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ABSTRACT 

On June 22 of 1969 an Aerobe rocket was launched in 

Natal, Brazil, as a cooperatiVe program between the National 

Council of Space Activities of Brazil (CNAE) and the Space 

Sciences Laboratory of the University of California, Berkeley. 

The objective was to search for new galactic X-ray 

sources, to detect some of the known ones, and to study the 

interplanetary medium as an absorbing region for X-rays. 

In this work we present the analysis of the galactic 

source SCO XR-1 which has been detected during the experiment. 

We have found that the best model for SCO XR-1 is 

Thermal Bremsstrahlung from a Hot Plasma with a temperature 

corresponding to 9.8 Key and a column density of absorbing 

atoms of 1.8 x 10 21  atoms/cm2 . The measured energy range 

goes from 0.1 Key to 10.0 Key. 
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1. INTRODUCTION 

One of the first totally une)çpected results of space astronomy was the 

discovery of strong X-ray sources outside the solar system. The energy of 

the range of the emitted radiation is about 0.1 to 100 Key (nearly 124 to 

0.124 A ). 

The discovery of cosmic X-ray sources was preceded by more than a 

decade of observations of X-ray emission from the Sun. In the course of 

such observations in 1956, evidence of the existance of an istropic X-ray back-

ground flux was obtained by Kupperian and Friedman (1)  Subsequent observations (2 ) 

set upper limits on fluxes from any discrete cosmic X-ray sources at a levei 

o 
of about 10-8  erdcm2/sec in the I to 10 A range. Nb instruments capable 

of exceeding this limit of detection were flown, howeyer, until June of 1962 when 

(3) Gursky, 	ar,d 	 - employed Geiger counters hich ----› 	 ■ 

were an order of magnitude more sensitive than those flown previouzly. The 

improved instrum4mtation d'etected a source of X-rays displaced from the direc-

tion of the Ploon, which was the primary target of observatibn. NO collimation 

has been. Povided to define thesource direction preci&ly. The results reveal-

ed the existence of a strong source in the constellation Scorpius not far from 

the galactic center anda diffuse X-ray background, apparently also of celestial 

origin. 

At the present time, more than 4o discrete sources have been detected. 

All but a few lie close to the galactic plane and, undoubtedly are galactic 

objects. Estimates of the X-ray sources luminosities (0.1-100 Key) are of the 

order of 1036  erg/sec, 1000 times the visible luminosity of the Sim and more 

---t-han 10 12  times the X-ray luminosity of the quiet Sun in the same _ 

energy band. In galactic sources in which optical and radio counterparts have 

been found, the X-ray luminosities are one to two orders of magnitude greater than 



the optical and radio luminosities. 

Since the Earth's atmosphere absorbs these X-rays very strongly, measure-

ments must be made from sounding rockets or satellites, or at least the 

instruments must be carried to bailoon altitudes from which a limited class 

of experiments can be performed. In addition to the limitations in weight and 

volume imposed by the experiment carrier, one no longer has the very rigid 

inertia1 platform provided by the Earth. The experimenter must provide the 

means for stablizing the carrier and determíning its orientation with respect 

to the celestial sphere. Also, the very low fluxes of radiation make the use 

of effícient quantum detectors mandatory. The ultimate limit in precision and 

sensitivity is invariably the statistical fluctuations in the number of record- 

ed photons FinaUy, X-ray focusing optics with their potential for high-resolution 

imagery and the various techniques for high-dispersion spectroscqpy have 

not yet been utilized in celestial studies. Angular resolution has been achieved 

with mechanical collimators, and spectra have been measured by nondispersive 

techniques. 

No generally accepted models exist for any of the X-ray sources, which 

is, in part, a reflection of the relative crudeness of the X-ray measurements. 

The twophysical mechanism that seem to be capable of providing the X-ray 

emissions are the Synchrotron radiation fram ultrarelativistic electrons gyrating 

in a magnetic field and the thermal emissions from an extremely hot plasma. 

—These and other possibilities • are-subject to experimental verification. 

Ou June 22 of 1969 an Aerobee rocket was launched in Natal, Brazil, as a 

cooperation program between the National Council of Space Activities of Brazil 

(CNAE) and the Space Sciences Laboratory of the University of California, 

Berkeley. The rocket carried proportional counters with honeycomb collimators. 

It idas a freelY sPinning rocket and scanned SCO XR-1 at an average altitude of 

io8 Km. 
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We have developed a suitabie program for fitting the data to different 

possible source models. Using this :program together with the measured data 

of this experimànt we present in this -work a spectrum analysis for SCO XR-1. 

The models used are Bremsstrahlung from a hot plasma, Black Body radiation, 

Synchrotron mechanism and Inverse Comptor scattering. The last two processes 

result in a Power Law spectrum We used the X2  Test for choosing the suitable 

paraieters which for each model describe the associated process. For each 

case we include the effect of interstellar absorption. 

It has been found that the best fit is obtained for Thermal Bremsstrahlung 

-fr-6ã. a Hot Plasma with a temperature 6f U.4 x 10 7 °K (9.8 Kev) and with a- _ 

Une of sight absorptíon of 1.8x10atoms/cm 2 . This may be the effect of self-

absorption in the source or the interstellar medium. 



2. X-RAY DETECTORS 

A necessary requirement of detectors for X-ray astronomy is high 

efficiency and large effective area because the flux at X-rays shom celestial 

sources is quite small as measured at the earth. A variety of detectors have 

been used for cosmic X-ray measurements,-but the most common up-to-date is 

the proportional counter for X-rays with energies between 1 and 10 Kev. 

2.1 Proportional Counter 

This detector is fabricated so that a high electric field gradient 

is obtained near the positive electrode. The cathode usually also serves as 

the gas container and main structural member, and contains a thin entrance 

window for the X-rays. 

An X-rayphoton that is absorbed in the counter gas usually ionizes an 

atom of the gas by ejecting a plãoelectron from the tightest bound levei allowed 

by energy conservation. The photoelectron will interact with the gas and 

result in additional electron-ion pairs; eventually its enérgy will be 

dissipated and a cloud of electronic pairs mill remain along its path. The 

original ion tásually viU de-excite by emitting Auger electrons, although 

it may emit its characteristic Une radiation (fluorescence yield). The 

Auger electrons also dU interact with the gas and result in electron-lon 

pairs. If no fluorescence photons escape the counter, the total number of 

electron-ion pairs is proportional to the incident photon energy within the 

bounds of statistical fluctuations. 

The initial electron cloud then drifts toward the anode because of the 

electric field in the counter. When the electrons enter the high electric 

field region near the anode they receive sufficient energy between collisions 

so that further ionization of the gas occurs, the secondary electrons create 

additional secondary electrons, and the number of electrons continues to 

increase until they are collected by the anode. Gas gains of 10 3  to 105  are 

readily achieved in this manner. 

A noble gas is usually chosen for the primary counter-gas constituent 



because of the higher obtainable gas gain and initial ionization; this is a 

consequence of the fact that nonionizing energy loss mechanisms, such as 

excitation of low-level rotation or vibration states in a polyatomic molecule, 

are absent or less probable in the noble gas. A polyatomic quench gas, such 

as nethane, carbon dioxide s  or alcohol, is usually added to the counter to 

absorb the ultraviolet light from the noble gas and allow the noble-gas 

atoms in metastable states to de-excite by dollisions with the quench-gas mole

cules. The nean free path for these events is small and the electrons ejected 

from the quench gas are ejected near the anode at the time and place of the 

gas nultiplication occuring during the original pulse and therefore do not 

start a secondary avalanche at a later time. 

The intrinsic efficiency of the ccunter is the probability of the 

photon not being absorbed in the window and then being absorbed in the gas. 

Since the photoelectric cross section varies approximately as (Z 4/0/3 ) 

in the few-Kev region, it is important to have a thin, low-Z mindow and 

a thick, high-Z gas. Beryllium and metallized Nylar have found widest 

application as window materiais. For soft X-rays(from141.1 to 10 Key.) and 

low to moderate-Z materiais, we can neglect scattering compared to absorption 

and the efficiency is approximately: E(E)=exp 	Xw.)[1-exp(45  Xe )) 

whereEis the counter efficiency, X w  and Xg are the window and gas thick-

ness,p w  and"are the absorption coefficients of the window and the gas 

at the energy E. The efficiency calculated for the counter used in the 

experiment is shown in figure 1. The absorption edges and the effect of window 

thickness on the efficiency at low energy is particularly noticeable. 

The charge collected at the anode is proportional to the number of initial 

electrons and the gas gain of the a)unter, and can be used to measure 

the photon energy. The spectral resolution primarilydepends upon the 

fluctuations In the number of initial electrons and the gas gain. 



The energy resolution may be degraded by gain dependence on the 

location of the e-vent in the counter. This may be caused by nonuniform 

fields near the ends of the counter and variations In anode finish and 

4 thickness. Some authors (,  )  have performed an extensive energy resolution 

study and found that, under optimum conditions, the fractional energy 

resolution of 0.1 Kev< E(10 Kev can be expressed as 0.14 E 3  where E 

is in Kev. The tine resolution of the propbrtional counter is necessary 

for planning coincidence or anticoincidence requirements. Since the initial 

photoabsorptions can occur anywhere In the counter, the time resolution 

corresponds to the drift time of an electrode from the cathode to the anode. 

For a counter with a 2-inch square cathode and a 0.002-inch diameter anode 

operated at 2200V this time mas found to be 0.8ffisec for a 90 percent argon, 

10 percent CH4  gas filling.(5 ). 

2.2 Geiger Counter 

. The early experim 	(3ents 6) in X-ray astronomy were conducted with 

thin-window Geiger Counters. The Geiger counter is similar to a proportional 

counter but is operated at such a high • gas gain that the.characterístics 

of the. pulse depend on the saturation characteristics of the counter and 

associated circuiting rather than expose the initial event. A large standard 

pulse that simplifies electronic requirements is obtained„ but the energy 

informative is lost and the recovery time is increased. The effective back- 

-ground will include events that would fali outside the selected X- .ray energy 

region in the proportional counter. 

2.3 Photoelectric Detector 

Gas counters cannot be operated in a vacum without a . window and each 

window places a low-energy limit to the observable position of the X-ray 

spectrum. The photoelectric detector does not need a wando w and can 

therefore, be used to extend the measurements to lower photon energies than 

are accessible to gas counters. 



The possibility of building a photoelectric detectar for X-rays 

was discussed by a group of Russian Scientists in 1960( 7) and rests on the 

fact that severa' alkali halides have an anaMalausly high photoelectric 

yleld for X-rays. The photocathode is an evaparated layer of KCI or Csi 

deposited on a spherical surface. 

2.4 Scintillation Detector 

Na(Tl) scintillation counters were first used in 1964 by Clark 

to observe X-rays from the Crab Nebula from a balloon (8) and by Giacconi, 

Gersky and Walters( 9 ) to observe X-ray frain SCO XR-1 from a sounding rocket. 

Scintillation counters were utilized well before this time to measure high-

energy solar X-rays by Chubb, Friedman and Kreplin (1°) . 

The device, discussed extensively in the líter&çure(11) consists 

of a scintillating crystal and phototube. The scintillator must include 

some moderate-to high Z components to be efficient at the upper end of 

the effective energy range and ais() so that the photoelectric effect will be 

the dominant energy-absorption mechanism. The latter property is necessary 

for optimum energy resolutions since the competing process, Compton scattering, 

does not result in a unique energy deposition in the scintillator. 

2.5 	Telescope 

The fact that X-rays will reflect with high efficiency at grazing 

incidence allows the construction of optical systems for X-rays. The first 

proposal for using X-ray optical systems for astronomical observations was 

nade by Macconi and Rossi (12)  who suggested various kinds of collectors 

for concentrating the X-rays entering a large-aperature device into a small 

focal gpot. Giacconits group constructed the first paraboloid hyperboloid 

combination of grazing surfaces for producing astronomical images; this 

instrument was first used in a joint experiment with Goddard Space Flight 

Center to obtain photographs of the Sun in X-rays(13). 



Focusing telescopes will clearly be important in studyin.g non-solar 

X-ray source, since they allow measurem.ents qualitatively different from 

those which can be accomplished vith conventional mechanical collimators. 

Because of thei high intrinsic spatial resolution, source strueture can be 

studied in detail and celestial -position can be precisely established. 

Focusing devices also allow the use of certain dispersive techniques to 

obtain high spectral resolution. 

2.6 Collimators 

2.6.1 Cellular Collimator 

In order to obtain accurate infornation on the location of the X-ray 

sources and on their angular sizes, it is necessary to limit the field 

of view of the detectors by means of suitable collimators. Because of the 

large area of the detectors and of the United space available, cellular 

type collimators have been used. With those collimators one can obtain fields 

nf vIPIAT of di_fferent shapes and dífferent angular widths down to about 

two degrees. The transmission is a maximum for a beam parallel to the axis 

fo the collimator. The response curves have typically nearly triangular 

shapes. One type of this collimator is that known as ".Honeycomb collimator." 

2.6.2 Modulation Collimator 

In order to improve the angular resolution of a cellular collimator, 

it is necessary to decrease its field of view. In this manner, however, 

one alsodecreasesthe number of counts recorded when the X-ray source 

passes across the field of view, and therefore, one reduees the statistical 

accuracy of the data. There is thus a practical limit to the resolution 

that may be obtained with these devices when used on spinning rockets. 

collimator of a different type, which combines high resolution 

with .wide field of view was conceived by M. Oda ( 14 ) and has been developed 

by the ASE-MIT group. Knomi as the "modulation coilimator", it consists 

essentially of a series of plane grids of parallel wires placed one in 



front of the other at a suitable distance. The diameter of the wires 

is neaxly equal to the spacing between adjacent wires. In a parallel 

beam of rays, the front grid casts a shadow on the rear grid. The 

shadow shifts as the orientation of the collimator relative to that 

of the incident beam changes, and the transmission of the collimator 

changes correspondingly, being a maximum when the shadow of the front 

wires falis exactly on the back wires, and a minimum when it is cen-

tered between adjacent wires. With this collimator one can obtain 

fields of view as small as a few are seconds. 
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3. THEORETICAL MODELS 

We now have reviewed the fundamental X-ray generation mechanisms 

which are considered likely for localized stellar sources of X-rays. 

Gefieration of X-rays is contingent upbn the acceleration of chatged 

_particles, and in this case only electrons are important. Since the 

radiated power P by an accelerated charged particle goes as: 

	

2 	2 
= 2 /3 -2-- p 	3  c 

and 

0 	 0 

p 

	

.., 2 	 .....3' 	--, 	z 
r: 	2  ii  3 - . r 	x p" ..1 

	

6 I  ( F)  Z 	
( 	)  

ii, w ds 4t, o o 2 
'1c 

1 
for relativistic velocities (15), where n -y , the power radi- 

0.-  
ated is proportional to the square of the acceleration p • The elec-

tromagnetic forces on electrons and other charged particles are only 

• 
dPpendept upnn rharge and vP1nrity; hnwever, the murh smaller rest 

mass of the electron results -in acceleration nw 2000 times that of 

protons, for equal electromagnetic forces. Assuming electrons and 

protons of equal Kinetic energy, Ç  for electrons is-2000 times that 

	

for-protons. The dependence on 	in equation 2 above 7  further enhances 

the electron contribution for relativistic energies. In the first 

case below, we consider acceleration of an electron due to a magnetic 

field, either a field of spatial extent (synchrotron radiation) or 

that due to the electromagnetic field of a colliding photon (inverse 

Compton radiation). The second case considers the radiation produced 

due to acceleration of the electron in the field of an atomic nucleus. 

A third case considered is that of "black body" radiation, which is 

the thermal radiation emitted by a body when the body is optically 

thick for photons of the energy considered. 
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3.1 Power Law Models 

3.1.1 Synchrotron Radiation 

This kind of radlation caused by the acceleration of electrons in 

a magnetic field is thought to be responsible for much of the emission 

observed from celestial point sources in the radio range. First observed 

in synchrotrons, the radiation is characterized by a high degree of polar

ization since the direction of the electron acceleration is always 

perpendicular to its velocity and to the magnetic field B. Thus the 

radiation viewed perpendicular to B is linearly polarized (electric 

field vector perpendicular to the existing B field). Viewed parallel 

to B, the radiation is circularly polarized and it is thus elliptically 

polarized between these two extremes. For V/C <.< 1, the emission is 

atk, the cyclotron frequency: 

081 

2Tunic 

where III is the rest mass of the electron, while for 	the emission 

pattern beèbmes very pronounced in the forward direction, and higher 

harmonics are introduced. Schwinger( 16 )has investigated this theoreticaln 

and Corson(17 ) and others have verified the results on synchrotrons. The 

average power emitted per unit frequency foran electron of total energy 

E is found to be 

— 	5- 	% E pcp) ..-: ----- ( __e 	) 	F. ( 	) 
% -1;-2 	Ta C 	R 	vim 

where 
W 

Yrn 	312. ( E / c.2 
2 	

* e o 	" 	* • 
	 It 

-Invc.  is the instantaneous radius of the orbit, and F()),(141) is a 
e6 
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slowly varying function. The maximum emission per frequency ínterval 

—2 
occurs -near 	14,/s , with the half pawer points near 20 1/713 	2 

and VI', 	Schwinger shows that for a circular orbit, 

2 
( 3 '16.) r 21  3) e

2. 

've 	c2-/ 	)1" 	 c,  5 
P 

while for 	», 14) 17, 	the spectrum decreases exponentially: 

/2 	a 2 	— 33  -11 	e 
2 	f3 c 11 3/2 

where P is the power radiated per unit frequency in the nth haromonic 

of c , and ri is the gamma function. The total power radiated is 

given by 

2. 	2, 	 2, 
p( 	2/3  e .14- 	Efmcz) 	 w, e e e e 	 6 

c 

Although synchrotron radiation is believed important at radio frequencies, 

the mechanism requires rather high energy electrons for emission of X-rays. 

For example, in a 10 microgaus field, for 11)2 7,1 =1. Key, electror energips 

of ^, 1C Kev are required. If one assumes a power law spectrum of 

x 
electrons (e.g., cosmic rays), dNidE = AE 	, and assumes that ali the 

synchrotron radiation for an electron of energy E occurs at 1)vi) -rn 

then the X-ray number spectrum is also a power law: 

dwidE 	A i  E 	
K÷3172  e e e e 	. 	e e 	4, 7 

Thus a pawer law is expected for X-rays if the generating electron spec-

trum is a power law. 

3.1.2 Inverse Compton Radiation  

An electron will also radiate due to interaction with an electro-

magnetic field, such as that due to a starlight photon. If the electron 

is relativistic, and the photon of energy 	-ni e c 	, the interaction 

is often called an "inverse" Compton process. Although in this case the 
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electron transfers energy to the photon, instead of vice versa, the 

interaction can be treated simply as a Compton scattering process merely 

by a transformation to the rest system of the electron. (This is indi-

cated by the symbol "'".) The photon'enerry in tEis system is then 

given by the expression: 

(kp) I c 	hiAz(1 +) 

for a head-on collision, where k is the Planck constant, a-)  is the 

photon frequency, and g prefer to the velocity of the electron ín the 

"Lab" system. The subindex means "be *fore the collision." After the 

collision, the photon energy is given by the expression: 

( 	f 	 t", (1- cos 	) 	 z. írn 

where mc 2  is the rest mass of the electron and cos O' is the scattering 

angle. The subindex f means "after the collision." If we suppose 

> 103 then o4:1  ana tuf)f (h0; with merely a reverse in the 

momentum direction for a head-on collision. Then the final energy of 

the photon In the "Lab" system is given by: 

(h 24 	( 11 1l )f ( 1+ 0 	4 2  (FI V )í, 
	2 

for a head-on collision, where the sign in the parenthesis is again posi- 

tive because of the change in the direction of the photon momentum in 

the rest system of the electron. We thus see that the final energy is 

approximately X2* times the initial energy, which is analogous to the 

energy dependence discussed earlier for synchrotron radiation (equation 

4) VIZ: 

( 3 / ) ( E / 	)1 	 1 

As is the case for synchrotron radiation, inverse Compton scattering 

gives a distribution of photon energies, since ali collision angles are 

of course possible. As we already pointed out, for both processes we 



can app.roximate the radiated power by the expression: 

1.< 
I (: E ) 	A i  E 4, 	 4 	 4 	 C 	 n5 	 4 	 C,  

2 • 

where Ais a normalization factor. 

3.2 Thermal Bremsstrahlun: from a Hot Plasma 

The intensity of radiation from a hot Maxwellian plasma is usually 

represented by the approximation 1(E) = 
A [exp :--%T 

where 1(E) is the 

intensity, A is a constant, KT is the temperature of the plasma in 

electron volts (K is the Boltzmann constant = .86 x 'o
-7 

 KeV /0K) and E 

is the X-ray energy. However, a more exact expression for I(E) can be 

derived by using the non-relatiyistic Borne approximation. Using the 

cross section, the dependence of radiation intensity 1(E) on photon 

energy (E) can be derived. A in detail reyiew article by Koch and Motz 

(1959) covers these points. It is assumed that the source is isothermal 

with temperature (KT) of ãeyeral Key, and that all the radiant energy 

is in the continuum. At this temperature, energy in emission lines is 

expected tõ be small and structure caused by absorption edges in the 

X-ray region is also small (Tucker and Gould, 1966) if one assumes the 

cosmic abundances given by Allen (1958). The calculation is good for 

emission from a region where the plasma density is small enough so 

there is no attenuation of the radiation in the source. 

Assume a region containing plasma with constant density P, free 

electrons /cm2  and total nundber of electrons Ne. The electrons have a 

Maxwellian velocity distribution characterized by the non-relativistic 

temperature KT measure in Key. The Elwert factor is used to make the 

high-frequency limit of the cross section correct. It is assumed that 

there is no screening of the nucleus by atomic electrons. 

The radiated intensity is computed by folding this Bremsstrahlung 
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cross section with the Maxweilian electron energy distribution times 

the eléctron velocity. To calculate I(E), the integral is performed 

over ali electron energies E. Putting in numbers for the atomic 

constants, the radiated intensity is 'given by: - 	- 
3/2 çlà  - E VI< 1" J 	' P l 	d  1 

I (E ) ::: ,5 -' AKT) 	C L.- 7 f31) 
E 

where 
Z 2  K :; L68 x :to 	Ne 51 	

, . ,„ 	 8 V 	O 	 4 r, 	 o 	 .. 	 O 	 6, 	e. 	-,  , 

I3  
13' .  

The term KT is in units of Kev and I(E) is in Kev/Kev-sec. The term 

F / p 1  times the last term in the integral is the Elwert factor. The 

lower limit E of the integral is the photon energy for which the intensity 

I(E) is to be computed. Electrons with energies less than E cannot con-

tribute to 1(E). 

At low frequencies, E <<KT, p = P I , so the Elwert factor is ---, 1 and the 

above integral .becomes: 

k 1-  e o. 81' 4- 11-1 ( 1<T/E ) i) 

The long wavelength limit of •the expression for the radiated intensity 

is therefore 

1(E) 	g/(1<in) 	L1, (2.25 Kr/) 

For low Z material and ali photon energies, the Elwert factor is not 

large. If this factor is set equal to unity, expression forlE) (equation 

8) can be integrated (Wharton, 1969) and becomes 

1(E) =•Ç,/(1< -r) %/2  I e -E 'la K T  K0 (Ei2KT)1 — 

The term Ko  is a modified Bessel function of the second Kind. 
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For E << KT 	K0  ( E 12 kT) 	Lr) 	KT /E. 	0. s 77 

E» KT 5 	K0 ( E/2 KT) 	(I72.)
1/2 	E/ 2. KT 

( E./ 2KT) 17-2.  

	

Thus, the long wavelength limit 	1(E) is identical to that given 

previously. 

3.3 Black Body Radiation 

When the number density in the plasma becomes so high that the plasma 

is no longer optically thin for photons of a given energy, the radiation 

approaches a black body distribution for that energy. 

The bremsstrahlung formulae no longer apply and the emission no w goes as 

the surface area of the body and is given by the Planck function: 

1(E) = Vh2-cz E 2 
exp (/ KT) - 	 , 	li 

The total power radiated is the integral of the above expression: 

ergs /cm2 
aT 4 , where = 5.67 x 10-5 	sec.deg. -4 
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4, ATMOSPHERIC AND INTERSTELLAR ABSORPTION 

Beca-use of atmospheric absorption, X-rays cannot be observed with 

ground-based instruments. The altitude requirements for X-ray astronomy 

become clear from our examination of 'figure 2a, showing the altitude 

where electromagnetic waves of different wavelengths arrive with dif-

ferent degrees of attenuation. One sees that X-rays with wavelength 
o 

greater than about one A (quantum energy E smaller than 12 Kev) can be 

observed only at altitudes greater than 50 Km, which can be reached 

only by rockets or space vehicles. X-rays with quantum energies E 

greater than about 15 Kev, on the other hand, penetrate to altitudes of 

the arder of 30 Km, which are within the range of balloon flights. 

The absorption of X-rays does not end outside the Earth's atmosphere. 

The interstellar medium is a strong absorber of X-rays; its X-ray ab-

sorbingcharacteristics have been estimated by a number of investigators 

(18, 19, 20, 21). In figure 2b we show the results of the calculation 

by Brown and Gould. In the X-ray energy region the absorption takes 

place predgminantly in the higher-Z elements such as oxygen and neon. 

Since the cosmic abundance of these elements is not known to better 

than about a factor of two, there is a corresponding uncertainty in 

the X-ray absorption coefficient. 

The absorptive effect of the interstellar medium can be expressed 

by the relation 

4,1 (c..) 	ex p 	( E )] 4),  ( E) 

where '(1)(E) is the differential X-ray spectrum in units of number of 

photons per unit energy interval at an energy E, 0' is the observed 

spectrum, and T(E) is the ,optical depth along the line of sight. Except 

for the presence of absorption edges, T(E) varies approximately as the 

8/3 power of the X-ray energy, and is a decreasing function of energy. 
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Because of this strong energy dependence, and since the absorption 

enters as an exponential factor, the effect of the interstellar absorp-

tion is to produce a relatively sharp cutoff at some low energy. 

The quantity T(E) is derived froin more elementary constants 

through the following relation: 

1:(E) 	PVZCZ.(E) 

Where t is the distance to the source, N. is the average number density 

of the ith element, and al(E) is the cross section for X-ray absorption 

of that element at an energy E. The sum must, of course, extend over 

ali elements; but, as noted, the principal contribution to T(E) will 

originate in only several elements. It is frequently more convenient 

to quote the number N H Z, the column density (H atoms/cm 2 ) of hydrogen 

atoms to the source, since this quantity is sometimes directly available 

on the basis of 21-cm radio data. One can specify the energy E0  at 

which T(E) is unity, in which case T(E) can be replaced by (E 0 /E)
813  

There is some evidence for finite absorption effects in several X-ray 

sources. In this work we found a turnover at about 3 Key in the X-ray 

spectrum of SCO XR-1 and we assume it is due to absorption. Unfortunately, 

observations of a turnover in the spectrum cannot be unambiguausly 

assigned to the effects of the interstellar medium; the absorbing layer 

could be intrinsic to the X-ray source itself. Several measurements 

can yield the X-ray absorption of the interstellar medium more or less 

unambiguously. One is simply the observation of low-energy cutoffs in 

sources for which the distance is known and for which there is some 

basis for specifying the spectrum at the source before the absorption. 

Another measurement is of the low-energy cutoff of the diffuse X-ray 

background. If that background is of extra-galactic origin, the cutoff 

will vary systematically as a function of the galactic latitude. 
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Bowyer, Field and Mack (6) may have observed this effect. 

The presence of interstellar absorption severely limits observations 

at low energy; at energies below about 0.5 Key useful measurements can 

be made on objects only within about 100peof the Earth. On the other 

hand, the galactic disk should be transparent at energies aboye about 

4 Key, and outside the ga1actic disk the density of matter is suffi-

ciently low to permit the observation of ,extragalactic objects to cos- 

mological distances. 

In principie at least, the observation of absorption effects can 

yield the following information: 

a) The distance to the source, if there is an independent measure-

ment of NH t. 

b) The abundance of certain elements in the interstellar medium. 

The observation of an edge discontinuity gives directly the number 

of atoms of the elements that contribute to the edge. 

c) Information about the nature of the source, if the absorption 

can be placed at the source rather than within the interstellar 

medium. 

The X-ray absorption measurement is related to a number of other meas-

urements of the properties of the interstellar medium, notably the 

21-cm emission in radio, interstellar ábsorption lines at optical 

frequencies, and interstellar reddening; and measurements of the ab- 

sorption at the X-ray frequencies may clarify many present uncertainties, 

such as the distribution of the spiral anus. 
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5. SCO XR-1 

Several observers have derived spectral data for SCO XR-1 and have 

fit their measurements to thermal models. We also do this in Chapter T. 

The higher energy X-ray data have beeh used to set a value for the 

~med plasma temperature(= KT). The accuracy•of•the-value of KT is 

limited by the small range and statistical accuracy of the high energy 

data. The lower energy data were fitted by putting in the appropriate 

amount of interstellar medium and calculating the absorption using the 

Brown and Gould (21) absorption coefficients (figure 2b). 

Our measurements indicate a drop in the spectrum below 3 Kev. 

From the strength of the interstellar medium, it is estimated that the 

distance to SCO XR-1 ranges between 300 pc. and one kiloparsec(- ,  60017c), 

The lifetime for free-emission from an optically thin hot plasma 

Is proportional to the square root of the temperature and the reciprocai 

of the electron density. Johnson (1967) has calculated the cooling time 

for various values of the radius R and the electron density N
e
. For 

R = 10 15  en7 and N = 3 x 10 3 cm-3 , the cooling time is about 10 years. e 

These estimates clearly indicate the requirement for a continuous 

supply of energy to the radiating plasma. 

In the absence of a very massive stellar core, or strong magnetic 

field, the pressure of the hot gas would cause the cloud to blow up. 

Without gravitational or magnetic confinement, the cloud would expand 

through 1 are second in about 0.3 year. For R = 10 15 cm, the requirement 

for gravitational confinement is 5'x 10 4m0 ; for magnetic confinement H 
_ 1  

about IG. If R = _10
0 

 cm, the required mass is only 5M0 and the 

magnetic field is 6 x 10 3G. A neutron star could easily provide the 

gravitational confinement and would very likely provide the magnetic-

field requirement as well. 
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Cameron (23) has suggested a model consisting of a vibrating neutron 

star with a surrounding corona or magnetosphere. The neutron star is 

expected to vibrate radially with a period of the arder of a minute or 

51 	g2. 
less, and may store up to 10 to 10 ergs. of mechanical vibrational 

energy in the supernova event. A oorona around the neutron star expand-

ing into a stellar wind would draw the magnetic lines of force out 

radially and rotation of the star could then twist the field lines until 

they reconnected to forni a magnetosphere. Hydromagnetic waves driven 

by the stellar vibrations could be a sorce of electron acceleration 

to relativistic energies with the accompaniment of synchrotron X-rays. 

Or the mechanical vibration may supply energy to a high-temperature 

corona which would produce X-ray bremsstrahlung. 

The energy source is unknown, but could be related to the idea of 

a close binary (24) rhose streaming plasma transfers are accompanied 

by shock collisions (25) or the like, drawing energy essentially from 

the gravitational and thermal store of the stars. The optical emission 

would on this view come from a cooler plasma volume, only partly ionized 

(26). 
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6. SPECTRAL ANALYSIS 

In the variety of observations that have been made, the observing 

techniques are essentially similar. The basic detection system con-

sists of a collimator that transmits Incident X-rays arriving within a 

_restricted range of angles and an X-ray detector records the number of 

transmitted X-rays. The gas proportional counter, because of its high 

efficiency and low noise, has found widest application as a soft X-ray 

detector. The collimator-detector problem is compounded by the require-

ment for large apertures. The early experiments by Giacconi, et al. 

2 
(3) utilized 10 cm of area. In our experiment we have used 1058 cm of 

detector area. The expected counting rate per unit area of the detector 

can be expressed by the relation: 

I 	
N

vo 
- Çr() e 

G CO r. A 	F(E) -11 ( c) e 	st. (,) R ( E ) y) JE: 	. . , . s..  .. 22.  

counts/Kev/cmisec, where 

A 	is a ntting factor which represents the intensity of the source. 

F(E) is the assumed model function for the source. 

ri(E) is the measured counter efficiency. 

N 	is the number of hydrogen atoms/cm in the une of sight. 

a(E) is the ábsorption cross section per hydrogen atom for the inter-

stellar medium. 

T(E) is the transmission of the residual atmosphere in the une of 

sight, and 

R(E,Y) is the probability of obtaining a pulse of height Y from an X-ray 

of energy E, and is derived from preflight resolution measurements. 

The expected counting rate per channel (energy interval) and per unit 
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area is given by 

G (Y) cl 	 4. 4 	 • • a • • 	 • 	14 24  

where Yi and Yj are the lower and xipper limit of each channel. 

The counter effíciency 11 , the resolution function R, the atmos-

pheric ábsorption T, and the absorption cross section a are inserted 

into the computer program. The input spectrum F and amount of hydrogen 

N are varied to produce the best fit to the data. 

To obtain quantitative estimates of the observable parameters, it 

is customary to apply the conventional least-squares techniques in which 

one compares observed counting rates (G) with expected counting rates 

(G') according to the prescription: 

(Gt 	
2 

)C 	 • 	• 	• 	
3 

.11 	 • , i = number of channels 

where & is the standard deviation of the ith measurement. The values 

of free parameters in G' which minimize X 2  are taken to be the best 

value of those parameters. The minimum value of X 2  determines the 

-goodness of fit; i.e., the probability that the expression used as G' 

would yield the observed data and gives an associated value for the 

intensity of the source (A). 

We have used two free parameters. One is the number of hydrogen 

atoms/cm2  in the line of sight (N) and the other is related to the kind 

of model used in specifying function F. 

Thermal Bremsstrahluno Model: 



-Simple222.r.22_dmation (ex 

F( E) 	eXP 	*" E ii<T) 	• * 	e 	 ? 
E 

Free-parameter = T (temperature 6f the source) 

-More 

F(E)-1---•E  C exf (— E 	KT) 	/2,KT)} /f-r:rar - 	15 

Free parameter = T (temperature of the source) 

-Power Law Model 

F ( E)  

a • •• 	 .7t 	 es 	g. 	it 	 c 	e 	• 	 16 

K  4. 1  , Free parameter: 0(= 	kwhere E-K 
2 	

is the power law spectrum of 

electrons producing the synchrotron radiation or inverse Compton effect). 

-:p.12:215_22dr_2522.1 

F(E)= 	E: 2/ [ exP ( E 1,‹ 1" ) 	1] 	 - 17 

Free parameter = T (temperature of the source) 

For the resolution function R we have used the Poisson distribution: 

Vin 
(E,Y) 	 E/Q) 

	

exp (- EiQ) 	 - 18 G2 
Y/Q) 

Where: Y is the pulse height associated with the X-ray energy E. 

Q is the "Quantum Size": change in E represented by an extra 

particle counted. 

(Y/C1)! 4' (1 Y/Q) ,* 	fl  = Gama function 
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7. FIT OF SCO XR-1 MEASURED DATA TO  THE DIFFERENT MODELS. DISCUSSION 

7.1 Characteristics  of the Experiment 

We have used a freely spinning AEROBEE 150 Rocket (spin rate of 

10° /sec). 

-Time and Place of Launching: June 22 at 05.30 UT in Natal, Brazil. 

-Altitude of SCO XR-1 Scanning: 	108 Km. 

-Kind of Counter Used: Proportional Counter with 1058 cm2  of detection 

area and honeycomb collimator with a collimation of 12 °20 full width 

half maximum (FWHM). It was filled with a mixed gas of argon (90%) and 

methane (10%) at 1 atmospheric pressure and 2.5 cm deep. 
o 

-Window Material and Thickness: 5 microns "Mylar" with a 200 A "Nichrome" 
o 

coating. A laboratory calibration of the windaw was made at 14.6 A and 
o 

44.6 A. The detection efficiency of the counter is shown in fig. 1. 

-The data from the detector were amplified and fed to a twelve-channel 

pulse height analyzer for the energy range from 0.1 Kev to 10 Key. The 

output of each channel was telemetered to the ground. 

7.2 S_Ess•trAA.p.a_j_r_ .qa 

The analog data was reduced using two methods. The first one wms 

based on the "triangle" response of the counter and the second one on 

the "linear" response of the ratemeter ( )-54 counts/volt) analyzed 
2 

only up to saturation ( 2000 cps). The second method gave better X 

results. The following table shows the measured data for both methods 

corresponding to each energy channel. For the interstellar absorption 

cross sections and efficiency of the counter, we have used values from 

the curves shown in fig. 2b and fig. 1, respectively. For atmospheric 

absorption correction we have used values from CIRA (1969) at 108 Km. 

Finally, for the resolution function we have measured the Quantum size 

= .0432 Key. 
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In the following pages we present the obtained parameters associated 

with each model for SCO XR-I with the corresponding curves. In the 

appendix we give the computer program discussing briefly how we have 

used it. 

Energy Edges 	Method 1 	Method 2 

Channel 	(Key) 	(counts/sec) 	(counts/sec) 

2 

0.13-0.24 

o.24-O.68 

...L... 

4o 

_ 

7 

3 o.68-1.18 74 35 

4 1.18-1.58 74 47 

5 1.58-2.O6 228 68 

6 2.06-2.76 310 80 

7 2.76-3.24 294 72 

8 R 9.h....1_-,7 ..„ _.  hnA RA -- 

9 4.27-6.93 587 107 

10. 6.93-8.05 122 21 

11 8.05-9.50 49 9 

12 9.50- co 24 6 

The data (in counts/sec) as reduced by to methods of data analysis 

is shown. Method 1: Triangle response, Method 2: Linear response up 

to saturation. 

7.3 Ih2r01_11.22.1.52.1t2211155.0.1rom a Hot Plasma 

7.3.1 Expos2nti22_22proximation 

Using equation 14 as a representation for function F(E), the number 

of counts per cm 2  per sec, according to 12 and 12', is: 

ffi cuif 11(c),(c)  e -No‘(a) e 	 7 E / 	( 

G .7- A  
Yi 	 E 	Q,

• 	 Y/Q) 
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where the different symbols and parameters have already been defined. 

The free parameters we have found for this model (associated 

with the minimum X 2  value) are a temperature corresponding to 7.1 

Key and a column density of ábsorbing atoms of 2.3 x 10 2 ' atoms/cm 2 . 

Fig. 3 shows the measured data-and the calculated curves both 

with and without interstellar absorption. 

7.3.2 More accurate asaroximation with Elwert's Factor 

For this approximation we have used the function F(E) expressed in 

equation 15. The minimum X 2  is found with a temperature corresponding 

to 9.8 Key and a column density of absorbing atoms of 1.8 x 10 2 ' 

atoms/cm 2 . 

Fig. 4 shows the measured data and the calculated curves for this 

model both with and without interstellar absorption. 

7.4 

We have used equation 17 as a representation for function F(E). 

The correlated values of free parameters to the minimum X 2  (which was 

an order of"magnitude larger than the value found for the Bremsstrahlung 

model) are a temperature corresponding to 6.5 Key and an absorbiiig 

column density of 2.8 x 1021  atoms/cm2 . 

7.5 Power Law Model 

The function F(E) used in this model is represented by equation 16. 

We have found a minímum X 2  value for a spectral index of 4.2 and a 

column density of absorbing atoms of 2.2 x 10 21  atoms/cm 2 . 

The relative value of the minimum X2  for this model is eyen larger 

than that found for the Black Body modela 

The best X2  of our analysis is related to the Thermal Bremsstrahlung 

model with Elwert's factor. In the following table we present a relative 

comparison of the minimum X 2  values from the different models. 
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MODEL 	PROCESS 	X2 relative to Model 1 

1 	TBHP* with 	 1 
Elwert's factor 

2 	TBHP* 	 1.4 
Exponential 	* 

3 Black Body 11.6 

4 Power Law 17.4 

TBHP*: Thermal Bremsstrahlung from a Hot Plasma 

Aecording to this result we assume that the physical process 

associated with X-ray emission in SCO XR-1 is Thermal Bremsstrahlung 

from a Hot Plasma. 

The follawing is a calculation of the energy flux density of SCO 

XR-1 at 14 Kev for models 1 and 2. 

(10 7°K) 	 Flux of 14 Kev 
Model 	Temperature 	Photons (cm2  sec Kev) -1  

1 	11.4 	 8.9 

2 	 8.2 	 10.6 

The fact that the absorbing column density we have found for the 

imie.1 with the best x2  value (1.8 x 10 21  atoms/cm2 ) may signify that 

,a.possible distance to SCO XR-1 is • 600 parsec if we assume a uniform 

interstellar medium density. of 1 atom/cm3. 
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8. CONCLUSIONS 

According to our results the best model for SCO XR-1 is Thermal 

Bremsstrahlung from a Hot Plasma with a temperature corresponding to 

9.8 Key and a column density of absorbing atoms of 1.8 x 10 21  atoms/cm2 . 

The measured energy range goes from.  0.1 Key to 10.0 Kev. 

These results are in agreement with those of the Lawrence Radiation 

Laboratory X-Ray Astronomy Group (to be published). They searched 

SCO XR-1 at the same energy range one year before (spring, 1968) find-

ing a temperature corresponding to 9.0 Kev and a column density of 

absorbing atoms of 1.5 x 10 21  atoms/cm 2 . 

The observed decrease of spectral intensity with decrease in 

photon energy has been interpreted as absorption in cool (non-ionized) 

material. The absorption in excess of that In the interstellar material 

must be due to absorption in or around SCO XR-1 itself. The region 

which emits X-rays in this object is thought to be small (Chodil, 

et al., 1968), perhaps a hot plasma surrounding a collapsed star which 

is a membeg of a binary system. 

We have also included in our • analysis the other classical models, 

namely, Power Law and Black Body models. The fitting parameter shows 

that these models cannot be used for SCO XR-1. 

Finally we expect that a possible distance to SCO XR-1 is 600 

parsec if a uniform interstellar medium density of 1 atom/cm 3  is assumed. 
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9. FIGURES 

Fig. 1 '- Argon-Methane counter efficiency (used in the experiment). 

Window 5p. Mylar. Pronounced peaks indicate the Carbon and 

Oxygen K-absorption edges. 

Fig. 2a.- Alternation of electromagnetic radiation in the atmosphere. 

Solid curves indicate altitude (and corresponding pressure 

expressed as a fraction of crie atmosphere) at which a given 

attenuation occurs for radiaiion of a given wavelength. 

(Figure taken from reference 9.) 

Fig.. 2b - Total photoionization cross section per hydrogen atom as a 

function of incident photon energy. The elements responsible 

for the jumps due to their respective K-edges are indicated. 

The energies of these K-thresholds have been tabulated by 

Felten and Gould (20). (Figure taken from reference 21.) 

Fig. 3 - SCO XR-1 count rate spectrum for TBHP* exponential model. 

Crossed marks indicate measurements and solj.d lines indicate 

the calculated response of the counter system with KT = 7.1 

Key and absorption of cosmic material with an atomic hydrogen 

column density of O atoms/cm 2 and 2.3 x 10 21 atoms/cm2
. 

Fig. h 	SCO XR-1 count rate spectrum for TBHP* with Elwertis factor. 

Crossed marks indicate measurements and solid lines indicate 

the calculated response of the counter system with KT = 9.8 

Key and absorption of cosmic material with an atomic hydrogen 

column density of O atoms/cm2  and 1.8 x 10 21  atoms/cm 2 . 

TBHP* 	Thermal Bremsstrahlung from a Hot Plasma 
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10. DISCUSSION OF TIIE COMPUTER PROGRNM • 

The program was written in order to calculate the integral 

G r. A 	dY) )1(E) 1:(E) 
e-bia(E)

yk 

F 	 Etc?' 	fl/a)  

y: 	e 	 ci 

for each energy channel and to fit the measured data to those results for 

the set of free parameters associated to the model specífied by F(E) and for 

the minimum value of the x 2  test. 

The Program reads tabulated values for the counter efficiency0() 

atmosphere absorption (7:), and tohl interstellar absorption cross section 

) for each value of the photon energy ( E). 

We Insert the appropriate function F(E) for eachmodel and ve calculate 

the integral using Simpson rale approximation. 	The energy range (.1 to 10 Kev) 

wus split into two sets of 20 intervals (from .1 to 1 and from 1 to 10 Kevs). 

The terra in the denominator WO! was calculated using the Gamma function 

(r). 

(Y/Q) 	r 	Y/ ) = r e - t  tY/ct cl 

o 

For values of )(1Q. < 50 we used a subroutine in order to calculate the 

Gamma function. For values of 	50, we used the asymptotic approximation 

of the Gamma function for large values of the argument 

fro • 	 . p 	 p 

. 	 for large values of x 3 

The program calculates x2  values for each set of the two free parameters 

of each model. Associated with that value of x2  we have also the multipli-

cation factor of the integral A representing the intensity of the flux. 
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We present - an- example of the program for the exponential* model. 

In this case we insert values for the interstellar medium density (O, 5 

x
20

, 1021 and 5 x 1021 atoms/cm2 ) and a range of temperatures for the 

source from 10
7 
 to 2 x 108 °K in additíve stepsof 10 7 0K. 

With a change of a few cards we can study the different models accord-

ing 'the function F(E) with a desired set of values for the free parameters.. 

In the following table we Identity the symbols used in the program with 

those defined in the main text. 

PROGRAM SYMBOLS 
	

SYMBOLS DEFINED BEFORE 

GA 
E 

PSI 

nTgi)  
GT 
CH 

EXM 
,PIG 
TE 
AT 

R 

V 

SQ 
EX 
AB 
C 

CS 
A 

GAMMA 
E 

Defined in the program 
r-g4--(1 t 	.----- 

G(Y) 
Lower edge value of the channel 

Measured data 
Standard deviation 6- 

Final calculation of G 
For atmosphetric absorption 

Y/Q 
E/Q 
Ncr 

E/KT 
Defined in the program 

y/Q + 

Defined in the program 
For atmospheric absorption 
Defined in the program 
Defined in the program 

N(interstellar medium density) 

*For the more accurate model using the Elwersfactor we have used a 
subroutine in order to calculate the modified Bessel function of second Kínd. 
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- 	 - 	• 
PROGRAM WGONXP. 	NPUT OUTPUT } 
THIS PROGRAM CALCULATES THE CONVOLUTI ON O'F THE SPECTRAL ANALY-SI S 
FOR SCOXR-1 USING THE EXPONENT 	MODEL • 
WITH INTERSTELLAR ABSORPTION ANO POISSON DISTRAEM ION FOR THE 
PC RESPONSE o 1T ALSO OBTAINS THE TOTAL NUMBER OF COUNTS 

__RR 	£HNt1ELLRT4EJER FELYSJ?1 N tai G_RD C K ELÀEROBEEJtQ 1.83 AM 
FINALLY 1T USES -.rHE X SQUARE TEST FOR' F MING THE RESULTS TO 	 . 

j - THE MEASURED X RAYS DATA 
DIMENSION G(40) 1 Y(40),GM40),E(50),D(50)9PSI(50 )9F(50)fSIMP(2), 

1GT(15),CH(15),EXM(1239SIG(12),TE112)9AT(40) 
DATA W / R,S,V,Z,X 7 SQ7EX?A139C9CSIGTIGi1ln0 ,15)c0o  l40*Oo 	 - 

*S 1,3,E Aft2LE1JJïU i r) vt.P si( I ti,ALLIJ ILL=1 7, 401. 
FORMAT 2F603 fF7o 4 /FlOo 3 y  F803 ) 	 , 
READ 3,. (GA( I )? 1=1,22) 

3 FORMAT (E1:8-) 6 ) 
READ 4 ?  (CH( 	J=1,12) 
FOP,MAT (F6,)2) 

L—R,F11.0_5_,,t_LEXMAILLI 
1 5 FOR,MAT (F6o ) 

A=00 
DO 600 IS=1 $.20 
T=na IE+8*IS. 
B=0086E - 7 
QaCt a_0432._ 	 _ 	 _ 

1 	DO 200 1=1. v37 
W=Y( I )/Q 
X=W+la 
nn 4n K17 
R=E(K)/Q 

	

I(K) 	 , 	 _ 
V=E(K)/(B*11 
AB=30*AT(K) 	 , 
C=R+5+V+AB 

1 	EX=EXP(C) 
- 1F (X0LT0500 ) GO TO 39 

_ 

I 	SQ=SQRT(2) 
CS=EXP(W) 

I F(K)=D(K).*:(R/W)**W*CSMQ*EX*E(K)*Q) 
i 	GO, TO 40 	- 
9 F(K)=D(K)*R**W/(E(K)*GA(I)*EX) 
40 CONTINUE 	 _ 	_ 



39 

-M=N-4-1 
10 SUM2=F(M)+SUM2 

SUM3=0,, 
DO 9Q N=3,17,2 
M=N+L 

)0 'SUM3=F(M)-4-SUM3 
SIMP(K)=H/30*(SUM14-40*SUM24-20*SUM3) ..•, 

)0 G(I)=SIMPOO-1--GM 
)0 CONTINUE 

-PRINT -6,---(-GtillY(I)-,G(I+1),Y(I+1),G(I 4- 2),Y(I+2),G(I -4- 3),Y(I 4- 3)1 
61=1,37,4) 
6'FORMAT (1H0,4(3X,E1806,3X,F603)) 
• PRINT 1000 

)0 FORMAT (1H0,1/11/1) 
DO 300 J=1,11 
I=0 
M=J+1 	 - 
AV=00 
DO  250  N=1,37  
'1F (Y(N)-aGT0CIEJ).0 .AN00YAN)01) 
GO TO 250 

)8 I=I+1 
AV=AVA-G(N) 
CONTINUE 
IF (I0EQ00) GO TO 88 
GT(J)=AV/I*(CH(M) —CH(J)) 
GO TO .300 
GT(J)=0, 
cONTIM!P 
PRINT 7,(GT(J),CH(J),GT(J+1),CHXJ -4-1),GT(J -1- 2),CH(J+2), 

7GT(J4-3),CH(J4-3)7j=1,11,4) . 
17 FORMAT (1H0 1 4(3X,E1806,3X,E602)) --  
! 	PRINT 1000 	, 

DIE=00 
í 	DO 400 , M=1,11 
)0 SIG(M)=SOR.T(EXM(M)) 

00.-600.N--,4115 



4 o 

■ 

O 

AO •.- 

--------, 	 -,„„---, • , ,................................. 	 -,............, 
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