ,6615E + 0 0 .167E-01 ,244E+ 01 
115 , 7142E+00 .132E-01 , 236E+01 
120 a 7591E+00 i106E-01 .227E+01 
125 .7971E+00 .851E-02 .219E+01 
130 .8290F+00 ,6B6E-02 .211E+01 
135 ,8558E+00 ,559E-02 , 204E + 01 
140 .67B2E+00 ,456E"02 .197E+01 
145 .8970F+00 , 374E"02 , 190E + 01 
150 .9127E+00 i 308E»02 , 184E+01 
155 .9258E+00 .254E-02 .179E+01 
160 ,9368E*00 , 210E-02 ,174E*01 
165 .9460E+00 ,175E-02 , J69E+01 
170 .9538F+00 1146E-02 , 1£5E* 01 
175 .9603F+00 ,122E"02 <161E+01 
160 ,9658E+00 .103E-02 a157E+01 
165 ,97f.5E + 00 .869E-03 , 1-54E + 01 
190 ,974 4E+00 , 736E-03 , 151E+01 
195 .9778E+00 ,626E-03 .148E+01 
200 ,9807E*00 ,533E-03 , 14 6E + 01 
205 .9831E+00 ,456E-03 , 143E+01 
210 , 9852E+00 , 3 9 2 E - 0 3 , 141E + 01 
215 ,9871F+00 .337E-03 .139E+01 
220 , 98C6E + 0 0 .291E-03 .137E+01 
225 ,9900E+00 .252E-03 .135E+01 
230 i 9912E+00 .219E-03 (134E + 01 
235 ,99?2F- + 00 ,190E-03 .132E+01 
240 .9931F+00 , 16 6 E - 0 3 .1310+01 
245 ,9939E + 0 0 ,145E-03 .129E+01 
250 ,99«6E+00 1127E-03 .126E+01 
255 ,99t52F + 00 .112E-03 ,127E + 01 
260 ,9957f->00 ,98BE-04 ,1"26E + 01 
265 .9962F+00 ,872E-04 1125E + 01 
270 ,9966E+00 ,7720-04 .124E+01 
275 ,99 7 0 F + 0 0 , 685E-04 .123E+01 
260 , 9973E + 0 0 , 6 0 9 E - 0 4 , 122E+01 
265 ,9976E+00 .542E-04 .121E+01 



TABLE B- 6 

DEPARTURE COEFFIC IENTS FOR BACKGROUND EM=20  MILL ION '  PC CM-

ELECTRON TEMP= 20  DEG KELVIN  LOG-ELECTRON DENSITY=  2  

N B{ N J SEP B(N)EX 
50 ,8792E*02 ,165E*0Q ,207E*00 
55 ,2047E>01 ,147E*00 .278E+00 
60 .443.2F-01 , 135E*0 0 ,396E*00 
65 ,8731F. "01 ,115E*00 ' .566E+00 
70 ,1529F*00 ,921E-01 ,766E*00 
75 ,23f>2E + 00 ,710E-01 ,962E*00 
60 ,32ff6E*00 .540E-01 ,113E«01 
65 ,4214E*00 ,410E-01 • 126E + 01 
90 ,50fi4E*00 ,312E-01 .135E+01 
95 , 5862F:»00 .239E-01 ,141E*01 

100 ,6538F+00 ,164E-01 ,14 4E + 01 
105 ,7113E*00 .143E-01 .146E+01 
110 ,7R95E»00 ,112Ef01 .146E+01 
115 ,7996E*00 ,887E*02 ,145E+01 
120 ,83?8E+00 ,706E-02 ,144E + 01 
125 ,8603E*00 ,565E-02 ,14 3E + 01 
130 , 8830F*00 .456E-02 .141E+01 
135 ,9018E*00 ,369E-0 2 , 139E + 01 
140 .9173E+00 ,301E"02 ,137E*01 
145 i9302E+00 ,247E-02 ,135E+01 
150 ,9409L;»00 ,203Er-02 .134E+01 
155 ,9498E*0 0 ,168E'02 , 132E+01 
160 ,9572E+00 .139E-02 ,130E*01 
165 ,9634E*00 .116E-02 ,159i:<-01 
170 i96fi6F*00 ,968E'03 .127E+01 
175 ,9730E*00 .813E-03 <126E*01 
180 ,97<>7E*00 i685E"03 . 125E + 01 
165 .9799E+00 ,579E"03 ,123l?*01 
190 ,9825E*00 .492E-03 ,122E*01 
195 ,9848E«00 ,419E-03 i121E+01 
200 ,9867E*00 , 358E"0 3 , 12 0 E + 01 
205 , 9 8 4 E * 0 0 .307E-03 «H9E + 01 
210 ,9898F*00 ,264E-03 .116E+01 
215 ,9911E*0G ,220E-03 .llCE+01 
220 ,9921E+00 ,197E-03 1117E + 01 
225 ,9930 F: *00 .171E-03 ,116E + 01 
230 ,99?8E«-00 ,149E-03 .115E+01 
235 ,9945E+00 ,130E"03 i115E+01 
240 ,99f>2E*00 ,114E-03 .114E+01 
245 ,99<>7E*00 , 996E"04 ill4E<-01 
250 ,9962F*00 .875E-04 .113E+01 
255 ,9966E*00 .771E-04 • 113E + 01 
260 , 9 9 6 9 E • 0 0 ,681E»04 . 1 i 2 E + 01 
265 ,9973E+00 , 603E-04 • 112E + 01 
270 .9976F. + 00 ,535E"04 .111E+01 
275 ,9978E*00 ,47T>E-04 •111E+01 
260 .99P0F+00 .423E-04 1110E*01 
265 ,99f>2E*00 •378E-04 «110E*01 
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TABLE B- 6 

DEPARTURE COEFFICIENTS FOR BACKGROUND EM=20 MILLION PC 

ELECTRON TEMP=10Q0 DEG KELVIN LOG ELECTRON DENS ITY= 

N B(N> SEP B<N)EXP(XN) 
50 ,3929E«00 ,122E-01 ,4l9E«00 
55 ,4170E*00 .114E-01 ,439E*00 
60 ,4 418E + 0 0 ,119E-01 ,462E+00 
65 ,4702E*00 .132E-01 ,488E*00 
70 ,5041E«-00 .147E-01 ,521E*00 
75 ,5438E*00 ,154E-01 ,559E*00 
BO ,5877E*00 1152Ea 01 ,602E*00 
65 ,6331E+00 i141E-01 .647E+00 
90 ,6776E«00 1125E-01 .651E+00 
95 .7193E+00 1109E-01 .732E+00 

100 ,7572E-»00 ,923E-02 ,769E*00 
105 ,7907E*00 .775E-02 , 802E + 00 
110 , 8199E»00 ,64ftE-02 ,831E*00 
115 ,8450E*00 .540E-02 , 855E + 00 
120 i8666E+00 f45PE«02 ,876E*00 
125 ,8850E*00 .375E-02 .894E+00 
130 ,9006E*00 .314E-02 ,909E<-00 
135 .9139E+00 .264E-02 ,922E+00 
140 , 92P3E* 0 0 , 223E-02 ,933E+00 
145 ,9350E«00 ,189E-02 ,942E+0 0 
150 ,9434E*00 •,16lE-02 ,950E*00 
155 .9506E+00 , 13 6 E - 0 2 ,957E*00 
160 ,9567E*00 .118E-02 .963E+00 
165 «9621E+00 ,10lE-02 .'968E + 00 
170 ,9667E+00 .874E-03 , 972E*00 
175 ,9707E*00 f755E"03 , 97 6E* 0 0 
100 ,97<11E*00 , 654E-0 3 , 979E + 00 
185 .9772E+00 .567E-03 ,982E*00 
190 ,9798E-c00 ,493E-03 ,9B4E'>00 
195 ,9621E*00 ,4o0E-03 ,9866*00 
200 , 9841E*00 , 375E-03 ,9fi3E*00 
205 ,9G58E<'00 .329E-03 .990E+00 
210 , 9674E* 0 0 t208E"03 .991E+00 
215 , 98B7E + 0 0 ,253E-03 ,992Ef00 
220 ,9899F«.00 .223E-03 .993E+00 
225 .9910E+00 .197E-03 .994E+00 
230 ,9919E*00 .174E-03 ,995E*00 
235 ,9927E*C0 .154E-03 .996E+00 
240 ,9934E«-00 .137E-03 ,996E*00 
245 .9911E+0P .121E-03 .997E+00 
250 ,994 7E + 0 0 ,J 06E-03 ,997E*00 
255 ,9952E*O0 , 9 6 5 E « 0 4 ,"998E*00 
260 ,99^6E+U0 , 8 6 2 ti - 0 4 ,996r: + 00 
265 ,99(,ir.*00 ,772E-04 .998E+00 
270 .9964E+00 ,692E**04 ,999E*00 
275 , 99fi7f:*n0 ,62jE-04 ,999E*00 
260 ,997 OE * 0 0 ,559E"04 ,999E*00 
285 ,9973E<-00 ,503E-04 ,999E*00 
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TABLE 8»10  

DEPARTURE COEFFIC IENTS FOR BACKGROUND EM=20  MILL ION PC 

ELECTRON TEMP =  20  DEG KELVIN  LOG'ELECTRON DENSITY 

N B<N> SEP B (N ) EXf 
50 ,4512E°02 ,143E*00 ,106E*00 
55 .9141E-02 ,U7E*00 ,124E*00 
60 ,1631E*01 ,100E*00 , 14 6 F. + 0 0 
65 ,27D1E»01 ,913E"01 ,175E*00 
70 ,4318E°01 I872E"01 ,2l6E*00 
75 ,6750E»01 iB23E-01 .275E+00 
eo ,1021E*00 .745E-01 , 351E+00 
65 ,1473E+00 ,647E-01 .439E+00 
90 ,2014F*00 ,547E-01 .534E+00 
95 ,2615E+00 .454E-01 .627E+00 

100 ,3243F*00 .375E-01 ,7l4E+00 
105 ,3872E*00 .309E-01 ,792F+0Q 
110 .4479E+00 .256E-01 .860E+00 
115 .5050E+00 .212E-01 ,91 BE* 0 0 
120 ,5579E*O0 .177E-01 ,965E*00 
125 .6062E+00 .148E-01 .lOOE+Ol 
130 i 6499F*00 ,125E-01 ,104E*01 
135 i6891E + 0 0 , 10 5 E « 01 .106E+01 
140 ,72"2E+00 , 896E-02 .108E+01 
145 , 755'5E + 00 i766E-02 .110F+01 
150 ,7833E + 0 0 .657E-02 , 111E + 01 
155 .BOEOE+OO .565E-02 .112E+01 
160 ,8299f*00 ,487E-02 1113E+01 
165 ,B492F*00 ,42lF-02 , 113F + 01 
170 ,8663E+00 ,365E»02 ,ll4E*0i 
175 a  8814E + 0 0 , 317E-IJ? a114E+01 
180 ,8948F*00 .275E-U2 a114E+01 
185 ,9065E*00 ,24DE-02 ,114F»01 
190 ,9169F+00 , 209E-02 .114E+01 
195 .9260F+00 ,183E- 0 2 a114E+01 
200 ,9341E*00 , 16 0 E - 0 2 ,114E*01 
205 i  9412F+00 .140E-02 ,114E + 01 
210 , 9475E + 0 0 .123E-02 , 11 3 E • 01 
215 ,9531E<-00 ,100E~02 a  113 F- +  01 
220 ,95h0E*00 ,956E- 0 3 .113E+01 
225 , 9624F+00 ,fl44E-fl3 , 112 E + 01 
230 .9663H+00 ,746E-03 ,1J2E*01 
235 a 9697F + 0 0 i661E- 0 3 , 112 f • + 01 
240 ,97?8E+00 ,587E » P 3 .112G+01 
245 a 9755E + 0 0 .521F-03 .111E+01 
250 ,9779E+00 ,464E-03 alllE+01 
255 .9801E+00 ,4l4E-03 alllE+01 
260 a 982 0 F. + 0 0 , 369E"n 3 a 11 Q E + 01 
265 ,9038F + 0 0 , 330F"(13 .110E+01 
270 .98&3E+00 , 296E" 1) 3 ,110001 
275 ,9867F*00 .265E-03 ,1100 01 
280 ,9860F+00 , 2 3 01:" 0 3 .109F+01 
265 ,9891F*00 , 214 E - 0 3 alO^E+Ol 
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TABLE B -12  

DEPARTURE COEFFIC IENTS FOR BACKGROUND EM =  20  MILL ION PC CM-

ELECTRON TEMP =  1000  DEG KELVIN  LOG ELECTRON DENS ITY=  1  

N  B(N) SEP B(N)EXP(XN) 
5 0  ,38?on+oo , 10CF-O1 .407E+00 
5 5  ,4o?ir+oo , 9 4 5 F - 0 2 .424F+00 
6 0  .4210F+00 ,869E- 0 2 , 44 0E + 00 
6 5  ,4395F+00 ,847E-C2 , 456E + 00 
7 0  ,4589F + 0 0 , 8 8 9 E- 02 .474E+00 
7 5  .48C6F+00 , 9 7 9 E - 0 2 , 494E + 00 
e o  ,5059F + 0 0 , 10 8 E - 01 ,5i9E+00 
6 5  ,5347E+00 , 114E-01 ,547E+00 
90 ,5664F + 0 0 .114E-01 , 578E + 00 
95 ,5994F+00 , 110 E " 01 .610E+00 
100 ,6324E + 0 0 .102E-01 ,643F+00 
105 ,664 4 F + 0 0 ,921E-02 , 674E + 0 0 
110 ,694 4F + 0 0 ,819E-02 .704E+00 
115 ,7221E+00 , 7 21F. - 0 2 .731E+00 
120 .7474E+00 , 632E-02 ,756E+00 
125 .7702E+00 ,553E-02 .776F+00 
130 ,79(i7F + 00 , 484F-02 .798E+00 
135 ,80 91F + 0 0 , 4 2 5 E - 0 2 , 816E + 00 
140 ,8257F+00 ,375E-02 ,832E+00 
145 ,84 0 6F + 00 .333F-02 , 847E + 0 0 
150 .8511F+00 , 2 9 7 F - 0 2 ,860E+00 
155 ,86641+00 , 2666-02 .872F+00 
160 .8775F+00 , 2 3 9 E » 0 2 ,88 3E + 0 0 
165 ,8876F+00 ,2160-02 ,  I 3 9 3 F +  0 0  

170 ,8969F+00 .195F-02 , 902E + 0 0 
175 .9054E+00 . 1 7 6 E - 0 2  ,9t OF + 0 0 
180 , 9131F + 0 0 ,16nE"02 , 9.18 E + 0 0 
165 , 9 2 0 1 F + 0 0  .145E-02 , 9 2 4 F + 0 0 
190 ,  9  2  6  6  f :  +  0  0  .131F-02 , 93IF + 0 0 
195 ,9324F+00 , 119 F - 0 2 . 9 3 6 E + 0 0  

2 0 0  , 9378F + 0 0 ,10RE-fj2 ,942F+00 
205 , 9 4 2 7 F + 0 0 , 9 O h F - 0 3  . 9 4 6 F + 0 0  

2 1 0  ,94721:+ 00 , 897E-03 .951F+00 
215 , 9513F + 00 ,  8 1 7  F  -  0  3  ,955F+00 
220 ,95f>ir. + 00 .745E-03 .958E+00 
225 ,95b5[: + 0 0 ,  6  ( j  0  E  -  0  3  . 9 6 2 F + 0 0  

230 ,  9 6 1 7 F :  +  0  0  , 6 2 3. F - 0 3 , 9 fi 5 F. + 0 0 
235 .9645F+00 , 5 6 8 f - > 0 3  , 9 6 7 E + 0 0 
240 .9672F+00 . 5 J 9 F - 0 3  .970F+00 
245 , 9 6 9 6 F  +  0  0  . 4 7 S F - 0 3  .972F+00 
250 , 9 718 F + 0 0 , 4 3 51- - 0 3 , 9 7 4 E + 0 0 
255 , 9 7 3 9 ! + 0 0  ,  3  9  9  F  -  0  3  ,  9  7  6 1 :  +  0  0  

260 , 9 7 5 > 8 F  +  0 0  ,  3  6  6  F  -  0  3  , 9 7 BF + 0 0 
265 , 9775F + 0 fl ,  3  3  6  F  -  0  3  , 9 fi 0 F + 0 0 
270 , 9791F + O0 . 3 0 9 E - 0 3  .901E+00 
275 , 9 8 f i 6 L '  +  0 0  ,  2  0  4  f ;  -  0  3  . 9 P 3 F + 0 0  

2 8 0  , 9 8 1 9  f ' +  0 0  , 2 611: - 0 3 , 9P4fc + 0 0 
285 ,9831F+00 i 240E-03 .985E+00 



TAPLE B-13 

DEPARTURE COEFFICIENTS FOR BACKGROUND EM=20 MILLION PC CM 

ELECTRON TEMPE 10 DEG KELVIN LAG ELECTRON DEHSITYS 0 

N B < N) SEP B(N)EX 
•50 ,1263E • 03 .241E+00 , 6 9 9 E 01 
55 ,44(;0E»03 , 19 3 E • 0 0 ,814E r 01 
60 .1175E-02 ,158E+0D ,94 4E n 01 
65 , 2620F •» 0 2 , 135E + 0 0 .uoe+oo 
70 .51S5E-02 .119E+00 , 13 OE + O 0 
75 .9576E-02 ,109r: + 00 .159E+00 
60 .1676E-01 .101F- + 00 , 19 8E + 0 0 
85 .2789E-01 ,9095-01 .248E+00 
90 .4307E-01 ,802E-01 .308E+00 
95 ,65l3E<*01 ,697E-01 , 375E+00 

100 , 914SE»0l ,599E-01 ,44 4E + 00 
105 .1223E+00 .513E-01 .512E+00 
110 ,1565E*00 , 4 3 9 E - 01 .577E+00 
115 , 1933E+00 .377E-01 , 638F. + 00 
120 ,2317 F. *00 .325E-01 , 694E + 00 
125 ,2707E+00 ,281E-01 .744E+00 
130 , 3099H + 0 0 .245E-01 , 789E + 00 
135 ,34f;6E + 00 .215E-01 .829E+00 
140 .3865E+00 ,189E-01 .865E+00 
145 ,4233E+ 0 0 •168E-01 , 8 9 7 F. * C 0 
150 , 45f-8F + O0 ,149E-01 .926E+00 
155 .4930E+00 .133E-01 , 951E + 00 
160 ,52(i7F + 0 0 , 120E-01 .974E+00 
165 ,D570E>00 ,108E-01 .'995E + 00 
170 ,5866f+U0 , 9 71F. - 0 2 , 10IE + 01 
1*5 , 6148E+00 , 877E"02 , 103E + 01 
ieo ,6413E + 0 0 ,793E-02 .104E+01 
165 ,6664E+00 ,719E-02 .106E+01 
190 ,6899E + 0 0 .652F-02 , 10 7E + 01 
195 , 7120F+00 .592E-02 .108E+01 
200 , 7326E+00 .538E-02 , 10 9 E + 01 
205 1 7519E+O0 ,49000? , 109E + 01 
210 ,7699000 .447E-02 .110F+01 
215 , 7 8 6 7 f: + 0 0 ,407E-02 ,11IE* 01 
220 ,8 024F+OO ,372E-02 .111F+01 
225 ,8169F+00 ,34pE-0? .112E+01 
230 .63P5F+00 .3HF-02 .112F+01 
235 , 8430E+U0 ,284E-02 <112E+ 01 
240 ,054 7K + 0 0 ,260E-02 .112E + 01 
245 , O6,;,5[-»00 ,239E-02 , 113E + 01 
250 ,87{>6F*00 .219E-02 > 113F-»01 
255 ,oo-i9t: + oo , 2 01E « 0 2 11-13E + 01 
260 , 8935t' + OO , 18 4 E - 0 2 ,113F + 01 
265 ,90l5f-: + 00 , 169E-0? ,113E + 01 
270 .9090F+00 , 156E- 0 2 .113E+01 
275 ,91581'- +0 0 ,143E-02 .113E+01 
280 ,9222F: + 00 .132E-02 .113E+01 
285 ,92lilE + 00 i121E-02 ,113F+01 



TABLE 8-14 

DEPARTURE COEFFIC IENTS FOR BACKGROUND EM =  20  MILL ION PC 

ELECTRON TEMPs 20  DEG KELVIN  LOG ELECTRON DENSITY 

N B ( N )  SEP G  <  N )  E  X  

50 . 3 4 8 2 F . - 0 2  . 1 4 0 E + 0 0  . 8 1 9 E - 0 1  

55 . 6 9 0 2 F - 0 2  , 1 1 2 E  +  0  0  ,  S 3  9 E  r  0 1  

60 . 1 1 9 4 E - 0 1  . 9 2 8 E - 0 1  , 10  7 E  +  0  0  

65 , l 8 f - 5 E - 0 1  . 8 0 2 E - 0 1  . 1 2 2 E + 0 0  

70 . 2 8 1 5 F - 0 1  , 7 3 2 E - 0 1  , 14  I E  +  0  0  

75 . 4 0 7 9 E - 0 1  , 6 9 4 6 - 0 1  . 1 6 6 E + 0 0  

60 . 5 8 0 6 F - 0 1  , 6 6 2 E - 0 1  , 1 9 9 E + 0 0  

85 , 8 1 0 2 F " 0 1  ,  6 1 6 E - 0 1  . 2 4 2 E + 0 0  

90 , 1 1 0 0 E + 0 0  , 5 5 6 E -  0 1 . 2 9 2 F + 0 0  

95 , 1 4 4  3 C  +  0  0  , 4 8 9 E - 0 1  , 3 4 6 E  +  0  0  

100 . 1 8 3 0 F + 0 0  , 4 2 4 E - 0 1  . 4 0 3 E + 0 0  

105 , 2 2 1 4 E + 0 0  , 3 6 4 E - 0 1  , 4 5 9 E + 0 0  

110 . 2 6 7 1 E + 0 0  . 3 1 2 E - 0 1  . 5 1 3 E + 0 0  

115 . 3 1 0 1 E + 0 0  ,  2 6 8 E - 0 1 . 5 6 3 E + 0 0  

120 i 3 5 2 3 E  +  0  0  , 2 3 0 E - 0 1  . 6 1 0 E + 0 0  

125 , 3 9 3 1 F + 0 0  . 1 9 9 E - 0 1  ,  6 5 2 E  +  0 0  

130 , 4 3 2 2 E + 0 0  , 1 7 3 E - 0 1  ,  6 9 0 E  +  0 0  

135 , 4 6 9 3 E + 0 0  . 1 5 1 E - 0 1  •  7 2 4 E  +  0 0  

140 , 5 0 < 5 4 F  +  0 0  ,  1 3 3 F «  0 1  . 7 5 5 E + 0 0  

145 . 5 3 7 5 F + 0 0  ,  1 1 7 E - 0 1  ,  7 8 3 E  +  0 0  

150 , 5 6 A 7 E + 0 0  ,  1 0 4 E - 0 1  , 8 0  8 E  +  0  0  

155 , 5 9 7 9 E + 0 0  ,  9 3 4 E - 0 2  . 8 3 1 F + 0 0  

160 , 6 2 5 4  F : +  0 0  ,  8 3 9 E - 0 2  , 8 5  I E *  0  0  

165 ,  6  5 1 2  F  +  0  0  , 7 5 6 E - 0 2  ,  8  7  0  E  +  Q  0  

170 , 6 7 5 3 E *  0  0  ,  6 8 3 E - 0  2  , 8 8 8 E  +  0  0  

175 ,  6 9 7 9 F + 0 0  . 6 1 8 E - 0 2  . 9 0 3 E + 0 0  

160 . 7 1 9 1 E + 0 0  ,  5 6 1 E - 0 2  . 9 1 7 E + 0 0  

185 ,  7 3 8 8 E + 0 0  , 5 0  9 E - P  2  . 9 3 0 E + 0 0  

190 , 7 5 7 2 E + 0 0  ,  4 6 3 E - 0 2  ,  9  4  2  E  *  0  0  

195 . 7 7 4 3 E + 0 0  , 4 2 2 E - 0 2  ,  9  5  3  E  +  0  0  

200 , 7 9 0 2 F + 0 0  , 3 8 4 6 - 0 2  . 9 6 3 E + 0 0  

205 . 8 0 5 0 F + 0 0  ,  3  5  3 .  E  -  0  2  ,  9  7 1 E  +  0  0  

210 ,  8 1  t < 8 F  +  0  0  ,  3 2 1 E - 0 2  . 9 7 9 E + 0 0  

215 ,  B 3 1 6 E + 0 0  . 2 9 4 E - 0 2  ,  9 R 6 F  +  0  0  

220 . 8 4 3 5 F + 0 0  ,  2 6 9 F - 0 2  , 9 9  3 F  +  0  0  

225 , 0 5 4 5 n * 0 0  ,  2 4 7 E - 0  2  , 9 9  9 E  +  0  0  

2 3 0  , H 6 4 8 F + 0 0  ,  2 2 6 E - 0 2  ,  10  0  F  +  0 1 
235 , 8 7 4 3 0 0 0  ,  2 0 8 E -  0  2  , 1 0 1 E + 0 1  

240 ,  8 8 3 1 F  +  0 0  ,19lE-n2 ,  10 I F  +  01 
2 4 5  ,  8 9 1 3 t ' :  +  0  0  ,  1 7 6 E - 0  2  , 10 2E + 01 
250 ,  8  9  h  9  F  +  0  0  ,  1 6  2  E  -  0  £  ,in2E+01 
255 , 9 0 6 0 1 : +  0 0  ,  1 4 9 E - 0 2  , m 2 E  +  01 
2 6 0  , 9 1 I ; 6 F  +  0 0  ,  1 3 7 E - 0 2  , 10 3 F  +  01 
2 6 5  ,  9 1  f '  7  F  +  0  0  ,  1 2 7 E -  0 2  , 1 0 3 F + 0 1  

270 . 9 2 4 3 F + 0 0  ,  1 1 7 E -  0  2  . 1 0 3 F + 0 1  

275 , 9 2 ° 6 E + 0 0  , 10 « E - 0 2 , 10 3 F  +  0 1  

260 . 9 3 4 5 E + O 0  ,  9  9  F i  E  -  0  3  ,  1 0  3  C  +  0 1  

265 . 9 3 9 0 E + 0 0  . 9 2 2 E - 0 3  . 1 0 3 E + 0 1  



TAPLE B -15  

DEPARTURE COEFFIC IENTS TOR BACKORCUND EMr20  MILL ION PC CM-

ELECTRON TEMP =  100  DEG KELVIN  LOG ELECTRON DENS ITY=  0  

N .  B ( N )  S E P  f i ( N ) E X P (  

50 ,  8 6 f ' 8 l :  *  0 1  ,  4 2 6 E - 0 1  ,  1 6  3 E  +  0  0  

55 ,  1 0 5 9 1 * 0  0  . 3 5 3 E - 0 1  . 1 7 0 E + 0 0  

60 , 1 2 5 3 f > 0 0  ,  3  0  > 5  E  -  0 1  . 1 9 4 E + 0 0  

65 . 1 4 5 2 F + 0 0  , 2 7 5 E - 0 1  •  2 1  I E *  0 0  

70 ,  1 6  6  4  F  +  0  0  I 2 6 5 E ' C 1  . 2 3 0 E + 0 Q  

75 . 1 9 P 5 F + 0 0  , 2 7  O E -  0 1  ,  2 5 i r E  +  0  0  

60 . 2 1 1 . 8 F  +  0 0  . 2 7 B F - 0 1  . 2 8 0 E + 0 0  

85 , 2 5 2 0  F  +  0  0  . 2 7 6 E - 0 1  . 3 1 4 E + 0 0  

90 ,  2  8  9  5  F  +  0  0  ,  2 6 7 E -  0 1  . 3 5 2 F + 0 0  

95 ,  3 3 D 2 F + 0 0  , 2 4 7 E - 0 1  . 3 9 3 E + 0 0  

100 , 3 7 2 2 F + 0 0  , 2 2 2 E - 0 3  . 4 3 6 E + 0 0  

105 ,  4 14  2  F  +  0  0  ,  1 9  6  E  -  0 1  ,  4 7 B E  +  0  0  

110 . 4 5 4 8 F + 0 0  , 1 7 l E - 0 1  ,5iae+oo 
115 . 4 9 3 3 F + 0 0  , 1 4 6 5 - 0 1  . 5 5 6 E + 0 0  

120 ,  5 2 9 3 F  + 0  0  . 1 2 8 E - 0 1  , 591 E  +  0  0  

125 , 5 6 2 6 F + 0 0  . 1 1 1 E - 0 1  . 6 2 2 E + 0 0  

130 ,  5 9 3 3 F  +  0  0  , 9 7 l E - 0 2  ,  6 5 1 E  +  0  0  

135 , 6 2 3 4 r -  +  0 0  , 8 5 2 E - 0 "  . 6 7 8 E + 0 0  

140 ,  6 4 7 2 T  +  0  0  . 7 5 2 E - 0 2  . 7 0 1 G + 0 0  

145 , 6 7 0 9  [ '  +  0 0  ,  6 6 3 E " 0 2  , 7 2 3 E + 0 0  

150 . 6 9 2 7 F + 0 0  , 5 9 7 E - 0 2  ,  7 4  3 E  +  0 0  

155 , 7 1 ? 9 F  +  0  0  , 5 3 7 E - 0 2  ,  7 6 1 E  +  0 0  

160 , 7 3 1 6 F + 0 0  , 4 8 6 E - 0 2  , 7 7 6 E  +  0  0  

165 , 7 4 K 9 F :  +  0 0  ,  4 4 1 E - 0 2  . 7 9 4 F + 0 0  

170 . 7 6 5 0 E + 0 0  ,  4  0  3  E  "  0  7 . 8 0 6 F + 0 0  

175 , 7 8 0 0 F  +  0 0  ,  3 6 6 E - 0  2  , 8 2  I F  +  0  0  

180 . 7 9 3 9 E + 0 0  . 3 3 5 E - 0 Z  , 8 3 4 E  +  0  0  

185 ,  8 0 6 9 [  + 0 0  ,  3  0  6  E  '  0  2  . 8 1 5 E + 0 0  

190 , 8 1 ( i 9 F  +  0 0  ,  2  8 1 E  -  0  2  , 8 5  6 E  +  0  0  

195 , 8 3  O i l : +  0 0  , 2 5 E  E " 0  2  , 8 6  5 E  +  0  0  

200 ,  8  4  (  5  E >  0  0  . 2 3 7 E - 0 2  , S 7 4 E  +  0  0  

205 , 8 5 P 2 ! + 0 0  ,  2 1  f i  E  -  0  2  . 8 P 3 E + 0 0  

210 . 8 5 9 2 F + 0 0  . 2 0 1 E - 0 2  , 6 9 1 E + 0 0  

215 ,  0  6  7  6  F + 0 0  , 1 8 5 E - 0 2  ,  8 9 6 F + 0 0  

220 ,  8 7 5 5 1 + 0 0  . 1 7 1 E - 0 2  ,  9 0 4 E +  0  0  

225 , 8 8 2 7 1 + 0 0  , 1 5 8 F - 0 ?  , 9 1 I F  +  0  0  

2 3 0  , 8 B 9 5 E + 0 0  . 1 4 6 F - 0 2  ,  9 j 7 E  +  0 0  

235 ,  8 9 P 9 F  +  0  0  , 13 (• E " 0 2 . 9 2 2 E + 0 0  

240 , 9 0 1 3 F + 0 0  , 1 2 f > E - 0 2  , 9 2  7 E  +  0  0  .  

245 ,  9  0  7  3  F :  +  0  0  , 117 F - 0 2 ,  9 3 2 E  +  0  0  

250 , 9 1 2 5 F  +  0  0  , 1 0 ^ - 0 2  , 9  3  0  E  +  0  0  

255 ,  9 1 7 3 F  +  0  0  . 1 0 1 E - 0 2  ,  9  4  0  F  •  0  0  

260 ,  9 2 1 6 1 '  +  0  0  , 9 3 9 E ~ 0 3  , 9 1 ' i E  +  O O  

265 , 9 2 ( i l l + 0 0  , B 7 4 F . - n 3  , 9  4  7 E  +  0  0  

2 7 0  , 9 3 r 0 F + 0 0  , 8 l ' » E - 0 3  , 9 5  0 E  +  0  0  

2 7 5  , 9 3 3 7 ( 1  +  0 0  ,  7  6  f .  E  "  0  3  , 9 5 3 E + 0 0  

280 , 9 3 7 2 r + 0 0  ,  7  0  9  E  "  0  3  . 9 5 O E + 0 0  

285 ,  9  4  P  4  F  +  0  0  , 6 6 1 E -  0 3  , 9 5 9 E  +  0  0  



TAELE 8-16 

DEPARTURE COEfT IC lE rgTS FOR BACKGROUND EH =  20  MILL ION PC CM-6  

ELECTRON TeMP=1000  DEG KELVIN  LOG ELECTRON DENSITY*  0  

N  B (N)  SEP B (N)EXP(XN)  
50' i37f!lE + (i0 .105E-01 ,4 03E + 0 0 
55 .3974F+00 .907E-02 ,419E + 0 0 
60 14 ltilF.+ 0 0 .817E-02 ,4346+00 
65 ,4320F+ 00 .770E-02 .448F+00 
70 , 4 4 9 0 F + 0 0 , 7 7 5 F. - 0 2 , 4 6 4 E + 0 0 
75 ,4672F+00 ,825E-02 , 4 G 0 E + 0 0 
80 .4876F+00 ,896E-02 ,5fl0E + 00 
85 , 510 7 F + 0 0 ,952E'02 .522F+00 
90 .5360E+00 i972E-02 .547F+00 
95 .5627F+00 ,951E-02 ,57 3E + 0 0 

100 ,5897F+0Q .900E-02 .599E+00 
105 .6161F+00 ,829E-02 .625E+00 
110 i6413F+00 ,749E-02 ,65 0 E + 0 0 
115 .6648F+00 ,670E-02 ,673E + 0 0 
120 .6864R+00 , 595E-<02 ,69 4E + 0 0 
125 ,7062F+00 .527E-02 .713E+00 
130 i 7243F+00 ,460E-02 .731F+00 
135 ,7407E+00 , 417 E - 0 2 .747E+00 
140 , 75I>6E + 00 ,373E-02 .762F+00 
145 ,7 693E + 0 0 i 336E~02 .77&E+00 
150 .7818E+00 , 3 0 4 E - 0 2 ,78 7E + 0 0 
155 ,7934E+00 .277E-02 ,799E+00 
160 .8041F+00 ,254E-02 .809F+00 
165 ,8140F+00 , 233F.-02 , 8l'9E + 00 
170 ,8232F + 0 0 .214E-02 .828E+00 
175 ,8318F+00 , 190E-02 , 836E + 0 0 
180 ,8399F+00 .183E-02 , 844E + 00 
185 ,8473F+00 ,169H-02 ,851C + 0 0 
190 , 8 5 4 3 F. + 0 0 .156E-02 .858E+00 
195 ,8608F + 0 0 ,145E-02 ,864F + 0 0 
200 ,8669F+00 .134E-02 .87 0F- + 00 
205 ,8726E+00 .125E-02 , 8 7 6F+ 0 0 
210 ,87791'+ 00 , 116E-02 .881E+00 
215 , 8B£9F + 00 , 108E-02 , 8 8 6 F + 0 0 
220 , 8375F+00 , 101E-02 , 89 OF + 0 0 
225 ,893.91 +00 , 9 4 2 E " 0 3 , 8 9 5 F + 0 0 
230 , ti 9 6 0 f + 0 0 .eenF-oi ,89 9F + 0 0 
235 . B998F + 00 ,823F-03 .902E+0 0 
240 .9034F+00 , 7 71E - 0 3 ,9n6F+00 
245 ,9 0 68F + 0 0 , 7 2 3 E - 0 3 ,9 0 9F * 0 0 
250 , 91 Ci 1E + 0 0 .678E-03 ,912F+00 
255 , 91 ? 11: + 0 0 , 6 3 6 E - 0 3 ,9l^F+00 
260 , 9ll>9F. + 0 0 , 5 9 f) E - 0 3 ,918F + 0 0 
265 ,9186000 ,562F-03 ,921F + 0 0 
270 ,9211F+00 , 5 2 9 E " 0 3 , 9 ? 3 F + 0 0 
275 ,9235F + 0 0 , 4 9 8 E - 0 3 ,9?5E+00 
280 ,92f>7F + 00 ,47nE-03 ,92c)E + 00 
285 ,9279E + 0 0 14 4 3 E " 0 3 . 9 3 0 F * 0 0 



TAF'LE B-17 

DEPARTURE COEFFIC IENTS FOR BACKGROUND EH=20  MILL ION PC CM-6  

ELECTRON TEMPc 10  DEG KELVIN  LOG ELECTRON DE:JS ITY=-1  

B(N) 
10 3 51: * 0 3 
3 5 f 0 E * 0 3 
947 4F «> 0 3 
20f>6F»02 
40f'8G«02 
7297F-02 
1243F-01 
2019F-01 
3122E-01 
4584F»01 
64ci3e"i01 
8542F.01 
1095F+00 
1355E+00 
1630E+00 
1913E+00 
21991- *0 0 
2 4 (16 E + 0 0 
2771F+00 
3051E+00 
3326E+00 
3594E+00 
38R5E+00 
41L'8E + 00 
4 3'J4F + 0 0 
4590E+00 
4818F. + 00 
50;<8E + 00 
5248F+00 
5 41> 0 F + 0 0 
5643F+00 
I56P8F + 00 
60MF + 00 
6172F + 00 
6333F+00 
64I.7F + 00 
6633r+00 
6772F*00 
6 9 0 5 F » 0 0 
7032E+00 
71 !> 3 E + 0 0 
726SF + 0 0 
7373F+00 
741-2F + 00 
7 5 li 2 E + 0 0 
7677F+00 
77h8F+00 
7854F+00 

SEP 
,240E + 0 0 
,192E + 0 0 
.157E+00 
,132E*00 
,115E + 0 0 
, 10 5 E + 011 
, 959E- 01 
.872E-01 
.778E-01 
.683E-01 
,593E-01 
.513E-01 
.443E-01 
,383E-01 
.333E-01 
, 2 9 0 E - 01 
, 255E-01 
.225E-01 
, 20 0E"01 
, 176E-01 
,160E-01 
.145E-01 
,13lE-01 
i120E-01 
.109E-01 
, 999E-0 2 
.917E-02 
.843E-02 
i 776E-02 
.716E-02 
, 6 6 2 E -  0  2  
.613F-02 
,i>60E-02 
,52ttE-02 
,491E-02 
.457E-02 
.427F-02 
,399E-02 
.373E-02 
,349E»02 
.327E-02 
,307E-02 
,288F-0? 
,271E-C2 
.255E-C2 
,240E-02 
.226E-02 
,2l3E-02 

P(N)EXP(XN) 
.573E-01 
,662Fr01 
, 7 61E * 01 
,876F * 01 
.102E+00 
,121E + 0 0 
,14 7E + 0 0 
.180E+00 
.219F+00 
.264F+00 
,311E + 00 
.358F+00 
, 4 0 4 F + 0 0 
, 44 7F + 0 0 
,4eor- + oo 
,52?E+00 
.560E+00 
.591F+00 
.620F+00 
,64 7E + 0 0 
, 6 71e • 0 0 
,694F+ 0 0 
, 714 F + 0 0 
, 734F + 0 0 
.752F+00 
.769E+Q0 
,7C 4F + 0 0 
,799E + 0 0 
.813F+00 
, 826F + 00 
, 8 3 7 F + 0 0 
,84 9F + 0 0 
, 859F + 0 0 
, 8 6 9 F + 0 0 
, 8 7 8 E + 0 0 
.886F+00 
.894E+00 
.  9  o  i  r + o  o  
,9oan+oo 
,91i>F + 0Q 
,92 IF + 0 0 
, 92/I- + 00 
.932F+00 
,937E+00 
, 9 4 2 f: + 0 0 
, 946l: + 00 
, 95 0 F + 0 0 
.954E+00 



TAFLE B-18 

DEPARTURE COEFFIC IENTS FOR BACKGROUND EM =  20  MILL ION PC CM 

ELECTRON TEMP= 20  DEG KELVIN  LOG ELECTRON DE i lS ITY=- l  

N B(N> SEP B(N)EX 
50 ,3097F^02 .13OR+00 ,729E*01 
55 ,61P5F-02 ,UlE + 00 .BSOEwOl 
60 .104QE-01 .913E-01 ,94 0E« 01 
65 ,1639F- 01 ,779E-01 , 106E + 00 
70 .2412F-01 ,699E"01 , 12 IE* 0 0 
75 ,34?7E-01 , 6 5 3 E - 01 , 139E + 00 
80 ,4770L-01 ,6snE-01 ,16 4E * 0 0 
85 ,6535F-01 ,58nE-01 , 1S4E+00 
90 ,86921-01 , 529E-01 .230E+00 
95 .1127F+00 , 471E-C1 , 27 0E + 0 0 

100 ,1417(: + 00 .413E-01 ,3l2Et-00 
105 ,17,50000 , 3&8E-01 .354E+00 
110 ,?054F+00 ,3l0E-01 ^SE^OO 
115 .23P3E+00 ,266E-01 ,4 3'3E + 0 0 
120 , 27 0 8F + 0 0 ,232E-01 , 469E + 00 
125 ,30?.6C + 00 .202E-G1 .502E+00 
130 .3332F+00 , 176E-01 .532E+00 
135 ,36?6n+00 .155E-01 .559E+00 
140 ,39(l7E + 00 ,13BF-01 .584E+00 
145 ,4174 (•+ 00 ,123E-01 .608F+00 
150 , 44281- +0 0 .110E-01 ,629E*00 
155 .4670F+00 , 994E-02 ,6 A9F + 0 0 
160 , 4899F+00 .901E-02 ,66 7F + 0 U 
165 ,5110F + 0 0 , 821E-02 .6G4E+00 
170 , 5 3 2 5 f > 0 0 ,75OE"02 .700E+00 
175 ,5522 F:+ 00 .6S7E-02 , 715E+00 
180 , 5 7 0 9 F + 0 0 ,630E-02 , 720E + 00 
185 , 58f'6F + 0 0 .580E-02 , 741F + 0 0 
190 .6054F+00 , 534E~02 .753E+00 
195 .6214G+00 , 4 9 3 E - 0 2 .765E+00 
200 ,63t; 4F + 00 , 4f>6E-02 ,775E* 0 0 
205 , 651) 7f + 0 0 , 422E-02 , 7C5E + 00 
21P ,6612F>00 ,3926-02 , 794F + 0 0 
215 , 6 7 o 9 F + 0 0 ,36-lE-OZ , 803E + 0 0 
220 , 689CF+00 , 3 3 9 E •* 0 2 ,8) lF.t-00 
225 , 7 0 (' 5 [-> 0 0 .316E-02 .819E+00 
230 ,713.1F + 00 ,295E-02 , 8 ? 6 E + 0 0 
235 .7217F+00 .275E-02 , 833E + 0 0 
240 ,733 4F + 00 ,258E-02 ,839E+00 
245 ,74l)7F + 00 ,2HE«02 , 845E + 0 0 
250 , 7 4 9 4 F + 0 0 ,226E-02 ,85 OE + OO 
255 ,7570F+00 .213F-02 ,B56F + 0 0 
260 , 76?>7(- + 0 0 .200F-02 , 6 1E + 0 0 
265 ,77;«2r-+oo , 1B (t E - 0 2 .865E+00 
270 ,78n3F+00 , 177E-02 ,8 7 OF * 0 0 
275 ,7871 f-+ 00 .167E-02 , 87 4 E + 0 0 
280 , 793M +00 ,157E-02 , 8 7 (1E + 0 G 
285 , 7 9 9 7 f: + 0 0 ,140E-02 .eeiE+oo 



TAF iLE  B * l9  

DEPARTURE COEFFIC IENTS TOR BACKGPCUUD EM =  20  MILL ION PC CM-

ELECTRON TEMPs 100  DEG KELVIN  LOG'ELECTRON DENS!TY=-1  

N. B(N) SEP 0 (N)EXP(XN) 
50 ,8285001 .419E-01 .156E+00 
55 ,10C9E+00 ,345E»P1 , 17 0 F + 0 0 
60 ,11^9000 ,293E-f)l .1R4E+00 
65 , 13 6 9 F: + 0 0 .261E-01 .199E+00 
70 ,15571-"+ 00 .246E-01 .215F+00 
75 .1762T+00 .244E-01 .233E+00 
60 ,1994000 ,246E-01 .255E+00 
65 .2258F+00 , 245E-01 ,281E+ 0 0 
90 ,25'.2F + 00 ,235E-fil .31000U 
95 , 28l>6F + 0 0 , 219 E - C! 1 .341E+00 

100 .31B8E+00 ,199E-01 ,373000 
105 , 35P9E + 0 0 ,177E«01 „ 405E + 00 
110 ,3819000 ,155E-hl , 435E + 00 
115 .4H3C + 00 , 136E-01 , 464E + 0 0 
120 , 43[<8E + 00 ,118E-01 ,49 OE + 0 0 
125 ,4643000 .103E-01 ,514E + 0 0 
130 ,48780 0 0 .907E-02 ,536E+ 0 0 
135 ,5094000 , 8 0 0 E - (12 .555E+00 
140 ,52920 0 0 , 710 E - 0 2 , 574E + 00 
145 ,5476000 ,634002 ,590000 
150 ,5645000 .570E-02 ,606000 
155 ,5802000 , 516E-02 ,620000 
160 ,594 90 0 0 ,470E«02 ,63 3E + 0 0 
165 ,6065000 , 429E-02 . o-
170 ,6213000 , 394E-02 ,65 6E + 0 0 
175 ,6333000 ,362E-0 2 ,66 7E + 0 0 
180 ,64456+00 , 333E-02 ,677000 
165 ,65f'0000 .307E-02 ,686 0 0 0 
190 , 6648000 .284E-02 ,695000 
195 ,6740000 ,262E-02 ,703000 
200 ,6827000 ,243E~02 ,710000 
205 ,69pflF+00 , 2 2 6 E - 0 2 ,717000 
210 , f> 9 [i 4 O 0 0 , 21 ti E - 0 2 .724E+00 
215 ,7 0P6r + 0 0 .195E-02 , 73 0E + 0 0 
220 .7123F+00 , 18 2 F— P 2 , 7 3 6 L: + 0 0 
225 ,711.7000 , 17 0 E " 0 2 , 74 IE + 0 0 
230 , 72'i6K + 00 ,1590 0 2 , 7 4 7 F. + 0 0 
235 , 7 3 [' 3 F + 0 0 ,14 9E- 0 2 ,751000 
240 , 73l'6f +00 ,14 OE-0 2 .756F+00 
245 ,74 06F + 0 0 ,131E- 0 2 .760E+00 
250 ,7454000 .123E-02 ,764000 
255 ,7499000 .116E-02 ,76br- + oo 
260 ,7542000 ,1090 02 , 7 7 2 L: + 0 0 
265 , 75t!2r + 00 , 10 3 E - 0 2 , 7750 0 0 
270 , 762DF+00 , 9 7 0 E - 0 3 ,779000 
275 , 7656 OOO , 916 E " 0 3 , 7 n 2 r; + o o 
260 ,7691000 i 8 6 6 E - 0 3 ,7e5F+00 
285 ,77?3O00 ,019E-03 , 760F + 00 
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TAF4E B-21 

DEPARTURE COEFF1CIENTS FOR BACKGROUND EN=20  MILL ION PC CM-

ELECTRON TEUP =  10  DEG KELVIN  LOG'  ELECTRON DENSITY=-2  

N  B  (N )  SGP B (N)EXP(XN)  
50 , 7 6 (i 6 F - 0 4 , 239E + 0 0 ,425E*01 
55 ,26321-03 ,190E + 0 0 ,48 7Ei01 
60 ,69(21-03 ,155E+00 , 5 5 5 F * 01 
65 ,151 2f:'02 ,129E + 0 0 , 6 31E t> 01 
70 .2873F-02 .112E+00 , 72 IE * 01 
75 , 5 0 4 6 F <-02 ,996E-01 ,83 6E ̂ 01 
eo ,83<l5f>02 ,902E-01 , 964F* 01 
85 ,1314E-01 , 815 E • 01 ,117E + 0 0 
90 ,1972F-01 ,728E-01 , 13 9 E • 0 0 
95 ,28? 4F-01 , 641F-01 .162F+0U 

100 , 3 8 < 3 F » 01 .559E-01 , 187E + 00 
105 , 5 0 9 r. - 01 ,485E-01 .212E+00 
110 ,6411F-01 , 4 21E - 01 .236F+00 
115 , 7 8 5 4 F - 01 , 365E- 01 .259E+00 
120 , 9 3 6 6 F: - 01 ,3lfiE-01 .280E+00 
125 , 1092F+00 , 2 7 9 E - 01 ,3n0E+00 
130 .1248F+00 ,245E-01 , 318E + 00 
135 ,14p5F+O0 .217E-01 , 334F + 00 
110 ,1560F*00 , 193E-01 .349E+00 
145 ,173 2F + 00 , 173F-01 , 3 6 3 E • 0 C 
150 ,18f>lF + 00 ,15'JE-Ol , 375E + 00 
155 ,20f'6t+00 , 141E-01 , 3P7E + 00 
160 ,2148F+00 ,12flE-01 , 3S8E+00 
165 ,22 8 5 f:+ 00 ,lloE-01 ,408E + 0 0 
170 ,2418 F:+ 00 .107E-01 , 418E+00 
175 ,2546F+00 ,977E-02 , 4 2 6F + 0 0 
180 , 2 6 7 0 F + 0 0 , 898F-02 , 435E + 00 
185 ,27F9F + 0 0 ,827E-02 ,442E+00 
190 t 29f'3F. + 0 0 ,763E-02 .450F+00 
195 , 3 0 3.3 F + 0 0 , 7.05E-02 , 456F + 00 
200 , 3118 F + 0 0 , 653E-02 ,463E+00 
205 ,3239f +00 ,606F-02 , 469F + 00 
210 ,33151+00 ,564E-02 , 47 4E + 00 
215 ,34(iOF + 00 , 5 2 'j E - 0 2 .40OE+OO 
220 , 3496F + O 0 ,490002 .485E+00 
225 , 35I>1 F + 0 0 , 4 5 7 F - 0 2 , 489E + 00 
230 ,3662F: + 00 , 4 ? fi F ~ 0 2 , 494E + 00 
235 ,3739F+ 00 , 4 01F - 0 2 ,496E+00 
210 , 3 813 F + 0 0 , 3 7 6 E - 0 2 .502E+00 
2 45 ,38(31+00 ,353E-02 , 5 0 5 E + 0 0 
250 , 39MF + 0 0 ,332F-02 ,5(l9E + 00 
255 , 4 016f: + 0 0 , 313 F - 0 2 .5-12E + 00 
260 , 4078F + 00 ,29i>E-02 .515E+00 
265 ,41371+00 ,2781: «02 , 51 8 E + 0 0 
270 ,41941+00 , 2 6 3 G - 0 2 , 5?1E + 0 0 
275 ,4248F+00 , 2 4 fi E - 0 2 a 523E+00 
280 ,43nOF+flO , 23tiF-02 , 526E + 0 0 
285 ,4 31OF+OO ,223E-02 .520E+00 



TAf iLH  B -22  

DEPARTURE COEFFIC IENTS FOR BACKGROUND EH =  20  MILL ION PC CM-

ELECTRON TEMPs 20  DEG KELVIN  LOG ELECTRON DEI IS ITY  =  - 2  

N' B (N) SFP G(N)EXP<XN> 
50 ,250 4E*02 , 137E + 0 0 ,5C9Ef01 
55 ,4 893E* 0 2 , 10 9 E + 0 0 .666E-01 
60 ,8318r-02 ,892E-01 , 7 4 6E >* 01 
65 ,12MF>01 .751E-01 , 832E « 01 
70 ,1856F->01 .657E-01 ,930En01 
75 .2570F-01 .596F-01 , 105E + 0 0 
60 .3461F-01 ,551E"01 , 119E-* 0 0 
85 ,45551: «01 .508E-01 , 136E + 0 0 
90 , 5 86 [ » 01 , 462E"01 , 155E+00 
95 .7340F-01 .412E-01 .176E+00 
100 , 89<>6F» 01 ,363E-01 , 19 7F + 0 0 
105 , 1008(:*00 , 317 E » 01 .219E+00 
110 , 12 4 3 F + 0 0 .275E-01 ,239E + 0 0 
115 , 14191:+ 00 ,239E-01 .258F+00 
120 .1591F+00 .208E-01 .275E+00 
125 ,1757F+ 00 ,182E-01 ,2<51E + 00 
130 .1917F+00 ,16nK-01 .306F+00 
135 ,20691-'+.00 , 141F. • 01 .319E+00 
140 ,2214F + 0 0 ,125E-01 .331E+00 
145 .23P2F+00 ,112E-01 .342E+0U 
150 ,2402 F. + 00 ,101E-01 .353E+00 
155 .2605F+00 ,909E-02 , 362E + 00 
160 , 2722F+00 ,826E-02 .371E+00 
165 ,2833F + 0 0 ,753E-02 , 379E + 0 0' 
170 ,2939F+00 ,669E-02 , 386F+00 
175 ,3038E+00 ,632E-02 ,39 3E + 0 0 
180 ,31?3F+00 , 581E-02 .400E+00 
185 ,3223F + 0 0 .535E-02 ,4 06E + 0 0 
190 , 3 3 (i 7 f + 0 0 , 4 9 4 E - 0 2 ,412E + 0 0 
195 ,33f>8E + 00 , 4 5 7 E •" 0 2 .417E+00 
200 , 3 4 6 4 F + 0 0 .423E-02 ,422 F:+ 00 
205 ,3536F + 0 0 ,392E - 0 2 .427E+00 
210 ,36f)4F + 00 ,365E-02 , 431F + 00 
215 ,3668F + 0 0 ,340(:-n2 ,435F + 0 0 
220 ,3730F+00 , 317E-02 , 439E + 0 0 
225 , 3 7 (> 8 F + 0 0 .296E-02 , 4 4 3F + 0 0 
230 ,3843F+00 ,277E~02 , 4 4 6 F + 0 0 
235 .3B95F+00 , 2 5 9 E " 0 2 .449E+00 
240 , 3 9 4 5 F + 0 0 , 243E"02 , 452E + 00 
245 ,3992C: + i)0 , 228E-02 , 455E+00 
250 , 4 0 3 61 + 0 0 .215E-02 , 45 BF + 0 0 
255 , 4 0 7 9 F + 0 0 ,20?E"02 ,46'IF + OO 
260 ,4139F + 00 ,19lE-02 ,463F+00 
265 ,41I> iH. + OO .180K-02 , 4 6 5 F + 0 0 
270 .4195F+00 ,17nE-02 , 467E + 00 
275 , 423OF + 0 0 ,160S - 0 2 , 470F + 00 
280 , 4 2 f 3 F • 0 0 ,152E-02 , 4 71F + 0 0 
285 ,4295F + 0 0 , 14 4 E - 0 2 .473E+00 



TAIiUE 8-23 

DEPARTURE COEFFIC IENTS FOR BACKGROUND EM=20  MILL ION PC CM-6  

ELECTRON TEMP= i 00  DEG KELVIN  LOG ELECTRON DENSITY=-2  

N B<N> SEP E < N > E X 
50 ,7671h-nl .407E-01 , 14 4E + 0 0 
55 ,92fl3f;»01 ,331E-01 .156F+00 
60 ,10fi5f >00 ,277F-01 , 16 BE* 0 0 
65 ,1239F>00 .240F-01 .180E+00 
70 .1391F+00 ,215R-01 , 192E + 0 0 
75 , 15 6 [ * 0 0 ,20f)F-01 .205E+00 
BO ,17l6Fi«00 ,190E-01 « 218E + 0 0 
85 118741: +0 0 .179E-01 .233E+00 
90- t20"6F+00 .167F-01 .249E+0U 
95 .2219F-+00 ,152E-01 , 2 6 4 F + 0 0 

100 , 23881: + 0 0 .136E-01 .280E+00 
105 ,2549F+00 .120E-01 , 29 4E + 0 0 
110 ,270 0F+00 , 10 6 E - 01 .308E+00 
115 , 2840C + 00 , 9 2 3 E - 0 2 .320E+00 
120 .2967F+00 ,806E-02 , 331E+00 
125 .30B3F+00 ,704E-02 , 341F + 00 
130 .31P3F+O0 ,610F:-02 .350F+00 
135 , 3 21; 4 F + 0 0 , 5 4 5 E - 0 2 .358E+00 
140 ,3370F+00 , 484E-02 .365E+00 
145 ,34^9E+00 , 4 3 2 E - 0 2 , 372E + 00 
150 .3522F+00 ,389E-02 ,378E+0 0 
155 .35K8E+00 .351E-02 .383E+00 
160 • .3650E + 00 , 319 F. - 0 2 , 388E + 00 
165 ,370 6F + 0 0 ,291F-02 .393E+00 
170 ,3759E + ()0 ,267E-02 .397E+00 
175 ,3BpQF+00 ,245F-02 .401E+00 
180 , 381>3F + 0 0 ,225E-02 .405E+00 
185 ,38951+0 0 .206E-02 , 408E + 0 0 
190 , 3935F + 0 0 ,192F-02 .411E+00 
195 .3972F+00 , 177E-02 .414E+00 
200 ,40l'6F + 00 ,164E-0 2 , 417E + 00 
205 ,40301+00 , 152E-02 ,419E + 0 0 
210 ,4060F+on , 141E - 0 2 , 422E + 00 
215 ,4096E+ 00 , 131E - 0 2 .424E+00 
220 ,41^'2r + 00 , 123F-02 .426E+00 
225 ,41'>7I +00 .114E-02 .428E+00 
230 , 417 0 F + 0 0 .107E-02 .430E+00 
235 ,41921+00 , 10 0 F - 0 2 ,4 3 IF + 0 0 
240 ,421?f. + 00 .939E-03 , <13 3F + 0 0 
245 ,42321+00 , 8 81 - 0 3 , 43 4E + 0 0 
250 .4250F+00 ,fl20F.-03 .436E+00 
255 ,42f7F+00 , 7 7 9 F - 0 >5 .437E+00 
260 ,42b3r>00 , 733F-03 , 43BE + 00 
265 ,42991+00 ,691E-03 .440E+00 
270 .4313F+00 ,65 2F-0 3 , 4 4 1E + 0 0 
275 , 4 3 r' 7 F + 0 0 ,61AE-03 .442E+00 
2B0 , 4 3 < 0 F * 0 0 , 5 8 3 E - 0 3 •, 443E + 00 
285 ,4 3^21. +0 0 , 5 51F; - 0 3 .444E+00 



TAFCLE 0-24 

DEPARTUDE COEr r iC IENTS FOR BACKGROUND EH =  20  MILL ION PC CM-

ELECTRON TEHPe lOOO DEG KELVIN  LOG ELECTRON DENSITY=-2  

N B<N> SEP E(N)EXP 
50 ,3667F+00 .969E-P2 .391E+00 
55 .383PF+00 ,816E-0 2 ,4045*00 
60 , 3 9 f< 9 E + 0 0 , 7 0 9 R - 0 2 .417E+00 
65 ,4127F*00 ,631E~02 , 428F + 00 
70 .4255F+00 ,578E-02 , 4 3 9 E + 0 0 
75 ,4 37 7F + 0 0 ,542F-02 , 45 0 E + 0 0 
80 ,4 495F + 0 0 , 515 E - Ci 2 ,46 IF•0 0 
65 .4610E+00 ,485E-02 ,471E+00 
90 • .4720F+00 , 449E-02 ,4elE+00 
95 .4823E+00 , 408E-02 , 491E + 0 0 
100 ,493 9F + 00 ,364E- 02 ,500E*00 
105 , 5 0 (' 5 F + 0 0 , 320E-02 .508E+00 
110 , 5 0 fc 2 F + 0 0 ,279E-02 .515E+00 
115 , 514 9 F + 0 0 , 242E-02 .521E+00 
120 .52P9F+00 .210E-02 , 5 2 7 F + 0 0 
125 , 5 21.0 E + 0 0 , 162E-02 .531E+00 
130 ,53D6F+O0 , 15GE-02 .536E+00 
135 .5346F+00 , 138E-P2 .539E+00 
140 .53HF + 00 .122E-0? .542E+00 
145 ,5413F+ 00 • 108E-02 .545E+00 
150 .5440F+U0 , 962E-03 , 5 4 8 F + 0 0 
155 ,5466F + 0 0 ,864E-03 ,550E+00 
160 54C8F + 0 0 ,780 E- 0 3 .552E+00 
165 ,55C9F+00 .707E-03 .554E+00 
170 ,5528 [- + 00 , 644E-03 , 556E + 0 0 
175 .5545F+00 .587F.-03 ,55 7E + 0 0 
160 .5561F+00 ,537E-03 ,559E + 0 0 
185 ,5575F+00 , 492E-03 .560E+00 
190 , 5588E + 0 0 ,451E-03 ,561E+00 
195 , 5 6 01F + 0 0 , 414E-0 3 .562E+00 
200 , 5612F + 0 0 ,381E-03 .563F+00 
205 ,5622F + 0 0 ,351E-0 3 .564E+00 
210 ,5632F + 0 0 , 3 2 5 E - 0 3 , 565F + 00 
215 .5641F+00 , 3 0 0 E - 0 3 ,566F + 0 0 
220 ,5649F+00 .278E-03 , 5 6 7 F + 0 0 
225 , 56t>6F + 0 0 , 258F-- 0 3 .567E+00 
230 .5664F+00 ,24 0 E- 0 3 ,54 8E * 0 0 
235 ,5670f>00 ,224E-03 .569E+00 
'240 ,5676F+00 ,209E-03 .569E+00 
245 , 5 6 f- 2 F + 0 0 ,195E-0 3 .570F+00 
250 , 5 6 fi 7 F + 0 0 1182K-03 .570F+00 
255 , 5 6 9 3 F + 0 0 .170E-033 .571F+00 
260 .5697F+00 ,16 OE- 03 ,57 IE + 0 0 
265 ,57p?F+00 , 15 (I F - 0 3 .571E+00 
270 , 57[; 6F +0 0 , 141E " 0 3 .572F+00 
275 ,5710F+ 00 , 13 2 E - 0 3 .572E+00 
280 ,5713F + 0 0 ,125E-n3 .573E+00 
265 ,5717F + 0 0 , 117 E - 0 3 .573E+00 



TAHUE B-25 

DEPARTURE COEFFICIENTS FOR BACKGROUND EM=20 MILLION PC 

ELECTRON TEMP= 10 DEG KELVIN LOG ELECTRON DENSITY 

N B(N) SEP B<N)EX 
50 ,5637!-04 , 2 3 F E + 0 0 , 3l2E,'0l 
55 ,1916003 ,189E+00 ,355E*01 
60 ,49631-03 .152O0G ,3995*01 
65 ,10f>3002 .126E+00 .446E-01 
70 , l9t'7r»02 ,106E+00 ,4 99F * 01 
75 ,3370002 , 919E- 01 , 556E*01 
60 ,53191-0 2 , 8 0 fi E - 01 .627E-01 
85 , 79J-6002 ,710001 , 7 0 5E* 01 
90 .1124E-01 .624E-01 , 7 9 0 E " 01 
95 ' ,1525001 .545E-01 , 87 7E«01 
100 ,l9t.B001 ,475E-01 , 965E«01 
105 ,2502001 ,413001 , 105R + 00 
110 < 3054001 .359E-01 .113E+00 
115 ,3630001 .312E-01 ,12 0E + 0 0 
120 , 4218001 , 2 7 3 E - 01 ,126E+00 
125 ,483 0001 ,240E-01 ,132E+00 
130 a 5398F-01 .211E-01 ,137E+00 
135 ,5976001 ,187E-01 ,142000 
140 ,654 OF «01 ,167E-01 .146E+00 
145 ,70f7r-01 ,14 9E-01 a 150F+00 
150 , 7 618 F «• 01 ,134E-01 ,15 4E + 0 0 
155 ,81r91 - 01 , 122E-01 .157E+00 
160 ,0621001 i11OE-01 ,160000 
165 .9094F--01 , 10 0 E - 01 .162E+00 
170 .9548F-01 , 910 E •> 0 2 , 16 5E + 0 0 
175 ,99h3001 ,84iE-02 a 16 7E + 0 0 
180 .1040F+00 , 772E-02 ,16 9E + 0 0 
185 , 10fOOOO ,7l0E-02 ,171E + 0 0 
190 ,ni7 f:+ oo ,6f»5E-02 .173E+00 
195 .1154E+00 .6Q5F-02 ,17 5E + 0 0 
200 ,llf3E+00 ,56DE-0 2 .176E+00 
205 ,1221000 .519E-02 , 3 78E+ 00 
210 1125?! +00 ,4R2002 , 17 9E + 0 0 
215 ,l2fi2F + 00 ,448002 ,150000 
220 , 133 OF + OO ,4iRE-02 , 1 f! 2E+ 0 0 
225 ,l337r+00 ,39fiF-02 , 18 3 E + 0 0 
230 ,1363000 ,365r:-02 ,18 4 0 0 0 
235 ,1387000 ,341002 ,1f 5F•0 0 
240 ,1410000 , 320E-02 , 186E + 00 
245 ,1433000 , 3 0 o£ -11 .1G6E+00 
250 ,14Mf +00 .262F.-02 , 18 7 F + 0 0 
255 , 14741 +00 ,266002 0 .1S0E+OO 
260 ,14930 00 ,25C;F-0? ,1P 9E + 0 0 
265 ,1522000 ,236002 ,ie9E+00 
270 , 1529F + 00 ,223002 ,19 0E + 0 0 
275 .1546F+00 ,211002 ,191E + 0 0 
280 ,l5f-2F + 00 ,199E- 0 2 . 1 9 1 E+00 
285 , 1577F + 00 , 18 9 E - 0 2 ,192E+00 



TAL'LE B-26 

DEPARTURE COEFFIC IENTS FOR BACKGROUND EM=20  MILL ION PC 

ELECTRON TEMP*  20  DEG KELVIN  LOG ELECTRON DENSITY 

N B(N) SEP B ( N ) E X P 
50 ,2137F«02 .136E+00 ,5P3Et01 
55 , 414 6f:» 0 2 .100E+00 ,564E^01 
60 ,6984F-02 , 873E-01 ,626Fr01 
65 ,10<-5E-01 ,7?5E"01 .691E-01 
70 .1515E-01 ,6lflE"01 ,759Ei»01 
75 ,2047F-01 ,539E-(11 , 833E i- 01 
80 , 2 6 6 4 F •> 01 ,477E"01 ,9l5E->01 
65 ,33fi?E"01 .423E-01 .100E+00 
90 ,4131E-«01 ,374E-01 , 11 0 E + 0 0 
95 ,49blf>01 ,320F-01 , .119E+00 
100 ,5798F*01 i 286E-01 , 128F + 0 0 
105 , 6 6 5 0 F- • 01 .248E-01 .136F+00 
110 , 7 4 fi 8 F » 01 .215E-01 .144E+00 
115 .8300F-01 .187E-01 .151E+00 
120 ,9074H-01 ,163E»ni , 157E + 00 
125 ,98(!7F-01 ,142E-01 ,163E + 0 0 
130 . ,1050E+00 , 125E-01 .167E+00 
135 .1114F+00 ,110E-01 .172E+00 
140 .1174F+00 ,977E-C2 ,176E + 0 0 
145 .1231F+00 ,872E-02 .179E+00 
150 ,12(i4F>00 ,783E-02 .182E+00 
155 .1333E+00 .706E-02 , 185E + 0 0 
160 ,1379F + 0 0 ,639E-02 ,lfi8F: + 0 0 
165 ,1422F+00 , 581E-0 2 .190E*00 
170 ,1463E+00 ,530E-02 ,192E + 0 0 
175 , 15 ti 1E + 0 0 ,4 85E- 0 2 .154E+00 
160 ,1537F+00 ,444E-P2 .196E+00 
185 ,157 0 F + 0 0 , 4 0 BE-0 2 .198F+00 
190 .1601E+00 .376E-02 .199E+00 
195 ,1631F+00 , 3 4 6 E " (12 .201E+00 
200 , 1 6 5 8 F + 0 0 .320E-02 ,202E+00 
205 ,1604D*00 ,296E »0 2 , 2 0 3E + 0 0 
210 , 17 P 9 F + 0 0 ,275E-02 .204E+00 
215 .1732E+00 ,2555-02 .205K+00 
220 ,1753F+ 00 , 237E-02 .206F+00 
225 ,1774F+00 ,221E-02 , 2 !17 E + 0 0 
230 ,17931+00 ,206E-02 , 206F- + 00 
235 ,1811F + 0 0 ,193E-G2 , 2 0 9E + 0 0 
240 ,3 8','8F: + 00 ,181E-02 •210F+00 
245 ,1844E+00 1169E-02 , 210 E + 0 0 
250 , 18 6 0 F + 0 0 , 15 9 E - 0 2 , 211F + 0 0 
255 ,3874F+00 ,149E-02 .212E+00 
260 , i e f< a r. * o o .140E-02 .212E+00 
265 .19C1F+0 0 , 13 2 E - 0 2 , 21 3 F + 0 0 
270 .1913F+00 , 125E-02 , 21 3 F. + 0 0 
275 ,l9;-'5h + 00 , 118 E - 0 2 , 21 4 F. + 0 0 
260 ,19361'+ 00 ,111E-02 , 21 4 E * 0 0 
285 ,1947F+ 00 , 10 5 E » 0 2 .215E+00 



TABLE B-27 

DEPARTURE COEf FJCJENTS FOR BACKGROUND EM=20 MILLIO 

ELECTRON TEMP= 100 DEG KELVIN LOG ELECTRON DEI' 

N B(N) SEP 6(N)EXP 
50 ,7452E-nl .402E-01 , 14 0E + 0 0 
55 ,89941-01 .326E-01 , 15 2 E + 0 0 
60 , 10 4 8F + 0 0 ,270E-01 .163E+00 
65 .1192F+00 ,23lE-01 ,173E+00 
70 ,1332r+00 , 2 0 3 E - 01 ,ie4E+00 
75 ,14(-9E + 00 .182E-01 , 19 4(7 + 0 0 
BO , 16P4E + 0 0 .165E-01 .205E+00 
85 ,1737E+00 ,149E-01 .216E+00 
90. .1866F+O0 , 13 3 E - tl 1 .227E+00 
95 , 19(59r*00 , 117 E " (i 1 .237E+00 

100 ,21(I3F+00 .102E-01 ,24 6E + 0 0 
105 ,22C>BF + 00 , 883E-02 .255E+00 
110 i23P2F+00 ,76nE'02 .262E+00 
115 , 2 3 f< 6 T; * 0 0 ,653E-02 , 269E + 00 
120 , 2 4 61E. + 0 0 ,56?E-02 .275F+00 
125 .2527F+00 ,485E-02 .260E+00 
130 ,25P6F>00 .421E-02 ,28 46+0 0 
133 .26301*00 , 3 6 7 E - (12 .288E+00 
140 , 2685F+00 .322E-02 .291E+00 
145 .2726F+00 ,205F-02 .294E+00 
150 .2764E+00 .253E-02 , 296E + 0 0 
155 ,2797F+00 ,227E-02 .299E+00 
160 •, 2828F +00 , 204E-02 , 3OlE + 00 
165 ,2856L+00 ,184E-02 .303E+00 
170 i 2 B (• 1F + 0 0 ,167E-02 , 3D 4C + 0 0 
175 , 2904E+00 1152E-C2 ,3 0 6E + 0 0 
180 .2926F+00 ,138E-02 ,307E+00 
165 .2945F+00 .126E-02 .3COE+00 
190 , 2963F + 00 .115E-02 ,31OE+OO 
195 ,29601+00 i105E-02 .311E+00 
200 ,2995E+00 .96BE-03 .312E+00 
205 ,3009E+00 , 8 9 p E - 0 3 , 312 E + 0 0 
210 ,30?2F: + 00 , 820E"C 3 , 313F. + 0 0 
215 ,3034F+00 .757E-03 , 31 4 F + 0 0 
220 ,3045F+00 ,70PE-03 .315E+00 
225 , 3 0 6 r- + 0 0 ,649E'C3 ,315E + 0 0 
230 , 30< 5F.+ 00 ,60 2E-03 ,316E+0 0 
235 ,3074E+00 ,559E » 0 3 i316E + 0 0 
240 , 30(s3F + 00 , 5 21E - C 3 .317E+00 
245 ,3090L" + 00 , 485E-P3 , 31 7 E + 0 0 
250 , 3 0 9 8 F. + 0 0 .453E-03 , 318E- + Q 0 
255 ,31P5E+00 , 4 2 3 F - p. 3 ' ,31BE+0 0 
260 ,3111E+00 , 396E"0 3 ,31 BE + 0 0 
265 ,3117F+00 ,37ie-C3 , 31 9 E + 0 0 
270 ,3123F+00 ,34 HE-03 , 319 F. + 0 0 
275 ,3126l:*00 , 3 2 7 F> 0 3 , 319 E + 0 0 
280 , .J133E + 00 ,3 0 7E"0 3 , 32 0E + 0 0 
265 ,313BF+00 .2B9E-03 , 320E + 00 



TAM.E 8-28 

DEPARTURE COEFFIC IENTS FOR OACKC.KCUND EV =  20  MILL ION PC CM-6  

ELECTRON TEMPdOOO DEG KELVIN  LOG ELECTRON DENSITY =  - 3  

N B < N) SFP 0<N)EXP 
50 ,3657000 .962E-02 , 39 OE + O 0 
55 i 3826000 ,8Dr.002 ,4o3E+00 
60 , 3976F+00 ,7 D 0 E-0 2 , 415E + 00 
65 ,413.11= 100 .619E-02 , 427E + 0 0 
70 ,42351":+ 00 ,561E'02 .437E+00 
75 ,4352000 ,518E-D2 , 448E+00 
60 ,44fc3F+00 ,4fiQE-02 , 457E+00 
85 .456 8T+00 ,441E-02 , 46 7E + 0 0 
90 ,4667000 ,399E-02 , 476E + 0 0 
95 , 4757F + 0 0 .354F-02 , 484F + 00 

100 , 483700 0 .309F-02 ,491E + 0 0 
105 ,49000-00 , 266E-0 2 , 498E + 0 0 
110 ,4970 000 , 228E-02 .504000 
115 ,50241+00 .194E-02 .508E+00 
120 ,5070F+00 • .165E-02 , 513 E + 0 0 
125 , 51C9F+00 .141E-02 • 516F+00 
130 ,5143F+00 .121E-02 .519E+00 
135 ,5173000 .104E-02 .522E+00 
140 ,5198F+00 .901E-03 .524E+00 
145 .5220F+00 ,767E-C3 .526E+0Q 
150 .5240000 ,692E-0 3 .526E+00 
155 ,52571:+ 00 ,6l3E-03 .529E+00 
160 .5273E +00 .545E-03 ,5 31F + 0 0 
165 ,5286000 ,4eCE«03 , 5 3 2 E + 0 0 
170 , 5299F. + 0 0 ,436003 .5 3 3F + 0 0 
175 ,53ior+oo , 394 E » 0 3 .534E+00 
180 ,5320000 ,356E- 0 3 .535E+00 
185 .5329F+00 ,3?3 E"03 . 5 3 5 F + 0 0 
190 ,5337F+00 ,291F:-n3 .536E+00 
195 ,53<5C+00 ,264E-03 .537E+00 
200 ,53l>20 0 0 , 2 4 0 E - 0 3 ,53 7E + 0 0 
205 , 5358F + 0 0 .216F-03 .538E+00 
210 , 53<*3F + 00 .199E-03 ,53 8E + 0 0 
215 ,5369T + 0 0 .182F-03 a 539E + 00 
220 ,53731+00 1167E"03 , 539F: + 0 0 
225 ,5378000 , 113 F - 0 3 , 5 3 9 F + 0 0 
230 ,53820 0 0 , 141F - 0 3 .540E+00 
235 ,531)51 + 00 ,129003 ,54 OE + 0 0 
240 ,5389000 , 119 F - 0 3 ,5400+00 
245 ,53920 0 0 , 11 (! f: - 0 3 ,5 4 IF + 0 0 
250 ,5395000 ,102F-0 3 .541000 
255 ,53971 +00 ,942004 . . 5 41E • 0 0 
260 ,5 4 C 0 f+00 ,873F-04 .511F+00 
265 .54D2T +00 , 8 j. r; F - 0 4 , 5 4 11: + 0 0 
270 ,54(14000 ,753004 , 542F + 0 0 
275 ,5406000 , 7 0 0 E - 0 4 .542F+00 
2C0 .54T8I+00 .652F-04 .542F+00 
285 > 5 4 J. P O 0 0 , 6 0 B E - 0 4 .542E+00 
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TAPLF B -29  

DEPARTURE COEFFIC IENTS FOR BACKGROUND EM= 2 MILL ION PC CM -6 

ELECTRON TEMP =  10  DEG KELVIN  LOG ELECTRON D E  N  S I  T  Y  =  3  

N B(N> SEP B(N)EXP< 
50 .5356F-02 , 3 91E * 0 0 .297E+01 
55 .3139F-01 .212E+00 • 581E + 01 
60 .8646E-01 .146E+00 ,695E+01 
65 .17D6F+00 .102E+00 ,7l7E*01 
70 ,2729F + 0 0 ,728E-01 ,6855*01 
75 ,38oer+oo , 525E-01 , 63 0E + 01 
80 .4820F+00 ,383E-01 , 568E+01 ' 
85 ,5732F+00 .283E-01 ,51OE + Ol 
90 .6514E+00 .211E-01 , 458E + 01 
95 .7166F+00 .159E-01 , 412E + 01 
100 i 7701E+00 .121E-01 .374E+01 
105 .8136000 .928E-02 .341E+01 
110 , 8466F+00 ,717E-C2 , 313E+01 
115 ,8767 F:+ 00 , 5 5 6 E - 0 2 ,2S9E+01 
120 .8993E+00 , 438E-02 , 269E + 01 
125 .9174F+00 , 345E-02 ,252E+01 
130 , 9320C + 0 0 .274E-02 • .237E+01 
135 ,9436[; + 00 .219E-02 , 224E + 01 
140 .9534F+00 ,1765-02 , 213 E <• 01 
145 .9611F+00 .142E-02 ,2 0 4E + 01 
150 ,9675 F:+ 00 , 116 E - 0 2 ,1<55E + 01 
155 , 9727E + 0 0 .946E-03 , 16 8E + 01 
160 .9769E+00 ,777E-03 .181E+01 
165 ,98051;+ 00 , 641E-03 , 175E + 01 
170 ,9834F + 0 0 .532E-03 .17UE+01 
175 .9858E+00 , 443E-0 3 .165E+01 
180 .9879E+00 .370E-03 1161E+01 
1B5 , 9896E + 0 0 .311E-03 , 157E + 01 
190 ,9910F + 00 .262E-03 , 153E + 01 
195 .9922F+00 .222E-03 , 150E + 01 
200 ,9933F + 0 0 ,188E-03 , 14 7E + 01 
205 .9941E+00 .161E-03 .145E+01 
210 ,9949F+00 .137E-03 , 14 2 E + 01 
215 .9955F+00 , 118E-03 , 14 0E + 01 
220 ,9961F+ 00 , 101E-03 .138E+01 
225 , 9966E+ 0 0 .876E-04 , 13 6E + 01 
230 ,9970 F. + 00 , 759E-04 .134E+01 
235 ,9973F+ 0  0  , 659E- 0 4 , 1 3 3 E « 0 1  
2 4 0  , 9976F + 0  0  ,574E-04 . 131E + 01 
245 ,9979F + 0 0 .501E-04 , 1 3  OE *  01  
250 ,998ir+00 .439E-01 ,129E*01 
255 .99H4L+00 , 3 8 5 E - 0 4 , 12 7 F • 01 
260 , 9 9 P. 5 F + 0 0 .339E-04 , 126E + 01 
265 , 9 9 6 7 F +  0 0  . 2 9 9 E - 0 4  ,  1 2  5  E  +  0 1  
270 ,  9  9  f •  8  F  +  Q  0  ,  2  6  < 1 E  -  f )  4  . 1 2 4 E + 0 1  
275 ,9990F. + l)0 . 2 3 4 E - 0 4  , 1 ? 3 E * 0 1  
280 , 9 9 9 1 h + 0  0  , 2 0 8 E - 0 4  ,  1 2  2  E 1 0 1  
285 . 9 9 9 2 E + 0 0  ,  1 8 5 E - 0 4  , 1 2 1 E * 0 1  
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TABLE B-30 

DEPARTURE COEFFICIENTS FOR BACKGROUND EM= 2 MILLION PC 

ELECTRON TEMP= 20 DEG KELVIN LOG ELECTRON DENS ITY = 

N B(N> SEP E ( N ) E X P ( X N )  

50 . 3 7 2 2 E - 0 3 .  , 2 8 2 E + 0 0  . 8 7 6 E + 0 0  

55 , 1 2 2 0 E + 0 0  t 1 4 5 E * 0 0  •  1 6 6 R  +  01 
60 . 2 3 5 8 E + 0 0  i 9 5 9 E - 0 1  . 2 1 1 E + 0 1  

65 , 3 6 2 9 E  +  0  0  . 6 5 1 E - 0 1  ,  2  3  5  E  +  0 1  

70 . 4 8 5 0 E + D 0  ,  4 4 8 E - 0 1  . 2 4 3 E + 0 1  

75 . 5 9 1 7 E + 0 0  , 3 l 3 E - 0 a  , 2 4 1 E + 0 1  

80 , 6 7 9 8 E  +  0  0  , 2 2 l E - 0 1  ,  2 3 3 E  +  0 1  

65 . 7 5 0 0 E + 0 0  ,  1 5 9 E -  0 1  , 2 2 4 E « - 0 1  

90 . t  8 0 4 B E  +  0  0  . 1 1 5 E - 0 1  . 2 1 3 E + 0 1  

95 . 8 4 7 3 E + 0 0  . 8 4 8 E - 0 2  . 2 0 3 E + 0 1  

100 . 8 8 0 0 E + 0 0  ,  6 3 0 E - 0 2  ,  1 9 4 E * 0 1  

105 ,  9 0 5 3 E  +  0  0  1 4 7 4 E - 0  2  . 1 8 5 E + 0 1  

110 . 9 2 1 8 E + 0 0  , 3 5 9 E - 0 2  . 1 7 8 E + 0 1  

115 , 9 3 9 9 E * 0 0  , 2 7 5 E - 0 2  , 1 7 1 E * 0 1  

120 ,  9 5 1 6 E  +  0  0  , 2 l 3 E - 0 2  . 1 6 5 E + D 1  

125 , 9 6 0 9 E * 0 0  , 1 6 6 E - 0 2  , 1 5 9 E  +  0 1  

130 . 9 6 P 1 E + 0 0  ,  1 3 0 E - 0 2  . 1 5 4 E + 0 1  

.135 , 9 7 3 9 E + 0 0  , 1 0 3 E - 0 2  . 1 5 0 E + 0 1  

140 , 9 7 8 5 E *  0  0  . 8 2 1 E - 0 3  . 1 4 6 E + 0 1  

115 . 9 8 2 2 E + 0 0  , 6 5 8 E - 0 3  . 1 4 3 F + 0 1  

150 .  9 8 5 2 E + 0 0  ,  5 3 2 E - 0 3  . 1 4 0 E + 0 1  

155 . 9 8 7 6 E + 0 0  . 4 3 2 E - 0 3  , 1 3 7 E * 0 1  
160 . . 9 8 9 6 E  +  0 0  ,  3  5  3  E  -  0  3  . 1 3 5 E + 0 1  

165 . 9 9 1 2 E + 0 0  . 2 9 C E - 0 3  . 1 3 2 E + 0 1  

170 , 9 9 2 5 E + 0 0  . 2 4 0 E - 0 3  ,  1 3  0  f :  +  0  1  

175 , 9 9 3 6 E *  0  0  ,  1 9 9 E - 0 3  . 1 2 9 F + 0 1  

1B0 , 9 9 4  6 E  +  0  0  . 1 6 6 E - 0 3  •  1 2 7 F -  +  0 1  

185 1 9 9 5 3 E  +  0  0  . 1 3 9 E - 0 3  ,  1 2  5  E  +  0 1  

190 , 9 9 6 0 E  +  0  0  . 1 1 7 E - 0 3  ,  1 2 4 E + 0 1  

195 , 9 9 6 5 E  +  0  0  . 9 9 0 E - 0 4  ,  1 2 3 E + 0 1  

200 , 9 9 7 0 E * 0 0  . B 4 1 E - 0 4  , 1 2 1 E * 0 1  
205 , 9 9 7 4 E + 0 0  , 7 l 6 E - 0 4  . 1 2 0 E + 0 1  

210 . 9 9 7 7 E + 0 0  , 6 l 2 E - 0 4  , 1 1 9 E * 0 1  

215 , 9 9 6 0 E + 0 0  . 5 2 5 E - 0 4  , 1 1 0 E * 0 1  
220 , 9 9 8 2 E  +  0  0  . 4 5 2 E - 0 4  ,  1 1 8 E  +  0 1  

225 . 9 9 H 5 F + 0 0  ,  3  9  0  E  -  0  4  . 1 1 7 1  < 0 1  
230 , 9 9 B 6 F * 0  0  , 3 3 0 E - 0 4  ,  1 1 6  F  +  0 1  

235 , 9 9 f ! 8 E  +  0 0  , 2 9 4 E - 0 4  , 1 1 5 E * 0 1  
240 , 9 9 6 9 E + 0 0  ,  2  5  6  E  -  0  4  . 1 1 & E + 0 1  

245 . 9 9 9 1 E + 0 0  ,  2 2 3 E - 0 4  . U 4 E  +  0 1  

250 i 9 9 9 2 E  +  0  0  , 1 9 6 E - 0 4  ,  1 1 3  h  +  0 1  
255 » 9 9 9 3 E +  0  0  , 1 7 2 E - 0 4 o  , 1 1 3 F : + ( ) 1  
260 , 9 9 9 3 E  +  0  0  1 1 5 1 E - 0 4  ,  1 1 2 E  +  0 1  

2 6 5  . 9 9 9 4 E + 0 0  . 1 3 4 E - 0 4  , 1 1 2 E  *  0 1  
270 . 9 9 9 5 E + O 0  ,  1 1 8  E  -  ( 1 4  . 1 1 1 E + 0 1  
2 7 5  . 9 9 9 5 E + 0 0  ,  1 0  5  E  -  0  4  . 1 1 1 E + 0 1  

280 , 9 9 9 6 E +  Q  0  , 9 3 2 E - 0 5  . 1 1 1 E + 0 1  

285 ,  9 9 9 6 E * ( )  0  ,  0  3  0  E  -  0  5  . l l O E + n i  



TABLE B-31 

DEPARTURE COEFFICIENTS FOR BACKGROUND EM= 2 MILLION PC CM-

ELECTRON TEMP= IOO DEG KELVIN LOG ELECTRON DENSITY* 3 

N B( N) SEP 0 {N > EXP 
50 .19C3E+00 , 123E + 0 0 ,358E*U0 
55 ,3181E+00 ,728E-01 .536E+00 
60 .4412E+00 .5UE-01 ,684E*00 
65 ,55< 6E* 0 0 .362E-01 , 8 0 6E + 0 0 
70 , 6515E + 00 .257E-01 .899E+00 
75 ,7300E+00 .183E-P1 ,96 7E« 0 0 
B0 ,79l5E+00 .131E-01 .101E+01 
85 ,83e8E+00 ,94BE-02 110 4E + 01 
90 .8750E+00 .694E-02 .106E+01 
95 .9025E+00 , 514 E - 0 2 .106&+01 

100 ,9234E*00 .384E-02 .108E+01 
105 ,9395E+00 .290E-02 .108E+01 
110 ,9518E* 0 0 1221E-02 .J.08E + 01 
115 ,9614E+00 , 170E-02 ,108E+01 
120 ,9688E + 0 0 .132E-02 .108E+01 
125 .9747E+00 ,104E-02 ,108E*01 
130 ,9793E+00 , 818E-03 .108E+01 
135 / ,9829E + 0 0 ,651E-03 .107E+01 
140 ,9859E+00 .521E-03 ,107E*01 
145 .9882F. + 00 ,42nE-n3 , 10 7 E + 01 
150 ,9902E + 0 0 ,341E-03 , 106E + 01 
155 ,9917E+00 ,279E-03 , 106E + 01 
160 i 9930E + 0 0 .229E-03 ,1066*01 
165 .9941E+00 , 189E"03 , 105E + 01 
170 .9949E+00 ,157E-03 ,105E*01 
175 , 99S7E+00 i131E-03 , 105E + 01 
160 ,9963E+00 , 110E-03 .105E+01 
185 .9968E+00 .926E-04 ,10 4E + 01 
190 ,9972E+00 ,763E-D4 , 10 4E + 01 
195 .9976E+00 i 665E-04 , 104E + 01 
200 .9979E+00 , 5 6 7 E - 0 4 , 10 4E <• 01 
205 .9962E+00 , 485E-04 ,104E+01 
210 ,99&4E + 0 0 .417E-04 ,10 3E * 01 
215 ,9906E+00 , 359E-04 , 10 3 E + 01 
220 ,99B7E+00 , 311E - 0 4 .103E+01 
225 ,9939E+00 ,269E-D4 , 103E + 01 
230 .9990E+00 , 234E-04 , 103E + 01 
235 ,999in+no .204E-04 ,103E*01 
240 ,9992 f:+ 00 .179E-04 , 10 3E + 01 
245 , 9993E+0 0 .157E-04 ,10 3E•01 
250 , 9 9 9 4 [: + 0 0 ,13fiE-04 ,102E+01 
255 i9995E + 0 0 , 12 2 E - 0 40 .102E+01 
260 ,9995E+00 .107E-04 , 102E + 01 
265 ,9996E + 0 0 ,9'ilE-O'i , 10 2E + 01 
270 ,9996E + 0 0 ,84 4 E- 0 5 ,102E*01 
275 ,V997E+00 ,751E-05 .102E+01 
2B0 ,9997E + 0 0 .670E-05 .102E+U1 
285 .9997E+00 .598E-05 .102E+01 



TARLF: 0-32 

DEPARTURE COEFFIC IENTS FOR BACKGROUND EM =  2  M ILL ION PC CM-

ELECTRON TEMP=1000  DEG KELVIN  LOG ELECTRON DENSITY=  3  

N B (N) SEP 0 (N) E X 
50 .4346F+00 ,27 lE-n i  ,  4 f i  3E  +  00  
55 ,4944000 f 245E-01  ,521E*00  
60 ,5588E+ 0 0  ,234E-01  ,5846+00 
65 ,6258F+00 ,207E-01  ,65  0E +  0  0  
70 •  6898H +  0  0  .172E-01  .712E+00 
75 .7469E+00 .137E-01  ,  7 6  8  E +  0  0  
60 ,7954F +  0  0  .108E-01  ,8 i5E*00  
85 ,8355F+00 ,838E-02  ,854E*  0  0  
90 .8679E+00 ,649E-02  .ee5E+ou 
95 ,8933E +  0  0  .502E-02  ,910E + 0  0  

100 .9144E+00 .390E-02  .929E+00 
105 ,93 fc  0E +  0  0  ,  3  0  4  E-  -  0  2  .944E+00 
110 ,9438F+00 ,239E-02  .956E+00 
115 ,9541F+00 ,  18BE-02  ,966E+00 
120 ,  9624E +  0  0  ,  149E-02  .973E+00 
125 .9690E+00 «119E-02  .979E+00 
130 ,  9743E +  0  0  ^SE- 'OS ,983E+00 
135 ,  97B6t -  +  0  0  i  774E-03  .987E+00 
140 .9821E+00 .629E-03  ,  99 0E +  0  0  
145 .9809E+00 .513E-03  .992E+00 
150 ,  9873E+00 ,422003 .994E+00 
155 ,9892 f :  +  00  ,  3 4  8  E  -  0  3  ,  996E +  00  
160 ,  99( i8F .+  00  .289E-03  .997E+00 
165 .9921E+00 ,  24 PE-03  .998E+00 
170 .9933F.  +  00  .201E-03  ,  999E•00  
175 .9942F+00 ,  169E-03  ,  999E +  0  0  
180 .9950F.  +  00  .143E-03  .100E+01 
185 .9956E+00 1121E-03  .100E+01 
190 ,9962E+00 .103E-03  .100E+01 
195 ,  9 9  6  7  F:  +  0  0  ,880E-04  ,10  0  E  +  01  
200 ,9971E +  0  0  i 755E-0  4  .100E+01 
205 .9975E+00 ,649E-04  .10CE+01 
210 ,  9978F +  0  0  ,560E-04  ,  10  OE«-Ol  
215 ,  99801:  +  0  0  ,485 fc~04 ,  10 0E +  01  
220 .9983G+00 i  421E-04  ,10  0E +  01  
225 ,  9 9  8  5  F:  +  0  0  •  . 366E-04  ,  10 OE*  01  
230 ,99 f?6 f  +00  ,  3  2  P E  -  0  4  ,  1 0 0  E  +  01 
235 ,9988E +  0  0  ,280E-04  ,  100E +  01  
240  ,  9 91> 91  +  0  0  ,  2  4 6  E -  0 4  . 1 0 0  E  +  01 
245 .9990F+00 .216F-04  ,  10 0  E  +  01  
250 ,  9991F.+  0  0  ,  191E "  0 4  , 10 0  F  *  01 
255 ,99 V2E+00 ,  169E-04  .100F+01 
260  .9993E+00 ,  150E-04  ,  10  0  E  +  P1  
265 (  99941:  +  0  0  ,  13  3  E -  0  4  ,  10 0  L-  +  01 
270 ,9994F+00 ,  118E-04  ,  100E +  01  
275 ,9995F+00 .100E-04  ,ioor-+ni 
280 .9995E+00 ,  94 3E-05  .100E+01 
285 ,  9996E +  0 0 i  844E-05  .100E+01 



TAGLF. 0-33 

DEPARTURE COEFFIC IENTS FOR BACKGROUND E l ' s  2  M ILL ION PC CM-6  

ELECTRON TEMP= 10  DEG KELVIN  LOG ELECTRON DENS ITY=  2  

N B<N)  SEP -B (  N)  EXP < XN)  
50 ,6093F>03 .267E+00 .337E+00 
55 .2557F-02  .232E+00 ,  473E+00 
60 ,  90391:  -  D 2  ,20  9E +  0  0  ,72  7E *0  0 
65 ,2693E-01  ,175E +  0  0 ,113E*01  
70 ,6424E-01  .137E+00 ,161E +  01  
73 ,  1241F +  0  0  .104E+00 ,2  0 6E +  01  
80 ,2027E+00 .705E-01  ,239E+01 
85 .2919E+00 .D92E-01  ,260E*01  
90 ,3B36f ->00  i  449E-01  .270E+01 
95 .4713E+00 .342E-01  .271E+01 

100 .5514E+00 ,  263E-01  .268E+01 
105 .6221F+00 ,204E '01  .261E+01 
110 .6830F+00 ,159E"01  .252E+01 
115 .7346E+00 .125E-G1 .242E+01 
120 .7780E+00 ,990E-02  ,  233E +  01  
J25 .8142E+00 ,  7 8  B E  -  0 2  .224E+01 
130 ,84«3E+00 ,  632E-02  .215E+01 
135 ,8692E +  0  0  ,509E-02  .2O7E+01 
140 .8899E+00 ,  413E-02  ,  199E +  01  
145 ,9071E+00 .337E-02  ,  192E +  01  
150 ,92 l3 l :  + 00  ,276E-02  ,166E+01 
155 ,9332E+00 ,  227E-02  ,  18  0  E<-  01  
160 ,94311:  <-00  ,  188E-02  ,175E*01  
165 ,9514E +  0  0  ,  156E-02  ,  17 0E +  01  
170 ,9583E+00 ,  130E"02  ,166E +  01  
175 ,9642 i ' :  +  00  .109E-02  ,161E +  01  
180 .9691F+00 .921E-03  ,158E+01 
185 ,9733E+ 00  .77BE-03  .154E+01 
190 ,  9768E +  0  0  ,660E-03  ,  151E*01  
195 ,9799E +  0  0  ,561E-03  ,148E+01 
200 .9825E+00 ,  479E-03  ,  14 6E+ 01  
205 ,9847E+00 .4HE-03  ,14  3E +  01  
210 ,  9866F.  +  0  0  ,353E-03  ,141E+01 
215 ,9882E+00 .304E-03  .139E+01 
220 .9896E+O0 ,263E-03  ,  127E +  01  
225 ,9909P+ 00  ,  2  2  fi  E  -  0  3  ,  135E +  01  
230 ,9919E + 0  0  ,198E-0  3  .134E+01 
235  ,992<5F +  00  ,  17 2  E -  0 3  .132E+01 
240  ,9937E+ 00  ,  150E-03  .131E+01 
245  ,994  4E +  0  0  ,132E-03  ,  12  9  E  +  01  
250 .9950E+00 ,  116E-03  ,  12  8E +  01  
255 ,9956F +  0  0  .102E-03  ,  12  7E +  01  
260 ,9960E +  0  0  ,897E-04  '  ,12  6E +  01  
265 .9965E+00 ,  792E-04  .125F.  +  01  
270 .9968E+00 .702E-04  ,124E+01 
275  ,9972  F.+  00  ,  6  2  3  E -  0  4  ,  123E +  01  
280  .9975E+00 ,554E-04  .122E+01 
285 ,9977E+ 00  ,  494E-04  ,  121E +  01  



TABLE 0-34 

DEPARTURE COEFFIC IENTS FOR BACKGROUND Et f  =  2  M ILL ION PC CM-6  

ELECTRON TEMPc 20  DEG KELVIN  LOG ELECTRON DENSITY=  2  

N B (N) SEP f i (N)EX 
50 ,8704E '02  ,164E +  0  0  .205E+00 
55 .2003E-01  .144E+00 ,272E*0Q 
60 ,4260E-01  ,135E +  0  0  .384E+00 
65 .8510E-01  .117E+00 ,5522+00 
70 , .1508E+00 ,944E-01  ,756E*00  
75 ,2359E +  0  0  .729E-01  ,96  0 E  +  0  0  
60 ,3310E+00 .553E-01  ,114E+01 
85  ,42(>8E +  00  .417E-01  .127E+01 
90 .5165E+00 .316E-01  ,13  7E +  01  
95 .5965E+00 ,240E-01  ,143E+01 

100 i 6654E+00 ,184E»01 ,14 7E +  01 
105 ,7234E +  0  0  ,142E-01  ,  14 3E •  01  
110 i 7717E+00 .110E-01  .148E+01 
115 •8114E+00 ,860E-02  .147E+01 
120 .8439E+00 .678E-02  .146E+01 
125 ,87 f )5E +  00  .538E-C2 ,  144E +  01  
130 ,8923E +  0  0  ,429E-02  ,14  2E +  01  
135 i 9101E+00 ,345E-02  ,  14 0E+ 01 
110 .9246E+00 .279E-02  ,138E+01 
145 ,9366E+00 .227E-02  ,  136E +  01  
150 ,9465E+00 ,  185E-02  ,  134E +  01  
155 ,9546E +  0  0  ,  152E-02  ,  133E +  01  
160 . .9614E +  00  ,  126E-02  .131E+01 
165 .9671E+00 .105E-02  .129E+01 
170 i  9718E+00 ,873E-03  ,120E+01 
175 .9757E+00 ,731E-03  .126E+01 
180 ,9791E+00 ,615E-C3 ,125E+01 
185 .9819E+00 .52UE-03  ,124E+01 
190 ,9843E +  0  0  ,441E-03  ,  12 2  E •*  01 
195 .9863E+00 .376E-03  ,  121E +  01  
200 .9881E+00 .321E-03  ,  12 0  E  •  01 
205 ,9896(1  +  00  ,275E-03  ,119E*01  
210 .9909E+00 .237E-03  ,119E+ 01  
215  .9920E+00 ,204E-03  ,118E+01 
220 ,992  9E +  0  0  ,177E-03  ,  11  7  E +  01  
225 ,9937E +  0  0  ,  15 3  E  -  0  3  ,  116E +  01  
230 ,9945E+00 .133E-03  .115G+01 
235 ,9951E+00 ,  116E-03  .115C+01 
240 ,99566+00 .102E-03  ,  114 E +  01  
245 .9961E+00 ,693  E-04  ,  114 E +  01  
250 ,9965E +  0  0  ,783E-04  ,113E + 01  
255 .9969E+00 .690E-04  ,  113 E +  01  
260 .9972E+00 ,6 l0E- f )4  ,112E +  01  
265  ,9975E+00 ,  5 4  0  E  -  0 4  .112E+01 
270 ,9978E +  0  0  ,  479E-04  ,  111E +  01  
275 .99P.0E +  Q0 ,  4 2  6  h  -  0  4  ,  111E +  01  
260 .9962E+00 ,379E-04  ,110E+01 
265 ( 9964E+0Q ,338£-C<!  , l i  0E +  01  
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TABLE B -35  

DEPARTURE COEFFIC IENTS FOR BACKGROUND EM= 2  M ILL ION PC CM-6  

ELECTRON TEHP= 100  DEG KELVIN  LOG ELECTRON DENSITY*  2  

N B(N)  SEP 8 (N)EX 
50 .1095E+00 .527E-01  .206E+00 
55 ,H l5F :  +  00  ,482E-01  ,  238E +  0  0  
60 >1814E+00 ,  493E-01  ,2e iE+00 
65 ,2341E+ 00  ,  497E-01  .340E+00 
70 t 30G4E+00 ,  465E-01  ,415E+00 
75 .3768E+00 ,  405E-01  ,499E +  0  0  
80 ,45 f>8E +  00  .337E-01  ,585E*00  
85 ,53 lBE*00  ,272E-01  ,665E*00  
90 ,6066E+00 .216E-01  .737E+00 
95 ,  67C1E +  00  ,  171E-01  .798E+00 

100 ,7248E+00 .135E-01  .849E+00 
105 ,7710E*00  .106E-01  .890E+00 
110 ,80P6E*00  ,844E-02  ,922E*00  
115 ,8415E +  0  0  .671E-02  .948E+00 
120 .8679E+0Q ,537E-02  ,  968E+0 0  
125 .8896E+00 ,  432E-02  ,  96 4E +  0  0  
130 .9074E+00 ,  349E"02  .996E+00 
135 .9222E+00 ,283E-02  ,101E*01  
140 .9343E+00 ,231E-02  .101E+01 
145 .9444E+00 .190E-02  • .102E +  01  
150 ,9527 f ->00  ,1565-02  .102E+01 
155 ,9597E+00 ,130E-02  ,102E+01 
160 ,9655E+00 ,108E-02  ,  103E+01 
165 ,970  3E +  0  0  ,903E-03  ,  10 3E +  01 
170 .9744E+00 .756E-03  ,103E+01 
175 .9779E+00 ,639E-03  a 10 3E +  01 
180 ,980  8E +  0  0  ,  541E-0  3  .103E+01 
165 ,  9833E +  0  0  ,460E-03  .103E+01 
190 ,9854E+00 ,392E-03  ,  103E+01 
195 ,9873E +  0  0  .336E-03  .103E+01 
200 .9888E+00 ,269E-03  ,  10 3  E +  01 
205 .99C2E+00 .249E-03  ,  103E +  01  
210 .9913E+00 f 215E-03  ,  103E+01 
215 ,9924 l :  + 00  ,186E-03  .103E+01 
220 ,9932F+00 ,  162E-03  ,  ]  0 3  E •  01  
225 .9940E+00 ,141E-03  .103E+01 
230 ,9947E+00 .124E-03  ,102E*01  
235  ,99 t2E+00 ,  10BE-03  .102E+C1 
210  ,  99f '8E +  00  ,952E '04  .102E+01 
215 .9962E+00 ,838E-04  .102E+01 
250 ,99 f )6E +  00  ,740E-04  ,10 2E +  01 
255 ,997  0 E  +  U 0  ,  655E-04  .102E+01 
260 ,  99 73C +  0  0  .581E-04  , l f )2E +  Q l  
265 .9975C+00 ,516E-  0  4  ,102E *01 
270 ,9973E +  0  0  ,460E-04  ,  10  2  E +  01  
275 ,99 f t  OE +  0  0  ,410E- (14  .102E+01 
280 ,  99M?E +  00  .367E-04  .102F+01 
285 ,  99P4C100 ,  3 2  9  E— 0  4  ,  10 2  E •  01 
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TABLE B-36 

DEPARTURE COEFFICIENTS FOR BACKGROUND EM= 2 MILLION PC CM 

ELECTRON TEMP=IOOO DEG KELVIN LOG ELECTRON DENSITY= 2 

N B(N> SEP B(N)EXP(XN) 
50 ,3906E+00 .119E-01 .416E+00 
55 ,  4136E + 00 .108E-01 ,  436E + 0 0 
60 .4365E+00 .106E-01 ,456E+00 
65 .4614E+00 .116E-01 ,479E+00 
70 ,4904E+00 .129E-01 .506E+00 
75 ,524 7E + 0 0 ,141E-01 ,  540E + 0 0 
60 ,5642E+00 .146E-01 .578E+00 
65 ,6069E+00 1142E-01 .620E+00 
90 ,65T)7E*Q0 ,  13 2 E "  01 ,664E + 0 0 
95 ,6933E + 0 0 ,117E-01 ,  706E + 00 

100 .7333E+00 .102E-01 .745E+00 
105 .7696E+00 I  874E-02 ,  781E+0Q 
110 ,8019E+00 .739E-02 ,  812E + 00 
115 ,  83( i2E*00  .621E-02 .840E+00 
120 ,8546E+00 ,519E-02 .864E+00 
125 I8756E+00 ,  433E-0 2 ,8e4E+00 
130 ,8935E + 0 0 I362E-02 ,  902E + 00 
135 .90P7E+00 .302E-02 .917E+00 
140 .9216E+00 ,  253E-02 .929E+00 
145 .9326E+00 .212E-02 ,  94 0E + 0 U 
150 ,9419E+00 ,178E-02 ,  948E + 0 0 
155 .9498E+00 ,  150E-02 .956E+00 
160 , .9565E + 0 0 1127E-02 ,962E*Q0 
165 .9622E+00 ,  108E-02 .968E+00 
170 .9671E+00 ,  918E-03 ,  972E + 00 
175 ,9713E+00 ,783E-03 ,  976E + 0 0 
160 ,974 8E + 0 0 .671E-03 ,9e0E+00 
165 ,9779E+00 ,576E-03 .9G2E+00 
190 ,9806E+00 I496E-03 ,  985E + 00 
195 ,9829E+00 T428E-03 .987E+00 
200 T  9849E + 0 0 .371E-03 ,9e9E+00 
205 ,9866E + 0 0 ,322E-03 ,99QE+00 
210 ,98e iE+00 .281E-03 .992E+00 
215 ,9894E + 0 0 ,  245E-03 .993E+00 
220 .99O6E+00 ,215E-03 ,994E + 0 0 
225 ,9916E+00 .109E-03 ,995E+0U 
230 ,9925E + Q 0 ,  16 6 E -  0 3 ,995E *  0 0 
235 ,9933E+00 .146E-03 .996E+00 
240 ,994 UE + 0 0 1129E-03 ,  99 7E + 0 0 
245 ,994 6E+00 .115E-03 .997E+00 
250 ,  99t> l f i  +  0 0 ,  10 2 E -  0 3 .996E+00 
255 ,  9956E + 00 ,904E-04 ,  9 5 8E + 0 0 
260 ,9960E+00 ,  805E-0 4 #  V 9  8  E  +  0  0  
265 ,99ME + 00 .719E-04 ,9S9E+00 
270 ,  9968E + 0 0 ,  6 4 3 E -  0 4 .999E+00 
275 ,9971E+00 ,  576E-04 ,  999E +  0 0 
260 .9973E+00 I  517E-0 4 .999E+00 
265 (9976E+00 ,464E-04 .100E+01 



TABLE 0-37 

DEPARTURE COEfT IC IENTS FOR BACKGROUND EM= 2  MILLJON PC CM-6  

ELECTRON TEHP= 10  DEG KELVIN  LOG ELECTRON DEI IS1TY  =  1  

N B(N)  SEP E < N)EX 
50  .1971F-03  ,244E*00  ,10  9E *  0  0  
55  .70P1E-03  ,  197E+0 0  .130E+00 
60  ,1914  F: -  02  ,163E*03  ,  15 4  E <-  0  0  
65  ,4392E-  02  ,  14 0  E  +  0  0  .184E+00 
70  .9022E-02  ,  127E +  0  0  .226E+00 
75  .1748E-01  .120E+00 ,290E*00  
80  ,3262L : -01  ,  113E+00 .385E+00 
85  ,5785E"01  ,101E+00 .515E+00 
90  .95&0E-01  ,867E"01  ,67 IE*  0  0  
95  ,  1455E +  00  ,  722E-01  .837E+00 

100  .2057E+00 .592E-01  .998E+00 
105  .2725F+0Q .4C2E-01  .114E+01 
110  ,  3 4  2  o  r :+o  o  ,391E-01  ,12  6E*  01  
115  ,41Ci9F +  00  |318E-01  ,136E*01  
120  .4768E+00 .259E-01  ,  143E*01  
125  ,53 l>2F.  +  00  .212E-01  ,148E+01 
130  .5942E+00 ,174E"01  ,  151E+01 
135  ,6445E +  0  0  .143E-01  .153E+01 
140  ,6891E+00 ,119E-01  .154E+01 
145  ,  7 21 '  4  F  +  0  0  .987E-02  ,15  4E*  G1 
150  .7628E+00 i  824E-02  ,194E+01 
155  .7929E+00 .692E-02  ,  153E +  01  
160  ,  8190E +  0  0  ,582E-C2 ,  i52E<-01  
165  .8417F+00 ,  4 9  3  E  "  0  2  ,150E*01  
170  .8614E+00 .418E-02  .149E+01 
17P .87P5E+00 .356E-02  .147E+01 
180  ,  6933E +  00  ,304E"02  ,  145E +  01  
185  .9062E+00 .261E-02  ,144E*01  
190  ,9175E +  0  0  .224E-02  ,14  2E +  01  
195  ,9272E+00 ,194E-02  .140E+01 
200  ,9357E*00  .167F. -02  ,139E +  01  
205  .9432E+00 .145E-02  ,  13 7  E  <•  01  
210  ,9497E*00  ,126E '02  ,  13  6  E  +  01 .  
215  .9554E+00 .110E-C2 ,13  4  E*  01  
220  ,96 t '4 f :  +  00  ,  9  5  f i  E  -  0  3  .133E+01 
225  .9647E+00 ,838E-0  3  .132E+01 
230  ,96( '6G +  00  ,735E-0  3  ,  131E+01 
235  .9720F.  +  00  ,645E«03 ,  15 9  E +  01  
240  ,  97^0E<-00  .568E-03  ,  128E +  U1 
245  ,97761:+  00  ,50( lE-03  .127E+01 
250  ,9799  ( • •00  ,  442f r -0  3  ,  12 6  E +  01  
255  ,98 ; '0E  +  00  ,391E-  0  3  ,  12 5  F  *  01  
260  ,  9  8  . '5  8  H +  0  0  ,  34 7E-0  3  .124E+01 
265  .9855U+00 .30BE-03  ,  12 3  E  *  I )  1  
270 ,986  9E+00 ,  2 7  5  E  -  0  3  , l 23E+n i  
275  ,90C2F+00 ,245E-0  3  ,  122E +  01  
280  .98O4E+00 .219E-03  .121E+01 
285  ,  9  r > ( '  4  F .  *  0  0  •196E-03  .120E+01 



TABLE Q-38  

DEPARTURE COEFFIC IENTS FOR BACKGROUND EM= 2  M ILL ION PC 

ELECTRON TEMPS 20 DEG KELVIN  LOG ELECTRON DENSITY  

N B(N> SEP E(N)EXP(  
50  .4294E-02  .142E+0Q .101E+00 • 
55  ,86330-02  ,  115 E +  0  0  ,  117E +  0  0  
60  ,1518E»01 ,962E"01  ,136E+00 
65  .24O5E-01  ,  841E-01  ,  15 BE +  0  0  
70  ,  3733E-01  ,779E-01  ,1876+00 
75  .5569E-01  ,  758E-01  ,227E +  0  0  
60  i  6229E-01  ,  738E-01  .2R3E+00 
65  •1197E+00 ,  690E-01  ,35  7E +  0  0  
90  ,1685E+00 .615E-01  .447E+00 
95  •2273F+00 ,520E"01  .545F+00 

100  •2928F+00 ,443E-01  ,645E+00 
105  ,3613E+00 ,  367E-01  .739E+00 
110  ,  4295E+00 .301E-01  ,  8 2  5  E  +  0  0  
115  •  .4947F+00 .247E-01  ,  899E+00 
120  ,55531;+  00  .203E-01  .961E+00 
125  ,  61&5E+&0 ,  16 7  E "  01  ,10  IE  *  01  
130  ,  6598E+O0 ,  137E-01  .105E+01 
135  ,  7035E+00 ,  113E-01  .10BE+01 
110  ,  7417E +  0  0  ,9<S2E-02  , l l lE+n i  
145  ,  7751E +  0  0  ,  785E-02  ,  113E +  01  
150  ,  G 0  "  1  f ;  * •  0  0  .656F-02  ,114  E +  01  
155  .8292E+00 ,551E"02  ,115F +  01  
160  ,  8509F:  +  ( )0  .465E-02  ,116E +  01  
165  ,8697  F.+  00  .394E-02  ,116E+01 
170  ,08591+00 ,334E~02 ,116E*01  
175  ,8999E+00 .285E-02  ,  116 E +  01 '  
160  ,91211:+  00  .244E-02  ,  116E<-01  
165  ,  9226E +  0  0  .209E-02  ,116001 
190 .9318E+00 1180E-02  ,  116 E •  01  
195  .9398E+00 ,156E-02  •  116E+01 
200  .9467F+00 ,135E-02  ,  1.15  F  +  01  
205  ,9528  T.+  00  ,117E-02  .115E+01 
210  ,9561E+00 .102E-02  ,  115 F.  +  01  
215  .9627E+00 .891E-03  .114E+01 
220  ,966BE+00 ,779E-03  ,114001 
225 .97ME + 0  0  ,  ,683E-Q3 ,  113E +  01  
230  ,  9  7  3  5  E +  0  0  ,600E-03  ,  113 E >  01  
235  ,  9  7  6  3  E  +  0  0  ,  5  2  9  E •*  0  3  ,  113 F.  +  01  
240  ,9760E +  0  0  f  4 66E -  0  3  ,  112E +  01  
245  ,9810E+ 00  ,412E-03  ,  112E +  01  
250  ,9829000 ,365E~03°  ,  112E +  01  
255  ,9846000 .324E-03  .  111E +  01  
260  ,98( . i r  +  00  ,  2  8  f !  E  -  0  3  ,  11 IE  +  01  
265  .9875F+00 ,257E-03  ,  11  0  E  *  01  
270  ,  9  8  8  71 :  + 0  0  ,  229E-03  ,  110F +  01  
275  ,  9 8  9  8  E  +  0  0  ,  2  0  5  E  -  0  3  ,  11 0 E  *  01  
260  ,990  7E +  0  0  ,183E-03  ,  11 0 F  +  01  
265  ,9916E+00 ,16^E-03  .109E+01 



TAPLE B -39  

DEPARTURE COEFFIC IENTS FOR BACKGROUND EH=  2  M ILL ION PC CM-6  

ELECTRON TEMP= 100  DEG KELVIN  LOG ELECTRON DEMSITYs  1  

N B(N> SEP B(N)EXP(  
50  ,89 f )6E-01  .431E-01  ,16  8E*  0  0  
55  ,3965E+00 ,  891E-02  ,  418E+0 0  
60  i  413 7  [ •  +  0  0  .785E-02  ,432E*Q0 
65  ,4  298E +  0  0  ,7J3E-02  ,  4 4  6E o-  0  0  
70  ,4449b>00 .663E-02  ,46UE«00 
75  ,4597E+00 ,  6  4  P E  -  0  2  .473E+00 
60  ,  4748E +  00  .652E-02  ,  487E+00 
85  .4909E+00 .697E-02  ,502E*00  
90  ,5091E+00 ,  77  0E-02  .519E+00 
95  .53P1E+00 ,850E-02  .539E+00 

100  ,5540E+00 .917E-02  ,563E +  0  0  
105  .5806E+U0 ,955E-02  ,589E+ 0  0  
110  ,6093E+00 ,95CE-02  ,6 i  7E +  0  0  
115  ,6390E+00 ,931E '02  ,  647E +  00  
120  ,669  0E +  0  0  .880E-02  ,676E+ 0  0  
125  ,  69f '3E +  0  0  ,814E"02  ,  7 0  5  E +  0  0  
130  ,  7  2  6  4  T:  +  0  0  .741E-02  ,  733E*  0  0  
135  .7528E+00 .667E-02  ,  7 5  9  E  +  0  0  
140  .7772E+00 .594E-02  .784E+00 
145  ,7996E+00 .526E-02  ,  8 0  6  E +  0  U 
150  ,82 l 'QE +  00  ,464E»02 .626E+00 
155  .6303E+00 .409E-02  ,84  4E +  0  0  
160  i8548E+00 ,359E-02  ,  86 0E+ 0  0  
165  .0695F.  +  00  ,316E"02  .875E+00 
170  ,8827E+00 ,  277E-02  ,888E*00  
175  ,89<J4E +  00  .244E-02  .899F+00 
160  .9019E+00 .215E-02  .909E+00 
165  .9112E+00 ,190E-02  .918E+00 
190  .9225E+00 ,168E-02  ,92  7E +  0  0  
195  ,9299E+00 .149E-02  ,93  4E +  0  0  
200  ,  9  3  6  5  E  +  0  0  ,132E-02  .940E+00 
205  .9424E+Q0 .117E-02  ,  9 4  6  E +  0  0  
210  .9478E+00 ,105E-02  .951E+00 
215  ,9525E+00 ,  9 3  7  E "  t)  3  ,  956E +  0  0  
220  ,  95C>3E +  00  ,839E-03  ,  9  6  0  E  +  0  0  
225  ,9607E+ 00  ,753E-03  ,  9 6  4  E  +  0  0  
230  ,96<11E +  00  ,  6  7  7  E  -  0  3  ,  9f t  7E +  0  0  
235  .9673E+00 ,  6  0  9  E -  0  3  .970E+C0 
240  .97C1F+00 .549E-03  ,  973E +  0  0  
245  .9727E+00 ,495E-03  .975E+00 
250  ,  9  71> 0  E  +  0  0  ,448E-03  .977E+00 
255  ,977 i r . ; - f00  .405E-03"  ,  9 7  9  E +  0  0  
260  ,  9790E +  00  .367E-03  .9G1E+00 
265  ,V807E+00 .332E-03  .  9 e  3  E +  0  0  
270  ,98£3E +  0  0  ,  3  o  2  E  -  0  3  .9G4E+CU 
275  ,98?7 l£  +  n0  .274E-03  .9C6E+00 
260  ,  9850C +  00  ,  2  4  9  E  -  0  3  .987E+00 
265  ,  9 8  6  2  E  +  0  0  .227E-03  .988E+00 
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TABLE B-40 

DEPARTURE COEFFICIENTS FOR BACKGROUND EM= 2 MILLION PC CM-6 

ELECTRON TEMP=1000 DEG KELVIN LOG ELECTRON DENSITY= 1 

N B(N) SEP B(N)EXP(XN) 

50 ,3775E+Q0 .104E-01  ,4  02E +  0  0  
55 ,  1092E+0Q ,356E-01  ,  184E +  00  
60 ,  1296E+00 ,  3  0 8  E  -  01  ,  20IE*0  0  
65 ,1505E+00 .277E-01  .219E+00 
70 ,  1725E+00 ,261E-01  .238E+00 
75 .1968E+00 ,262E-01  ,  2 61E +  0  0  
60 ,2252E+00 ,274E -  01  ,2C8E*00  
65 i 2595E+0 0  .287E-01  .323E+00 
90 ,30 (J5E +  00  .290E-01  .365E+00 
95 ,3477E+00 '  . 281E-01  .414E+00 
100 ,3994E +  0  0  .260E-01  , 468F + 00 
105 t  4533E +  0  0  ,234E-01  .523E+00 
110 t  5072E+0 0  i 205E-01  .57BE+00 
115 ,5594E+00 ,177E-01  ,  630E +  00  
120 .6084E+00 .152E-01  ,679E +  0  0  
125 ,6537E+00 1129E-01  ,  723E +  0 0 
130 .6946E+00 .109E-01 ,763E+00 
135 ,7313E+00 ,926E-02  ,7S7E+00 
110 ,  7638E+00 ,764E-02  .828E+00 
145 ,  7925E+00 .664E-02  ,  8 5  4  E  +  0  0  
150 ,6177E+ 00  ,564E-02  ,  877E +  0  0  
155 ,C397E+00 ,  460E-02  ,89  7E +  0  0  
160 .8589E+00 .410E-02  ,  914E +  0  0  
165 ,87&6E+00 .351E-02  ,928E +  0  0  
170 .8902E+00 .301E-02  ,  9 4  0  E  +  0  0  
175 ,9029E +  0  0  ,25919-02  .951E+00 
160 .9140E+00 ,223E-02  ,960E*00  
165 ,9237  f :+  00  .193E-02  ,  96 7E +  0  0  
190 .9322F+00 ,168E-02  ,  9 7  4  E  •> 0  0  
195 ,  9  3  9  7  E  +  0  0  ,  14  6  E -  0  2  ,  980E +  00  
200 ,  94 62E +  0  0  .12BE-02  .9S4E+00 
205 .9519E+00 1112E-02  ,9eoE*oo  
210 ,9570E+00 i  980E-03  ,952E*00  
215 ,963  5E +  0  0  ,  8  6  2  E  -  0  3  ,995 t :  +  00  
220 ,  9654t :  +  0  0  ,  7 6  0  E  -  0  3  ,99  7E*  0  0  
225 ,  9689E+00 ,  671E-03  .100E+01 
230 ,97^0E+00 .594E-03  ,100E<-01  
235 .9748E+00 i  527E-03  ,  10 0  E  +  01 
24 0 ,  9772E +  00  ,  469E-03  .  1  f l  0  E  +  01  
245 ,9794 fc "+  00  ,  417 E -  0  3  ,  10 IE*  01  
250 ,  9814E+00 .372E-03  , 101E + 01 
255 ,9831E+00 .332E-03  0  .101E+01 
260 .9B47E+00 ,  2 9  f )  F  ~  0  3  ,  101E +  01  
265 ,9861E+ 00  .267E-03  .101E+01 
270 .9874E+00 ,  2 3  9  E  -  0  3  ,  10  3.  E  +  01  
275 ,9885E+00 ,  21HE-03  ,  10 IE  + 01 
260 .9895E+00 ,  191E-0  3  ,  3.01E +  01 
265 ,  9904F.  +  00  ,  17 '3  E  -  0  3  ,101E+01 
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TAHLE B -41  

DEPARTURE COEFFIC IENTS FOP BACKGROUND EM= 2  M ILL ION PC CM-6  

ELECTRON TEMP= 10  DEG KgLVIN  LOG ELECTRON DENS ITY=  0  

N B (N)  SEP 0  (N)  EXf  
50  .1095E-03  ,240E+00 ,606E*0 l  
55  ,3774r - -03  ,  191E +  0  0  ,698E r  01  
60  .9921E-03  ,  155E +  0  0  ,797E^01 
65  ,  21f '5E-  02  ,128E+00 .905E-01  
70  .40P.1E-02  ,106E +  0  0  .102E+00 
75  .69P3E-02  ,  935E-01  ,116E + 0  0  
eo .1113E-01  .629E-01  .131E+00 
65  .1608E-01  i  762E-01  .150E+00 
90  .2466F-01  .725E-01  ,175E+00 
95  ,3604r : -0 l  .702E-01  .207E+00 

100  .51*1E-01  .676E-01  .250E+0Q 
105  ,  7265E-01  .636E-01  ,  3 0  4  E  +  0  0  
110  .9979E-Q1 .582E-01  ,  368E+00 
115  .1330H+00 i521E-01  ,439E+00 
120  ,  1715 E +  0  0  .459E-01  .514E +  0  0  
125  ,  2143E+00 ,401E-01  .589E+00 
130  i2600E+00 ,  348E-01  .662E+00 
135  ,3073E+00 i  301E-01  ,7  31E +  0  0  
140  .3549E+00 ,  260E-01  ,79  4E +  0  0  
145  ,4019E+00 ,225E-01  ,652E + 0  0  
150  ,4474E+00 ,195E-01  ,903E+00 
155  ,  4 9  C 9  C ;  + 0  0  ,169E-01  .947E+00 
160  f  5320 E +  0  0  .147E-01  .9B6E+0 0  
165  ,57 [ '6E  +  00  ,128E-01  .102E+01 
170  .6066E+00 ,  112E-01  ,105>E +  01  
175  .6399E+00 .983E-02  ,  107E +  01  
ICO .6707E+00 ,865E-02  .109E+01 
165  ,6990E+00 ,764E-02  ,11 IE  +  01  
190  ,7250E+00 ,676E-02  ,112E+01 
195  ,7468E+00 ,  599E-02  .113E+01 
200  ,  7706E+00 ,533E-02  ,114E+01 
205  .7905E+Q0 (475E-02  .115E+01 
210  ,6067000 ,4246-02  ,116E+01 
215  t 02b3F+00 ,  379E-02  .116E+01 
220  ,84  05E +  0  0  .340E-02  .116E+01 
225  ,8543F+00 ,  3  0  t i  E  -1 )  2  >117E+01 
230  ,  6 6  f '  9  E  +  0  0  .274E-02  .117E+01 
235  ,87041;+  00  ,  2  4  6  E "  0  2  ,117F+01 
240  ,80 f i8 t>00  ,  222E-02  ,117E +  01  
245  ,  6  9  8  3 ! :  +  0  0  ,2onE-02  ,  11  7  E +  01  
250  .907DE+00 ,  180E-02  ,  117E +  01  
255  .9119E+00 ,  163E-02  .117E+01 
260  ,9221F+00 .147E-02  1  ,116E +  01  
265  ,92 fs6F +  90  ,  133E-02  .116E+C1 
270  ,9346E+00 ,121F. -02  ,116E +  01  
275  .94P1E+00 ,  109E-02  ,H6E + n l  
260  ,94 ! i0F  +  00  .993E-03  ,  116E +  01  
265  .9495E+00 .902E-03  .115E+01 



TAf iLE  B -42  

DEPARTURE COEFFIC IENTS FOR DACKGROUND EM= 2  M ILL ION PC CM-6  

ELECTRON TEMP =  20  DEG KELVIN  LOG ELECTRON DENS 1TY=  0  

N 9 (N) SEP B(N)EX 

50 .3096E-02 i138E+00 ,729E'01 

55 ,60791: "-02 , 110 E • 0 0 ,827En01 

60 .1037E-01 .896E-01 ,  9 2  O E 0 1  

65 ,1602E-01 .747E-01 .104E+00 

70 .23P3F..Q1 .637E-01 ,H5E*00 

75 ,3142 F.- 01 i556E-01 ,128E*00 

60 .4129E-01 ,501E-01 .142E+00 

65 .5296E-01 .468E-01 ,15 8E + 0 0 

90 • .6709F-01 .456E-01 .178E+00 

95 .8467E-01 ,454E-01 .203E+00 

100 ,10 68E + 0 0 i 453E-01 .235E+00 

105 .1344E+00 .440E-01 .275E+00 

110 ,1676E+00 .416E-01 .322E+00 

115 ,20&9F+00 t 3B3E-01 ,37 4E + 0 0 

120 .2483E+00 , 345R-01 .430E+00 

125 .2937E+00 .306E-01 .487E+00 

130 ,3404r+00 ,269E-01 .543E+00 

135 .3874E+00 i235E-01 .597E+00 

110 i4336E+00 ,2055-01 , 649E+00 

145 ,47fUE + O0 , 178E-01 .696E+00 

150 ,52C4E+00 ,155E-01 .739E+00 

155 .56C2E+00 ,134E-01 ,778E * 0 0 

160 .5973E+00 1117E- 01 .013F+OU 
165 ,6316F+00 t102E-01 ,8 4 4E + 0 0 

170 ,6632E+00 ,897E-02 .872E+00 

175 ,6922E + 0 0 i788E-02 , 896E+0O 

180 .71R7E+00 , 694E-02 ,917E+00 

165 ,7429E + 0 0 i613E-02 .936E+00 

190 ,76f'0E + 00 1543E-0 2 .952E+00 

195 ,78i>lF + 00 .•482E-02 .966E+00 

200 .8034F+00 i 430E-02 .979E+00 

205 .82H1E+00 ,384E- 02 , 990E + 00 

210 .83ME + 00 , 343E-02 , 999E + 0 0 

215 i8492E+00 ,30BE-02 .101E+01 

220 , B63.9F + 00 , 277E-02 .101E+01 
225 ,8734f>00 , 249E-02 .1O2E+01 

230 te8ior-+oo .225E-02 , 103E + 01 

235 ,69;/.6r; + oo .203E-02 , 1!) 3E • 01 

240 , 9 0 2 3 f; + 0 0 , 184E-02 ,103E + 01 
245 ,9i(l3t->00 , 166E-02 , 104E + 01 

250 .9176E+00 .151E-02 ,10 4E + 01 
255 , 9 2 4 3 E + 0 fl .137E-02. .104E+01 
260 . 9 3 0 4 r+00 .124E-02 .105E+01 
265 ,93<<0E + 0 0 .113E-02 .105E+01 

270 .9411E+00 , 102E-02 , 10 5 E + 01 

275 ,94I>7E + 00 , 932E-03 , 105F + 01 
260 ,95noE+oo ,B49E-03 .105E+01 
265 .9539E+00 i 774E-03 .105E+01 



TAHLE B -43  

DEPARTURE COEfF lC IENTS FOR BACKGROUND EH=  2  M ILL ION PC 

ELECTRON TEHP= 100  DEQ KELVIN  LOG ELECTRON DENSITY  

N B(N)  SEP B(N)EXPC)  
50  ,8228E-01  .415E-01  ,  155E +  0  0  
55  ,9996F i -01  ,  339E-01  ,  168E +  0Q 
60  ,  1173E +  0  0  .283E-01  .162E+00 
65  ,1342E*00  ,242E-01  ,195E*  0  0  
70 .15C7E+00 .212E-01  .208E+00 
75 .1670E+00 ,  19 0  E  -  01  .221E+00 
80  ,1832  E <-00  .176E-01  ,  235E*  0  0  
65  .1998E+00 .166E-01  .249E+00 
90  .2174E+00 ,  168E-01  .264E+00 
95  a  2369E+00 ,174E-01  ,2G2E +  0  0  

100  .2591E+00 .184E-01  ,  303E+00 
105  ,2849K+00 .193E-01  .329E+00 
110  .3144E+00 .197E-01  .358E+00 
115  .3473E+00 ,196E-01  ,391E +  0  0  
120  .3830E+00 .189E-01  ,  427E*00  
125  .4204E+00 .178E-01  ,465E*00  
130  .4565E+00 .164E-01  .503E+00 
135  ,  4964E+00 .149E-01  ,541E*00  
140  .5334E+00 .134E-01  .578E+00 
145  .5689E+00 .119E-01  ,613E +  0  0  
150  .6024E+00 .106E-01  .646E+00 
155  ,6339E+0 0  ,  940E-02  ,677E +  0  0  
160  .6630E+00 ,832E"02  .705E+00 
165  ,6900E+00 ,  737E-02  .731E+00 
170  .7147E+00 ,653E"02  ,  755E +  0  0  
175  .7374E+00 .579E-02  .776E+00 
160  .75&1E+00 .515E-02  .796E+00 
165  .7771E+00 ,  459E-02  .614E+00 
190  ,7944  El+  00  .410E-02  ,  830E +  00  
195  .8102E+00 .363E-02  ,845E+0 0  
200  i8246E+00 ,  3  31E -  0 2  ,858E*00  
205  ,8378E+00 ,2985-02  ,870E*00  
210  ,8499  F:+  00  .270E-02  ,881E +  0  0  
215  ,  8610E +  00  ,24AE'0S .891E+0Q 
220  ,8712E+00 .222E-02  .900E+00 
225  .8806E+00 .202E-02  ,9  06E<0 0  
230  ,  8  8  9  2  f :  +  0  0  .184E-02  .916E«00 
235  .8972E+00 ,  169E-02  .923E+00 
240  ,9045E+00 .154E-02  .930E+00 
245  ,9113r+00  .141E-02  ,93  6E +  0  0  
250  ,9175E+00 ,  129E-02  ,  9 41E +  0  0  
255  .9233E+00 .119E-02  .946F+00 
260  .9266E+00 .1C9E-02  ,  951E +  0  0  
265  ,9335G +  0  0  .100E-02  ,  955E +  0  0  
270  ,  9  3  8  0  E  +  0  0  ,920E-D3 ,  9 5  9  [ ' •  +  0  0  
275  ,9422000 ,  8  4  7  E  -  0  3  .962E+0C 
200  .9461C+00 ,779E-03  ,  9 6  5  E +  0  0  
265  .9497E+00 .710E-03  ,  968E +  0  0  
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TAPLE B -44  

DEPARTURE COEFFIC IENTS FOR BACKGROUND EM= 2  M ILL ION PC CM-6  

ELECTRON TEMP=1000  DEG KELVIN  LOG ELECTRON DENSITY=  0  

N B(N)  SEP B(N)EXf  
50 ,3730E+ 00  .100E-01  .397E+00 
55 ,391100 0 ,  853E-02  .412E+00 
60 ,4072000 ,735E-02  ,  425E+00 
65 ,  4219F +  0  0  ,655E"02  .438E+00 
70 ,4353  £->00  ,  587E-02  ,450E<-00  
75 ,  4479E+0 0  .537E-P2 ,  461E+00 
60 ,4598E+0 0  .506E-02  ,  47 IE*0  0 
85 ,4714F+00 ,  465E-02  .4S2E+00 
90 .4830E+00 ,  407E-02  .492E+0Q 
95 .4950E+D0 ,507E-02  .504E+00 

100 ,  5 0  0  2  E  +  0  0  .540E-02  .516E+00 
105 .5229E+00 .600E-02  .530E+00 
110 .5394F.  +  00  .651E-02  ,547E<-00  
115 ,55760*00  ,692E-02  ,565E+O0 
120 .5779E+00 ,716E-02  ,  594E +  00  
125 .5991E+00 ,  723 E-02  .605E+00 
130 ,  6211E+ 0  0  ,708E-02  .627E+00 
135 ,6432E+00 ,60QE-02  ,  649E +  00 
140 ,  665 0F +  0  0  .643E-02  .670E+00 
145 ,6863000 .599E-02  t 691E*00  
150 ,  7 0  65 f .  +  0  0  .553E-02  .712E+00 
155 ,7257000 ,507E-02  .731E+00 
160 .7437E+00 ,462E-02  ,  748000 
165 ,7605000 ,420E-02  .7G5E+00 
170 ,  7761E+0 0  ,  3  6  J.  E  -  0  2  ,780E*00  
175 ,7904000 ,  345E-02  ,  7S5000 
ieo ,0037E+ 00  ,  313E-02  i8  0 6F  +  0  0  
185 ,  8159E+0 0  .264E-02  ,  820000 
190 ,8272F+ 00  .259E-02  ,  831E +  0  0  
195 ,8376000 ,236E-02  ,8  4 IE  +  0  0  
200 ,  8472E+00 ,216E-02  ,851E+00 
205 .8560E+00 ,  19 8  E "  0 2  ,859E+0 0  
210 ,8643000 .102E-02  .867E+00 
215 ,8719000 .167E-02  ,075E +  0  0  
220 ,  8 7  9  0  F  +  0  0  ,155E-02  ,  8R2E +  00  
225 ,8856F+00 .143E-02  .oeoE+oo 
230 ,0918E+ 00  .133E-02  i89  4  E +  0  0  
235 ,0976000 ,123E-02  ,  9 0 0  E  +  0  0  
240 ,9030000 ,  115 E -  0  2  .905E+00 
245 ,9000000 ,1070-02  ,  91OE +  OO 
250 ,9 i?ec+oo ,  99RE-0  3  ,915E +  0  0  
255 ,9172000 ,931E-03  ,  919E +  00  
260 ,9214000 ,  0  6  0  E -  0  3  ,92  4E +  0  0  
265 • ,925300 0 ,  011E -  0 3  .927E+00 
270  ,9209000 ,  757F-03  ,  9 31E *  0 0  
275 ,  9 3  2  4  F.  +  0  0  .707E-03  .934E+00 
280  ,9356000 ,  661E-03  .937E+00 
285 ,93060 0 0  ,610E-03  .940E+00 



119 

TAPLE B-45 

DEPARTURE COEFFIC IENTS FOR BACKGROUND EH=  2  M ILL ION PC CM-6  

ELECTRON TEMP= 10  DEG KELVIN  LOG ELECTRON DENSITY=-1  

N B(N)  SEP B(N)EX 
50 ,  8 4  £ '  3  E  *  0  4  ,239E +  0  0  ,  47 0E*  01 
55 ,29CiOE«03 ,190E+00 .537E-01  
60 .7549E-03  .153E+00 ,607Ef01  
65  .1620E-02  .126E+00 ,681E i01  
70 .3022F-02  ,105E +  0  0  ,  758E"01  
75 .5077F-02  ,894E-01  ,  841E«r01  
eo1 ,  7 8  ( i  81>  D 2  ,774E-01  ,930E«-01  
85 ,1156E-01  .683E-01  .103E*00  
90  .1622E-01  ,620E-01  ,114E*00  
95 i 2213E-01  .5B0E-01  .127E+00 

100 .2967E-01  ,557E-01  .144E+00 
105 ,3937F-01  .540E-01  ,  165E +  00  
110 ,5178  F: -  01  ,522E-01  ,191E +  0  0  
119 ,6735E-01  ,496E-01  ,222E*00  
120 .8629E-01  .464E-01  ,  258E +  00 
125 ,  1086E +  0  0  .426E-01  ,  298E*00  
130 ,  1339E +  0  0  .387E-01  ,  341E*0  0  
135 .1613E+00 .348E-01  ,3E5E*00  
140 ,1916E<00 i  3HE-01  ,429Ef00 
145 ,22?8E*00  .277E-01  ,  472E+00 
150 ,25«9E+00 ,247E-01  ,5 l4E*00  
155 ,2871E+00 ,22DE-01  .554E+00 
160 .3193E+00 ,196E-01  ,  592E +  0  0  
165 ,  3 5  Ci  9  E"  +  0  0  ,  17  5  E -  01  ,627E+00 
170  ,3818F +  0  0  ,156E-01  ,659E*00  
175 ,413  7E +  00  ,140E»01 ,  689E*00  
180  ,44( )5E +  00  ,126E"01  ,  717E +  00  
185  .46H2E+00 ,  114E-01  ,  743E*00  
190  .4947E+00 .103E-01  ,  766E+00 
195  .52  01E+00 .93QE-02  ,788E+00 
200 ,5443E>00 .855E-02  ,808E+00 
205  ,5673E+00 ,782E-02  .826E+C0 
210 ,5892E*00  ,  717E-02  ,843E*00  
215  .6101E+00 ,  6 5  9  E  -  0  2  ,  859E+00 
220  ,  6299E +  0  0  ,60PE-02  ,  87 3E +  0  0  
225  ,64B8Ei t )0  .562E-02  ,886E<-00  
230  ,  6668E+00 .520E-02  .899E+00 
235  ,6838E*00  ,  4 8  2  E  -  0  2  ,  910E*0  0  
240  ,70 t i lE  +  00  .447E-02  ,92  IE  +  0  0  
245  ,71 f .5E +  00  ,4165-02  .931E+00 
250  ,73 f lE+OO ,3076-02  ,  94 0E +  0  0  
255  ,7440  ( i  *00  ,  360E-02  ,  94 9E*0  0  
260  ,7572  E. +  00  ,  3  3  6  E -  0  2  ,  956E +  0  0  
265  ,  7 6  9  7  [" •  +  0  0  .313E-02  .964E+00 
270  ,  7815F.  +  00  .292E-02  ,  971E+00 
275  ,  7 9  r  7  E  +  0  0  ,  2  7  3  E -  0  2  .977E+00 
280  ,60^3000 ,  255E-02  ,983E-v00  
285  .8134E+00 ,  239E-02  ,  988E*00  



TALLF .  B -46  

DEPARTURE COEfF IC IENTS FOR BACKGROUND EK=  2  M ILL ION PC CM-

ELECTRON T£MP= 20  DEG KELVIN  LOG ELECTRON DEUSITY=-1  

N 8  (N  > SEP R(N)EX 
50  ,2706002 .137E+00 .637E-01  
55 ,52P4002 .109E+00 .719E-01  
60 ,8948F-02  ,881E-01  ,802E»01 
65 ,1370001 ,729E-01  ,888001 
70 .1949E-01  ,614E-01  .976E-01  
75 ,2623001 i527E-01  .107E400 
80  .33P8001 i  4 61E -  01  .116E+00 
85  ,4244001 .413E-01  ,127E +  0  0  
90  .5202E-01  ,381E-01  ,  138E+0 0  
95  .6290E-01  ,364E-01  ,  151E +  0  0  

100  ,75590-01  i358E-01  ,166E*  0  0  
105  .9069E-01  ,357E-01  .186E+00 
110  .1067E+00 .355E-01  .209E+00 
115  .13C1F+00 ,346E-01  ,236E*00  
120  ,154  6(1  +  00  ,331E-01  ,268E*00  
125  ,18?2E+00 ,310E-01  ,302E +  0  0  
130  .2122E+00 .2B5E-01  ,339E+00 
135  ,2439000 ,259E-01  .376E+00 
140  ,  2 7  t ' i  7  E  +  0  0  .234E-01  .414E+00 
145  ,3099000 ,2100-01  ,451E +  0  0  
150  .3430E+00 ,  187E-01  .487E+00 
155  .3754E+00 ,  167E-01  •521E+00 
160  .4069E+00 ,149E-01  .554E+00 
165  .4371E+00 ,133E-01  .584E+00 
170  ,4661000 .119E-01  ,613E+00 
175  ,4  936E +  0  0  .107E-01  .639E+00 
180  .51V6E+00 ,  960E-02  ,663E*00  
165  .5442F+00 ,865E-02  .685E+00 
190  .5674E+00 .783E-02  .706E+00 
195  ,  5893E +  0  0  .7HE-02  .725E+00 
200  ,6099K+00 ,  6 4  8  E  -  0  2  .743E+00 
205  .6293E+00 ,  592E-02  ,  759E*00  
210  ,6476000 .543E-02  ,775E*0Q 
215  ,6649000 ,499E-02  .789E+00 
220  .6812E+00 ,  461E-02  .802E+00 
225  ,6966F+0 0  ,426E-02  .814E+00 
230  ,71120 0 0  .395E-02  ,826000 
235 ,7249000 ,367E-02  ,63  6E +  0  0  
240  ,  7 3  0  E  +  0  0  ,  3  4.1 .  E  -  0  2  ,84  6E +  0  0  
245  ,7504000 ,31HE'02  ,856E+00 
250  ,  7621F:  +  0  0  ,  296E-02  .865E+00 
255  ,  7  7  31L '  +  0  0  ,  276E-02  .873E+00 
260  ,  7 8  ̂  6  E+00 ,  2  5  n  E -  0  2  ,ee iE+oo 
265  ,7935000 .241E-02  .888E+00 
270  ,80?9 t : ' -> -00  ,  2  2  r> E  -  0  2  ,  855E +  00  
275  ,81 l8F+00 ,  211E-02  ,  901E +  0  0  
260  ,0212000 ,  198E-02  ,907000 
205 ,82611+00 .185E-02  ,  913E +  00  
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TAfcLE  B -47  

DEPARTURE COEFFIC IENTS FOR BACKGROUND EM =  2  M ILL ION PC CM-6  

ELECTRON TEMP= 100  DEG KELVIN  LOG ELECTRON D£!JS ITY  =  - 1  

N B(N)  SEP 0 (N)EXP(XN)  
50 ,7952E-D1 ,4 l ( lE -01  ,  15 0E +  0  0  
55 ,9633E '0 l  ,333E-01  .162E+00 
60 ,  112 6  F + 0  0  .276E-01  ,175E*00  
65 ,12< !4F +  00  ,235E-01  ,187E<-0U 
70 .1437E+00 ,  203E>-01  .198E+00 
75 ,1584E +  0  0  ,  179E-01  „210E+00 
80 ,172 7E +  0  0  .161E-01  .221E+00 
65 ,1668E*00  .148E-01  ,232E*00  
90 .2010E+00 ,141E-01  .244E+00 
95 ,2156E +  0  0  ,139E-01  ,257E +  0  0  

100 ,23 l4E+00 ,142E-01  .271E+00 
105 ,2489E +  0  0  .148E-01  ,2e7E«-00  
110 ,2665E+00 .154E-01  .306E+00 
115 .29C5E+00 ,158E-01  .327E+00 
120 .3146E+00 ,  158E-01  .351E+00 
125 .3406E+00 ,155E"01  .377E+00 
130 ,3678E +  0  0  ,148E-01  .404E+0Q 
135 .3956E+00 ,139E-01  .431E+00 
140 .4235E+00 .129E-01  .459E+0Q 
115 .4510E+00 ,  118E-01  .486E-00  
150 ,4776E«-00  ,108E-01  ,512E*00  
155 ,  5031E +  00  .975E-02  .537E+00 
160 .5274E+00 ,880E '02  .561E+00 
165 ,  55C.2E +  00  ,793E-02  .583E+00 
170 ,  5716E +  0  0  ,715E '02  ,6  0  4E +  0  0  
175 ,59 l7 f ->00  ,645E-02  .623E+00 
160 .6103E+00 ,582E-02  ,641E+00 
185 ,6277E+00 .527E-02  .657E+00 
190 ,6439E +  0  0  ,479E-02  .673E+00 
195 ,65 f>9E»00 ,436E-02  .6e7E4-00  
200 .6730E+00 ,399E-02  .700E+00 
205 ,6861E+00 ,366E-02  .73 .2E +  00  
210 ,69ME + 0  0  '  .337E-02  ,  724E +  00  
215 .7099E+00 ,311E-02  ,735 I - : *00  
220 ,720  7E +  0  0  .288E-02  ,  745E +  Q 0  
225 ,73O0E+OO .260E-02  .754E+00 
230  ,74( i4E +  00  .249E-02  ,763E*  0  0  
235 .  7495E+0 0  ,233E-02  ,771E*00  
240 ,75BOE+00 ,217E-02  ,  7 7 9 E *  0 0 
245 .76ME + 00  .204E-P2 .786E+00 
250 ,7737 [>00  .191E-02  .794Ef00  
255 .7810E+00 ,  17  9  E  -  C 2  ,800E*00  
260 .7878E+00 .168E-02  ,  8 0 6 f :  + 0 0 
265 ,79<J3F>00 ,  158E-02  ,  812 E + 0 0 
270 ,80( '4E*00 ,  14 6  E "  0  2  ,B1CE*00 
275 ,  8063E+0 0  ,  139E-02  ,e23E+00 
260 ,813 81;*00  .131E-02  ,826(7  +  00  
265 . ( J170E +  00  .124E-02  ,  8 3  3  E +  0  0  



TAHLE B -48  

DEPARTURE COEFFIC IENTS FOR BACKGROUND EM= 2  M ILL ION PC 

ELECTRON TEMP=1000  OEG KELVIN  LOG ELECTRON DENSITY  

N B(N> SEP B < N)EX 
50 ,  3697E+0 0  ,983E-02  ,394E«00 
55 ,3872 ! " -+  00  ,830E-02  .408E+00 
60 ,4026E+00 .710E-02  .421E+00 
65 .4166E+00 .627E-02  .432E+00 
70 ,4292E +  0  0  ,556E-02  ,443E+0Q 
75 ,4409F+ 00  .501E-02  ,  453E+0 0  
80 ,  4 517  F:  +  0  0  ,464  E"0  2  ,463E*00  
85 ,4621E+ 00  ,432E-0?  .  472E+00 
90 .4721E+00 ,419E-02  .481E+00 
95 .4820E+00 ,416E-02  ,491E*00  

100 ,4923E +  0  0  ,429E-02  .500E+00 
105 , ' .>032E +  00  ,451E-02  .510E+00 
110 .5149E+00 ,477E-02  ,522E +  0  0  
115 .5277E+00 .501E-02  .534E+00 
120 ,5413E + 0  0  .516E-02  .547E+00 
125 ,5556E +  0  0  .522E-02  ,561E*00  
130 .5702E+00 .516E-02  .576E+00 
135 .5850E+00 .500E-02  .590E+00 
140 ,5996E +  0  0  ,  477E-02  ,604E*  0  0  
145 ,6138F+00 ,450E-02  ,618E*00  
150 ,6274E + 0  0  i 419E-02  ,  6 3  2  E +  0  0  
155 ,64 t i3E +  00  ,388E-02  ,  645E +  0  0  
160 ,  6525E +  0  0  ,357E-02  ,  656E+0 0  
165 .6638E+00 .327E-02  ,668E +  0  0  
170 .6744F+00 ,299E-02  ,678E+00 
175  .68-12E +  00  .273E-02  ,6eBE*00  
180 .6933E+00 ,250E-02  .697E+00 
185 .7017E+00 .229E-02  .705E+00 
190 i  7095E+00 .210E-02  .713E+00 
195 ,71 f>8E*00  ,  193E-02  .720E+00 
200 ,7235E+00 ,178E-02  .726E+00 
205 ,  7298E:  +  00  .164E-02  .732E+00 
210 ,7356E+00 .152E-02  .738E+00 
215 .7411E+00 ,142E-02  .744E+00 
220 ,74 f '2E  +  00  ,132E-0  2  .749E+00 
225 ,7510  i f+  00  .124E-02  ,  753E +  0  0  
230 .7555E+00 ,116E-02  ,  7 5  8  E-  *  0  0  
235 .75981:+0  0  ,  109E-02  ,  762E+00 
240 ,  7 6  3  9  F:  •  0 0  ,  103E-02  .766E+00 
245  .7677E+00 ,966E-03  .770E+00 
250 .7714F+00 .911E-03  .773E+00 
255 .7748E+00 ,660  E-C 3  ,  7  7  7  E  +  0  0  
260 ,  771 ' . IF  +  00  .812E-03  ,  7 0  0  E  •  0 0  
265  .7812E+00 ,  767E-  03  .783E+00 
270 .78HC + 00  ,  7 2  5  E -  0  3  ,  786E +  00  
275 ,  7  0  6  9  E  •  0 0  ,  686E-03  ,  789E +  00  
280 ,  7 8  9  5  E  +  0  0  ,649E-  03  .791E+00 
285 ,  7920E+00 •  , 614E"03  .794E+00 
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TABLE B -49  

DEPARTURE COEFFIC IENTS FOR BACKGROUND EM= 2  M ILL ION PC CM-6  

ELECTRON TEMP =  10  DEG KELVIN  LOG ELECTRON DEMSITY=-2  

N B(N)  SEP B(N)EXP 
50  .6960FNO4 ,238E +  0  0  .386E-01  
55  ,2372E-03  ,  189E +  00  .439E-01  
60  .6145E-03  ,152E +  0  0  ,494Er01  
65  ,1312E-02  .125E+00 „551E<-01  
70  .2431E-02  ,  104E +  00  .610E-01  
75  ,  4056E-02  .880E-01  ,  672E*01  
e o  ,6249E-02  ,757E-01  ,737E«01 
65  .9062E-02  ,661E-01  ,806E"01  
90  .1256E-01  .591E-01  ,  882E?01 
95  .1684E-01  ,542E-01  ,  969E"01  

100  ,2209E-01  .510E-01  .107E+00 
105  ,2855E-01  ,488E-01  •  120E*00  
110  ,3651E-01  ,  466E-01  ,135E+00 
115  ,  4620E-01  ,446E-01  ,  152E +  00  
120  ,5775E-01  .420E-01  .173E+00 
125  .7115E-01  i391E-01  .195E+00 
130  ,8628E*01  ,359E-01  ,220E +  0  0  
135  •1029E+00 ,  3  2  6  E -  01  ,245E+00 
140  ,1207  F:  *00  .295E-01  .270E+00 
145  ,  1393E+O0 ,266E-01  ,295E^00 
150  ,1585E+00 .236E-01  ,320E+00 
155  ,  1779E+00 ,214E-01  ,  343E +  00  
160  ,1973E+0 0  ,192E-01  ,366E*00  
165  ,2165E+00 ,173E-01  .387E+00 
170  ,  23530+ 0  0  ,155E-01  .406E+00 
175  .2537E+00 ,140E-01  ,425E*00  
160  ,2715E +  0  0  ,  12  7  E -  01  ,  442E +  00  
165  ,2887E+00 ,115E-01  ,  458E +  0  0  
190  ,3054E+0 0  .105E-01  ,  473E +  00  
195  •3213E+00 ,962E-02  ,  487E +  00  
200  ,  3367E+00 ,882E-02  .500E+00 
205  ,3514E +  0  0  .812E-02  .512E+00 
210  ,3656E +  0  0  ,  749E-02  .523E+00 
215  ,3792E+00 .694E-02  .534E+00 
220  ,3922E +  0  0  ,614E-02  .544E+00 
225  .4017E+00 ,60  0  E-0  2  .553E+00 
230  ,  4167E +  0  0  ,  560E-02  .562E+00 
235  .4283E+00 .523E-02  .570E+00 
240  ,  4394E+0 0 ,490E-02  ,  57 6E +  0  0  
245  ,  450 0E +  0  0  ,460E-02  .585E+00 
250  ,46Ci2E +  00  ,  432E-02  .593E+00 
255  ,47d0E+00 ,  4 0  6  E ••  0  2  .599E+00 
260  ,  4795E +  00  .382E-02  .606E+00 
265  ,4885E+Df l  .360E-02  .612E+00 
270  ,4972E+ 00  .339E-02  ,617E+00 
275  ,50^5E+00 ,320E-02  .623E+00 
280  .5135E+00 .302E-02  ,  62 8E*0  0  
285  .5211E+00 .286E-02  ,633E*00  



TABLE B-50 

DEPARTURE COEFFIC IENTS FOR BACKGROUND EM= 2  M ILL ION PC CM-

ELECTRON TEHPs  20  DEG KELVIN  LOG ELECTRON DENSITY=-2  

N B(M)  SEP B (  N)EX 
50  .2385E-02  •137E+00 ,561Et01  
55  ,4634E-0  2  .108E+00 ,  63 0  E -01  
60  .7810E-02  ,871E-01  ,  700E-01  
65  ,1190E-01  .718E-01  ,  771E-01  
70  ,1682E-01  ,  602E-01  ,843E*01  
75  .2249E-01  .513E-01  ,  916 E o  01  
80  •  2883E-01  .445E-01  ,  990E-01  
85  •3579E-01  .393E-01  .  10 7E*  0  0  
90  i4338E-01  .356E-01  .115E+00 
95  .5169P-01  .330E-01  .124E+00 

100  .6094E-01  i  316 E -  01  ,  134E +  0  0  
105  .7141E-01  .307E-01  .146E+0Q 
110  ,8335E-01  .300E-01  ,160E+0 0  
115  ,9693E-  01  .292E-01  ,  176E +  00  
120  ,1122E+00 .280E-01  .194E+0Q 
125  ,12B9E +  0  0  .265E-01  ,214E*00  
130  ,1468E+00 ,  246E-01  .234E+00 
135  ,1657E+00 .227E-01  ,255E»00 
140  ,1850E+00 ,207E-01  .277E+00 
145  ,204 fcE*00  ,187E-01  .258E+00 
150  .2240E+00 .169E-01  .318E+00 
155  .2430E+00 .152E-01  .338E+00 
160  ,2615E+00 1137E-  01  ,356Et00  
165  .2793E+00 .123E-01  .373E+00 
170  ,2964E +  0  0  .111E-01  .389E+00 
175  ,3126E+00 .998E-02  .405E+00 
180  .3261E+00 .903E-C2 .419E+00 
185  i3427E +  Q 0  ,820E-02  .432U+00 
190  ,3565E+00 ,746E-02  ,44  4E +  0  0  
195  .3697E+00 •  681E-02  ,455E +  0  0  
200  ,3B21E+0Q .624E-02  .465E+00 
205  ,3938E«00 .574E-02  .475E+00 
210  ,4049000 .529E-02  ,4S4E<-00  
215  ,4155E +  0  0  i  490E-02  .493E+0Q 
220  ,4255E +  0  0  .455E-02  ,501E*00  
225  ,4350E+00 .423E-02  .SOOE+OO 
230  .4441E+00 ,  3 9  E -  0  2  .516E+00 
235  .4527E+00 ,  3 6  9  E  -  0  2  .522E+00 
240  .4610E+00 .346E-02  .529E+0Q 
245  ,4  608E +  0  0  .325E-02  .535E+00 
250  ,  4763E+00 ,30 f5E-n2 .540E+00 
255  ,4835E +  0  0  ,287E-02  .546E+00 
260  ,49( l3E +  00  ,  2  7  0  E  -  0 2  .551E+00 
265  ,  4 9  h  3  E +1)  0  ,  2 5E -  0 2  ,556F: *00  
270  .5031E+00 .240E-02  ,  5 61  f :  +  0  0  
275  ,5090 f>00  .226E-02  ,  5 6  5  E  +  0  0  
280  .5117E+00 .214E-02  .569E+00 
285  .5201E+00 ,202E-02  .573E+00 



TABLE B -51  

DEPARTURE COEfF lC IENTS FOR BACKGROUND EM= 2  M ILL ION PC CM-6  

ELECTRON TEHP =  100  DEG KELVIN  LOG ELECTRON DENSITY=-2  

N B < N) SEP B < N) E X 

50 .76P6E-01  .404E-01  .143E-  +  00  
55 ,9184  E-Q1 .327E-01  .155E+00 
60 .1070E+00 .269E-01  ,  16 6E +  0  0  
65 ,1216E +  0  Q , 227E-01  ,  177E +  00  
70 ,  1354E +  0  0  ,  195E-01  .187E+00 
75 .1486E+00 .170E-01  ,197E*00  
80 .1613E+00 .151E-01  ,2  0 6E +  0  0  
65 .1734E+00 .136E-01  .216E+00 
90 ,  1853E +  0  0  .125E-01  .225E+00 
95 , l 971E+00 ,  110E-01  ,  235E +  0  0  

100 ,2090  F.  +  00  .115E-01  ,245E«00 
105 ,  2213E +  0  0  .114E-01  .255E+00 
110 .2343E+00 .113E-01  .267E+00 
115 .2480E+00 .112E-01  .279E+00 
120 .2623E+00 .110E-01  .293E+00 
125 .2771E+0Q .106E-01  ,  307E*00  
130 ,2920E+00 ,101E-01  ,321E+00 
135 .3069E+00 .952E-02  ,335E+00 
140 .3215E+00 .884E-P2 .348E+00 
145 ,  3356E +  0  0  .814E-02  .362E+00 
150 .3491F+00 .744E-02  .375E+00 
155 ,363  9F.  +  00  ,677E-  0  2  ,  36  7E«0 0  
160 .3739E+00 .614E-02  .396E+00 
165 .3852F+00 .556E-02  ,  4 08E +  0  0  
170 ,3956  F.+  00  ,  5  0  3  E -  0  2  .416E+00 
175 ,4053E+00 ,456E-Q2 .427E+00 
160 ,4144F,+00  .413E-02  ,435E+00 
185 .4227E+00 .376E-02  .443E+00 
190 .4304E+00 ,  343E-02  ,  45 OE +  0  0  
195 ,4  376E +  0  0  .313E-02  ,45  6F> 0  0  
200 ,4443E+0 0  .207E-02  .462E+00 
205 ,45C)5E +  0 f l  . 264E-02  .468F+00 
210 .4563E+00 .244E-02  .473E+00 
215 .4618E+00 ,  2  2  6  E  ~  0  2  .47SE+00 
220 ,  4 6  6  9  E  +  0  0  .210E-C2 • ,4e<?F +  00  
225 ,47 l7 f :  +  00  ,  19 6  E  -  0  2  .487E+0O 
230 .4762F+00 ,1B3E-02  ,  491E +  00  
235 ,  4 8  0  5  E  +  0  0  .171E-02  ,  494E+00 
240 .4845F+00 .161E-02  ,  498E +  00  
245 ,48 f i3L"  +  00  .151E-02  .501E+00 
250 ,  49P0F +0  0  .142E-02  ,  5 0  5  E +  0  0  
255 ,  4 94  E .  +  0  0  ,  13  4  E  -  C 2  , E> 0 8E +  0 Q 
260 ,49 f l6E+00 .126E-02  .510E+00 
265  .5017F+00 ,  119 E -  0 2  .513E+0U 
270 ,5o<" .6 r -+oo  ,112E-02  .516E+00 
275 ,5074E+00 ,  10 6  G -  0  2  ,  51 £>H +  0  0  
260 ,5iriE+00 ,  1 0 0  E  -  0  2  .SZOE+OO 
205 .5126E+00 .948E-03  ,523E +  0  0  
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TAHLE B-52 

DEPARTURE COEFFIC IENTS FOR BACKGROUND EM= 2  M ILL ION PC CM-6  

ELECTRON TEMP=1000  DEG KELVIN  LOG ELECTRON DENSlTY=-2  

N B (N)  SEP E < N)EX 
50 t  3663E+00 .961E-02  ,390E+00 
55 ,3831E+00 .806E-02  ,  4 04E*  0  0  
60 .3979E+00 .684E-02  ,4 i6E*00  
65 .4112E+00 .599E-02  ,427E*00  
70 .4231E+00 ,525E-0  2  ,43  7E +  0  0  
75 ,4339E+ 0  0  ,468E-02  .446E+00 
80 ,4438E+00 .426E-02  ,455E*  0  0  
65 .4530E+00 ,388E-02  ,463000 
90 .4617E+00 ,364F-0  2  ,  4 71E +  0  0  
95 .4700E+00 ,345E-02  ,  478E +  00  

100 .4761E+00 .33DE-02  .4B6E+00 
105 .4861E+00 .32BE-02  ,493E*00  
110 .4941E+00 .322E-02  ,  50IE*  0  0  
115 ,  5021E +  0  0  ,316E"02  .506E+00 
120 .5100E+Q0 .307E-02  ,5 l6E*00  
125 .5178E+00 ,  2 9  5  E -  0  2  ,  523E +  0  0  
130 .5253E+00 .280E-02  ,53  0E +  0  0  
135 ,53P6E+00 ,263E-02  .537E+00 
140 .5394E+00 .244E-02  ,54  4E +  0  0  
145 .5450E+00 .224G-02  .550E+00 
150 .5518E+00 .205E-C2 ,  556E•0  0  
155 ,5573E+00 .1B7G-02  ,561E*00  
160 .5623E+00 .169E-02  .566E+00 
165 ,5669E +  0  0  ,  15 3  E -  0 2  .570E+00 
170 .  5 711E +  0  0  .136E-02  ,  574E+-0  0  
175 .5749E+00 1125E-02  ,57  GE +  0  0  
160 ,57 f i3F+00 ,  113E-02  ,5EIE*  0  p  
165 ,5815E+00 ,  102E-02  ,  5f l  4E*  0  0  
190 .5844E+00 .931E-03  ,5e7E+00 
195 .5870E+OO .840E-03  ,  5P9E +  0  0  
200 .5894E+Q0 ,  776E-03  .592E+00 
205  ,5916E +  0  0  .712E-03  .594E+00 
210 .5937E+00 .655E-03  .596E+00 
215 ,595 ' jE  +  OO ,  6 0  6  E  -  0  3  .598E+00 
220 ,5973E+00 ,  561E-03  ,599E*00  
225 ,59 l 1 9E +  00  .522E-03  ,  601E+ 0  0  
230 ,60 t i4E<-00  ,466E-03  ,  602E<-  0  0  
235 .6019E+00 .454E-03  ,  6 0  4  F  +  0  0  
240 .6032E+0Q ,  42PE-03  ,  6 05E +  0  0  
245  ,6045E+00 ,399E-03  .6Q6E+00 
250 ,60 ' : ' 6E  +  00  ,  3 7  4  E  -  0  3  .607E+00 
255 ,6067E+00 .352E-03  ,  6 0 8  E +  0  0  
260 ,6078E +  0  0  ,331(1-03  .609E+00 
265 ,60 f>8E +  00  ,311E - ( I 3  ,610E +  0  0  
270 .6097E+00 .293E-03  ,  611E *  0  0  
275 ,  61  l i  6E  +  0  0  ,276E-03  ,  612E <• 0  0  
260  .6114E+00 ,  2  6  n  E  -  P 3  .613E+00 
265 ,6122E+00 ,246E-03  ,613E *  0  0  



TABLE B -53  

DEPARTURE COEFFIC IENTS FOR BACKGROUND EK=  2  M ILL ION PC CM-6  

ELECTRON TEMP = 10 DEG KELVIN 

B  ( N )  
5563E-04  
18ME-03  
48P0E-03  
1029L-02  
1893 T.  -  02  
3132E-02  
47C.1E-02  
6858E-02  
9375 I f : -  02  
1235E-01  
15 1E - 01 
1962E-01  
2440E-01  
2959E-01  
3539E-01  
4173E-01  
4855E-01  
5573E-01  
6315E-01  
7071E-01  
7830E-01  
8583E  ̂  01  
9323E-01  
1004E+00 
1074E+00 
1142E+00 
1207E+00 
1269E+00 
1328E+00 
13U5E+00 
1439E+00 
1490E+00 
1540E+00 
15  f  i  7  E  +  0  0  
l 632 f .  +  0  0  
l 67^ r - *00  
1715E+00 
1755F.  +  00  
17921:+  00  
18  ?  8  F:  +  0  0  
181> 2  F:  +  0  0  
1895E+00 
19P7L-  +  O0 
19  f> 7  E  +  0  0  
19  fJ  6  E  +  0  0  
2 013 L: + 0 0 
2010E+00 
2065E+Q0 

SEP 
.237E+00 
,16BE +  0  0  
,151E +  C 0  
.124E+00 
.103E+00 
.864E-01  
,  7 3  6  E  -  01  
,  6 3  6  E  -  01  
.561E-01  
.502E-01  
.456E-01  
,  420E-01  
.390E-01  
.362E-01  
.335E-01  
.309E-01  
,282E-01 
.257E-01  
,  233E-01  
,210E-01  
.190E-01  
.171E-01  
.154E-Q1 
,  13 9  E  -  01  
.126E-01  
,  114E-01  
,  104E-01  
,944E-  0  2  
.862E-02  
,79CE-02  
,  726E-02  
.669E-02  
,616E-02  
,  5 7  3  E  -  0  2  
.533E-02  
,  4 9  6  E  -  0 2  
,  4 6  3  E  -  0  2  
,4  33E-  0  2  
,  4 0  6  E  -  0 2  
.381E-02  
,  3  5  8  E  -  0  2  
.337E-02  
,  317E-02  
.299E-02  
,  2  8  "  E -  0 2  
.266E-02  
,251E-02  
,  2 3  ( i  E  -  0 2  

LOG ELECTRON DENSITY=-3 

0 < N ) E X P ( X N )  
,308E«01 
.349E-01  
,39  OE -  01  
,  4 3  2  E  -  01  
.475E-01  
.519E^01 
,  56 4  E»  01  
,6 l0E i>01  
,659E»01 
.711E-Q1 
,  767E"01  
,  83 0  E  *  01  
.900E-01  
,977Er01  
,106E*0Q 
.115E+00 
.124E+00 
.133E+00 
,141E*00  
.150E+00 
.156E+00 
,  166E +  0  0  
,173E*00  
.179E+00 
.186E+00 
.191E+00 
,  196E +  00  
,201E*00  
.206E+00 
.210E+00 
,  214E +  0  0  
,217E +  0  0  
,22  0E +  0  0  
.223E+00 
.226E+00 
.229E+00 

'  .231E +  00  
,23  4E +  0  0  
,236E +  0  0  
.238E+0U 
.240E+00 
,24  2E +  0  0  
,  2  4  3  E *  0  0  
,  2 4  5  f :  +  0  0  
,24  7E +  0  0  
.246E+00 
.249E+00 
.251E+00 



TABLE 0-54 

DEPARTURE COEFFIC IENTS FOR BACKGROUND EMs 2  M ILL ION PC CM-

ELECTRON TE I IP  =  20  DEG KELVIN  LOG ELECTRON DENSITY=-3  

N B(N)  SEP B (  N)  E  X 
50 .2122E-02  ,  136E +  0  0  ,  499E-01  
55 .4105E-02  .107E+00 ,558Er01  
60 .6886E-02  .862E-01  .617E-01  
65 .1043E-01  .708E-01  ,  676Et  01  
70 .1467E-01  .591E-01  ,  735E-01  
75 .1950E-01  ,  500E-01  ,  794c«01 
eo ,2482E-01  .431E-01  .852E-01  
85 ,3056E-01  .375E-01  ,911E^01 
90 .3666E-D1 .333E-01  ,972Ee01 
95 ,4312E-01  .300E-01  .103E+00 

100 .4995E-01  .275E-01  ,  110E +  0  0  
105 .5719E-01  ,  256E-01  .117E+00 
110 .6487E-01  .239E-01  ,  125E+0 0  
115 ,7297E '01  .223E-01  ,  133E +  0  0  
120 .8144E-01  .208E-01  ,141E +  0  0  
125 .9017E-01  ,  192E-01  ,  14 9E +  0  0  
130 .9905E-01  .177E-01  ,15  8E +  0  0  
135 ,1079E +  0  0  .161E-01  ,166E+00 
140 .1167E+00 ,  146E-01  ,  175E+0 0  
145 ,1253E+00 ,132E-01  0 18 2E*  0  0  
150 11336E +  0  0  .119E-C1 ,  19 0  E  +  0  0  
155 .1415E+00 .107E-01  .197E+0Q 
160 .1490E+00 .96OE-02  .203E+00 
165 ,1561E+00 ,  B72E-02  ,209E +  0  0  
170 ,1628E +  0  0  ,  786E-02  .214E+00 
175 ,1691E+00 .7HE-02  ,  219 E +  0  0  
180 .1750E+00 i  644E-02  .223E+00 
165 ,18051:+  00  ,585E-02  ,  227E +  0  0  
190 .1857E+00 .533E-02  ,  2 31F.  +  0  0  
195 ,  1906E +  Q0 ,  487E-02  ,  233E +  0  0  
200 .19P1E+00 ,  446E"02  ,  23CE•0  0  
205 ,  1994E+00 ,  410E-02  .241E+00 
210 ,2034E+00 .379E-02  ,  2 4  3  fc"  +  0  0  
215 .2071E+00 .350E-02  .246E+00 
220 ,2107E+00 ,325E-02  .248E+00 
225 .2141E +  0  0  .302E-02  • .250E+00 
230 ,  217 2  E  +  0  0  ,282E-02  .252E+00 
235 ,2202E+00 ,  2  6  3  E  -  f j  2  ,25  4E +  0  0  
240 ,2231E+00 ,246E-P2 ,25  6E +  0  0  
245 .2258E+00 .231E-02  .258E+00 
250 ,228  3E+00 ,  217 E "  0 2  ,259E + 0  0  
255 ,2308E+UO ,  203E-02  .261E+00 
260 .2331E+00 ,19 lE-02  .262E+00 
265 .2352E+00 ,  18 0  E  -  0  2  .263E+00 
270 .2373E+00 ,  17 0  E  -  0 2  ,  26 4  E  +  0  0  
275 .2393E+00 ,  16  0  E  -  0  2  ,26  6E +  0  0  
280 .2412E+00 ,  151E-02  ,  2 C: 7  E  +  0  0  
285 ,24301;+  00  ,  14 3  E -  0  2  .268E+00 



TABLE B -55  

DEPARTURE COEFFICIENTS FOR BACKGROUND EM= 2 MILLION PC CM-6 

ELECTRON TEHP= 100 DEG KELVIN LOG ELECTRON DENSITY=-3 

N B(N> SEP B(N> EX 
50  .7434E-01  ,4  01E-01  ,  14  0E +  0  0  
55  .8961E-01  ,324E"01  ,  151E+00 
60  ,  1042E+00 ,265E-01  ,  16  2  E +  0  0  
65  , l l f i 2E  +  00  ,223E-01  ,  17  2  E +  0  0  
70  .1314E+00 ,190E-01  .101E+OO 
75  ,  1439E+00 .165E-01  ,190 t>00  
80  .1557E+00 ,  145E-01  .199F+00 
85  ,  1669E+00 .129E-01  .208E+00 
90  .1777E+00 ,117E-01  ,  216 E +  0  0  
95  , l8 f< lE  +  00  ,108E~01 .224E+00 

100  .1982E+00 ,  101E-01  .232E+00 
105  .2003E+00 .948E-02  ,24  0E +  00  
110  t  218 2  E +  0  0  ,096E"02  .24VE+00 
115  .2200E+00 .846E-02  .257E+00 
120  .2376E+00 .793E-02  .265E+00 
125  .2470E+00 ,737E-02  ,273E+00 
130  .2560E+00 .679E-02  ,2e iE+00 
135  ,26«6E+00 .620E-02  .289E+00 
140  ,2726E +  0  0  .562E-02  .295E+00 
145  ,28P1E+0 0  .507E-02  ,302E+00 
150  .2870E+00 ,  456E-02  .306E+00 
155  ,2934E +  0  0  ,408E-02  .313E+00 
160  ,29926+00 ,  365E-02  .318F+00 
165  ,3014E +  0  0  ,327E"02  .323E+00 
170  .3093E+00 .293E-02  ,  327E +  00  
175  i3136E +  0  0  .262E-02  .330E+00 
180  .3176E+00 ,236E-02  .333E+00 
185  ,3212E+0 0  ,212E-02  .336E+0Q 
190  ,3245  F.  +  00  .192E-02  ,339E +  0  0  
195  ,3275E+00 ,  17 4  E -  0  2  ,  3  41E +  0  0  
200  t 3303E+00 ,  15BE-02  .344E+0Q 
205  .3328E+00 ,  144E"02  .346E+00 
210  .3352E+00 ,  132E-02  ,347E+00 
215  ,3373E+00 .122E-02  ,  349E +  0  0  
220  ,  3 3  9  3  F.  +  0  0  .112E-02  .351E+00 
225  i  3 411  ( ;  +  0  0  .104E-02  . '352E +  00  
230  ,  3429L+00 .961E-03  ,353F.<  00  
235  ,  3445f :+  00  ,893E-03  .354F.  +  00  
240  .3460E+00 ,  8  31E -  0  3  .356E+00 
245  .3474E+00 .775E-03  .357E+00 
250  .3487E+00 ,  724E-03  .358F+00 
255  .3499F+00 ,  677E-03  .359E+00 
260  ,3511F+00 ,  633E-03  .359E+00 
265  ,3522E+00 ,  593E-  0  3  .360E+00 
270  ,  3532E+00 .556E-03  ,  3  61F +  0  0  
275  t 35 l in+00  .522E-03  .362E+00 
200  ,35 i>OE*00 ,  490E-03  ,  362E+00 
265  ,35 t>9E +  00  .461E-03  .363E+0Q 



TAl iLE  6 -56  

DEPARTURE COEFFIC IENTS FOR BACKGROUND E I1=  2  M ILL ION PC CM-

ELECTRON TEMP=1000  DEG KELVIN  LOG ELECTRON DENS!TY=-3  

N B (N)  SEP B(N)EX 
5 0  '  ,3655E +  0  0  .956E-02  .389E+00 
5 5  .3822E+00 .801E-02  ,  4 03E +  0  0  
6 0  ,  3 9  8  E +  0  0  ,  678E-02  .415E+Q0 
6 5  ,40991:+  00  .593E-02  ,426E*00  
7 0  .4216E+00 .518E-02  ,435E*00  
7 5  ,4322E+00 .460E-02  .445E+00 
8 0  ,4419  F.  +  00  ,  417E-02  ,  453E +  00  
8 5  ,4508E+0 0  ,378E-02  ,461E+00 
9 0  ,4592E + 0  0  i 351E-02  ,  468E*00  
9 5  "  .4672F+00 ,  328E-02  .475E+00 

1 0 0  ,4748E+00 .312E-02  .482E+00 
1 0 5  ,  4821H +  00  ,  298E-02  ,  489E +  0  0  
1 1 0  ,  4892E+0 0  .284E-02  ,  496E +  0  0  
1 1 5  ,4961E +  t )0  .270E-02  ,502E+00 
1 2 0  ,  5 0  2  7  E  +  0  0  .254E-02  .506E+00 
1 2 5  ,  5 0  £'•  9  E  +  0  0  .237E-02  .514E+00 
1 3 0  , 5 1 4 e E + 0 0  ,  218E-02  .520E+00 
1 3 5  ,  5203C +  0  0  ,  199E-02  .525E+00 
140  .5253E+00 ,  100E-02  .530E+00 
1 4 5  ,  5 2  9  9  E +  0  0  ,  162E-02  .534E+00 
150  .5340F+00 ,  14 5  E -  0  2  .538E+00 
1 5 5  ,  5377E +  0  0  ,  129E-02  .541E+00 
160  .5410E+00 ,  115 E -  0  2  .544E+00 
165  ,5440E+00 ,102E-02  ,547E*00  
170  ,  5 4 6  6  E  +  0  0  ,903E-03  ,55  0E*0  0  
175  .5490E+00 ,  802E-03  .552E+00 
1 8 0  ,5511E +  0  0  ,714E-03  .554E+00 
185  ,5530E + 0  0  ,  637E-03  ,556E+00 
190  .5547E+00 ,570E-03  .557E+00 
195  ,55o2F. *00  .5HE-03  .559E+00 
2 0 0  .5576E+00 ,  461E-03  ,  560E +  00  
205  .55C8E+00 ,  416 E -  0  3  ,  561F*00  
2 1 0  .5599E+00 ,  3  7  8  E  -  0  3  .562E+00 
215  ,56( i9E +  00  ,  3  4  4  E  -  0  3  .563E+00 
2 2 0  ,56  3.9  E+  00  t  314E-03  .564E+00 
225  ,5627E+0 0  ,  2  e  8  E  -  0  3  ,  564E +  00  
2 3 0  .5635E+00 ,265E-03  .565E+00 
235  .5642E+00 ,24  4E-0  3  ,566E +  0  0  
'24  0  .5649F+00 ,  2  2  5  E  -  0  3  ,566E *  0  0  
245  ,  5  6  5  5  E  +  0  0  ,209E-03  ,  5  6  7  E  +  0  0  
250  ,56<> lE  +  00  ,  19  3  E  -  0  3  .5C8E+00 
2 5 5  ,  5 6  (•  6  E  +  0  0  ,  17  9  E -  0  3  ,  568E+00 
260  .5671E+00 ,  16  6  E -  0  3  ,  5  6  8  E  +  0  0  
265  ,5676E+00 ,  15 5  E 0  3  .569E+00 
270  ,  56COE +  0  0  .144E-03  .569E+00 
275  ,  5  6  M  F. +  0  0  .134E-03  .570E+00 
2 6 0  ,56PfJ [ f  +  00  ,  125E-03  .570E+00 
285  ,5691E+00 .116E-03  ,570E*00  
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