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DEFINITIONS OF PRINCIPAL SYMBOLS

definitions see section 7, a summary of the analytical and numericalFor additional 
solutions developed in this document.

'
Sixth in the series of Applications Technology Satellites; launched ATS-6
30 May 1974 into synchronous orbit

Solid State Proton Detector; a silicon slab with electrical contacts SSPD
on each surface

AE Low ertergy passband identifying label designating the highest ►discrim­
inator level tripped; AE3, for example implies threshold 3 and not 4 
has been triggered and that the incident particle’s energy lies be­
tween these two levels; table 9 lists the approximate energy range 
associated with each "bin" into which the experiment package assigns 
incoming charged particles

AH High energy passband identifying label; remarks above for the AE 
channels apply.

Low- and high-side "limits" of an energy passband that denote inci­E and E An n+l dent particle energies for which electronic discrimination levels are 
50% efficient

Front- and back-side cumulative distribution functions of a gaussian d) (E) and 4> yn n+1 curve
Passband efficiency function formed as the difference between t„(E)
(f>n (E) and 4>n+1 (E)

Full width at half the maximum of a normal probability density func­FWHM tion; measures the total system noise

k + + I Integration limits removed 3 FWHM above and below the lower and upper  and  .^n+1n 50% transmission energies
Standard deviations, i.e., measures of the width, of the normal a and 0 L ,n+i probability density-functions associated with an energy passband’s n
low- and high-sides

Cumulative distribution function of the $(x) standardized gaussian curve;
a standardized probability function is centered about zero along the 
x axis, has an argument expressed in standard deviation units or z 
scores and, when integrated over all x, equals unity

(Continued Inside Back Cover)
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ATS-6 NOAA SOLID STATE PROTON EXPERIMENT:

MEAN ENERGY OF A FINITE ENERGY PASSBAND

J. A. McKinnon and T. A. Fritz

Mathematically the observed counting rate of a particle tele­
scope is the integral over all positive energies of the product of 
the geometric factor, the passband efficiency as a function of 
incident particle energy, and the form of the sampled particle 
spectrum. Using the difference of two gaussian integrals to gen­
erate the measured detector efficiency profile and an experimen­
tally verified form of the proton differential energy spectrum, 
predicted counting rates for selected channels of the ATS-6 NOAA 
Low Energy Proton Experiment have been computed, tabulated and 
graphed for a wide range of anticipated proton spectra slopes. 
Tables and graphs presented as a function of particle spectrum 
slope for each passband include not only the theoretical detector 
response but counting rate ratios of adjacent energy windows and 
the spectrum-slope-weighted mean energies, <E>. From these three 
quantities proton spectra consisting of (x,y) coordinate pairs of 
the form [<E>, j0 exp(-<E>/E0)] are constructed from observed 
counting rates to yield a profile more accurately reflecting the 
trend of the underlying particle spectrum.

1. INTRODUCTION

Have you ever viewed a sports event through a picket fence with closely 
spaced, wide upright stakes? An accurate interpretation of activities behind 
the fence depends, short of climbing over it, on the width of the wooden 
pales and their separation. Although the analogy may be incomplete, recon­
structing the true particle spectrum from a set of electronic discriminator 
levels, that in turn form the logic circuit of a satellite-borne solid state 
proton detector (SSPD), poses similar limitations in resolving detail. 
Plotting counts per second against energy for a coarse family of adjoining 
energy channels not only smoothes over the true spectrumrs profile but high­
lights a second problem: Where does one plot the observed counting rate
within a wide window when contributions to the measured counting rate are not 
uniformly distributed across the channels Ideally the representative point 
to be plotted for each passband is the weighted mean energy, since it is this 
quantity that will properly reflect the changing emphasis in the counting 
rate within each window1s limits. This report outlines the theory necessary 
to determine the approximate true weighted mean of an energy passband, and 
thereby isolate the funtional dependence of the mean energy on the particle 
spectrum slope.



The somewhat tedious integrations that follow are presented with few 
algebraic steps omitted in order to encourage future application of these 
general expressions to similar detector instrumentation. An exponential form 
of the differential energy spectrum is assumed, characterized by a multipli­
cative constant j0 and a quantity Eq proportional to the spectrum's slope. 
Expressions for the detector response, the response ratio, and the mean 
energy are derived for any particle passband of arbitrary but finite width as 
a function of the differential energy spectrum's slope parameter E0. Further­
more, through the development important analytical expressions have been 
highlighted by framing.

2. DETECTOR EFFICIENCY FUNCTION

Initially one must consider an energy passband with lower and upper lim­
its that are generated using electronic discriminator levels—-thresholds la­
beled here as En and En+i. These low- and high-side limits have been equated 
with those energies at which particle detection is 50% efficient. Although 
the selection is a convenient one, a choice must nevertheless be made, as 
electronically the two edges of the window are not infinitely sharp. For 
solid state detectors with electronically determined passbands, the leading 
edge, the window itself, and the backside portions of the efficiency function 
may be reproduced mathematically using an integral fundamental to statistics: 
the cumulative distribution function of the familiar normal distribution.
The complete response is generated as the difference of two cumulative dis­
tribution functions, one representing the frontside of the passband and 
another the backside (see fig. l). These two expressions adapted to a win­
dow of arbitrary width are reproduced below.

Frontside cumulative 
distribution function -E )2/2a 2] dE' = (f> (E) n n Yir

Backside cumulative 
distribution function

E
/ exp[-(E”-Eml)2/2a2+1] dE” = +ntl(E)

Detector efficiency over entire window = Sn(E) = <f>n(E) - <J>n+i(E)

To illustrate that £n(E) does indeed give the intended response, it is 
evaluated for the critical energies marked in figure 1 and summarized in 
table 1. Before this calculation may be completed, however, it is necessary 
to define an energy sufficiently removed from the 50% value to insure that 
the integral of the normal distribution function is effectively zero or

2



Efficiency Profile of Hypothetical Energy Window

Incident Particle Energy (E)

Figure 1. Detector efficiency of hypothetical passtand as a function of 
incident particle energy (white curve). The curve represents the differ­
ence between the two step-like functions, $n(E) and $n+\(E) shown in solid 
black line. Note the energies En and En+i are used to label the limits 
of the window illustrated above even though the instrument is sensitive 
to particles with energies above and below these values. Some choice as 
to where a passband1 s discriminator levels should be arises, for noise 
within the system produces less-than-infinitely-sharp edges. These levels 
are commonly set equal to the 50% transmission energies3 points designated 
here as En and En+The epsilons along the x axis mark integration limits 
defined in the text.

unity. These values of the incident particle energy have been chosen to lie 
3( 2a/2tn2) or three full width half maxima (FWHM) to either side of En and 
En+i and are marked along the x axis of figure 1 but not to scale. Later 
in the development these same energies, which are defined below, serve as 
limits in the numerical solution offered as an alternative.

e1 = E ± 3FWHM = E ± 3( 2a /2£n2) 
n n n v n '

+
en+i E A + 3FWHM = E .. ± 3(2a A1/2Iin2) n+l n+1 v n+l '

The term FWHM is defined and discussed in Appendix A.

3



Table 1. Evaluation of Ideal Detector Efficiency Function Zn(E)

E <f>n( ^) <l>n+1 (E J <f>n( E) ~ (J>n+1 (E)

<<En 0 0 0

en 0 0 0

En 0.5 0 0.5
+en 1 0 1

en+1 1 0 1

En+1 1 0.5 0.5
+en+l 1 1 0

»En+i 1 1 0

3. MEAN ENERGY EXPRESSION

Computing the mean energy of an arbitrary passband between discriminator 
levels En and En+i necessitates evaluating the weighted mean of E with re­
spect to the weighting function [gCn(E)Jo exp(-E/E(j)]

where g = the telescope's geometric factor in units of cm2 ster 
£n(E) = the passband efficiency function 

j0exp(-E/Eo) = an experimentally verified form of the differential
energy spectrum in units of protons/cm2 sec ster keV.

Despite the algebraically complex weighting function given above, the mean 
value of E is, at least in principle, a straightforward computation. Fur­
thermore, E's mean value is insured because of the weighting function's con­
tinuity, that is, because it has a unique slope at each point on its profile. 
After writing the integral of E and its weighting function over the passband 
interval as an identity, one simply asks for what value of the energy may it 
be removed from within the integral sign. This value, denoted here as <E> 
represents the properly weighted mean of E, and its solution as outlined 
below is seen to be a quotient of integrals.

[g£n(E)j0 exp (-E/Eo )] dE f E [ge (E)Jo exp( -E/E0 )]dE 
0

oo w

<E> / g?n(E)jQ exp(-E/EQ)dE = f E[g£n(E)j0 exp(-E/E0 )]dE

k



<E> above has been relabeled <En n+i> throughout the remainder of the paper 
in order to emphasize the particular particle energy window to which the mean 
of E refers. The mean energy of a passband with 50# transmission energies En 
and Ejj+i sampling an exponential differential energy spectrum is expressed in 
its most complete form by the ratio

<E ^ > n,n+l f E[g£n(E)j0
0

exp(-E/E0)]dE (E) j 0exp(-E/E0)dE .

An evaluation of <En n+1> follows in which it is convenient to consider the 
integral in the denominator separately, for this expression represents the 
detector response function. In the next section the response function's 
complicated form is reduced in detail to the algebraic sum of several cumu­
lative distribution functions.

4. EVALUATION OF DETECTOR RESPONSE

Detector Response = Rn,n+1 f g£n(E)j0 exp( -E/E0 )dE 
o

= f g[<t>n(E) - <f>n+ x(E)] jo exp(-E/E0)dE o

where <f>n(E) and <f>n+1(E) are the integrals defined in section^.. For ease of 
reference the involved expression representing Rn,n+l is split into two xnte 
grals of identical form and designated Ii and I2. Thus Rn,n+1 “ gjo(Tl_I2)-

00 w lb

where Ii = / <f>n( E) exp( -E/E0 )dE = fkf exp[-(E'-En )2/2cn2]dE exp(-E/E0)dE

and I2 = J' (J>n+1 (E) exp( -E/E0 ) dE 
0

00 E
* JW exp[-(E"-En+-1)2/2a2+i] dE'j exp(-E/E0 ) dE .

5



In the above equations Cn = 1//2tT an and Cn+1= <?n+1

In the following development the technique of integration by .parts has been 
applied to I^. Fortunately, the integrand's form leaves little choice as to 
how it should be subdivided, and the assignment is

E
u = Cn

exp[(-E'-En)2/202]• dE' and dv = exp(-E/E0) dE.
_oo

To complete the preliminary computations the technique requires u to be 
differentiated and dv integrated, both with respect to E. Moreover, the 
legitimacy of differentiating within the integral sign is upheld under the 
circumstances since the integrand of u is a continuous function over the 
range of integration. These two operations yield

exp[-(E-En)2/2a2] and v = - E0exp(-E/E0) .

Completing the integration by parts yields the following:

(E’-E )2/2o2

r -E/E0J "E0e Cne
(E-E )2/2o2

dE
0

6



This expression reduces to

II = E0Cn / exp[-(E'-En)2/2a2] dE' + E0Cn f exp(-E/E0) exp[-(E-En)2/2a2]dE .

Before Ij may he completely evaluated the power to which e is raised in the 
second integral must be rewritten as a perfect square.
Thus we have -E/Eq - (E-En)2/2o£ taking the form -gn/2a2 - (E+an)2/2an2

if one sets an = a2/E0 - En and gn = En " an* (A number of lines of algebra 
have been omitted here.) Ij is then rewritten as

0 oo

f exp[-(E'-En)2/2a2] dE'+E0 exp(-3n/2o2) Cn f exp[-(
0

Now if we let s = (E' -En)/an and t - (E+a^)/v^2 an 

then ds = dE'/an and dt = dE//2 an

and the integrals constituting Ix may be cast into either of two forms:
(l) that of the cumulative distribution function of the standardized normal 
probability density function or (2) the complementary error function. The 
definitions of these integral expressions are reproduced below.

Cumulative distribution function = /2tT

Complementary error function = erfc(y)

7



Making use of the substitutions s and t indicated above and the definitions
of $ and erfc, Ij is transformed into

-E /a.
Il = E0Cn /

n n _2/2 -B /2a2
e ' a ds + Ene n u

i / (CU /•* ,9

n n C f e_t ^2 a dt n J na //2 a n7 n

and then
E0

Il =
/2tt

Eqi/2 y— -6 /2a2

a /2tT $(-E /a ) + -----  a • erfc(a //2 a ) e n n
~ n n /^— n 2 n nn

n
/2tto

(1)

n

If it is recognized that the cumulative distribution functions are related, 
then equation (l) may be further simplified by expressing it solely in terms 
of either $ or erfc. The necessary relationship between these two functions 
is derived in the following four lines.

$(x) = -i- f
Ai\ J

x/A
-s2/2, 1 r -+2e ' ds = —

An
j" e "k A dt if we let t = s/A

x/A

e‘t2 A dt + —i— f e”t2 A dt 
Aw J A^

0

®(x) = — f .rzz J

A A ^ A A . / .--- • p— + --- • - erf (X//2 )
An An

$(x) = i + h [1 - erfc (x/A)] =1-1 erfc (x/A)

erfc (x/A) = 2 [1 - $(x)] = 2$(-x) (2)

8



Substituting the result of equation (2) into (l) casts 1^ into its final 
and most elegant form shown below.

Ii = E0 $(-E /a ) + E0 *(-a /a ) exp (-6 /2a2) 
1 u nn u nn n p

Because I2, defined along with 1^ in the previous section, is identical in 
form to Ii, its integral may be written as

I2 - E„ *(-En+1/an+1) + E0 »<-an+1/an+i) exp(-Sn+1/2o2+i)

Having completed the integrations of both 1^ and I2, the final expression 
for the detector response in units of counts/sec may be written. This 
quantity, which characterizes a window between the discriminator levels En 
and En+j is seen to be a function of the standard deviations an and an+i, 
the slope of the differential energy spectrum Eg, and, of course, the 
window's lower and upper limits, En and En+1. As defined on page 5,
Rn>n+l = S Jodi- ^2)* Therefore differencing these two integrals yields

Rn,n+l^countS//sec^ = g JOEo{$(-En/on) + $(-an/an) exp(-6n/2aj)

- *(-En+ /V1> ' *(~an+l/o„.1> exE(-en+l/2on+1• (3 >

Since the ratio of the responses of two energy passbands determines the 
slope of the differential energy spectrum, it is important to consider 
experimentally this quotient. Once equation (3) is evaluated passband by 
passband for a wide range of Eg, the ratio of adjacent windows as a func­
tion of this same parameter is easily determined. It then becomes possible 
to identify quickly a slope for a given detector response ratio by means of 
the table so generated. Although the technique is a straightforward one, 
should the particle spectrum be characterized by a slope that is a strong 
function of- energy, the passbands must be closely spaced in order to trace 
its complicated profile. The general relation for the ratio of adjacent 
windows is defined here as the quotient of lower energy window to higher:

n,n+l Rn,n+l/Rn+l,n+2 *

9



5. EVALUATION OF MEAN ENERGY

Up to this point only the denominator in the mean energy expression 
discussed in section 3 has been evaluated. Using the definition of the 
detector response function, the relation for <En^n+i> is rewritten below to 
emphasize the remaining portion.

"Vn+i* =j/E^n(E)j°exp(-E/E°)]dE j /Rn,n+l

Since the integral in the above equation itself contains integrals, subse­
quent mathematical manipulations are more easily followed.if several of the 
terms are grouped and redefined. One such partition is given below.

oo

R <E > = f E[g£ (E)j0exp(-E/E0)]dE = f Eig[<fr (E) n,n+l n,n+l J n j t 11

- 4>n+1(E)] J 0exP(-E/E0 )| dE

<E ,>= f E(C T exp[-(E'-E)2/2a2] dE'
gJo n,n+l J \ n J n n

E
-C , f exp[-(E"-E )2/2a2 JdE"l exp(-E/E0) dE = I3-I4 .n+1 J n+1 n+1 )

00
Once again the technique of integration by parts is appealed to. Here the 
integrand of 13 is subdivided into the two components shown below—a choice 
no less restrictive than before. Thus

00 Ei3 = / * K / exp[-(E'-En )2/2a2]dE'j exp(-E/E0 )dE

E
and u = ECn y* exp[-(E'-En)2/2a2] dE' and dv = exp(-E/E0) dE

10



One also needs

du
dE n f exp[-(E'-E )2/2a2] dE' + EC exp[-(E-E )2/2a2] J n nJ n ' n ' nJ

and v = -E0exp(-E/Eo)

These four quantities are then combined according to the technique's pre­
scription (see section 4) to yield

I3 [-(E'-E )2/2o2] 
n n

[~E0 exp(-E/E0)]
00

0

00

-f t-E0 exp(-E/E0 )] Cn f exp [-(E'-En)2/2aJ] dE'
n f J

+ ECn exp [-(E-En)2/2a2] dE. (4)

At the upper limit the first term in equation (4) is of the form °°/°°, allow­
ing L'Hospital's rule to be applied in the evaluation of the function's 
limit.

Thus lim
E-*»

|--E<()n(E)Eo -j lim j A(E)E0 ' ECn «cp[-(E-En)2/2a2] E0 )
|_ exp (E/E o ) J E+°° j exp( E/E0 )/E0

A second application of L'Hospital's rule is required to justify setting the 
above limit equal to zero. Finally, this same first term in equation (4) 
vanishes at the lower limit, and in what remains of I3, the leading integral 
is identical to 1^ defined earlier aside from the multiplicative constant Eq. 
These simplifications reduce I3 to the following form:

11



00

13 = E0Ii + E0Cn C E exp( -E/E0) exp[-(E-En)2/2a2] dE .
J0

Once again the expression representing the power to which e is raised is 
converted to a perfect square. Consequently 13 takes on the following form:

I3 = E0I1+ E0Cn exp(-en/2a2) J' E exp[-(E +an)2/2aj] dE .
0

A change of variables then allows the remaining integral to be expressed in 
terms of the by now familiar cumulative distribution and error functions. 
The required substitutions follow.

Let t = (E+c^)//2 an; then dt = dE//2 an and E = S2 t -a.
n n n n

Then 13 becomes

-6 /2a2 “
I* = Eq1! + E0Cne n n / Vt - a )e ^ /2 a dt 

n na / /2 a 
n n

The first term within the integrand may he integrated explicitly, and with 
some rearranging 13 takes the form

-3 /2a2
I3 = E0I! + E0Cne n n /2 an j/2 an -t 2-1

£
2 - a //2 a 

n n

-n / -t' dt
a / /2" a 
n n

The two final steps invoke the definition of the complementary error function 
and its relation to the cumulative distribution function given in equation 
(2).

12



EqIi + E0I3
✓2

n -3n/2a.2

/2tt

n

•[4
a e n

-a^/2a2 

n n -an
4erfc (a //2 a ) 

n n
■]

E0 -6 /2a2 r a -a2/2a2I3 = Egl^ + — e n n I —— e n n —a /n" $(-a /a )
/tT 1/2 n n n

The integral expression labeled I4 has an algebraic 
form identical to I3 in which n is replaced by n+1.

6. NUMERICAL INTEGRATIONS

The principal advantage of the algebraic approach outlined in the pre­
vious sections lies in its minuscule computing cost. These relatively com­
plex solutions for the detector response, response ratio and mean energy may 
be evaluated and graphed quickly and inexpensively on a programmable calcu­
lator. On the other hand, a numerical integration of the functions is 
straightforward conceptually, but it can involve several hundred dollars in 
computing charges. The numerical procedure is presented here as an alterna­
tive technique because it allows the investigator (1) to modify easily the 
functional form used in representing the differential energy spectrum, (2) to 
compare results with those from the derived equations, and (3) to generate 
look-up tables. .

Care must be exercised in numerically evaluating an integral of the form 
illustrated by Rn,n+l* If computed in its entirety rather than partitioned 
into the segments labeled earlier as 13 and I2, much inconvenience may be 
eliminated, for the integrands of Ij and other expressions of that ilk ap­
proach zero slowly as Eg itself assumes small values. The order in which the 
terms are evaluated is critical because the product of a unit step function 
and an exponential containing a negative argument does not cut off rapidly 
for extreme values of the variable. Thus the integration range must be 
greatly extended beyond the convenient interval of zero to £n+l i-n order to 
obtain a particular degree of precision. However, the complete integrand of 
Rn n+i does isolate a small energy range over which the function differs from 
zero, and a series of 1000 terms or more generates converging results agree­
ing with the expressions derived for Rn,n+l an(I <En,n+l> "to five significant 
figures.

The trapezoidal rule is applied below to approximate the complicated 
expressions (I3 - I2) and (13 — I4), resulting in a finite series, each term 
of which includes the difference of two cumulative distribution functions.
It remains then to evaluate these integrals. Here one may apply any of 
several approximations to the integral of the standardized gaussian function, 
depending on the range of the independent variable and the desired precision. 
(See equations 6 and 7 on the next page. )

13



The numerical solution to the detector response function is given below. 
Note that a simple change of variables converts the lower case phis (the cum­
ulative distribution function) to upper case phis (the integral of the 
standardized gaussian function).

(Ii - I2) = Rn,n+1/gJ0 = f [+n(E) - <frn+1(E)J exp(-E/E0) dE ’ 0

en+1
^ / |$[(E-En)/anJ - $[(E-En+1 )/an+1]} exp(-E/E0) dE

0

-z0 “Z1^ AE | i [$(x0 ) - *(y0)] e + [«(xx ) - *(yi)] e

+ •••+ i[$(xN) - *(yN)]e N | (5)

where x^ = (E^-En)an

yi= (ErVi)/Vi 

z± = Ei/E0

E. = iAE 
1

AE = (En+1 + 3FWHM)/N = [En+1 + 3(2/2Zn2 an+1)]/N

One of the following two relations has been used to evaluate the standardized 
gaussian function denoted here as 4>. (See section 7 for the numerical values 
of the constants through C5 and p.)

*(s) a 1 - exp(-s2/2)(C1t + C2t2 + ••• + C5t5)/v^7 for 0 < s < « (6)

$(s) 5* exp(-s2/2)(Cit + C2t2 + ... + C5t5)//2tt' for s < 0 (7)

where t = 1/[1 + p|s|]

Ih



In a similar manner one may evaluate (I3 - I4), the integral expression 
proportional to the product of the weighted mean energy and detector re­
sponse. Note (I3 - I4) differs from (1^ - I2) only in the presence of the 
multiplicative factor E.

(l3-l4)/gJ0 = <En>n+1> (Rn,n+1/gJ0) = f E[*n(E) - *n+1(E)] exp(-E/E0) dE

en+i
Ej*[(E-En)/an] - $[(E-En+l)/an+i]}exp(-E/E0) dE

w0 -z0 -Zl- AE ] T" t$(x0) - $(yo)] e + Wjt^xx) - $(yi)] e

+
+ [#(*„) _ *(yN)] e"ZN

(3)

In equation (8) has been used to replace E^ to minimize any confusion that 
might arise between E0, the spectral parameter, and the value of Ej; when 
i = 0. The quantities x^, y^ and z^ are identical to the definitions follow­
ing equation ( 5).
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7. SUMMARY OF RESULTS

7.1 Analytic Solution*

Detector Response = n+1 = gjo(^l“^2)
Response Ratio of Adjacent Passbands = r , = R , /R^ 0 n,n+i n,n+i n+i,n+2

Mean Energy = <En^n+1> = gj0(13-I4 )/\f n+1 = (13"I4 )/(11"I2 )
Assumed form of the differential energy spectrum: j = jp exp(-E/Ep)

where Ii = E0 <l>(-En/an) + E0 $(-an/an) exp(-$n/2a2)

12 is identical in form to Ij with n replaced by n+1.
E0

13 = EqIx + — exp (-en/2a£) [(a^/i/2) exp(-a2/2a2) - c^/rT *(-a^/an)]
A

and I4 is identical in form to I3 with n replaced by n+1.

Definitions of the quantities used in Ij through I4:

ln = O2/E0 - E n u n an+1 • °*ve° - V.
) = E2 - a2 6 ^ = E2 - a2
n n n n+1 n+i n+i

rn = (FWHM) /2/2£n2 n Q y + 11 (FWHM )n+ / 2/2£n2

1$(x) = cumulative distribution function = -- f exp(-s2/2)ds
/2t\ -°°

$(x) is approximated by the finite series indicated below.
$(x) = 1 - exp(-x2/2)(C^t + C2t2 +•••+ C5t5)//27r for 0 5 x 5 00 

cj)(x) ~ exp(-x2/2)(Cjt + C2t2 +•••+ Cbt5) An for x < 0 
where t = 1/[1 + p|x|] C4 = -1.821255978

Ci = 0.319381530 C5 = 1.330274429
C2 = - 0.356563782 p = 0.2316419
C3 = 1.781477937

*The hierarchy of equations tabulated in either column should help to 
clarify the ultimate dependencies of the detector responses, response 
ratios, and mean energies on assumed and experimentally measured quan­
tities, namely E0, En, (FWHM)n, En+1 and (FWHM)n+1.
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7.2 Numerical Solution*

Detector Response = R^ n+1 = gj 0(^1 “12)
Response Ratio of Adjacent Passbands = r ^ = R ,,/R

* 0 n,n+l n,n+l n+l,n+2
Mean Energy = <En>n+1> = gjo(13"I4 )/Rn>n+1 = (1)/(11~I2 )
Assumed form of the differential energy spectrum: j = j0 exp(-E/Eo)

-z  -ziwhere (li-I2) - AE (i[$(x0) - *(y0)]e + [*(xx) - 4>(yi)]e
”Z2 “ZM

+ [4>(x2) - f(y2)]e +...+ i[4>(x ) - t(yM)]e }

i Wq U
and (I3-I4 ) AE| [*(x0) - *(y0)]e + w± [$(xj) - 4>(y! )]e

-z2 W„ -ZN v+ w2[$(x2) - $(y2 )le +•••+ 75- [$(xN) - ®(yN)]e |

-z0 -zi

One thousand terms were used in each of the above finite series approximations.

Definitions of the quantities used in (I1-I2) and (I3-I4):
xi = (Ei-En)/on; yi = (Ei-En+1 )/on+1 ’ Zi = VE° ; Wi = Ei
The limits of integration along the incident energy axis for the lower 
and upper discriminator levels are
en = En 1 3(2/2EH2 and e*+1 = En+j ± 3( 2/2ZH2 an+1).

AE = [E + 3(2/2Zn2 an+1)]/N; E± = iAE
0 = (FWHM) /2/2£n2; a = (FWHM) / 2/2In2n n n+1 n+1

$(x) = cumulative distribution function = —— f exp(-s2/2)ds
/2tT -®

$(x) is approximated by the finite series indicated below.
$(x) = 1 - exp(-x2/2)(C1t + C2t2 + ••• + Cst5)//^7 for 0 5x5 
<|>(x) = exp(-x2/2)(C1t + C2t2 + ••• + C$t5)/'/r2:n for x < 0 
where t = 1/[1 + p[x|] 84 = -1.821255978

Ci = 0.319381530 C5 = 1.330274429
C2 = - 0.356563782 p = 0.2316419
C3 = 1.781477937
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8. APPLICATION TO THE ATS-6 NOAA LOW ENERGY PROTON EXPERIMENT

The numerical solution summarized in section 7 has been applied to 
selected passbands of the NOAA Low Energy Proton Experiment carried on board 
ATS-6. For details of this package see Fritz and Cessna (1975).

The lower and upper 50% electronic discriminator levels in keV units for 
selected channels of the ATS-6 proton experiment package are listed in table 
2 under the column headings En and En+1. These values along with an average 
FWHM were determined from experimentally measured detector efficiency pro­
files using the particle acceleration facilities of NASA/GSFC. An example of 
such a profile is presented in figure 2.

The detector response and mean energy for each passband, and the de­
tector response ratio of adjacent windows, are evaluated numerically over a 
range of Eq and presented in tables 3-8 and graphed in figures 3-8. When 
used in the manner outlined below, the tables provide a quick estimate of the 
corrected or properly weighted mean energy for each proton channel.

1) Compute the response ratio of adjacent energy windows from 
the experimentally measured total counting rate within each 
passband.

2) Using the ratio of a particular passband pair and tables 3 
and 4, determine E0, a quantity proportional to the slope 
of the spectrum between the two energy channels.

3) With E0 and tables 5 and 6 estimate the true weighted mean 
value of the window's energy.

4) Compute the multiplicative constant j0 by dividing the ob­
served counting rate by the product of the geometric factor 
and the theoretically evaluated detector response listed in 
tables 7 and 8.

5) Combine E0 and j0 with the mean energy and compute the ap­
proximate differential flux, j0exp(-<E>/Eq ).

Finally in order to reconstruct the slope-corrected particle spectrum, 
the mean energy and differential flux associated with each passband are 
treated as a new (x,y) coordinate pair, replacing points on the spectrum's 
profile composed of the arithmetic mean of Ej^ and En+i and the observed flux.

18
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Figure 2. Relationship between efficiency and the full width at half maximum 
for the tower discriminator level of a hypothetical passband. Experimental 
points deviate from the gaussian straight-line approximation because a non- 
ideal monitor channel was used and the not-quite-monoenergetic particle 
beam was slightly contaminated with some species other than protons.
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Table 3. Positive Spectral Parameter Evaluation of ATS-6 Low and High Energy
SSPD Response Ratios.

E0 AE1/AE2 AE2/AE3 AE3/AE4 AE4/AE5 E0 AE5/AE6 AE6/AE7* AE7/D2L2*

1.0
1.5
2.0
2.5
3. 0

2.6844E*03
1•927 8E♦O 2
5.0973E+Q1
2 • 2642E+01
1.3027E + 01

1.7941E4-C6
1.4764E+C4
1.3384E+03
3.1638E4-02
1.2057 E + C2

9.7448E> 09
4•5623E^ 06
9.8715E+ 04
9.8962E+03
2.1351E+03

5.8649E+12
3. 2522E♦0 8
2.4217E+06
1.2803E^05
1.8033E+04

1.0
1.5
2.0
2.5
3.0

6.9986E421
3.6588E414
8.3658E+10
5.4702E+Q8
1.9128E+07

0 .

0 .0 .
0 .

o. .

O.
0.
0.
0.
0.

3.5
4.0
4.5
5.0
5.5

8.6979E+Q0
6.3810E+00
4.990 IE♦0 0
4.0 842E + 0Q
3.4576E^00

6.0293E*01
3.5712E*C1
2.3675E*C1
1.69 35E^C!1
1.29 08 E^Ol

7.1355E^Q2
3.1339E+02
1•6509E* 02
9.8760E^01
o.4794E+ 01

4.4461E♦0 3
1.5552E+03
6.8670E^02
3.5682E+02
2. 0 868 E ♦ 0 2

3.5
4.0
4.5
5.0
5.5

1.7435E^06
2.8924E* 05
7.1522E+04
2.3387E^04
9.3707 E^03

0 .0.

9 .
0 0 ..

0.
0.
0.
0 .
0.

6.0
6.5
7.0
7.5
8.0

3.00 34E + 0 0
2.6621E+00
2.3977E+QQ
2.1880E4-00
2.0181E+00

1.02>«5E*01
3.4093E*P0
7.0808 E + C0
6.1 0 53 E ♦ 0 0
5. 3516 E ♦O 0

4.5556E+ 01
3.3781E+01
2.6120Ef01
2.0885E+01
1•7160E* 01

1.3332E+02
9.1158E+01
6.5736E+01
4,9461E♦01
3.8520E♦01

6.0
6.5
7.0
7.5
8.0

4.3 726E + 03
2.2 939E+03
1.3194E403
8•1685E+ 02
5.3632E+02

0 .0.

0 0 ..
0 .

0.
0.
0.
0 .
0.

8.5

3:8
10.0
15.0

1.8782E+00

1 •577 OE^QO
1.1234E+00

4.7595E^C0
4.2858C*C0 
3.8994E>G0
3.579bE^GO
2.0553E♦CO

1.4421E4 01

9.4751E^00
4.2293E^00

3.J 863E♦j 1

i:\mm1.3034E 401
6. 3203E♦u0

U
8.5

10.0
15. 0

3.7 0 56E + 02

1.5197E402
2.7704E+01

0 .
3:

0 .
0 .

0 .

8:
0.
0 .

20.0
25.0
30.0
35.0
40.0

9.4376E-01
8.4875E-01
7.9026E-01
7.5073E-01
7.2225E-01

1.5430 E>00
1.2950 Ef00
1.15 06 E ♦ G 0
1.0567E>C0
9.9093E-C1

2.802 6E♦00
2.1827E400
1.8450E+00
1.6352Et00
1..4931E+00

3.O439E+00
2.5874E+00
2.Q473E♦0 0
1.7266E^00
1.5168E400

20. 0
25.0
30.0
35.0
•40.0

1.154HE+01
6.7163E^00
4.6342E+00
3.5338E+00
2.6728E+00

0 .0.
0 .
0 .
0.

0.
0.
0.
0.
0.

45.0
50.0
55.0
60.0
65.0

7.0078E-01
6.9401E-Q1
6.7057E-01
6.5954E-01
6.5034E-01

9.4242E-C1
9.0519E-G1
B.7574E-01
8.5187F-C1
8.3215E-01

1.3908E+00
1.3138E+00
1•2539E+ 0 3
1.2060E4 00
1. 1668E + 0 0

1.3699E+00
1.2618E+O0
1.1792E400
1.1141E♦JO
1.0616E4Q0

45.0
50.0
55. 0
60.0
65.0

2.4395E*00
2.1369E+00
1.5153 E♦00
1.7 469 E + 0 0
1.6151E+00

0 .
a.
3 .

o.0 .

0.
0.
0.
0.
0.

70.C
75.0
80.0
85.0
90.0

6.4255E-01
6.3586E-01
O.3006E-01
6.2499E-01
6.2050E-01

6.1553E-C1
8.0147 E-C1

.8930E-01
7.7871E-Pl
7.6940 E-C1

1.1342E+00
1• 1067E+ 0 0
1. 0831E^ 00
1.0627E+00
1.0449E+00

1. G184E + 00
9.8221E-01
9. 5153E-01
9.2519E-01
9.J233E-01

70.0
75.0
80.0
35.0
30.0

1.5094E+00
1.4229E+00
1.3510E400
1.2903E+00
1.2 38 5 E♦ 0 0

0 .
0 .
0 .
0 .
3 .

0.
0.
0.
0 .
0.

95.0
100.0
150.0
200.0
25 0.0

6.1652E-01
6.1295E-01
5.9079E-01
5.7995E-01
5.7358E-01

7.6116E-C1
7.5382£-01
7.0879E-01
6.8722E-C1
6. 74 57 E-0 1

1.0292E^00
1.0152E+00
9.3104E-01
8•9150E-01
8.6856E-01

8.8232E-01
8.6465E-01
7.6001E-01
7. 1213E-01
6.8474E-01

95.0
100. 0
150.0
200.0
250.0

1•19 37 £♦0 0
1.1546E+00
9.3329E-01
8.3781E-01
7.8490E-01

0 .
0 .
3 .
3 .
9 .

0.
0.
0 .
0.
0.

300.0
350.0
400.0
450.0
500.0

5.6935E-01
5.6634E-01
5.6410E-01
5.6236E-01
5,60976-01

E.oo26E-01
6.6033E-01
6.56 00 E-01
6.5261E-01
b•4 9 91 E-01

8•5357E-01
8.4303E-01
8.3520E-01
8.2916E-01
8.2435E-01

6.6701E-01
6.5461E-01
6.4544E-01
6.3840E-01
6.3281E-01

300.0
350.0
400.0
450.0
5 00.0

7.5134E-01
7.2318E-01
7.1124E-01
6.9831E-01
6.6813E-01

0 .
0 .
3 .
3 .
0 .

0.
0.
0.
0 .
0.

550.0
600.0
650.0
70 0.0
750.0

5.5984E-01
5.5889E-01
5.5810E-01
5.5741E-Q1
5.5682E-01

6.4771E-01
6.45 33 E-01
6.4434 E-01
o.4302E-01
6.41 88 E-01

3.2044E-01
8•1720E-01
8.1446E-01
8.1213E-01
8.1010E-01

6.2827E-01
6.2451E-01
6.2135E-01
6.1865E-01
6.1631E-01

550.0
600.0
650.0
700.0
750.0

6.7 989E-01
6.7310E-01
6.6741E-01
6.6 256E-01
6.5338E-01

3 .
3 .
J .
3 .

3 .

0.
0.
0.
0.

0.
8 0 0.0
650.0
90 0.0
950.0

1000.0

5.5631E-01
5.5585E-01
5,5 545E-01
5.550 8E-01
5.5476E-01

6.4 0 88 E-01
6.4000 E-01

b.392?E-01b.3852E-01
6,37 00 E-01

8.0334E-01

8•0679E-018.0541E-01
8.0418E-01
8.0307E-01

6.1428E-01
6.1249E-01
6.1090E-01
6.0949E-01
6.0821E-01

800.0
850.0
900.0
950.0

1000.0

6.5475E-01
6.E 156E-Q1
6.4873E-01
6.4 621E-01
6.4395E-01

0 .
0 .
9 .
3 .3.

0.
0 .0.

0.
0 .
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Table 3 (Continued)

E0 AH1/AH2 AH2/AH3 AH3/AH4 AH4/AH5 E0 AH5/AH6 AH6/AH7 AH7/H1P*
1.0 9.9157E+12 3.44135+17 1.7919E+05 3.8729E+40 1. 0 1.6 875E + 63 0 . 0.
1.5
2.0

8.6 0Q8E+06
3.5645E+04

1.1Q9-E+10
b . 4 0 06 E ♦ 0 6

9.9056E+06
3.6106E+06

2.2141E + 25
2.3230E+18

1.5
2.0

1.1135E + 42
3.1311E+31

4.4247E+69
1.2016E+52 .

0.
0.

2.5 2.138 3E + 0 3 1.24695+05 7.5032E+05 2.4223 E♦14 2.5 1.5055E+25 3.8864E+41 0.
3.0 3.9993£+02 1.1283 E + C4 1.7601E+05 6.5375E+11 3.0 9.3522E+20 4.13726 +34 0.

3.5
<4.0

1.33Q6E+Q2
O.1375E+01

2.2o196+03
7.1844 c + 02

5. 1302E+ 04
1.3270E+ 04

1.0533E+10
5.0219E+08

3.5
4.0

9.3036E+17
5.2233E+15

4.4281E+29
9.3922E+25

0.
0.

<4.5 3.4601E+01 3.0450E+02 7.6775E+03 4.8585E+07 4.5 9.3103E+13 1.0764E+23 0.
5.0
5.5

2.2234E+Q1
1.5628E+01

1.5633E+02
9.171-E+01

3.6855E+03
1.9684E+03

7.6486E+06
1.7073E+06

5.0
5.5

3.7151E+12
2.6 649E + 11

5.2547E+20
6.7722E+18

0.
0.

6. 0 1.171OE + O 1 5.92516+C1 1.1-58E+ 0 3 4.9372E+05 6.0 2.9673E+10 1.8064E + 17 0.
6.5 3.200SE+00 4.1125 6 +C1 7.1541E+02 1.7391E+05 6.5 4.6330E+09 9.4278E+15 0 .
7.0 7.4945E+00 3.01 59 E ♦ 01 4•7313E+ 02 7.1433E+04 7.0 9.4341E + 08 o. 098 9E +14 0.
7.5 d.2792E + 0 0 2.303>E+01 3.2621E+02 3.3151E+04 7.5 2.3 757E + 08 6.2692fc +1 3 0.
6.0 5.3806E+00 1.8285 E + 01 2.3697E+ 02 1.6979E+04 9.0 7.109QE+07 3.5695E+12 0.

6.5
9.0

*4.695 8E + 00
h.1604E+00

1 •*<} 90 E+01
1.24J5E+01

1.7697E+02
1.3b03E+02

9.4276E+03
5.5970E+03

8.5
9.0

2.6521E+07
9.5205E+06

1.48116+12
3.1124E+11

0.
0.

9.5 3.7329E+00 1.0 9 33 E + 0 1 1.0716E+02 3.5146E+03 9.5 4.G839E+06 7.7100E+10 0.
10.0 3.3853E+00 9.0992E+C0 8.6246E+ 01 2.3143E+03 10.0 1.9066E+06 2.1965E+10 0.
15.0 1.8100E+00 3.5043E+50 2.0466E+ 01 1. 6700E +02 15.0 1.5 338 E♦04 7.7691E+0 6 0.

20.0 1.3138E+00 2.1263 5. + C0 9.4708E+ 00 4.4864E+01 20.0 1.3759E+03 1.466 66+05 0.
25.0
30.0

1.0804E+0U
9.4692E-01

1.55 7,E + 0 0
1.2579E + C0

5•8352E + 0 0
4• 1796E+ 0 0

2.0158E+01
1.1639E+01

25.0
30.0

3.2317E+02
1.2260E+02

1.3570E + 04
2.78056+0 3

0.
0.

35.0 3.6106E-01 1. J761E + 00 3.2739E+00 7.6475E+00 35.0 6.1094E+01 9•9765E +0 2 u.
<40.0 8.0144E-01 9.5540 E-'Jl 2.7167E+00 5.7805E+00 40.0 3.6 077E + 01 3.8515E+02 0.

<♦5.0
50.0

7.5772E-01
7.2433E-01

9 ,o9 85 F.-01
9.0634E-01

2.3449E+00
2.0315E+00

4.5345E+00
3.7205E+00

45. 0
50.0

2.7853E+01
1.7071E+01

1.9978E+02
1.1836E+02

0.
0 .

55.0
60.0

6.9802E-01
6.7676E-01

7.57*1E-C1
7.1364 E-Cl

1.6866E+00
1.7370E+00

3. 1560 E♦J 0
2.74olE *00

55.0
60.0

1.2945E+Q1
1.C253E+01

7.7228E+01
5.4172E+01

0.
0.

65.0 6.5924E-01 fa.9720E-91 1.6190E+00 2.-*37hE + 00 65.0 8.4002E+00 4.0170E+01 0.

70.0 6.4456E-01 6.6121E-C1 1.5233E+00 2. 1931E + 00 70.0 7.C697E+00 3.1113E+01 0.
75.0 6.3207E-01 fa. 3 9 38 E-Cl 1.4454E+00 2.3079E+00 75. 0 6.C781E+00 2.49516+01 0.
80.0 6.2133E-01 6.20305*01 1.3799E+00 1.8538E+00 80.0 5.3196E+00 2.05816+0 1 0.

85.0
90.0

6.1199E-01
6.0380E-01

•a. 0*4 30 E-Ul
5.9083 E-01

1.3244E+ 00
1.2767E+00

1.7267E+00
1.6203E+00

85.0
90.0

4.7248E + 00
4.2436E+00

1.7374E+01
1.49526+01

0.
0.

95.0
100.0

5.9655E-01
5.9010E-01

5.78 6,dE-C1
5.b7 35 E-Cl

1•2355E+ 0 0
1. 1994E+ 00

1.5301E+00
1•4528E +0 0

95.0
100. 0

3.8638E+00
3. - 40 0E + 00

1.30766 + 0 1
1.159*6+01

0.
0.

15 0.0
20 0.0
250.0

5.5068E-01
5.3188E-01
5.2089E-01

5.0343 E-01
4.7364E-Cl
‘4.5653E-01

9.9237E-01
9.0172E-01
3.51C7E-01

1.0390E+00
9.74666-til
7.8759E-01

150.0
200.0
250.0

2.C155E+00
1.5057E+00
1.2 595E + 00

5.4504E+0 0
3.7564E+00
3.0100b +0 0

0 .
0.
0.

3 0 0.0
3^0.0
<4 0 0.0
<450.0
5 0 0.0

5 • 1367E-01
5.0858E-01
5.0478E-01
5.0185E-01
4.9952E-01

*4 .-4543 E-Cl
37 6-E-01

4.3133t-Cl
h.2745E-ul
•4.23 93 E-C 1

8.1877E-01
7.9640E-01
7,8000E-01
7.6745E-01
7.5756E-01

7.3395E-01
6.9766E-01
6.7151E-Q1
6.5178E-31
6.36386-01

300.0
350.0
430.0
450.0
5 3 0.0

1.1165E+00
1.0237E+00
9.5 970E-01
9.1092E-01
8.7411E-01

2.5987E+0 0
2.3407E+0C
2.1647E+0 0
2.0372E+00
1.94C8E+3C

0.
0.
0.
0 .
0.

550.0
600.0
650.0
70 0.0
75 0.0

-4.9761E-01
4.9603E-01
4.9470E-01
4.9356E-01
4.9257E-01

-.2107E-01
4.1 370 E-01
4.16 73 E-C1
4.1499E-C1
4.1352E-01

7•4954E-0 1
7•4293E-01
7.3737E-01
7.3264E-01
7•2856E-01

6.2402E-01
6. 1333E-01
6. 0 542£-31
5.9825E-01
5.9210E-01

550.0
630.0
650.0
70 0.0
750.0

8.4508E-01
8.2157E-01
8.C215E-01
7.8584E-Q1
7.7195E-01

1.8654E+00
1 . 80495 +G 0
1.75536+0 0
1.7139E+00
1.6788E+0 0

0.
0«
0 .
0.
0.

8 0 0.0
850.0

4.9171E-Q1
4.0095E-01

4.1224E-01
4.1113 E-ll

7.2501E-01
7•2189E-01

5. 96776-01
5.8210E-31

800.0
850.0

7.5 998 E-01
7.4956E-01

1.64o 7E +0 0
1.6227E+00

0.
0 .

900.0
95 0.0

1000.0

4.9028E-01
-•896 8E-01
4.8913E-01

4.10 10E-Cl
-.0921E-C1
-.0840 E-Cl

7.1913E-01
7.1667E-01
7.1446E-01

5. 7797E-01
5.74316-01
5. 7102E-01

900.0
950.0

1000.0

7.4041E-01
7.3231E-01
7.2 509E-31

1.5998E+0 0
1.5797E + 0 0
1.5619E+00

, o-
0.
0 .

* Ratio not computed because either or both windows are extremely broad 
relative to the lower energy passbands. Consequently, derived spectrum 
slopes may not be representative of the underlying particle population.
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Table 4. Negative Spectral Parameter Evaluation of ATS-6 Low and High
Energy SSPD Response Ratios.

E0 AE1/AE2 AE2/AE3 AE3/AE4 AE4/AE5 E0 AE5/AE6 AE6/AE7* AE7/D2L2*

-1.0 5.5718E-07 1.0262E-10 1.7051E-13 1.4289E-22 -1.0 5.4502E-37 0 . 0.
-1.5 6.7384E-05 2.1917 E-C 7 3.0749E-09 2. 7 331E-15 -1.5 6.6723E-25 0 . 0.
-2. 0 7.3276E-04 1.91236-05 4.1292E-07 1.1953E-11 -2.0 7*3 825 E-19 0 . 0.
-2.5 3.0270E-03 1.0073E-04 7.8101E-06 1.8281E-09 -2.5 3.1229E-15 0 . 0.
-3.0 7.7019E-03 -.•64 54E-C4 5.5429E-05 5. 2276E-08 -3.0 8.1684E-13 0 . 0.

-3.5 1.4871E-02 1.3739E-03 2.2460E-04 5.7342E-07 -3.5 4.3549E-11 0 . 0.
"4.0 2.4193E-02 3.1057 E-03 6•4 0 96E-04 3.4552E-06 -4.0 8.5921E-10 0 . 0.
-<♦.5 3.5151E-02 5.3137E-03 1.4475E-03 1.3961E-05 -4.5 3*7 331E-09 0. 0.
-5. 0 4.7223E-02 9.5339E-C3 2.7744E-03 4.2638E-05 -5.0 5*5 881E-08 0 . 0.
-5.5 5.9966E-02 1.4376E-C2 4.7195E-03 1.0621E-04 -5.5 2.5502E-07 0 . 0.

-e.o-6.5
7.3028E-02
8.6149E-02

2.0110 E-02
2.6662E-C2

7,340 IE-03
1.0656E-02

2. 2700E-04
4.3120E-04

-6.0
-6.5

9.0359E-07
2•6 351E-06

0 .
0.

0.
0.

-7.0 9.9142E-02 3.39 30 E-C 2 1•4654E-0 2 7.4654E- 04 -7.0 6.5942E-06 0 . 0.
-7.5 1.1188E-01 -».16 39 E-C 2 1.9300E-02 1.1999E-03 -7.5 1.4599E-05 0 . 0.
-8.0 1.2426E-01 4.9936E-C2 2.454 IE-02 1.8156E-03 -8.0 2*92596-05 0 . 0.

-8.5 1.3625E-01 5.3433 E-C2 3.0318E-02 2* 6139E-03 -8.5 5.40196-05 0 . 0.
-9.0 1.4781E-01 O.7139E-02 3.6567E-02 3.cl 01E-03 -9.0 9.3138E-05 0 . 0.
-9.5 1.5892E-01 7.60 75 E-C 2 4.3222E-02 4.3148 E-03 -9.5 1.5159E-Q4 0. 0.

-10.0 1.6958E-01 8.5030 E-92 5.0220E-02 6.2339E-03 -10.0 2.3491E-04 0 . 0.
-15.0 2.5404E-01 1.6933E-01 1.2857E-01 3. 1131E-02 -15.0 3*70376-03 0 . 0.

-20.0 3.0947E-Q1 2.3731 E-C1 2.0404E-01 6.7749E-02 -20.0 1.4353E-02 0 . 0.
-25.0 3.4785E-01 2.90 11 E -0 1 2.6835E-01 1.0674E-01 -25.0 3.1826E-02 0 . 0.
-30.0 3 • 7579E-01 3.JO 75 E-01 3.2169E-01 1. *.3o8E- 01 -30.0 5.3533E-02 0 . 0.
-35.0 3.9698E-01 3.6297E-C1 3.6591E-01 1. 7711E-01 -35.0 7.72686-02 0 . 0.
-40.0 4.1359E-01 3.1903E-C1 4.’0236E-01 2.Q632E-01 -40.0 1.G13QE-01 0 . 0.

-45.0 4.2694E-01 4.1043E-C1 4.3406E-01 2. 33086-01 -45.0 1*24746-01 0 . 0.
-50.0 4.3789E-01 4,284-. t-01 4.6067E-01 2.5629E-01 -50.0 1*4710E-01 0 . 0.
-55.0 4.4705E-01 4.4366E-01 4.8362E-01 2.7685E-01 -55.0 1 *6 316E-01 0 . 0.
-60.0 4.548 IE-01 4.5674E-01 5.0357E-0 1 2.9514E-31 -60.0 1 • fi 784E-01 0 . 0.
-65.0 4.6147E-01 4.63 98E-01 5.2107E-01 3.1148E-01 -65.0 2•0 616 E-01 0 . 0.

-70.0 4.6725E-01 • 7 3 00 E- 01 5.3653E-01 3.2616E-01 -70.0 2*2 319E-01 0 . 0.
-75.0 4.7232E-01 4.3676E-01 5.5029E-01 3. 3938 E- 01 -75.0 2* 390 0 E-01 3. 0.
-80.0 4.7679E-01 4.9455E-C1 5.6260E-01 3. 51 36E - 01 -80.0 2.5369E-01 0 . 0.
-85.0 4.6 076E-01 5.0152E-C1 5•7369E-01 3.6226E-01 -35.0 2.C734E-01 0 . 0.
-90.0 4.8432E-01 5.0779E-01 5.8372E-01 3.7220E-01 -90. 0 2.8004E-01 0. 0.

-95.0 4.8753E-01 5.1346E-01 5.9284E-01 3.8131E-01 -95. 0 2.9139E-01 0. 0.
-100.0 4.904 3E-01 5.13616-C1 6.0116E-01 3.8968E-01 -100.0 3*0294E-01 0 . 0.
-150.0 5.0917E-01 5.5237E-01 6. 5653E-0 1 4.4675E-01 -150.0 3.8250E-01 0 . 0.
-200.0 5.1878E-01 5.70 91 E-Tl 6.8602E-01 4.7807E-01 -200.0 4.2915E-01 0 . 0.
-250.0 5.2463E-01 5.3034E-01 7.0432E-0 1 4.9782E-01 -250.0 4.5960E-01 0 . 0.

-300.0 5.2856E-01 5.3816E-C1 7.1678E-01 5. 1139E-01 -300.0 4.810QE-01 0 . 0.
-350.0 5.3138E-01 5.93*5E-Cl 7.2581E-01 5.2130E-01 -350.0 4*96846-01 0 . 0.
-400.0 5.3351E-01 5.974-E-01 7•3265E-01 5.2884E-01 -400.0 5.C903E-01 0 • 0.
-450.0 5.3517E-01 6.0 0 5b E-C 1 7.3801E-01 5.3478E-01 -450.0 5.1870E-01 0 . 0.
-500.0 5.3650E-01 b • 0 3 07 E-01 7.4233E-01 5. 3957 E- 01 -500.0 5.2656E-01 3 . 0.

-550.0 5.3759E-01 6.0513E-01 7•4589E-01 5.4352E-Q1 -550.0 5*33086-01 0 . 0.
-600.0 5.3850E-01 O.0685E-C1 7.4886E-01 5.4683E-01 -600.0 5*3856E-01 0 . 0.
-650.0 5.3927E-01 6.9831E-01 7.5138E-01 5.4965E-01 -650.0 5*43246-01 3 . 0.
-700.0 5.3 994E-01 6.0957E-01 7• 5355E-0 1 5.5207E-01 -700.0 5.4728E-01 3 . 0.
-750.0 5.4051E-01 6.1065E-C1 7.5544E-01 5.5418E-Q1 -750.0 5*50816-01 0 . 0.

-800.0 5.41016-01 b.llolE-01 7.5709E-01 5.5603E-01 -830.0 5.5391E-01 0 . 0.
-850.0 5.4146E-01 6.1245E-01 7.5855E-01 5.5767E-01 -850.0 5 *5 666 E-01 0 . 0.
-900.0 5.4155E-01 6.1320 E-C1 7.5985E-01 5.5913E-01 -900.0 5.5911E-01 0 . 0.
-950.0 5.4221E-01 b.l3 37 E-01 7.6102E-01 5.6044E-01 -950.0 5.61326-01 0 . 0.

-1000.0 5.4252E-01 6.1448E-U1 7.6207E-01 5.6162E-01 -1000.0 5*6 33IE-01 0 . 0.

23



Table 4 (Continued)

EO AH1/AH2 AH2/AH3 AH3/AH4 AH4/AH5 E0 AH5/AH6 AH6/AH7 AH7/H1P*
-1.0
-1.5
-2.0
-2.5
-3.0

-4.9458E-10**
-4.U33E-Q6**
-1.5778E-04**
-6.4719E-04**
-1.1902E-03**

2.3152E-30
2 • 4 9h3 E - 2 0
4.6988E-15
8. ir> do 5-12
1 • 2302 E-09

5.6987E-27
2•5095E-13
3.9060E-14
1.0-58E-11
4.5378E-10

3.4536E-16
1.5100E--1
2.0211E-31
2. 3126E-25
2.6083E-21

-1.0
-1.5
-2.0
-2.5
-3.0

1.2707E405
2.6174E-62
1.4376E-51
l.fc097E-41
8.6147E-35

-1.7549E+72**
1.3828E-02
4•845 IE-5 9

7.4359E-491.02906-39

0.
0.
0.
0.
0.

-3.5
-4. 0

-1.5828E-03**
-1.6360E-03**

3 • 561* t -o3
4.03115-07

7.3437E-09
6.30C4E-06

2. 1042E-18
3.2392E-16

-3.5
-4.0

5.E276E-30
2.3749E-26

3.7667F.-33
2.7923E-28

0.
0.

-4.5 -1.1491E-0 3** 2.50-1E-Oc 3.4814E-07 1.6447E-14 -4.5 1.' 902E-23 1.3961E-24 0.
-5.0
-5.5

2.3649E-05
1.9501E-03

1.03765-05
3.23075-45

1.3997E-06
4.4392E-06

3.8318E-13
5.0575E-12

-5.0
-5.5

2 .9237 fc-21
2.C952E-19

1, 0 3b IE-2 1
l•957 76-1 9

0.

0 •
-e.o 4.6303E-Q3 3.16 33 E-05 1.1742E-Q5 4.3548E-11 -6.0 7.3971E-18 1.36346-17 0.
-6.5 9.017QE-03 1.7q2m5-C4 2•6946E-05 2.6580E-10 -6.5 1.5136E-16 4.5108E-16 0.
-7.0 1.2035E-02 3 . 37 17 5-04 5.5223E-05 1.2901E-09 -7.0 2.0164E-15 9.4621E-15 0.
-7.5 1.6598E-0 2 3.86 33 5-C4 1.0327E-04 5.0125E-09 -7.5 1.9049E-14 1.0208E-13 0.
-8.0 2.1616E-02 9.4473 5-C4 1.7912fc-04 1.6450E-08 -8.0 1.3608E-13 8.67866-13 0.

-8.5 2.7002E-02 1.4310 E-03 2.9186E-04 4.6970E-08 -8. 5 7.7201E-13 5•5665E-12 0.
-9.0 3.2678E-02 2.J599E-C3 4.5122E-04 1.1941E-07 -5.0 3.E143E-12 2.8366E-11 0.
-9.5 3.8574E-02 2.34235-C 3 6.6720E-04 2.7529E-07 -9.5 1.4 391E-11 1.1950E-10 0.

-10.0 4.4630E-02 3.78495-03 9.4963E-04 5.8391E-07 -10.0 4.9932E-11 -♦•29456-10 0.
-15.0 1.0574E-01 2.136-5-02 9.0075E-03 6.8387E-05 -15.0 1.2321E-07 1.0141E-06 0.

-20.0 1.5779E-01 4.76 92 E-3 2 2.7691E-02 7.3223E-04 -20.0 6.6236E-06 3.9683E-05 0.
-25.0 1.9902E-Q1 7.5473E-C2 5.3935E-02 2.9924E-03 -25.0 7.4039E-05 3•343 IE-0 4 0.
-30.0 2.3162E-01 1.0146 E-01 8.3680E-02 7.5517E-03 -30.0 3.5 850E-04 1.3456E-03 0.
-35.0 2.5777E-01 1.2- 7? 5-01 1.1413E-01 1.-487E-02 -35.0 1.1018E-03 3.59106-03 0.
-40.0 2.7910E-01 1.4513E-Cl 1.43 7.3 E-01 2.3447E-02 -40.0 2.5470E-03 7.450 OE-O 3 0.

-45.0 2.9677E-01 1.6313E-C1 1.7171E-01 3.3924E-02 -45.0 4.6683 E-03 1.310 IE-0 2 0.
-50.0 3.1163E-01 1.7 8 83 F-01 1.9777E-01 4.5419E-02 -50.0 8.1462 E-03 2.0 54 7E-0 2 0.
-55.0 3.2428E-01 1.92 75 E-C 1 2.2187E-01 5. 7510E-02 -55.0 1 .2 3 77 E-02 2.9676E-02 0.
-60.0 3.3518E-01 2.0504E-C1 2.4405E-01 6.9870E-02 -60.0 1 .7494E-02 4.0305E-02 0.
-65.0 3.4*66E-01 2.1597E-C1 2.6445E-01 8.2257E-02 -65.0 2.3398E-02 5.2226E-02 0.

-70.0 3.5297E-01 2.25 7; E-C 1 2.8322E-01 9.4497E-02 -70.0 2.6970E-02 6.5225E-02 0.
-75.0 3.6033E-01 2.3 4 54 E - 0 1 3.0049E-01 1. 0647E-01 -75.0 3. 7 089E-02 7.9097E-0 2 0.
-80.0 3.6688E-01 2.4243E-C1 3.1642E-01 1.1611E-01 -80.0 4.46416-02 9.3656E-C 2 0.
-85.0 3.7274E-31 2.-903E-C1 3.3113E-01 1.2935E - u 1 -85.0 5.2521E-02 1.08746-01 0.
-90.0 3.7803E-01 2.5623E-01 3.4474E-01 1.4018E-01 -90.0 6.C636E-02 1.2**1 9E -0 1 0.

-95.0 3.8282E-01 2.6223E-Cl 3.5737E-01 1.5058E-01 -95.0 6.6908E-02 1.3990E-01 0.
-100.0 3.8717E-01 2.6773E-G1 3.6910E-Q1 1.6054E-01 -100.0 7.7270E-02 1.5576E-01 0.
-150.0 4.1582E-01 3. J 4 99 E-C 1 4.5226E-01 2• 3927 E-01 -150.0 1.5740E-01 3.08896-01 0.
-200.0 4.30 85E-01 3.2527 E-C1 5.0013E-01 2.9076E-01 -200.0 2.2 242 E-01 4.36656-01 0.
-25 0.0 -.4010E-01 3.3 7 99 E - 01 5.3108E-01 3.2633E-01 -250.0 2.7274E-01 5.3825E-01 0.

-300.0 4.4637E-01 3.46725-01 5.5270E-01 3.5221E-01 -300.0 3.1200E-01 b.l92oE-Cl 0.
-350.0 4.5 090E-01 3.5307 E-01 5.6864E-01 3.7182E-01 -350.0 3.4 319E-01 o .84b2F-01 0.
-400.0 4•5432E-01 3.5790E-01 5•8U88E-01 3.3717E-U1 -400.0 3.6 847E-01 / . 38 316 -0 1 0.
-450.0 4.5700E-01 3.6170 E-01 5.9057E-01 3.9951E-01 -450.0 3.69316-01 7.9306E-01 0.
-500.0 4.5915E-01 3.64 765-G1 5•9842E-01 4.0963E-01 -500.0 4.0676E-01 8.208 76-0 1 0.

-550.0 4.6092E-01 3.6729E-C1 6.0492E-01 4.1809E-01 -550.0 4.2157E-01 3.53206-01 0.
-600.0 •4.6240E-01 3.6940 E-01 6.1039E-01 4,2526E-01 -600.0 4.3430E-01 8.81146-01 0.
-650.0 4.6365E-01 3.7120 E-C1 6.1505E-01 4.3141E-01 -650.0 4,4534E-01 9.0552F-G1 0.
-700.0
-750.0

4.6473E-01
4.6567E-01

3.72 75 E-01
3.7409E-01

6.19Q8E-01
6•225 8E* 01

4.3675E-01
4,4142E-01

- 7 C 0 . 0
-750.0

4.5502E-01
4.63566-01

9.2697E-01
9.4598E-01

0.

0 .
-800.0 4.6649E-01 3.7527E-01 6.2566E-01 4.4555E-01 -800.0 4.7115E-01 9.62946-01 0.
-850.0 4.6721E-01 3.7632E-01 6.2340E-01 4.4922E-01 -850.u 4.7795E-01 9.78176-01 0 .
-900.0 4.6786E-J1 3.7725 E-01 6.3083E-01 4. 5250E-01 -900.0 4.6406E-01 9.91926-01 0.
-950.0
1000.0

4.6843E-01
»•6 895E-0 1

3.7808E-01
3.7633E-01

6.3302E-01
6.3500E-01

4.5546E-01
4.5814E-01

-950.0
-1000.0

4.8960E-01
4.9463E-01 1.00f *0 01.0157l+0 0

0.
0.

* Ratio not computed because either or both windows are extremely broad 
relative to the lower energy passbands. Consequently, derived spectrum 
slopes may not be representative of the underlying particle population.

**Negative entries signal the breakdown of approximations used to compute 
the displayed quantities because small Eq values, and thus steep spectra, 
force function arguments to assume large positive or negative values.
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Table 5. Positive Spectral Parameter Evaluation of Mean Energies in keV
Units for the ATS-6 SSPD Passbands.

E0 AE1 AE2 AE3 AE4 E0 AE5 AE6 AE7
1.0 10.71 18.56 32. 96 55.96 1.0 85.36 135.66 219.16
1.5 16.40 2-4.31. 38.7-4 61.74 1.5 91.14 141.44 224.94
2.0 19.43 2 7.47 41.88 64.88 2.0 94.29 144 .5 9 228.09
2.5 21.32 2 9 . r 2 43. 96 66.97 2.5 96.37 146.67 230.17
3.0 22.61 3 1.00 45. 51 68.52 3.0 97.92 148.22 231.72

3.5 23.55 3 2.14 46.7-* 69.77 3.5 99.18 149.48 232.98
4.0 24.27 3 3.04 47. 77 70.32 4.0 100.24 150 .54 234.04
4.5 24.83 3 3.77 48.6*4 71.74 4.5 101.18 151 .**8 234.98
5.0 25.28 34. 38 49. 40 72.55 5. 0 102.03 152.33 235.83
5.5 25.66 34.89 50.06 73.28 5.5 102.82 153.12 236.62

6.0 25.97 35.32 50.65 73.94 6.0 103.55 153.56 237.36
6.5 26.23 3 5.70 51. 18 74.54 6.5 104.24 154.56 238.06
7.0 26.46 3 6 . C 3 51.64 75.09 7.0 104.90 155.24 238.74
7.5 26 • 66 36.32 52. 07 7^.59 7.5 105.53 153 .8 9 239.39
8.0 26.8 3 3 6.57 52. 45 76.06 8.0 106.13 156.52 24C.C2

8.5 26.98 36. 6 0 52. 79 76.48 8.5 106.70 157.13 24C.64
9.0 27.12 3 7. CO 53.10 76.88 9.0 107.25 157.73 241.24
9.5 27.24 3 7.18 53. 39 77.24 9.5 107.78 159.32 2.41.8 3

10.0 27.35 3 7.35 53.65 77.58 10.0 108.29 159.90 242.42
15.0 23.05 3 3.41 55.41 79.92 15.0 112.32 164.12 247.54

20.0 28.40 3 8.95 56. 35 81.23 20.0 114.98 168.<*C 253.21
25.0 28.61 39.28 56.93 82.05 25.0 116.80 171.80 258.37
30.0 28.75 39.60 57. 32 82.61 30.0 118.10 174.47 263.47
35.0 23.95 3 9.66 57.60 93.01 35.0 116.07 176.56 266.55
40.0 26.92 3 9.77 57. 81 33.32 -40.0 119.82 178.28 273.60

45.0 28.98 39. Po 57. 97 83.76 ■45.0 12 C.41 179.67 278.65
50.0 29.03 39.94 58. 10 83.75 50.0 12C.39 190.92 293.b8
55.0 29.07 >40.00 58. 21 83. 91 55. 0 121.28 iei .76 285.71
60.0 29.10 hO.G5 58.30 34.04 60.0 121.61 182 *6 C 293.74
65.0 29.13 *♦ 0 • C 9 58.38 84.15 65.0 121.89 183.30 296.76

70.0 29.15 4 0.13 58.45 84.25 70.0 122.14 183.91 303.77
75. 0 29.17 *4 0.10 56.50 84.33 75.0 122.35 1 64 .4 5 306.79
80.0 29.19 40.19 58. 55 34.40 80.0 122.53 184.92 313.80
85.0 29.20 4 0.21 58.60 8*4 . -.7 85. 0 122.70 185.34 316.81
90.0 29.22 -* 0 . ? 3 58.63 84.53 90.0 122.84 185.71 323.92

95.0 29.23 40.75 58.67 8 4.58 95.0 122.97 186.04 328.83
100.0 29.24 40.27 58.70 84.62 100.0 123.09 186.35 333.84
150.0 29.31 4 0.38 58.90 84.91 150.0 123.84 188.29 383.69
2 00.0 29.34 40.43 59. 00 85.06 200.0 124.22 189.27 433.91

250.0 29.37 ■40.47 59. 06 85.15 250.0 124.44 189.87 483.65

300.0 29.38 ■40.49 59. 10 85.21 300.0 124.59 190.26 533.4.5

350. 0 29.39 i*0. 1 59. 13 35.25 350. 0 124.70 190.55 582.27

400.0
450.0

29.40
29.40

40.52
4 0.63

59. 15
59. 17

85.28
85.30

400.0
450.0

124.79
124.85

190.76
190.92

629.75
675.37

50 0.0 29.41 4 0 » c 3 59. 18 85.32 50 0.0 124.90 191.06 718.73

55 0.0
600.0

29.41
29.41

•* 0 . ' 4
4 0.54

59. 19
59. 20

85.34
85.35

550.0
6 0 0.0

124.94
124.97

191.17
191.26

755.58
797.93

650.0 29.42 4 0.55 59. 21 85.36 650.0 125.00 191.33 833.43

70 0.0
750.0

29.42
?9.42

40.55
4 0 • r 6

59.21
59. 2?

85.37
85.38

700.0
750.0

125.03
125.05

191.40
191 .u*

866.60
897.32

800.0 29.42 40.56 59.23 95.39 900.0 125.07 191.50 925.79

850.0 29.43 40.56 59. 23 85.40 850.0 125.08 191 .35 952.17

900.0 29.43 40.r6 59.23 85.40 900.0 125.10 191.59 971.63

950.0 29.43 4 0 . ■ 7 59. 24 85.h1 950.0 125.11 191.62 999.32
1000.0 29.43 40.57 59. 24 85.41 1300.0 125.12 191 .d 5 1020.39
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Table 5 (Continued)

E0 AH1 AH2 AH3 AH4 E0 AH5 AH6 AH7 HIP
1.0 172.22 2 2 0 . 0 7 281.54 25 7.44 1.0 368.65 515.32 0.00 1.22
1.5 240.60 27 6.50 324.59 324.62 1.5 423.99 569.94 313.34 2.48
2. 0 275.06 30 <*.93 346.33 353.47 • 2.0 451.93 557.51 639.45 4.37
2.5 295.93 32 2.27 359.65 378.98 2.5 468.89 614.26 855.38 ? .43
3.0 310.01 33 3.96 368.66 392.82 3.0 480.36 625.>9 861 • 14 12.57

3.5 320.16 J4 2.4 3 375.24 402.85 3.5 488.70 633.82 373.96 2C .67
4. 0 327.80 34 3. *7 380.30 410.50 4.0 . 495.08 640.12 679.96 32.48
4.5 333.74 33 3. <5 384.34 416.56 4.5 500.15 b45•13 884.73 • 45.86
5.0 338.44 35 8.05 387.67 421.50 5.0 504.30 649.24 886.65 5 fc • 96
5.5 342.24 3o 1 • *- 3 390.48 425.64 5.5 507.79 652.69 891.94 71.69

6.0 345.36 364.27 392.90 429.17 6.0 510.79 655.65 894.77 8 l • 66
6.5 347.96 36 6.63 395.02 432.23 6.5 513.40 658.23 897.24 89.63
7.0 350.15 36 8.76 396.89 434.93 7.0 515.70 660..1 899.43 9 .25
7.5 352.01 370.6 398.57 437.33 7.5 517.77 662.56 901.40 103.93
9.0 353.62 57 2.1 4 400.03 439.50 8.0 519.64 664 .h 1 903.18 109.84

8.5 355.02 37 3.64 401.46 *41.46 8.5 521.35 66t .11 904.81 11. .12
9.0 356.25 37 4. . 8 402.73 443.26 S.O 522.92 667.67 906.32 119.66
9.5 357.33 375.89 403.89 444.92 9.5 524.39 669.12 907.71 124.16

10.0 355.30 37 6.49 404.96 446.46 10.0 525.75 6 7 C .47 509.02 128.08
15.0 364.15 38 3.20 412.55 457.59 15.0 536.22 68C.88 919.15 154.72

20.0 36o.90 33- .32 416.97 -»o4 • : 1 20.0 543.85 688.58 926.68 170.54
25.0 368.50 38 8.19 419.86 469.24 25.0 550.11 655.19 933.10 132.03
3 0. 0 369.54 38 9.43 421.89 472.65 30.0 555.40 701.15 936.82 191.36
35.0 370.27 390.31 423.38 475.21 35.0 559.90 706.77 943.96 199.45
40.0 370.81 390.96 424.53 477.19 40.0 563.75 711.97 948.5 8 206.77

45.0 371.23 391.48 426.44 473.77 45.0 567.04 716.79 952.73 212.5 7
50.0
55.0

371.56
371.83 5*1. ce392.22

426.17
426.78

480.05
481 .11

50.0
55.0

569.87
572.32

721.26
725 .37

956.45
959.79

220.C2
22c.20

60.0 372.06 39 2.49 427.29 482.00 60.0 574.45 725.15 962.78 232.18
65.0 372.25 392.73 427.73 482.76 65.0 576.32 732.ol 965.47 236.01

70.0 372.41 332.93 428.10 483.41 70.0 577.97 735.79 967.89 243.72
75.0 372.55 39 3.1 C 428.42 483.98 75.0 579.42 738.70 97C.C8 249.34
80.0 372.67 39 3.26 428.71 484.48 30.0 580.73 741.37 972.C7 254.88
85.0 372.78 39 3.39 428.96 484.92 85.0 581.89 743.82 973.67 26 C•34
90.0 372.57 34 3.^1 429.19 435.31 90.0 562.94 746 .0 6 975.51 26: .75

95.0 372.96 343.61 429.39 485.66 95.0 ' 583.89 748.16 977.02 271.11
100.0 373.03 39 3. 1 429.57 485.98 100. 0 584.76 750.08 976.40 276.41
150.0 373.51 344.32 430.74 488.00 150.0 590.39 763.26 987.69 32t .64
2 00.0 373.75 334.62 431.32 489.01 200.0 593.29 770.44 992.66 3 71.30
250.0 373.89 5j4.40 431.68 489.62 250.0 595.05 774.9C 995.74 406.38

300.0 373.99 33 ...92 431.91 490.02 300.0 596.23 777.93 997.82 436.57
350.0 374.05 335 .Cl 432.08 490.31 350.0 597.03 7 30.1 1 995.32 459.14
400.0 374.10 535 . C7 432.21 490.53 4J0. 0 597.71 7 61 .75 1J0C.46 47a.34
450.0 374.14 395.12 432.31 490.70 450.0 598.21 783.04 1001.34 494.15
50 0.0 374.18 395.16 432.39 490.84 530.0 598.60 7 8** , J 7 1002.05 50 .33

550.0 374.20 395.19 432.45 490.95 550.0 598.93 734.92 1002.64 51-. .45
6 0 0.0 374.22 335.22 432.50 491.04 600. 0 595.20 7 o5 .6 2 1003.12 527.54
650.0 374.24 335.24 432.55 491.12 650.0 599.43 786 .22 1003.54 53r.H
70 0.0 374.26 39 5.26 432.59 491.18 700.0 599.62 7 86.7 4 1003.69 547.22
75 0.0 374.27 39 5.2 8 432.62 491.24 750.0 595.80 787.1 8 1004.20 54^.45

8 00.0 374.28 335.30 432.65 491.29 800.0 599.94 787.57 1004.47 55** .56
85 0.0 374.29 39 5.31 432.68 491.34 850.0 60C.08 787 .91 1004,71 •;.5 9.86
900.0 374.30 33 .32 432.70 491.38 900.0 600.19 788.22 1004.92 564.23
950.0 374.31 395.33 432.72 491.41 950.0 600.30 733.49 1005.11 56- .13

1000.0 374.32 39 5.34 432.74 491.44 1000.0 600.39 766 .74 1005.26 571.74
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Table 6. Negative Spectral Parameter Evaluation of Mean Energies in keV
Units for the ATS-6 SSPD Passbands.

E0 AE1 AE2 AE3 AE4 E0 AE5 AE6 AE7
1000.0 29.47 4 0.63 59. 36 85.59 -1000.0 125.53 192.36 2013.61
-950.0 29.47 4 0.63 59.36 35.59 -950.0 125.59 192.86 2034.68
-900.0 29.47 4 0.64 59. 37 85.60 -900.0 125.60 192.91 2057.37
-850.0 29.47 40.64 59. 37 85.60 -850.0 125.o2 192.96 2081.83
-800.0 29.48 4 0 • r 4 59. 37 85.61 -800.0 125.63 153.00 2108.21

-750.0 29.43 4 0.64 59. 38 85.62 -750.0 125.65 193.05 2136.68
-700.0 29.48 40.b5 59. 39 85.63 -700.0 125.67 193.10 2167.40
-650.0 29.48 4 0.65' 59. 39 85.64 -650.0 125.70 153.17 2200.52
-600.0 29.49 -O.ib 59.40 85.65 -600.0 125.73 193.24 2236.17
-550.0 29.49 4 0.66 59. 41 35.66 -550.0 125.76 193.32 2274.42

-500.0 29.49 4 0.67 59. 42 35.68 -500.0 125.80 193.44 2315.27
-450.0 29.50 4 0.67 59.43 85.70 -450.0 125.85 193.58 2358.63
-400.0 29.50 * 0 • 8 59. 45 85.72 -400.0 125.92 193.74 2404.25
-350.0 29.51 40.69 59.47 35.75 -350.0 126.00 193.95 2451.73
-300.0 29.52 40.71 59. 50 85.79 -300.0 126.11 194.24 250C.55

-250.0 29.53 -» 0 • 7 3 59.54 85.85 -250.0 126.26 19-.o3 2550.15
-200.0 29.56 40.77 59.60 85.94 -200.0 126.48 195.23 260C.09
-150.0 29.59 hQ.*2 59. 70 36.09 -150.0 126.86 196.21 2650.11
-100.0 29.66 4 0.93 59.90 86.36 -100.0 127.61 198.15 2700.16
-95.0 29.67 40.95 59. 93 86.42 -95.0 127.73 198 .-.6 2706.17

-90.0 29.68 40.97 59. 97 86.47 -90.0 127.86 193.79 2710.16
-85.0 29.70 4 0 • Q 9 60. 00 36.53 -35.0 128.00 159.16 2715.19
-30.0 29.71 41.01 60.05 86.60 -30.0 128.17 199.58 2720.20
-75.0 29.73 4 1. C 4 60.10 86.67 -75.0 128.35 200.05 2725.21
-70.0 29.75 41.07 60. 15 86.75 -70.0 126.56 200 .59 2730.23

-65.0 29.77 4 1.11 60. 22 36.85 -65.0 126.81 201.20 2736.24
-60.0 29.80 ■4 1.15 60.30 86.96 -60.0 129.09 201.90 2740.26
-55.0 29.83 4 1.20 60.39 87.09 -55.0 129.42 2 02.7 2 2745.29
-50.0 29.87 - 1.26 60.50 87.25 -50.0 129.81 203.68 2750.32
-45.0 29.92 4 1.34 60.63 87.44 -45. 0 130.29 204.33 2755.35

-40.0 29.98 4 1.43 60.79 87.68 -40. 0 130.88 206.22 2760.40
-35.0 30.05 41.r4 61.00 87.99 -35.0 131.63 207.92 2766 . **5
-30.0
-25. 0

30.15
30.29 4 1. -» 04 1.92

61.28
61.67

38.39
83.95

-30.0
-25.0

132.60
133.90

210.03
212.70

2770.53
2775.63

-20.0 30.50 42.25 62.25 89.77 -20.0 135.72 216.10 2780.79

-15.0 30.85 ■42.79 63. 19 91.08 -15.0 138.38 220.38 2780.06
-10.0 31.55 4 3.65 64.95 93.42 -10.0 142.41 225.60 2791.58
-9.5 31.66 44.02 65. 21 93.76 -5.5 142.92 226.16 2792.17
-9.0 31.78 44.20 65. 50 94.12 -9.0 143.45 226.77 2792.76
-8.5 31.92 44.40 65.81 94.52 -8.5 144.00 227.37 2793.36

-8.0
-7.5

32.07
32.24 4 *4 • t 344.83

66.15
66. 53

94.94
95.41

-8.0
-7.5

144.57
145.17

227.98
223.61

2793.98
2794.61

-7.0 32.44 <45.17 66. 96 95.91 -7.0 145.80 229.26 2796.26
-6.5 32.67 45.50 67.42 96.46 -6.5 146.46 229.94 2796.94
-6.0 32.93 <.5.88 67. 95 97.06 -6. 0 147.15 230.64 2796.64

-5.5 33.24 4 6.31 68. 54 97.72 -5.5 147.33 231.38 2797.38
-5.0 33.62 46.62 69. 20 98.45 -5.0 148.67 232 .1 7 2796.17
-4.5 34.07 47 .43 69.96 99.26 -4.5 149.52 233.02 2796.98
-4.0 34.63 4 8.16 70.83 100.18 -4.0 15 C.46 233.96 2494.47
-3.5 35.35 49.06 71 . 86 101.23 -3.5 151.5? 235.Q? 2183.65

-3.0 36.29 5 0.20 73.09 102.48 -3.0 152.78 236.28 1870.40
-2.5 37.58 1.-8 74.64 104.03 -2.5 154.33 237 .83 1555.77
-2.0 39.47 53.73 76. 72 106.12 -2.0 156.42 239.92 1246.29
-1.5 42.50 5 6 • *6 79.36 109.26 -1.5 155.56 243.06 935.60
-1.0 48.23 6 2.63 85.63 115.03 -1.0 165.33 248.83 622.01
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Table 6 (Continued)

E0 AH1 AH2 AH3 AH4 E0 AH5 AH6 AH7 HIP
-1000.0 374.60 3*5.70 433.46 492.66 -1000.0 603.97 794.12 1011.81 711.26

-950.0 374.60 395.71 433.48 492.69 -950.0 604.07 798.36 1011.99 714.82
-900.0 374.61 395.72 433.50 *92.72 -900.0 604.17 798.64 1012.18 716.77
-850.0 374.62 39 5.73 433.52 492.76 -850.0 604.29 798.94 1012.40 723.15
-800.0 374.63 395.75 433.55 492.81 -800.0 604.42 799.25 1012.64 72.-. 04

-750.0 374.64 395.76 433.58 492.36 -750.0 604.57 799.68 1012.91 733.55
-700.0 374.66 395.78 433.61 492.92 -700.0 604.74 800.12 1013.23 739.78
-65 0. 0 374.67 395.80 433.65 492.98 -650.0 604.93 800.63 1013.59 746.89
-600.0 374.69 395.82 433.70 493.06 -600.0 605.16 801.23 1014.01 755.06
-550.0 374.71 395.r5 433.75 493.15 -550.0 605.43 801 .94 1014.51 764.55

-500.0 374.74 39 5.6 8 433.82 h9 3•26 -500.0 606.76 802./8 1015.11 775.67
-45 0.0 374.77 395.92 433.90 493.40 -450.0 606.15 803.31 1015.84 73i.85
-400.0 374.81 39 5.97 434.00 493.56 -400.0 606.65 805.05 1016.76 804.66
-350.0 374.85 396.C4 434.12 493.78 -350.0 607.28 806 .74 1017.93 82a.86
-300.0 374.92 39 6.1 2 434.30 494.07 -300.0 606.13 808.91 1019.50 84 .43

-250.0 375.01 396.24 434.54 494.47 -250.0 609.31 311.93 1021.69 376.62
-200.0 375.15 396.42 434.90 49 5.0 7 -200.0 611.06 816 .37 1024.97 91c•70
-150.0 375.38 396.72 435.50 496.07 -150.0 613.95 823.52 103G.36 95c.36
-100.0 375.83 397.22 436.71 498.04 -100.0 619.55 83c .o2 104C.77 100c .69
-95.0 375.91 34 ? . - 1 436.90 498.35 -95.0 620.40 838.52 1042.36 1011.89

-90.0 375.98 397.52 437.12 496.70 -90.0 621.35 840 .58 1044.10 1017.25
-85.0 376.07 397.63 437.35 499.08 -35.0 622.39 842.82 1046.02 1022.66
-80.0 376.17 397.76 437.62 499.51 -80.0 623.54 845.25 1048.14 1026.12
-75.0 376.28 39 7.91 437.93 499.99 -75.0 624.83 847.85 105C.50 1033.66
-70.0 376.41 39 8.0 8 438.28 500.54 -70.0 626.23 850.77 1052.13 103j.28

-65.0 376.56 39 8.2 8 438.68 501.17 -65.0 627.90 853.91 1G56.C7 1044.99
-60.0 376.73 39 8 . 6 1 439.15 501.90 -60.0 629.75 857.33 1059.39 105G.82
-55.0 376.93 39 8.-8 439.70 502.75 -55.0 631.86 861.05 1062.14 1056.80
-50.0 377.16 39 9.10 440.36 503.76 -50.0 634.27 665.10 1067.41 1062.98
-45.0 377.45 39 9.49 441.18 504.98 -45.0 637.06 869.49 1072.28 1065.43

-40.0 377.81 399.98 442.19 50o.47 -40.0 640.30 87^.22 1077.88 1076.23
-35.0 378.26 40 0.61 443.49 508.33 -35.0 644.07 879.30 1084.36 1093.65
-30.0 378.86 49 1.44 445.22 510.71 -30.0 648.48 884.72 1091.96 13 91 .64
-25.0 379.67 49 2.60 447.61 513.85 -25.0 653.64 890.50 1101.05 IIOl.97
-20.0 380.83 49 4.33 451.11 518.14 -20.0 659.70 8 96.7 8 1112.47 1112.-6

-15.0 382.61 40 7.17 456.70 524.30 -15.0 667.01 903,94 1128.23 1129.29
-10.0 385.29 412.70 466.81 533.96 -10.0 676.85 913.25 1154.92 1154.52
-9.5 385.55 413.56 468.28 535.27 -9.5 678.11 914.43 1158.84 1158.84
-9.0 385.77 414.51 469.89 536.67 -9.0 679.46 915.o9 1163.14 1163.14
-8.5 385.89 •415. 6 4 71 • 6*. 538.18 -8.5 680.91 917.04 1167.88 1167.88

-8.0 385.85 41 6. 74 473.58 539.63 -8.0 662.48 516.49 1172.16 1173.16
-7.5 365.49 41 3 . o 6 475.71 541.63 -7.5 684.19 92C.0 7 1179.07 1179.07
-7.0 384.50 419.56 478.10 543.62 -7.0 686.08 921.60 118?.74 118: .; 4
-6.5 382.11 421.28 480.78 545.85 -6.5 688.18 923.73 1193.36 1193.36
-6. 0 375.93 42 3.2 7 483.84 548.36 -6. 0 690.54 925 .35 1202.11 120c .11

-5.5 353.99 . 425.59 487.36 551.24 -5.5 693.25 928.35 1212.22 1212.22
-5.0 -2837.3 0** 428.34 491.50 554.59 -5. 0 696.39 931.21 1223.80 1223.60
-4.6 460.29 431.-7 496.44 558.58 -4.5 700.12 934.58 1236.55 123r .55
-4.0 439.42 435.77 502.49 563.44 -4.0 704.67 933.68 1245.32 124c . 22
-3.5 436.97 440.97 510.11 569.54 -3.5 710.36 943 .81 1260.21 126C .21

-3.0 440.29 44 7.78 619.93 577.*8 -3. 0 717.77 950 .47 1267.95 1267.95
-2.5
-2.0

446.17
451.78

45 7.0 5
4d 9 • 2 8

532.22
544.29

588.05
600.30

-2.5
-2.0

727.72
740.31

959.50
971.55

1272.90
1246.23

1272.ec124c .23
-1.5 455.39 46 0.40 551.47 610.46 -1.5 750.73 935 .47 936.03 936.G1
-1.0 457.33 48 5.40 554.47 614.52 -1.0 624.27 c 2 3 • 7 9 624.48 to 2 • .15
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Table 7. ATS-6 Low Energy SSPD Responses in keV Units as a Function
of Spectral Parameter.

E0 AE1 AE2 AE3 AE4 E0 AE5 AE6 AE7
1.0 2. J00 3E-08 0.5693 E-12 4.7763E-18 4.9G14E-28 1.0 8.3572E-41 1•194IE-6 2 6.50 82E-99
1.5 2.0841E-06 1.0811E-C8 7•3225E-13 1.6050E-19 1.5 4 .9 3526-2 8 1.3489E--.2 8 • 9999 E-t. 7
2.0 -* • 1197E-05 8.0821E-07 t.0385E-10 6. 1171E-15 2.0 2.5259E-21 3 • 0193E-32 2.2290E-50
2.5 3.1580E-04 1.3948E-05 4.4085E-05 4.4547E-12 2.5 3.4795E-17 6.3609E-26 1 • 9865E-4 0
3.0 1.3654E-03 1. J431E-04 8.6931E-07 4. J716E-10 3.0 2.2579E-14 1.1804E-21 9.6420E-34

3.5 4.0981E-Q3 4.711oE-0<* 7.8145E-06 1.0952E-08 3.5 2.4632E-12 1.4128E-18 6.1524E-29
4. 0 9.6259E-03 1.5055E-03 4.2242E-05 1.3479E-07 4.0 8.6669E-11 2•9965E-16 2 • 5746E-25
*♦. 5 1.9037E-02 3.8150E-C3 1.6114E-04 9.7604E-07 4.5 1.4213E-09 1.9873E-14 1.7 365E-22
5.0 3.3222E-02 O.1343E-03 4.7891E-04 4.6492E-J6 5. 0 1.3590E-08 5.8107E-13 3.2472E-20
5.5 5.2789E-02 1.5263E-G2 1.1828E-03 1. 8255c-05 5.5 8.7482E-08 9.3356E-12 2.3810E-18

e.o 7.8055E-02 2.5989E-C2 2.5367E-03 5.5684E-05 6.0 4.1767E-07 9.5522E-11 8.6332E-17
6.5 1.0907E-01 4.0974E-C2 4.5725E-03 1.4424E-04 6.5 1.5823E-06 O.8976E-10 1.8184E-15
7.0 1.4570E-01 6.0767E-02 8.5722E-03 3. 2819E-04 7.0 4.9925E-06 3.7838E-09 2 .4970 6-14
7.5 1.5764E-01 8•5 758 E-C 2 1%. 4046E-02 6.7257E-04 7.5 1.3598E-05 1.6647E-06 2.4333E-13
6.0 2.3448E-01 l.lol9E-01 2.1711E-02 1.2652E-03 8.0 3.2845E-05 6.11836-08 1.7935E-12

5.5 2.5575E-01 1.5216E-01 3.1967E-02 2. 2167E-03 8.5 7.1824E-05 1.9383E-07 1.04996-11
9. 0 3.4105E-01 1.9365E-G1 4.5185E-02 3. 6589E-33 5.0 1.4452 E-04 5.4235E-07 5.07036-11
9.5 3.998 1E-0 1 2.4056F-C1 6.1693E-02 5. 7419E-03 9.5 2 • 7 1 0 0 E- 04 1.3665E-06 2.08196-10

10. 0 4.6158E-01 2.J2-39E-01 8.1766E-02 8•o295E- 0 3 10.0 4.7852E-04 3.1488E-06 7.4454E-10
15.0 1.1621E+00 1.0 3 44 E ♦ C 0 5.0331E-01 1.1901E-01 15.0 1.8 829E-02 6.7965E-04 2.60646-06

20.0 1.860 IE+ 00 1.9710E + CO 1. 2774E+ 0 0 4.5578E-01 20.0 1 .2 5 08 E- 01 1 • 0835E-C 2 1.6919E-04
25.0 2.4736E+00 2.9144 E + GO 2.2506E+00 1.0311E+00 25.0 3.5852E-01 5.9336E-02 2.17996-03
30.0 2.9948E+00 3.7 6 96 c ♦ 0 0 3.2936E+00 1.7851E+00 30.0 8.7195E-01 1.8815E-01 1.24016-02
35.0 3.4350E+00 4.575o E + CO 4.3301E+00 2.6451E+C0 35.0 1.5337E+00 •4 • 3399E -0 1 4•39e5 E-0 2
40.0 3.6083E+Q0 5.2728E+CO' 5.3211E+00 3.5639E+00 40.0 2.3496E+00 5.17866-01 1•1577 6-G1

45.0 4.1273E+00 5.38 96E+00 6.2494E+ 00 4.4935E+00 -*5.0 3.2801E+00 1 • 34-.6E +0 0 2.4922E-01
5 0.0 4.**020E + 00 6.4 3 56 E + 0 0 7.1097E+ 0 0 5.4115E+00 50.0 4.2887E+00 2.0070E+0 0 4.65426-01
55.0 4.6405E+00 6.9207E+00 7.9027E+ 00 6.3025E + 00 55.0 5.3 449E + 00 2.79C6E+0C 7.8302E-01
60.0 4.8499E+00 7.3534E+G0 8.6320E+00 7.1576E+00 60.0 6.4247E+00 3.6778E+0G 1.21726+G0
65.0 5.0343E+00 7. 7410 E + CO 9. 3024E+ 00 7.9725E+00 65.0 7.51016 + 00 ♦.650QE+00 1.77946 + 00

70.0 5.1981E+00 8.0898E+00 9.9191E+ 0 0 8.7453E+00 70.0 8.5 877E+00 5.6896E+30 2.47756+00
75. 0 5.3445E + 0 0 3.40 51 E + CO 1.0487E+01 9.4763E+00 75.0 9.6480E+00 6.78Q5E+CC 3.3165E+00
50.0 5.4760E+00 3.6912E+00 1.1011E+01 1. 0167E +J1 50.0 1.C684E+01 7.9086E+0 0 4.29856 + 00
55.0 5.5949E+00 8.9520 E + CO 1.1496E+01 1.0818E+01 85.0 1.1692E+01 9.0618E+00 5.42386+00
90. 0 5.7027E+00 9.190-E+00 1.1945E+01 1.1432E+01 90.0 1 .2 669E+ 01 1.0230E+01 6.6912E+00

95.0 5.5010E+00 9.4093 E + G0 1.2362E+ 01 1.2011E+01 95.0 1.3614E+01 1.1405E+01 8.09786+00
100.0 5.8 90 9E + 0 0 5.61J8 E + 30 1.2749E+ 01 1.2558E+01 100.0 1.4524E+01 1.2579E+01 9.64046+00
150.0 b.4948E+00 1.3993E+C1 1•5510E+ 01 1.6659E+01 150.0 2.19196+01 2.3486L+01 3.15316+01
200.0 b.8201E+00 1.1759E+01 1.7111E+01 1.9194E+01 200.0 2.6953E+01 3.2170E+01 6.2086E+01
250.0 7.0233E+00 1.2245 E + 01 1.6152E+01 2.0 5 39E + 01 250. 0 3.0521E+01 3.8835E+01 9.6G57E+G1

300.0 7.1622E + 0 0 1.25 83 E + 01 1 . 5581E+ 0 1 2.2120E+01 300.0 3.3163E+01 4.4138E+01 1.37516+G2
350.0 7.2631E+00 1.2625 E + 01 1 • 9<*20E+ 0 1 2.3036E+01 350.0 3.5191E+Q1 4.8327E +01 1 • 7925E+ 0 2
400.0 7.3397E+00 1.3011E+01 1.9835E+01 2.3748E+01 400.0 3.6794E+01 5.1732E+01 2.2249E+02
450.0 7.3999E+00 1.3159E+C1 2.0163E+ 01 2.4318E+Q1 450.0 2.6092E+01 5.4549L+01 2.66656+02
500.0 7.4484E+00 1. J275E+C1 2.0430E+01 2.h783E+01 5 00.0 3.9164E+01 5.69146 +01 3.11296+02

550.0 7.4884E+00 1.3 3 7o F ♦ 0 1 2.0651E+01 2.5171E+01 550.0 4.C 064E + 01 5.8926E+01 3.56046+02
600.0 7.5218E+00 1.3458 E + 01 2.0837E+ 01 2.5498E+01 600.0 4.C529E+01 6.065SE+Q1 4.00F06+C2
650.0 7.5502E+00 1.3529E+U1 2.0 996E+ 01 2.5779E+01 650.0 4.1459E+01 o.2164t+C1 4.44756+C2
7 00.0 7.5747E+00 1.3589E+01 2.1133E+ 01 2.6022E+01 700.0 4.2 0 63 E♦01 O.3486E+01 4.68286+02
750.0 7.5 95 9E ♦ 0 0 1.3642F+M ?•t ?5 3 F♦0 1 2.6234F+01 750.0 4.2567F+01 o.4 65 4r +D 1 5.3106E+C2

800.0 7.6146E+00 1.3658E+01 2.1358E+01 2.6422E+01 800.0 4.3013E+01 6.5694E+01 5.72976+02
850.0 7.6311E+00 1.3729E+C1 2.1451E+01 2.6588E+01 850.0 4.3410E+01 6.6625E+01 6.1392E+C2
900.0 7.6458E+00 1.3765E+Cl 2.1534E+ 01 2.6737E+01 900.0 4.3766E+01 6.74656 +01 6.53866+02
950.0 7.6589E + 0 0 1.3/98E+01 2. 1609E+ 01 2.6871E + 01 950.0 4.4 088 E + 01 6.8225E+01 6.92746+02

1000.0 7.6708E+Q0 1.3827E+01 2.1676E+01 2.6992E+01 1000.0 4.4379E+01 6•8916E +0 1 7.30566+C2
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Table 7 (Continued)

E0 AE1 AE2 AE3 AE4 E0 AE5 AE6 AE7
-1.0 3.7782E+17 1.57556*24 1.5353E+34 9.00416*46 -1.0 6.3016E+68 1.1562*105 4.8890*270
-1.5 2.3562E+11 3.49676*15 1.59546*22 5.18866*30 -1.5 1.89846*45 2.84526*69 3.5725*271
-2.0 2.5401E*38 3.466-4 6*11 3.42446*16 8.29326*22 -2.0 6.93 79E*33 9.39776*51 2.4990*271
-2.5 5.38756*06 1.7798F*f 9 1.7669E+13 2.26246*18 -2.5 1.2376E*27 3.96286*^1 6.5226*271
-3.0 4.5910E+05 96 08 6*0 7 1.2832E*11 2.31506*15 -3.0 4.42346*22 5.42136*34 4.9642*271

-3.5 3.33946*04 5.o079E*06 4.0671E*09 1.8108E * 13 -3.5 3.15796*19 7.2514E*29 9.3695*271
-4.0 2.39026*04 9.37946*05 3.1811E+08 4. 9630 E *11 -4.0 1.43646*17 1.67176*26 7.5669*271
-4.5 9.2052E*Q3 2.61386*05 4.5006E* 07 3.10936*10 -4.5 2.22706*15 2.54876*23 1.1211*271
-5.0 -.33936*03 9.1888 6*0- 9.58786*06 3.4557E *09 -5.0 8.10486*13 1.45046*21 1.1000 *2*44
-5.5 2.3629E+03 3 • 94 04 E*04 2.74096*06 5. 8076E * 0 8 -5.5 5.46836*12 2.1443E *1 a 8.9000*221

-6.0 1.4313E*03 1.95996*04 9.74616*05 1.32786*08 -6.0 5.84946*11 6.47356*17 3.5028*203
-6.5 9.39946*02 1.0911E*C4 4.09226*05 3. 8403E *07 -6.5 8.90616*10 3.3798E*lfc 9.4^04*187
-7.0 c.7726E*02 . o 2 95 6 ♦ C 3 1.95566*05 1.33456*07 -7.0 1.78766*10 2.71096*15 4.2959*174
-7.5 4.8303E+02 h. 3175 6*03 1.0356E+05 5.36606*06 -7.5 4.4719E+09 3.0631E+14 1.1625*163
-e. c 3.6949E * 0 2 2. 97 346*23 5.95806*04 2.4277 E♦06 -8. 0 1.33716*09 4.57006*13 9.1176*152

-8.5 2.92046*02 2.14336*03 3.66776*04 1.20976*06 -8.5 4.6 281E*08 8.56756*12 1.0932*144
-9.0 2.3716E*02 1.60 45 E*C3 2• 3880E* 04 6.53056*05 -9.0 1.8090E+08 1.94226*12 1.2893*136
-9.5 1.9701E+02 1.23976*03 1.62956*04 3.77016*05 -9.5 7.6 302E + Q7 5.16556*11 1.0433*129

-10.0 1.6682E+Q2 9.93736*02 1.1569E* 04 2. 3037E *05 -10.0 3.69546*07 1.57316*11 4.3335*122
-15.0 5.8963E*01 2.3210 5*02 1•36676* 0 3 1.06306*04 -15.0 3.41466*05 9.21946+07 1.8183E*82

-20.0 3.53626*01 1.1427E*C2 4. 8048E♦02 2.3549E *03 -20.0 3.47596*04 2.42196*06 1.29036*62
-25.0 2.6094E+01 7 . '> 0 14 E ♦ C 1 2.5857E+02 5.63566+G2 . -25.0 9.02726*03 2.83646*05 1,1077E*50
-30.0 2.13326*01 5.6 7 oo £ ♦ 01 1.7163E+02 5.3352E *02 -30.0 3.71326*03 6.92986*04 1.0354E*42
-35.0 1.84836*01 4.65606*01 1• 2827E* 02 3. 5056E *02 -35.0 1.97936*03 2.56166*04 1.95186*36
-*♦0.0 l.o605E*01 ♦.J1436*01 1.03206*02 2.56176*02 -40.0 1.23866*03 1.2227E *0 4 1.0112E*32

-45.0 1.52796*01 3.57386*01 8.7186E+01 2. 00866*02 -45.0 8.6178E+02 6.9087E*03 4.7608E+28
-50.0 1.4297E+01 3.2650 E*l1 7.62086*01 1.65436*02 -50.0 6.45486*02 4.38806*03 1.04916*26
-55.0 1.35426*01 3.02926*01 6. 8277E* 01 1.‘♦1186*02 -55.0 5.09966*02 3.03266*03 7.09646*23
-60.0 1 • 2944E*01 2.34oO6*01 6.23116*01 1.23746*02 -60.0 4,1926E*02 2.23206*03 1.1122E*22
-65.0 1.24596*01 2.69936*01 5.7679E+01 1.1069E + 02 -65.0 3.6 537 E*02 1.7237E*02 3.3250E+20

-70.0 1.2 0586*01 2.58 Jb£*tl 5.39876*01 1.0062E^02 -70.0 3.0851E*02 1.38236*03 1.65046*19
-75.0 1.17216*01 2.4 8 16 £ ♦ 0 1 5• 0983E* 01 5.26476*01 -75.0 2.7299E*02 1.14226*03 1.22846*18
-80.0 1•14346*01 2.3932E*01 4•8493E* 01 8.61946*01 -80.0 2.4531E*02 9.67006*02 1.2704E*17
-85.0 1•118 7E♦0 1 2.32 70 6*C 1 4.6399E* 01 8. 0 879E *0 1 -85.0 2.2 3266*02 8.35146*0 2 1.72216*16
-90.0 1.09726*01 2.26556*01 4.4615E* 01 7•6433E *01 -90.0 2.C536E*02 7.33296*02 2•9245 E *15

-95.0 1.07846*01 2.21196*01 4.30786*01 7.26656*01 -95.0 1.9057E*02 o.528 86 *0 2 6.00296*14
-100.0 1.0617E+01 2.1647 E♦H1 4.1741E* 01 6.9435E♦01 -100.0 1.78186*02 3.88176*02 1.44746*14
-150.0 9.6183E*Q0 1.33 9JE*C1 3.41986*01 5.2089E*31 -150.0 1.1659E+02 3•043 3E *0 2 1.91906*10
-200.0 9.1557E*00 1. 7648 E*i 1 3•0961E* 01 4.51326*01 -200.0 9.44046*01 2.19986*02 2.40576*08
-250.0 8.88916*00 1.69446*01 2.9171E*01 4.14176* Cl -250.0 8.3198E+01 1.81026*02 1.82846*07

-300.0 8.7159E* 0 0 1.6490E*C1 2.8036E+01 3.91146 *01 -300.0 7.14856*01 1.59016*12 3.39236*06
-350.0 8.5 94 2E*00 1.61 73 6* 01 2.72536*01 3.7549E*U1 -350.0 7 .< 0296*01 1.44986*0 2 1•0427 E*0 6
-400.0 8.5041E*Q0 1.594J E*C1 2.66806*01 3.64166*01 -400.0 6.88616*01 1.35286 *0 2 4.37966*05
-450.0 8.43476*00 1.57616*01 2.6244E+01 3.5560E *31 -450.0 6.t495 E♦01 1.28196 *02 2.25976*05
-500.0 8,3796E*00 1.->6196*01 2•5899E* 01 3.48896*01 -500.0 6.4661E+01 1.22806 *02 1.3442EH5

-550.0 3.3348E*00 1.5594E*Cl 2.56216* 01 3.43506 *01 -550.0 6.21996*01 1.1856F*02 8.8556E+04
-600.0 3.2977E*00 1.54J9E*C1 2.53916*01 3.39076*01 -600.0 6.2 0 06E*01 1.15136*02 6.29216*04
-650.0 8.26646*00 1.53296*01 2.51996*01 3.35376*01 -650.0 6.1015E*01 1.1232-*02 4.73^*46 *U4
-700.0 3.23966*00 1.6260E*01 2.5035E*01 3.32226*01 -700.0 6.C178E+01 1.09966*02 3.72416*04
-750.n 8.?165E*00 t . 5201 F*fl1 2 * U 894F 4-0 1 3.2953F♦01 -750.n S.C462F+01 1.0796'-'♦Of' 3.07406*04

-800.0 8.19646*00 1.51506*01 2.4771E+01 3.27186*01 -800.0 5.88436*01 1• 0 6236 *0 2 2.54216*04
-8r 0.0
-900.0

8. l78t>E*Q0
3.1629E*00

1. ilfl"6*Cl
1.50656*01

2.46636*01
2.4567E* 01

3.2513E♦01
3.23326*31

-850.0
-900.0

5.8302E*01
5.78256*01

1.04746*0 2
1 . 034 26 *C 2

2.17916*04
1.90346*04

-950.0 3.14836*00 1.50296*01 2•4482E* 01 3.21706*01 -950.0 5.74026*01 1•0226c *0 2 1.68886*04
-1000.0 8.13626*00 1.4997 E*C1 2.4406E*01 3.2C26E * Cl -1000.0 5.7024E*01 1.01236*0 2 1.51816*04
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Table 8. ATS-6 High Energy SSPD Responses in keV Units as a Function
of Spectral Parameter.

E0 AH1 AH2 AH 3 AH4 E0 AH5 AH6 AH7 HIP
10.0 1.077 IE-15 3.1816E-16 3.5008E-17 4.0591E-19 10.0 1.75396-22 9.1989E-29 4.1880 E-39 2.89866-06
15.0
20.0
25.0

1.8283E-1Q
3.Q887E-08
3.1974E-06

1.0101E-10
6.1569E-C8
2.95 34 E-i. 6

2.8825E-11
2.8949E-08
1.9000E-06

1.4084E-12
3.0567E-09
2.25O0E-07

15.0
20.0
25.0

8.4338E-15
6•6133 E-11
1.61536-08

5.49376-19
+.9520E-14
4.S982E-11

7.0777E-26
3.37666-1.9
3.6832E-15

3.19356-04
4.7827L-03
2.78276-02

30.0 3.743 IE-05 3. 9523E-05 3.1426E-05 7.5189£-06 30.0 6.4324E-07 5.24656-09 1.88696-12 9.65096-02

35.0 2.1783E-04 2. v304E-04 2.3514E-04 7 • 1821E-05 35.0 9.1522E-Q6 1.49806-07 1.66836-1 0 2.4457c-Cl
40.0 8.1838E-04 1.02116-03 1.0688E-03 3.9342E-04 40.0 6.60606-05 1.8665E-06 4.8962E-C9 5.04965-01
45. G 2.2938E-0 3 3.J272E-C3 3.430 IE-03 1.4E41E-U3 45.0 3.2730E-04 1.372 IE-0 5 6.86796-08 9.0511:-Cl
5 C. 0 5.2358E-03 7 .2235 E-13 8.9647E-03 4. 3067E-G3 50.0 1.1576E-03 6.78076-05 5.72896-07 1.46506 *00
55.0 1 • 0292E-02 1.+/+-6-C2 1.9+67E-02 1. 0319E-02 55.0 3.26956-03 2.52576-04 3.27056-06 2.19766 *00

60.0 1.3032E-02 2.6713E-C2 3.7178E-02 2.1404E-02 60.0 7.7944E-03 7.6019E-04 1.40336-05 3.10976*00
65.0 2.9137E-02 4 • 41 98 E — C 2 6.4317E-02 3.9726E-02 65.0 1.62 98E-02 1.9402E-03 4.83016-05 4.20316*00
70.0 4.3867E-32 6.3053 E-C2 1.0293E-01 6.7550E-02 70.0 3.0732E-02 +.34756-03 1.39736-04 5.476U* +00
76.0 -..25 + 76-02 9.395'. E-02 1.6477E-01 1. 0708E-01 75.0 5.3 326E-02 3.7735E-03 3.51636-04 6.9254c *00
80.0 8.5321E-02 1.3732E-Cl 2.2120E-01 1.6030E-01 30.0 3.64726-02 1.62556-02 7.89816-04 8.54416 *00

35.0 1.12226-01 1.33 37 E-C 1 3.0320E-01 2.2894E-01 35.0 1.32596-01 2.80626-02 1•61526-C 3 1.03266*01
90.0 1.4319E-01 2.3715E-Cl 4.0135E-01 3.1435E-Q1 90.0 1.5+016-01 *♦•56656-0 2 3.05+26-03 1.22626*01
95.0 1.7808E-01 2.9852 E-01 5.1588E-01 4. 1756E-01 95.0 2.72906-01 7 .06856 -02 5.4055E-03 1.43466*01

100.0 2.1671E-01 3.o724 E-Gl 6.4672E-01 5.3922E-01 100.0 3.7116 E-01 1.04356-01 9.C431E-03 1.65696 *01
150.0 7.5204E-01 1. Sb57 E ♦ C 0 2.7129E* 0 0 2. 7337E *00 150.0 2.6310E*00 1.30546*00 2.3950E-01 4.48296*01

200.0 1.4018E*30 2.63 55 E*CO 5•5644E* 0 0 t. 17 08 E ♦ 0 0 200. 0 7.05526*00 +.68586*00 1.2+'4 E* 0 0 7.99326*01
25 0.0 2•0 37 2E♦0 0 3.9110 E*C0 8•5667E* 0 0 1. 00666*01 250.0 1.2731E*01 1.01*.7E *0 1 3.37126*00 1.177*6 +02
300.0 2.61406*00 5.0 3 33 E*G 0 1.1424E* 01 1• 3953E *01 3 0 0 .0 1.90116*01 1.70276*01 6.55216*00 1.5590E *02

35 0.0 3.1236E+00 6.1413 E*00 1.4034E*01 1.7621E * 01 350.0 2.52586*01 2.46746*01 1.05416*01 1.92896*02
400.0 3.5700E*Q0 7.07 24 E*C0 1•6376E* 01 2. 0995E *01 4 0 0.0 3.1265E+01 3.2612E *01 1.50b56*01 2.28046*02

45 0.0 3.9610E*00 7.8928E*00 1•8465E* 01 2.4060E*01 450.0 3.6914E*01 +.05236*01 1.93946*01 2.61016 *02
5 00.0 4.3 0446*0 0 3.bl72E*G0 2.0327E*01 2.6832E *01 500.0 4.21646*01 4.8237E*01 2.4e54E*01 2.91736*02
550.0 4.6075E+00 -.25 91 E*i 0 2.1990E* 01 2.9337E*01 550.0 4.70146*01 5.56326*01 2.9823E*01 3.20246*02
60 0.0
6 5 0.0

4.87626*00
-.1159E* 0 0

9.3305F*0C
1.03416*01

2.3479E*01
2.+6176*01

3.16 Q3£♦01
3.36576*01

600.0
650.0

5.1481E*01
5.5 592E*01

o.2661L*01
6.93046*01

3.*.7176*01
3.9482E*C1

3.46666 *02
3.71136*02

7 00.0 5.3307E*00 1.0300E*Cl 2.6026E*01 3. 5523E *31 700.0 5.9376E*01 7.55606*01 +.40676*01 3.938 06 *02

750.0 5.52416*00 i.1215E*C1 2.7120E*01 3.7224E+01 750.0 6.2868 E*01 3.14416*01 4.85106*01 4.14846 *02
8 3 0.0 5.69916*30 1.1590 E *01 2.8116E*01 3. 8780E *01 8 00. 0 c.t 091E* 01 8.6 9o 36 *0 1 5.27-56*01 4.34376*02

8 5 0.0 5.35826*00 1.1 9 32 E * n 1 2• 9025E* 01 4. 0206’E *01 850.0 6.50726*01 9.21496*01 5.6789E+01 4.5254c *02

900.0 • 6.00326*00 1.2245 6*01 2.9357E*01 4.15196*01 900.0 •7.1335E+01 9.70206*01 6.06446*01 4.69486 *02

950.0
1000.0

6.1361E♦3 0
6.25826*0 0

1.2531E*C1
1.2794E*G1

3.0623E*01
3.1328E* 01

4. 2729E *01
4.38+9E*01

950.0
1000.0

7.44016*31
7.6790E*01

1.01606*02
1 . 05906 *li 2

6.43156*01
6.78096*01

4.8528c *02
5.00066 *02

15 0 0.0
2000.0
2500.0

7•Q899E*Q0
7.54636*00
7.8 342E♦0 0

1. 5 97 E ♦ 0 1
1 • 55 91 E * 0 1
1.6220E*C1

3.6190E* 01
3.8397E* 01
4.0618E*01

5.1655E*01
5.6067E *01
5.3893E *01

1500.0
2000.0
2500.0

9.2813E*01
1 • C 3 70E * 02
1.1 013E*02

1.37796*0 2
1.5719E+02
1.7014c. ♦O 2

9.4819E*01
1.12146*02
1.24026*02

6.07356 *02
6.71286*02
7.13486 *02

3000.0
3500.0
4000.0

8.0322E*00
3 • 17676*00
3.23636*00

1.6653 E*C 1
1.69 70 E ♦ 0 1
1.7211E * 01

4.1808E*01
4• 2679E *01
4.3344E* 01

6.0856E *01
6.2298E *01
6.34 32E* 01

3000.0
3500.0
4000.0

1•1463 E * 02
1.1796E+02
1.20536*02

1.79366*02
1.86256*02
1.91b06*02

1.326 36*02
1.3915F *02
1.44256*02

7.4337c *02
7.6564c *02
7•8285l*L2

4500.0
500G.0

3.3734E*00
3.4434E*00

1.7401E*G1
1 . 7555 E*C1

4.3668E* 01
4.4293E♦01

6.4274E+01
6.4981E*01

4500.0
5000.0

1.2256E*02
1•2 421E*02

1.95366*02
1.993 + E *02

1,48356*02
1.51716*02

7.96566*02
8.0772c *02

6500.0
6000.0
6500.0

3.5011E*00
3•5494E♦0 0
3.5906E*00

1.7682E*C1
1.7783E*01
1.7 8 7? E ♦ C 1

4•4643E* 01
4.4937E* 01
4.5187E*01

6.5565E *01
6.6055E*01
6.6473E *01

5500.0
6000.0
6500.0

1.2 557 E*02
1.2672E+02
1.27716*02

2• 0223E *0 2
2.0 46 cc *0 2
2.06776*02

1,54516*02
1.56696*02
1.58936*02

8.1700t*C2
8.24336*02
8.3152c♦C 2

7000.0
75 00.0

8.6260E*Q 0
3.6568E*00

1.7956E*C1
1 * 8 0 24 E *01

4•540 2E♦01
4.5590E* 0 1

6.6833E*01
6.7147E *01

7000.0
7500.0

1.2855E*02
1.2 929E*02

2.08»8E*02
2.10166*0 2

1.60706*02
1 .62256*02

8.37306*02
8.42366*02

8000.0
3500.0
9000.0

3.6839E*00
8.7078E*00
8.7292E*00

1.80846*01
1.8136F*C1
1 .8183 r*01

4.5755E* 01
4.5901E*01
4•6031E* 01

6. 7423E *01
6.7668E *01
6.7885E*01

8000.0
3500.0
9000.0

1.2 994E + 02
1.3 0 52E* 02
1.31036*02

2.1155E*G2
2.12796*02
2 .13396*02

1.63626*02
1 • 64 84 E * C 2
1.65936*02

8.46816 *02
8.5076c *02
8.54296*02

9500.0
10000.0

3.7 483E*0 0
3.7656E*0 0

1.8225F*01
1. 3263 E*01

4.6148E* 01
4,6253E*01

6.8 0 81E♦01
6. 3258E *01

9500.0
10000.0

1.3150E*02
1•3191E* 02

2.14396*02
2.15796*02

1.66916*02
1.67606*02

8.57466 *02
8.60336 *02
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Table 8 (Continued)

E0 AH1 AH2 AH3 AH4 E0 AH5 AH6 AH7 HIP
-10.0 3.2619E*30 6•5 327E *4 G 1.5212E450 1.5212E450 -10.0 3.0552E417 6•9457 E *19 1#9087E421 1.9046E424
-15.0 6.0466E+20 4.53926*27 4.47636*33 4.4763F 433 -15.0 8.4144E411 7. 3573 E412 3.7247E414 4. 1350 E*16
-20.0 9.5148E415 1.3749E*21 3.4645E425 3.4647E425 -20.0 1.4518E409 9.2008E4C9 1.9292E4H 6.9670E412
-25.0 1.2363E+13 1.8048E+17 5.3987E420 5.40086*20 -25.0 3.2395E407 1 • o2 7? E408 2.1p67E4 09 3•9987 E 410
-30.0 1.7 403E411 4• 9544E *14 3.60766417 3.6132E417 -30.0 2.5846E406 1.1158 E*07 1 • 099 7E+ 08 1.3142E409

-35.0 8.C160E+09 7•275 3E412 2.0260E415 2.0343E415 -35.0 4.2608E405 l.b523E406 1 • 3254E* 07 1.1613E408
-40.0 8.C880E+08 3•175 5E 411 4.2625E413 4.29806413 -40.0 1.1044E4Q5 3.9571E4C5 2.7256E406 1.8964E407
-45.0 1.2 719E+ 08 2.8181E410 2.1511E412 2.1823E412 -45.0 3.8687E404 1.3036 E405 7•9914 E *05 4.6541E♦06
-50.0 3.3406E*07 4.1005E409 1.995.8E4H 2.0410E+11 -50.0 1.6727E404 5.3677E404 3.0009E405 1.5173E♦06
-55.0 l.G567E*07 3.5376E408 2.8770E410 2.9707E410 -55.0 9.4276E403 2.5993E404 1.3483E405 6.0769E405

-50.0 4.C63UE+Q6 2.32266*08 5.7622E409 6.017 Ot409 -60.0 4.7615E403 1.42J6E4C4 6.9283E*04 2. 8398E 4 05
-65.0 1.8144E+06 7.7543£407 1.4 847 E + 09 1.5699t409 -65.0 2.9379E403 9.p2*0E*03 3.9468E+ 04 1. 4924E *05
-70.0 9.1095E*05 3.0 39 2E 40 7 4.65966408 4.9945E 408 -70.0 1.9425E403 5.5032E403 2.4377E4 04 8.6073E♦04
-75.0 5.C200E+05 1.3535E407 1.7112E408 1.8611c 4 C 8 -75.0 1.3574E403 3.7670E403 1.6061E404 5.3450E 4 04
-80.0 2.984QE*05 6.6845 E *0 6 7•1373E+O7 7• 8825E *07 -80.0 9.9205E402 2.7041E4C3 1.1152E404 3.5244E *04

-85. 0
-90.0
-95. 0

1.6874E+05
1.2 5706*05
8.7431E+04

3.593 7E 40 6
2.0731E4Q6
1.2688E406

3.3050E4C7
1.6693E407
9.0692E406

3.7095E 407
1.9040E 407
1.0519L407

-85.0
-90.0
-35. 0

7,5236E402
5.8842E402
4.7229E402

2.0194E403
1.5566E4C3
1.2337E403

8.0842E403
6.0747E4 03
4.7048E403

2.4414E♦04
1.7621E♦04
It 3165 E ♦ 04

-100.0 6.3089E*04 8.16h8E 40 5 5.2419E406 6.18435406 -100.0 3.8752E402 1.0 0 09 E 40 3 3.7385E403 It0129E *04
-150.0 8.0740E*03 5.129 7E 40 4 1.66076*05 2.3239t *05 -150.0 1.1080E402 2 • c6 4' E *02 8.7371E402 1.9319E403

-200.0 2.5 090E*03 1.3079E404 2.9952E404 4.8834E4C4 -200.0 5.9282E401 1.3759E402 4.2302E402 8.4592E402
-250.0 1.5 803E + Q3 5 • 79*+ It 40 3 1.0765E404 1.9946t 404 -250.0 4.074OE*01 2570 6411 2.7388E402 5.1570E4G2
-300.0 1.0532E*03 3.3755E403 5.4514E403 1• 1225t *04 -300.0 3.1729E401 7.10936*01 2.0502E+02 3.7093E402
-350.0 7.8853E+02 2•2976t *0 3 3.3561E403 7.5390E4C3 -350.0 2.6542E401 5.88'3'*E401 1 • co7 2E♦0 2 2.9319E *02
-400.0 6.3496E*02 1 .7230E403 2.3327E4Q3 5.6364E 4 03 -400.0 2.3216E401 5.1101E401 1.4278E402 2.*5 30E♦U2

-450.0 5.3644E*Q2 1.377 5E 40 3 1 • 7597 E♦0 3 4.51736403 -450.0 2.0921E401 4.5779E401 1.2657E402 2.14 31 £402
-500.0 4.E 88bE*02 1.1527E403 1•4 042 E 4 0 3 3.7965E403 -500.0 1.9249E401 4.1923E4C1 1.1493E402 1.9206E402
-550.0 4.1997E*02 9.9621E402 1.1676E403 3.3004E 403 -55 0. 0 1.7981E401 3. 3 012 E 401 1 • 0622E+02 1.7559E402
-600.0 3.5317E+02 3.9227E 402 1.0013E403 2.9415E4G3 -600.0 1.6989E401 3.6741F4C1 9.9461E401 1.6295E♦02
-650.0 3.5457E+02 7•9617E 40 2 8.7925E402 2.6715fc403 -650.0 1.6192E401 3.4323E4G1 9.4082E401 1.5296E *02

-700.0 3.3177 E*02 7.2914E402 7.8659E402 2.4619E403 -700.0 1.5539E401 3.3437E4C1 8.9704E401 1.4490E *02
-750.0 3.33206*02 6•7566E +0 2 7.1424E402 2.295 It 403 -750.0 1.4994E401 3.2200 6401 8.6075E401 1.3825E402
-300.0 2.9732E+02 6.3211E402 6.5643E402 2.1595t403 -800.0 1.4533E401 3.1155E401 9.3020E401 1.3269E402
-850.0
-900.0

2.8487E+02
2.7384E*02

5•960 4E 40 2
5.6572E402

6.0934E402
5.7033E402

2.0473E4C3
1.9531E403

-850.0
-900.0

1.4139E401
1.3797E401

3.U262F+G1
2.94996401

8.0416E401
7.8169E401

1.2797E4Q2
1.2391E402

-950.0 2.6434E*02 5•399 IE 402 5.3755E402 1.8729E 403 -950.0 1.3498E401 2.9 8 14 E 4 01 7.6212E401 1.2039E402
-1000.0 2.56076*02 5.1769E+O2 5.0967E402 1.8039t4C3 -1000.0 1.3234E401 2.9221E4C1 7.4493E401 1.1731E402
-1500.0 2.G939E*02 3.963 7E 40 2 3.6383E402 1.4286E403 -15 00.0 1.168 IE 4 0 l 2 • *7 34 E *01 6•447 3 E♦01 9.9550E401
-2000.0 1.893bE*02 3.4755E402 3.07h4E402 1.27506403 -2000.0* 1.0974E401 2.3155E*01 5.9981E4Q1 9.1706E401
-2500.0 1.7828E+02 3.2097E 402 2.7790E402 1.1920E 403 -2500.0 1.0571E401 2.2257E401 5.7‘*38E401 8. 7301E401

-3000.0 1.71266*02 3.0440E402 2.5981E+G2 1.14016403 -3000.0 1.031OE401 2.16 79 E40 1 5.5802E401 9.4492E * 01
-3500.0 1.66416*02 2.9305c402 2.4762E4Q2 1.10 46r4C3 -3500.0 1.0128E401 2.12 73 E 401 5.4663E4 01 8.2525E * 01
-4000.0 1.6 2976*02 2.8489E402 2.3885£402 1.07895 403 -40 00.0 9.9931E4Q0 2.09 75F401 5.3824E401 8. 1087E401
-4500.0 l.€017E*02 2.7867E402 2.3225E402 1.0593l4C3 -h5 0 0•0 9.8897E4Q0 2.07*4oE4(il 5.3180E401 7.9986E*01
-5000.0 1.59046*02 2.7 3 9 Ot 40 2 2.27G9E402 1.0440c 403 -5000.0 9.8077E400 2.0564 E*r1 5.2671E401 7.9116E * 01

-55J0. 0 1.56326*02 2.6987E4Q2 2.2297F4C2 1 • Q316r4 C 3 -5500.0 9.7412E4Q0 2.0417E4C1 5.2257E401 7.8411E401
-6000.0 1.5 4996*02 2.6664E402 2.1958E402 1.02156403 -6000.0 9.6860E400 2.02 35 E4C1 5•1916E4 01 7. 7828E401,
-6530.0 1.53706*02 2.6394E402 2.1676E402 1.0130L 403 -6500.0 9.b396E*00 2.0192E401 5 • lb28E* 01 7.7339E*01
-7000.0 1.62696*02 2.6165E402 2.1437E402 1.00576*03 -7000.0 9.6001E400 2.0105 E401 5.1383E401 7•6922E * 01
-7500.0 1.51826*02 2.59696402 2.1232E4C2 9.99516402 -7500.0 9.5659E400 2.0029E4O1 5.1171E401 7•6562E *01

-8000.0 1.5105E*Q2 2 .5797E402 2.1054E402 9.94116402 -8000.0 ' 9.5361E4QQ 1.9963 E401 5.0987E4 01 7.6249E * 01
-8500.0
-9000.0

1.5 0 39 E♦0 2
1.'♦9906*02

2•5646E 4Q2
2.5514E 402

2.08996*02
2.G761E402

9.8937t *02
9.8518c4C2

-85 00.0
-9000.0

9.5 09 9E♦0 0
9.4866E400

1.9905E401
1.9954E401

5.0825E* 01
5.0681E401

7.5973E401
7.5729E*01

-9500.0 1.4927E*02 2.5 39 5E 402 2.C639E402 9.81446*02 -9500.0 9.465 9E 40 0 1. 3 8 09 E 4 01 5.0553E401 7.5512E4U1
-10000.0 1 88 0 E * 02 2.5290E402 2.0530E402 9.7810c 402 -10000.0 9.4472E400 1.9767 E4P1 5.0438E401 -7.5316E401
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Spectral Slope Parameter E0 in keV

Figure 3. ATS-6 low and high energy SSPD response ratios (always lower 
window to higher) of adjacent passbands as a function of positive 
spectral parameter values. Black profiles represent ratios for the 
lower energy windows AE1 through bE6; white curves present similar 
results for the high energy passbands bHl through LH7. Table 3 
provides a numerical listing of these two families of curves.
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Figure 4. ATS-6 low and high energy SSPD response ratios (always lower 
window to higher) of adjacent passbands as a function of negative 
spectral parameter values. Black profiles represent ratios for the 
low energy windows AE1 through hE6; white curves present similar 
results for the high energy passbands AH1 through t\R7. Table 4 
provides a numerical listing of these two families of curves.
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Spectral Slope'Parameter E0 in keV

Figure 5. Mean energies of selected ATS-6 low and high energy SSPD 
passbands as a function of positive spectral parameter values. 
Table 5 provides a numerical listing of these curves.
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Spectral Slope Parameter E0 in keV

Figure 6. Mean energies of selected ATS-6 low and high energy SSPD 
passbands as a function of negative spectral parameter values. 
Table 6 provides a numerical listing of these curves.
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Figure 7. ATS-6 low energy SSPD responses in keV units as a function 
of spectral parameter. The profiles represent each window's counting 
rate divided by the product of g> the telescope's geometric factor} 
and j'oj the y-intercept of an assumed exponential form for the proton 
differential energy spectrum. Black curves exhibit detector responses 
over a positive3 three-decade range of and thus display the vari­
ation with negative slope spectra. (Read on scale at left.) White 
curves depict the variation in passband response with positive slope 
spectra. (Read on scale at right.) Table 7 provides a numerical 
listing of these two families of curves.
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Figure 8. ATS-6 high energy SSPD responses in keV units as a function 
of spectral parameter. The profiles represent each window's counting 
rate divided by the product of g3 the telescope's geometric factor3 
and dq, the y-intercept of an assumed exponential form for the proton 
differential energy spectrum. Black curves exhibit detector responses 
over a positive3 three-decade range of Eq3 and thus display the vari­
ation with negative slope spectra. (Read on scale at left.) White 
curves depict the variation in passband response with positive slope 
spectra. (Read on scale at right.) Table 8 provides a numerical 
listing of these two families of curves.
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9. VERIFICATION OF RESULTS

An excellent check on the validity of a complicated algebraic expression 
is to investigate its limit. The limiting value of the mean energy is not 
difficult to visualize, for when the particle spectrum becomes flat, the 
spectrum's slope parameter Eg assumes extremely large positive or negative 
values. In either case the weighted mean energy converges toward the arith­
metic mean of the passband's upper and lower 50% discriminator levels.

Computing the mean energy's asymptotic values requires taking the limits 
of the detector response function and (I3 - I4), a quantity proportional to 
the mean energy. But since each of these expressions contains many terms, 
the tedious algebra demanded has been omitted because it is not necessary for 
appreciating the application of the passband theory to the ATS-6 particle 
telescope. Suffice it to say that the derived functions do reduce to the 
values expected of the mean energy, thereby adding some degree of confidence 
to the correctness of the derived relationships. These results for selected 
energy passbands are listed in table 2.

The analytical and numerical solutions described in this document serve 
to fine-tune an energy spectrum profile whenever the passband widths are less 
than about 100 keV. On the other hand, representative points of wider win­
dows shift considerably with variations in the spectrum's slopes. Counting 
rates or directional fluxes for each detector channel plotted at their true 
weighted mean energy rather than at the average of En and Eq+i insure that 
jogs in the profile between widely spaced points are real and that the 
curve's integral will not overestimate the number of charged particles pres­
ent whenever the slope is negative. Graphing observed counting rates against 
their passbands' central energies is not incorrect; it simply fails to take 
advantage of earlier experimenters' results, and more importantly, of all the 
information contained in the observations.

The white points in figure 9 represent a "corrected" spectrum generated 
from the theoretical results presented in this document. Along the y axis 
each point represents an evaluation of the assumed proton spectrum function, 
j0exp(-E/E0 ), at the slope-weighted mean energy of the passband. These 
functional values are in turn plotted along the x axis at the weighted mean 
energy of the window. Thus rather than a plot of observed fluxes at their re­
spective arithmetic mean energies as illustrated by the black points in figure 
9, a discrete profile of j0exp(-<E>/Eg) vs <E> has been generated, one more 
accurately reflecting the changing slope of the underlying continuous spec­
trum. For broad energy windows and steeply declining spectra the profile 
when integrated does not tend to overestimate the number of particles present.
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Figure 9. Differential energy proton spectrum. The profile illustrates 
a quiet-time observation made between 0031 and 0051 UT on 28 July 1974 
by the geostationary satellite ATS-6. Black points denote observed 
flux within each window plotted at the passband's arithmetic mean 
energy; white points represent an evaluation of d^exp (~<E>/Eq), the 
assumed proton spectrum function, graphed against <E>, the windowrs 
slope-weighted mean energy. Density of points and relative passband 
widths prevented shading the extent in energy of AE7 , HIP, hHl and 
AH2. The geometric factors used for the low energy B and high energy 
H telescopes were 7.0 x 10~h and 10~3 cm2 ster.
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APPENDIX A. DEFINITION OF THE FWHM
Let <f>n(E) = the cumulative distribution function of the normal proba­

bility density function. Then

E

<j> (e) = —-- f exp[-(E'-E )2/2a2] dE' .Tnv rr— J n nJv2n an

Consider initially only the integrand of <j)n(E) and ask for what values of E' 
is the function equal to \ its unit maximum value. If one then denotes this 
particular value of E' by E+, its dependence on En and an is readily found. 
The following four lines outline the straightforward algebra involved.

f(E±) = i = exp[-(E±-En)2/2 a2]

JLn(h) = -(E±-En)2/2a2

(E±-En)2 = 2a2 Zn2

E = E ± a ^2ln2 inn

The desired value of E' is seen to lie (an /2£n2 ) units either above or below 
the mean value, En, of the gaussian function. At the same time the interval 
between these two points along the E' axis defines the full width of the 
curve at \ its maximum value. (See figure A.l. ) This full width half maxi­
mum (FWHM), as it is commonly called, approximately equals 2.35an, a result 
verified in' the next line.

FWHM = (E-E) = (E +a ^2ln2 ) - (E -a /2£n2 ) v + -' v n n nn 2a /2ln2 ~ 2.35a n n

Although it may not initially seem a fruitful line of inquiry, the following 
question is a useful one to ask. What values does ^(E) assume for those 
points at which the integrand equals \ its maximum value? The answer re­
quires evaluating the following integral:

1

Jltv an

/ exp[-(E'-En)2/2aJ] dE' .
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Figure A.l. Definition of the full width at maximum (FWHM) for the 
gaussian or normal probability density function.

Since <J> may be transformed into 0, the finite series approximations given in 
equations (5) and (6) yield the values shown below.

<J> (E_) = 4>n( En-FWHM/2) = $>( -/2fn2) = 0.119 12%

<t>n(E+) = <|> (E +FWHM/2) = <f(/2Zn2) = 0.880 = 88%



These results have experimental utility when it is recalled that 4>n( ^) 
and its companion function for the backside, <|>n+i(E), may be combined to 
represent a particle detector1s efficiency function, and the values of the 
integrals <f>n(E_) and <f>n(E+) are separated along the7 energy axis by one FWHM.
The technique is straightforward and allows the noise, that is, the standard 
deviation a, inherent in the system electronics to be measured.

The technique consists of experimentally determining the efficiency of a 
particle passband, which is equivalent to the difference of <f>n(E) and its 
backside complement, and plotting these results on probability paper. A *
best-fit straight line is then drawn through the rising portion of the curve.
Figure 2 illustrates the procedure as applied only to the front edge of a 
hypothetical passband. In this manner one indirectly selects that best-fit 
gaussian function whose integral represents the detectorsTs particular char­
acteristics. The narrower the gaussian function, the steeper the efficiency 
profile. Such a passband is more discriminatory, more capable of distin­
guishing among the incident particles that are higher or lower than a given 
energy. Differencing those values of the incident particle energy for which 
the detector is 88% and 12% efficient yields the FWHM of the bell-shaped 
curve whose integral the efficiency profile represents. This result divided 
by 2.35 gives a, the system noise.
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DEFINITIONS OF PRINCIPAL SYMBOLS (continued)

R Detector response of the window specified by the 50% transmission n ,n+l energies En and En+i; the integral expression does not include g and 
jo and thus bears energy units rather than counts per second

II and I2 Partitions of detector response integral (Rn,n+l) facilitating alge­
braic manipulations and integrations

E1 and Dummy integration variables

a J, Groupings of terms within function arguments occurring in the integral and n n expressions 1^ and 13,

a Groupings of terms within function arguments occurring in the integral n+1,, and 3 ..  n+1 expressions I2 and I4

erf(x) The error function; integral of the positive half of a standardized 
gaussian curve multiplied by the normalizing factor (2//n~)

erfc(x) The complementary error function;,integral of the positive tail of a 
standardized gaussian curve multiplied by the normalizing factor
(2/A)

Ratio of lower window1s detector response to that of adjoining upper n,n+I channel 

Mean energy of a passband delineated by the 50% transmission energies <E i >n ,n+l En and En+i and weighted with respect to the energy spectrum’s form 
and the window’s efficiency profile

1 4 Partitions of integral in numerator of the mean energy expression ^ and I
facilitating algebraic manipulations and integrations

Particle telescope geometric factor in cm2 ster unitsg
Spectral slope parameter, the negative inverse of which equals the / -Eo spectrum’s slope

y-intercept of the assumed exppnential form of the proton differen­JO tial energy spectrum

j0exp(-E/E0) Experimentally verified form of the differential energy spectrum in 
units of protons/cm2 sec ster keV
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