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PREFACE

This report i{s submitted in fulfiliment of items 2 and 3 of Comtract
AF19(52€} -6085 monitored for APCRL by Prank Marcos. It presents ¢ set of
tables consisting of an extension of the U.S. Standard Atmosphere in the
sltitude region of 90 to 120 km for which region tables had originally been
published only as a function of integral multiples of one geometric kilomerer.
The tables in this report aze presented as a function of integral multiples
of one standard geopotential kilometer and includes a discussion of the various
equitione and constants involved,

This report also includes the development of a simplified function for
accurately relating geopotential and geometric altitude.




ABSTRACT

The "United States Standard Atmosphere, 1962", was published with two kinds
of metric-unit tables for the sltitude interval from -50C0 to 90,000 meters. One
kind of table presented the atmospheric properties as a function of integral .
multiples of particular numbers of geopotential meters while the second presented il
the atmospheric properties as a function of integral multiples of similar numbers :
of geometric meters. For the region above 90,000 meters, altitude only one type
of metric table was published. This type presented atmospheric properties in
integral muliiples of particular numbers of geometric meters. A similar situa-
tion prevailed for the English-unit tables. The need for both metri:-wmif &
English-unit tables as a function of integral multiples of specific numbers cf
geopotential meters for altitudes above 90 kilometers hag prompted a new set of
calculations, which required the use of equations not specifically presemted in
the United States Standerd Atmosphere, 1962. The development of these equations
is discussed and the value of all constants employed are given. The calculations
involve a transformstion between gecpotential and geometric altitude, and the
development of an empirical snalytical expression relating these quantities is
presented. This empirical function yields results which differ by less than 0.1
meter at 700 km altitude, from those computed in an unspecified menner for the
United States Standard Atmosphere, 1962.
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SECTION I

PRESSURE AND DENSITY EQUATIONS FOR TEMPERATURE-ALTITUDE PROFILES
LINEAR WITH RESPECT TO GEOMETRIC ALTITUDE

Above 90 km, the pressure-altitude profile of the U.S., Standard Atmosphere,
1962(Ref. 1) is defined in terms of a segmeated temperature-sltitude profile
for which each segment is linear in terms of geometric altitude, i.e.,

Tu = :Hr + L(z-zr) Q1)
where

TH is the molecular scale temperature at altitude Z

TH is the reference molecular scale temperature at reference altitude zr
T

zr is the base of any layer characterized by a single constant value of L

L 1is the gradient of 1:" with respect to Z, {.e., dr.H/dz.

This condition is in contrast to that below 90 km where the segmented
temperature-altitude profile has segments which are linear in terms of geo-
potential i.e.,

Ty= Ty +17 (@-8) (2)
r

where
TH is the molecular scale temperature at geopotential B

Ih‘ is the molecular scale temperature at gaopotential nr

ur is the base of any layer characteriged by a singlc constant value of L

L’ 1is the gradient of 'tn with respect to H, i.e.. d‘t"/dli.

Equation I.2,10-(3) of the document of the U.S. Standard Atwcsphere, 1962
is suitable for calculating pressures associated with 8 segmented temperature-
altitude profile having segments which are linear with respect to geopoteatial,
but is not suitsble for calculating Standard-Atmosphere pressures sbove 90 km
vhere the temperature-altitude profile is defined to have segments which are
linsar vith respect to gsometric altitude. For the region above 90 km the
Standard-Atmosphere document does not contain a detailed equation for calculating




pressure or density but presents only a general integral form, not suitable for
direct mmerical evsluation. The equation actually used for calculating the
standard-atmosphere pressures for integral geometric altitudes was probably a
corrected form of one of a pair of equations published with some tormat errors
by Champion and Minsner in 1963(Ref. 2). A redevelopment of those pressure-
sltitude equaticns and a related demsity-altitude equation show the correct
forms to be as folilows:
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given below

g(2) =

At one point in the derivation of the above equations it was necessary to use
the following interesting transformation in order to obtain s form suitable
for integration with respect to Z:
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= 9,8066500-3,0854195 x 10~

universal gas constant

sea-level value of the molecular weight

pressure at altitude 2

pressure at reference altitude zr

density at altitude Z
density at reference altitude Ar

coefficient of the ith term of Lambert's gravitational formula

6
i
8 2

{=0

6 -1322

Z 4+ 7.2539455 x 10

1953 4 2.9724620 x 10

=335 4 1.0219762 x 10

-1.5167771 x 10 -26,4

-3926

-5.5905936 x 10 (6)

x+az s maisc’ a0t s’ e g
¥z |

1
37 (K- A +Ba

z

¢

2 3 4 5

«-Ca” +Da -Ka + 106] +

2 3 4

(A - Ba+Ca-ba’ +Ea -]+

2 2 3

22 3-caspe?-mad e+

2, "3] +

22 (C-Ds+a
P -nasral)e

2 (K- P+
2 )




-]

The pressure cquation actually progremmed in the digital machine calculation
for tables presented in this report was Equation (4) of this document, The
density was then computed from the gas law

PM
°

using che valves of millibar pressure computed from Equation (4) (multiplied

by 100 to transform millibars to newtons per -:) and the veslues of temperature
computed from Equation (1).

Constarits and Boundary Conditions

The constants used in the calculation of the thermodynamic properties are
those defined in the standard atmospher::

R = 8.31432 x 10° Joules (°k)"! (kilomole)~!, and
M_ = 28.9546 kg (kilomole)™!,

such that

f—aAuaaxm

3 2

°% sec’ w2,

The values of ™, and p, in the program are redefined for the base of each

layer in sccordarce with the values tabulated in the Standard-Atmosphere
publicsation.

Ceometric Altitude Temperature Temperature Cradient Pressure
Meters Degrees K deg K/m Millibars
90,000 180. 65 2.003 1.6438 x 107>
100,000 210.65 0.005 3.0075 x 107
110, 000 260. 65 0.010 7.3564 x 10~
120,000 160.65 0.020 2.5217 x 107>




The coefficients of Lambert's equation for the acceleration of gravity are
giver in Equation (5).

The thermodynamic properties calculated in English units follow tha
defined conversions:
1 foot = 0,3048 meters,
1 pound = 0,45359237 kilogram,
1 Ceicius degree = 1.8 Rankin degrees
a temperature of 0 degree Celsius = a temperature of 273.15°K.

From the above definitions the following derived relationships apply:

1 meter = 3,2808399 feet,

1 kg > =~ 6.242797 x 10”2

1bs ££°°.




SECTION I1

GEOPCTENTIAL T, CEOMETRIC ALTITUDE CONVERSION

The sbove-defined constancs are sufiicient to compute the Standard-
Atmosphere valuee of presgure csmperature and density &8s a function of geo-
Petric altitude between 90 ard 150 geometric kilometers or between 295469.47
end &92125,98 geometri. xeet. The computation of these thermodynamic proper-
ties &3 a function of gecpet=ntial al*‘tudes in a manner compatible with the
relationships of tha 1.8, Standird-Atmosph.re is a far more complicated
problem, since the expressions sed in this tvansformation in the standsrd
atmosphere were never publisiied in the Standard-Atmosphere document. 1In the
abosnce of these exprassione, a simple empirical correcti~n term has been
daveloped for use with th2 previousiy used simple expression for converting
gecpotential to geometric altitude. Thus, while the expression used by Minzner
and Ripley in 1956 (Rcf. 3) is

8
£l .2 (9

the revised expression is

r [A+ P & .
Z= ;"‘LT_. R+ r'u(u)'] T (10)

2 2 3 4

where F(H) = AA + ABH + ACH" 4+ ADH” + ADH™ + AEH (11)

vt:are AA = 0,0000
R = -0,2161710
AC = +0,1807561
4D = 4+0,9153C12
AE = +).2006785

and where
gO/G is numarically but not dimensfonally unity.

It is 2atimited that the differences baiween the values of Z for 2 given
value of H as computed by Equation (11) and the values of 2 fc~ a given value
of B as computed by the methcds used {n the Standard-Atwmosphere dc nor axceed
0.2 meter ove. the entire 31°‘tude region of O tc 700 kilometers. The develop-
ment of Equations (10) and (11) and expressions satisfying the inverse of the
reiationship of Equation (10) is given in Appendix A.
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SECTION III

CALCUIATION OF THE TABLES

Equations (10) and (11) plus the previously discussed expressiouns,
Fquations (1), (4), (6), and (8) permit the computation of the desired extsa-
gions to the Standard-Atmosphere Tables, presented as Table 1 in metric units
ana as Table 2 in English units. Successive integral multiples of 1000 geo-
poteitial meters ranging frem 90,000 to 120,000 are arbitrarily selected as
values of H for the metric tables. T1nos> values are converted to the related
values vf Z through Equations (10) and (1i). The resulting values of Z when
introduced into Equation (4), into which the coefficients of Equation (6) have
already heen introduced, :rield the values of pressure at gltitude Z. The tem-
peratures which are implicitly calculated in Equation (4) are independently
calrulate! as 2 function of Z using Equation (1). The pressures and temperetures
st a given value of 2 then yield densities for that altitude through Equetion (8).

in the case of the table presented in English urits successive integrel
multipies of 5000 geopotential feet are selected, in the range 295,000 to 390,000,
acd are converted to gecpotentisl meters. The procedure then follows chat used
for the merric vables except that the tumperature, temperature gradiemt, and
density are c.averted to the appropriate value iu English units. The pressure
is retained in millibars which is a metric-related unit. In addition, tem-
perature is also calculated in degrees Celsius.

The above procedures have been specified in a fortran program presented
in Appendix B.

b B . AR e




wEOPY

GEOMETRIC

ALTITUDE ALTITUDE

GEOPOTEN GEOMETRIC

METERS

88743,3

90089 +00
91080,00
92000.00
99008 .00

94000,00

93000,00
97800.,00
96000 .00
928000,00
99000.,00

100090.,00
101080.00
162000.00
103000.00
104000 .00
16%00G.,00
106000.00
107300,00
108000 ,00
1090006,.00

110000.00
111000.00
112000.,00
113000.,00
114000,00
115000.00
116000.00
117000,00
118000.,00
119000.,00

120000.00

METERS

91292.75%
92321.8%
93351.28
94381,03
”8i1.12
96041.53
98503.3%
97472.28
99534.75
10056649

101598.56
1026%0.9%
103663.68
104896472
105730.11
106763.83
167797.87
100832.2%
109844.9¢6
110901.99

111937.26
112979.06
114009410
115045.46
116082,16
117119.19
118156.56
119194.28
120232.27
121270463

122309.33

v N - oot A e XS S

TASLE 1

TEMP
GRAD

DEG K
PER M

«003

«003
+«003
«003
003
« 003
+003
+003
+003
«003
«00%

« 005
«00%
«00%
«00%
«005
« 005
«005
«005
« 005
«010

«010
«010
«010
«010
«010
+010
«010
«010
«020
+020

«020

10

[ A

MOLEC
SCALE
TEMP

DEG K

180469

184453
18762
190+.70
19%.79
196.88
199.97
206016
20307
209.2%
213448

218064
22380
228.97
234.13
239.30
244047
24964
254481
259.98
26967

280402
290.38
30074
311.10
32147
331484
342.22
3592.%9
365.30
38606

406.84

PRESSURE

¢ 16438E~-02

212993€-02
¢10814E-02
¢90272E~03
o T5574E-03
006 3448E-03
¢53413E-03
«38151€~-03
«45083E-03
032364E-03
«27%29E-03

023502€-03
«20139€E-03
¢17318E-03
2 16942€-03
¢12934E-03
«11230E~-03
«97802E-04
«85413E-04
o TAT96E-06
«65732E-04

«58048E-04
e51454E-04
e45873E-04
¢41025%E-04
+36824E-04
23316TE-04
«29970£-04
+27163E-04
2 24691E-04
s 22544E-04

+20682E-04

DENSITY

KG/CU M

+3170E-05

02453E~-05
«2007€E-05
+ 1649€~-0%
01358£-05
«1122E-05
«9304E~06
+O6464H6E-~06
«T7134E-06
+538BE~D6
«&492E-06

+3T44E~06
¢3134E~06
22634E~06
«2223E-06
«1882€E~06
«1600E-~06
¢1364E~06
011675‘06
010025‘06
«8491E~07

2 T221E~07
o&1TTE-G?
«5313E~-07
O"”E‘O’
«3990E-07
s3481E~07
«30%0€E~07
«2683€E-~07
02354E-07
«2034E-07

«1771E~07




GEOPT
ALTITUDE

GEOPOTEN
FEET

291152456
295000,00
300000400
305000.,00
310000600
315000400
320000400

325000400
330000,00
335000,00
340000.00
345000,00
350000.,00

355000.00
360000400
365000.,00
370000,00
37%000.00
380000,00
385000,00

390000.,00

GEOMETRIC
ALTITUDE

GEOMETRIC
FEET

295275459
299233.39%
304379.14
30952743
314678.23
31983154
32498736

330145460
335306454
34046%,89
34563577
350804,.18

- 355975.08

36114893
366324449
371502.96
37668400
361867.93
387093.69%
392242.27

397433%.41

TEMP
GRAD

DEG R
PER FT

00016459
«0016459
« 0016459
0 0016459
0016459
00016459
e 0016459

« 0027432
00027432
« 0027432
« 00274952
00027432
« 0027432

00154864
00154864
« 0154864
0154864

« 0154864

« 0154864
00134864

20109728

TABLE 2

MOLEC
SCALE
TEMP

DEG R

32%.17
331.68
340.19
348043
3%57.11
36%.%9
376407

3844083
393.98
41%19%
42732
40190
49%.68

47058

49897
527.38
55%5.81
58425
612070
641417

690613

MOLEC
8CALE
TEMP

DEG C

«92+50
=88.87
84617
«T79246
7475
70«06

-$%.32.

-59.35
-51.48
43,61
3574
-27:86
-19,96

=ile?l
406
19.84
3%9.6)
91.43
67.24
8%.0%

11029

PRESSURE

0 16438E~02

o132 -02
9954 3¢ ~0)
«T6090E€-09

«58319€-83

o44992E-02
©34920£~03

e27266€-03
021466€-03
e17041£-03
«13635€-03
010908E-03

«89169€~04

e T7T2821E~00
«6301 7€-0A
«A99IVE~00
06 2091E-04
e 356 T0E~00
*30502£~06
026267€ =04

*22802E-04

ODENSITY

&Itﬁu FT
m-«

1997€-04

:::20!

6 =07
«07

.«ti‘:-o1
«BKE-07

«2773€-07
«23P9€E~-07
0 1630€~07
+1249€E-07

' «9T43E-08

+9060E=-08

+$057€-08
«ATP0E~08
e3753E-08
+296)E~-08
« Z399E~-08
+«1900€~03
«SS93E-08

+129%¢-008

295275.59 GEOMETRIC FEET = 9000200 GEOMETRIC NETERS

i  ————— ————— A $h e

1n
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APPENDIX A

DEVELOPMENT OF AN EMPIRICAL FUNCTION RELATING THE
NUMERICAL VALUES OF GEOPOTENTIAL AKD GECMETRIC ALTITUDE
AS PUBLISHED IN THE UNITED STATES STANDARD ATMOSPHERE

A-1 COMPARISON OF DIFFERENT SETS OF CALCULATIONS OF GEOPOTENTIAL

Geopotential in the 1956 ARDC Model Atmosphere (Ref. A-l) was calculated
by the expression

8
rz L] —o -
Hse = 42 G (-1)

where r = 6,350,766 meters, and where Hgy is used to differentiste the results
of this particular calculation of geopotential from the values tatulated in
U.S. Standard Atmosphere, for which values the designation is sz.

In che 1962 U.S. Standard Atmosphere (Ref. A-2), jyeopotential H;, at any
altitude Z was computed by the integration of a complicated gravity-accele.-
ation expression along a path identical to the curved line of gravitational
force passing through the point in question (where the point im question was
defined relative to geometric latitude and relative to the distance from the
center cf an ellipsoid rather than relative to sea level) such tha: for each
successive altitude, the integration must be performed along a different line
of force. No specific equation suitable for direct numerical evaluation of
Hgp as a function of Z was given in the standard-atmosphere document, nor has
one been developed by the writer from the fundamental considerations which
were given., Instead, a simple approximation formula in the nature of Equation
(A-1) with a correction term was developed; i.e.,

rz - .9
He2/8 = ¢ @ (A-2,

where “62/5 represents the eight-significant-figure values which vhen rounded
lead to “62/!‘ the values of geopotential published in the Standard Atmosphere.

A comparison of the tabulated six-significant-figure values (above
100,000 m) of Hgp with Hgg/y the eight-sigrnificant-figure values of Hyg a0
obtained from Equation (A-{g suggest the following observations:

(1) The tabulated values of Hg, are always less than the corres-
ponding value of HS&/S for altitudes greater than ses level.

(2) The tabulated values of Hy, are rounded from original seven-
or eight-significant-figure values. (These rounded values will henceforth
be designated as “62/&"

(3) The values of Hgy/y which have been rounded o Hga/g Would
most likely differ from Heg/ ?n accordance with £(2Z), sume smooth monotom-
ically increasing function of 2, which function has & value of sero at sea

13




If the hypethetical mumerical values of Hg2/g were compared

level and a value of about 33 geopotential meters (m’) at the geometric
altitude & of 700 km; 1.e.,

£(2) = “5618 - B, /8 (A-3)

- Thus, a curve £it to the difference between Hsg/g auc lg2/g (1f these
ware availeble) would provide the desired function £(Z), and t‘c desired
approxination expression for caiculating ll“n as in Equation (A-2) would
have been determined. Unfortunstely, values of Rgy/g are not available, and
an indirect approach must bs purswed.

A-2 AN APIROICE POR GEWERATING £(Z)

An fmginary set of eight-significant-figure values of ntz is hypothesized.
P with Z in the
region of sus level and ifumediately above, ome would find that at 2 = O,
Be2/8 = 0, and as 2 increases sbove zero, Hgy/g would also increase but at a
lescer rate than 2, so that at Z = &g 999, WVhich is the symbol for a specific
altitude located somevhere between 2 = ??go and Z = 1800 meters, the value of
Hgy/g would lag behind that of Z by exactly 0.4999 of a meter. At Z =24
\hich is the symbol for an altitude immediately above 999, the value
(2-Ng2/g) would become 0.5000. Between Z = 0 and Z = 4000 m, the value of
(2-Ngy,g) weuld increase smootnly as Z increases in accordance with the values
presented im Table A-l.

The exact mumsrical values of the symbolic altitudes Z, ,g9g9, 2 2000'
Z).4999» %tc. axe not known, but from the U.8. Standard Azmosphere 186 ve
say infer that these values are bounded within particular limits indicated
in Table A-1. Thus 20.4999 and 20, 5000 have values between 1750 and 1800
maters, vhile Z) 999 and 2; go00 Would be found between the altitudes 3050
and 3100 meters, eatc.

Returning momentarily to the reality of the U.S. Standard Atmosphere 1962,
we can examine the difference between the tabulated integral values of geometric
altitude Z; and the rounded values of geopotential altitude Hgy/p where Z; is
increased hncontinuoully in integral steps of one meter as Z increases, with
successive discontinuities occurring between ’0 4999 and Z . , and again
between 2} 4999 and 27 3000, etc. as indicated in Table A-?.,O%c differences
(z-uu,a) are also tabulated.

Two differences given in Table A-1 are shown in Figure A-1 where the
hypothetical quantity (I - Hgz/g) is shown as the solid-line, smooth-curve
function, aud the realistic quantity (24 - Hgz/p) is shown as the discontin-
uous function represented as s series of altermate horizontal and vertical
line segmen.s, where thase line segments comnect the series of discrete points
derived from the finite mumber of tabulated valuss. A graph of the difference
(2 - Hsg/g) 1s also shown as a smooth, dashed-line curve in Figure A-1 vhere
‘56/8 represents the sight-significant-figure values obtained from Equation

-1.

14




TABLE A-1
DIFFERENCES (A - H62/8) and (zi 62/l) AS A FUNCTION OF ALTITUDRE
Numerical Difference Difference
Altitude Symbolic (Z - Hya/8) (24
(meters) - Altitude uteu‘ uuu;,!)
0 zo 0.0000 0
1750 0
zo. 4999 0.4999 0 (
| zo. 5000 05000 1
1800 1
3050 1
z1 .4999 1.4999 1
zl.m 1. 5000 2
3100 2
3950 2
z, 4999 2.4999 2
zz. 5000 2.5000 3
4000 3
L. - - - .- ]




OIFPERINCES AS LABRLED (m')

=g ALTITUOE T (metere)

Figure A-1 Differences Z - ‘62/8’ z - '52/! and 2 - l!“/. vs altituds.

s “an~ "amn
® =5 ALTITUDE 2 (matere)
-0.8
Figuze A-2 Difference l“ /8" l‘z /R altitude.
e Nean Haam

mmes  ({2)

=cemreme  §(2)00.0m

v 1(2)-0.00
ALTITUOE T (metera)

*He

Figure A-3 Differemce l“/. - ‘62/;’ as wall as £(2), £(2) + 0.5 m,
and £(2) ~ 0.5 m all as a fumction of altitude. -
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Since Z - Hgq/g is always less than Z - Hg2/8, it is apparent that Hse/8 de-
parts from Z {ess rapidly than does “62/ , and the difference (n56/a - n62/8) -
£{Z) increases from zero as Z increases grm zero,

If cthe graphs of Figure A-1 ware extended to include the regien from 0 to
90 kilometers sltitude, the graph of (2, - 2/ ) would show 1257 wertical
line segments representing the same r o agrupt discontinuities while,
if extended to include the region from 90 to 700 kilometers altitude, the
graph would include an additional 68, 216 such discontinuities. In thesa same
two altitude intervals a graph (not presented in Pigure A-1) showing the differ-
ence between Z and rounded values of Heg, 1.e., (Z; - Hgg/p) would show oms
less and 33 less discontinuities, respectively, than would be seen in the
extended graph of 2; - Hg2/R:

1f the hypothetical graph (Z - Hg2/g) and the realistic graph (Z; - Rg2/ )
are compared, we find that at the particular points for which 2 is an hu;nt
multiple of one meter, Z - Z; = 0, and the difference Hg2/8 - Ng2/ ) varies
between 40.5 and about -0.5 meter in accordance with the graph oi ,uun A-2,
A careful examination shows that the limiting di,hroncn st the points of
discontinuity are separated by values of 0.999 m', 0.999 m , or 0.99 m ,
consistent with the fixed eight significant figures in lltz/s amd the varyisg
number in Hg, /8 depending upon the altitude region. It is also apparemt that
these discontinuities are symmetrical about the horizontal axis.

A comparison of the discontimuous graph (Z; - Hg /.) and the continuous
graph (Z - Hs¢/3) at those points for which Z has an fnu;ul value yields a
difference (Hsg/8 - He2/R) which follows the pattern of Figure A-3. In this
figure, the discontinuities occur at the seme altitudes as for Pigure A-2,
The limiting differences at the pointe of discontinuity are the sime as feor
the corresponding discontinuity of Figure A-2., Comtrary to the situatiom in
Figure A-2, these limiting points are not symmetrical sbout the horisomntal
axis but are symmetrical about the curved-line function £(Z) whici is the
function being sought for use in Bquation (A-2).

Unfortunately, the number of valves of Hgy/p in the U.8. Standard Atwos-
phere is not sufficient so that a graph of these points would sho+ the detail-
ed type of pattern of Figure A-3: there are only 420 values of H;z/y for
altitudes between 30 to 700 km compared with 68216 regions of dis:omtimmity
for that same range of altitudes. Consequently, any single value (Megss - :gzn)
from available data represents but a single point on a section of gragh which,
on the average, might have 170 regions of discontinuity. Obviously the detail-
ed step-function graph cannot be produced from the available data. On a graph
in which the altitude scale has been sufficiently compressed, howuver, a plot
of the available 420 data points (above 90 km) appears as a band >f randomly
scattered points in which the extreme ordinate values for any sinile valume
of abscisss may never axceed a difference corresponding to cns gsipotential
meter, as in Pigure A-3. Hopefully, a aufficient musber of data »oints
lie near enough to the two extremes to permit the establishment of a ’ood
approximation to the locus of the upper and lower boundary of the l-m band.
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The smoothed lower bound of the envelope of the set of scattered data
(lm’ - 'lg{') represeats a subset of valuss vhich are never more than
0. - or the desired function (Heg/g - n62/8) = £(Z). %imilarly, the
sastthed uppar bound of the emvrelope of scattered data rzpresents a set
of valuss vhich sre mever more than 0.5 = greater than the desired £ (Z).
Thee, 1f 0.4999 a’, 0.499 w’, or 0.4% m' is added to the individual values of
the difference sat (Hiss g - Hgo/p), each in the appropriate altitude regionm,
a sot of duta ecalled &‘hrco Sat , is formed. Ths smoothed lower bound of the
valuse of Sourcs Se:t ! consist of & smaller set of data called Subset 1. The
poiate of Sebeet 1 will have values equal to or very slightly greater than the
values of cthe desired fusction £(Z) ac the corresponding altitudes.

Similsrly 1£ 0.5000 n’ is subtracted from the individual values of the
difference sat (1 Je - Hg2/p):; to form Source Set 2, the smoothed upper bound
of thase wﬁ djusted data form a set of points called Subset 2. These
dats points of Subset 2 will have values equal to or slightly less than the
valwes of the dasired function £(Z).

The points of Subset 1 and Subset 2 are then subjected to a further
graphicel selection to form Smoothed Subsets 1 and 2. The points of these
Smoothed Subsets 1 and 2 are then combined, and when processed in a curve-
fitting program determine & close approximation to the desired function £(Z).
The samsrical and graphical processes employed depend upon the assumption that
the fumction £(Z) as well as its first derivative are monotonically increasing
with Z, a situation which is appareatly true for the upper and lowaer bounds
of the band of data points.

The detailed steps of the process are as follows:

(1) Prepare Source Set 1 by performing the following operations as
appropriate:

add 0.4999 to (Hsg/g - Hgyyp) for 1.0000 km <2z < 9.9999 km,
#dd 0.499 to (Hyg /g - Hgy p) for 10.000 km<Z < 99.999 bk,
add 0.49  to (Mg g - Bgyop) for 100.00 kmSZS999.99 km,

{2) Prepare Sbaet 1 as follows:

(a) Scan the entire Source Set 1 for the smsllest positive nusber
(all of the numbers of this set will be positive), and store this value with
its corresponding value of Z as the first entry of Subset 1.

(d) Remove this valuve and those for lower altitudes from Source
Set 1 and discard.

(c) Scan the remaining msmbers of Source Set 1 for the lowest value
and store this value with its corresponding value of Z as the 2ud entry of
Subsat 1.
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(d) Remove this member along with those associated wirh lower alt-~
titudes from Source Set 1. Repeat steps (c) and (d) until all the values of
Source Set 1 have been removed, and Subset 1 has been developed. If there are
two or more lowest values at any of the above steps store only that one
corresponding to the greatest altitude, and reject the others.

(3) Punch and print the stored values of Subset 1. This is presented
a3 column 5 DIF+INC, and column 1 in Table A-2 which consists of an corderved
listing of the appropriate cards extracted from Source Set 1.

(4) Prepare Source Set 2 by performing the follosing operation for all
altitudes of interest:

subtract 0.5000 from (n56/8 - 862/11)
(5) Prepare Subset 2 as follows:

(a) Scan the entire Source Set 2 for negative values, which will
be found at the low-altitude end of the set, removing and discarding these
members of the set.

(b) Scan the remainder of Source Set 2 for the largest positive
value and store this value along with its associated altitude valus as the
first member of Subset 2.

(c) Remove this member from Source Set 2 along with all members
associated with greater altitudes.

(d) PRepeat steps (b) and (c) until sll sembers of Scur:a Set 2
have been removed and Subset 2 has been developed. If there are :wo or more
greatest values at any point in the scamning operation, storc only that ome
associated with the lowest altitude and discard the others.

(6) Punch and print the stored values of Subset 2. This is presented
as column 6 DIF-0.5, aud column 1 in Tabie A-3 which consists of an ordared
listing of the appropriate cards extracted from Source Set 2,

(7) Plot the data points of Subset 1 on large-scale graphs 'not showm
in this report) for further data selection. The suggested scales for thess
graphs are indicated in Table A-4,

(8) Seloct certain points of Subset 1 which appear to form ¢ smooth
monotonically increasing lower bound to the total of Subset | dati. These
selected points comprise Smooth Subset 1 and are those points which may be

connected saquentially with straighit-line segmants meeting the follwwing two
conditions:

(a) BEach of these line segments lies below all those pcints {n
Subset 1 having altitude vslues within the al_{tude interval encospassed dy
the particular line segment.

(b) The successive lins seguwents have slopes which are wonoton-
fcally increasing for increasing alcitudes.
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TABLE A-2

VALIES OF SUBSET 1 A€ A FUNCTIOM OF GFOMETRIC ALTITUDE
“ITH THE RFLATED VALUFS OF H62/Rys HY6/85

GFOMETRIC

ALTIT InE

YETERS

~

21 0
8.0
az.
LY
128 .0
111
14000
14407
148 .0
1820
136.0
165...
173..

170~
’fnf\‘{ ¢
182 - -
230,
213 70 e
22430 Y,
223\-1«.
272329,
23040
267 .7
232 .
253,00
238000
2¢1
287, ¢
EA A
27e -
?Q12,
IRTCT
2y . ¢
298
a0’
3L
172

’,2” AL TN
199~ -
124"

R YA

o r

oy
T
R R |

b I
....’......0.......

[ a—

(s

. o
.........O........O.

AND THE DIFFERFNCES H56/8 - H&?/R

H62 /R

GEOPCTENTTAL

METERS

¢3°B5CI0CF
«574T76J0CE
¢8 956 00uF
e 45T 200VE
ol 329400F
e 179.98N0E
e 136%8300F
« 100810 0UF

e 161T7660uE o

e 14848 OCUE
e15226200E
«16177500F
»1684160UCE
e 174 S TOCFE
«184485CCF
¢ 18637000F
«1873120VE
e2.234600CF
2.6 930VE
021637400
e 2Z2G1V4UIF
e 22476000E
«220338uCE
«?224.,510uF

«24238BIVLE ¢

¢24331400E
024651630LF

¢25070400E

e 2562350.F

2 262594UJ0E .
e 2A6349 OF .

«?T09350CE
e 2T4599CGE
e27734400E
0723465200
o 78556400E
o ?2864T600E
¢297399..0F
o2 468900F

e?2764T1050F

e?191270CE
03262250 JF

.5
us
“5
vh
U6
C6
)
6

)
vh

Y
6
)
Ch
L6
{

&
a6
u()
b

H56/8

GEOPOTENTIAL

METERS

«30849557L
«e57475585E
«8U955702CE
e 945T7T1776E
«103293821E
e 109095 1E
¢13698311F
«140810L22E
e 14176626E
+14845032E
0152263132
e16177542E
«16841652¢L
¢ 1 7T409759E
«18448582E
¢ 18637085E
e18731292¢E
e20234716E
e 20609428E
e21637536E
e 22V10%4 1L
«22476162E
e23033975E
¢ 23405Z858E
e 24239 .94¢
0243316 . uE
024516525L
025070634E
025623739¢
«?6355656E
e26635165F
e 2Tu93798E
0270602 6E
e 27734722E
02846505 3E
0 286556738¢E
e 2BH6LTYI2E
0297403 E
e ACH66323E
e3NARLTHE A
¢21913164E
e32633493E

20

C5
Ccs
05
05
06
N6
Ne
06
06
06
Cé6
06
06
06
06
06
06
06
06
06
o6
06
06
Ch
té6
Cc6
ceé
06
o]}
(o]}
06
ne
c6
0].]
Jb
06
06
(o]
J6
1)
06
06

DIF
H56-H62

GFOPTe.
METERS

- H430
-e4150Q
-e 3000
=e224C
-e1920C

0102

s1100

« 2200

e 260¢C

«320C

e 4300

0L 200

«H200

e B0

8207

«850C

e 200
1416006
le280°C
163600
loklf&
le6200
1.750C
1eRBNOT
le940.}
2e 000U
2¢2500
2e2400
2¢390C
205600
2¢6500
2e980C
3.56CH
36220
35800
3esR8C0
14920C
4 Q0
4¢230C
H5800
LebLOU
4497200

DIF+INC

GEOPTe.
METERS

¢ 0560

e0840

«1990

e2750

e30N0

o5(ND

60700

«7100

e 7530

+8100

«820C

«9100
l1.01290
les08:¢C
1643100
1e3450
le4lO0D
146570
167720
18520
1e90.0
21100
22400
2435700
2e4300D
2eb4G..0
2eT40)()
2e8B30C
28800
340530
3el4D
34700
3e¢55:0
2710
Hhe0T70C
4e3770
G4e4100
4eb90\D)
HeT20U N
540770
Hel3n)0
Hell0:0

DIF=0e5

GFOPT.
METERS

-e9430
-e9150
-¢8000
-s7240
- 6900
-e4900
’03900
-e 2800
~e2400
~-e1800
-e¢17C0O
-¢0800
«02C0
« 0900
«3200
«3500
04200
« 6600
¢ 7800
«86C0O
«9100
le1200
125090
1¢3600
14400
1e¢50C0
l1e7500
le8400
1.89¢C
20600
2¢1500
24800
2¢56C0
2¢7200
30800
3¢3800
364200
3.5000
367300
40800
LelaCY
444300



SFDMET

ALTITIE

VFTFRe '

3450 a1,
YR,
362L ‘e
368N e
2800 -,
BRI
4. o
ARAT L,
BQ-V“O
ng' v-.‘.10
W72 " T,
79 Y LY BN P
H1row [
l‘]()f'f‘ ‘e
4100
4Nl
427 - [
N2407 ",
426 T e
L2920 . ‘o
ban o~
LEN D
L34 .
BAENL Y,
HhRth 7
468 Ve
472
L7670
a7 ¢
482 0
40

496"
£ ox
CTRL YO
S12.7
214500
£9n )
RO

TABLE A-2 (Continued)

A62/R

GZOPITENTI AL

METFRS

. 1)3 124
0 309Y3I2ULE
04245 LOE
e TREHG UE
R LET T
e 29 LE

.1A?11-Q.C\/E .

e I6ABIEL. K
e 367443 CF
e3745420)0LE
e378.82CuLFE

¢35 15 E

.101"“‘4-. LA"!F N

036221 F

e33529610UE -
AR TICLCE

e 3574 780UCE
«2G9235CUF
o4 (099100LE

eH 12867 F
01&7?;‘0 )'»')JF .
o8 237260UUE

¢4 7394800UF
eHI2H4 0 E
o/ *BB4“ALUE
e 43YHN64LE

e 4L2R2BGUE

bl HERLLIF

LR 16 F L

CLBRAJQRLGE

o+ S0 IESLLE -

«4635760JE
e H685T8LLE

eHTAB21LLE -

e L 7552300E
sNECHEHLUE
«HR{TRALUF
LRTHC Y €
«HCBYILOF
0G4 3uLut
ela9b . vIVE
ey 1GGF
.5-2795JJF
e% 618%UUE
o 9DRT71,IF

6
-;6
\.’6

5
L6
[ C‘

L6
g6

H56 /3

GECPOTHENTIAL

METFRS

¢32813931L
¢32993763¢k
0242495520
034786190t
e ISRH65H39E
e36034559E
e26217473E
e3639(284¢E
e267455HL6E
.3745“93@&
«37808%71EL
e?2B162595E
e285156,1C
e 39C44824E
e3922CY59¢E
«290396988L
0 3YS5T72¢15F
+39748736E
e 3YG24454F
e4.1CU.68E
e4132K479E
42325119¢
002373574
«4289588YE
04324752 1%
«4359CT747F
e 42937u66E
0042834 76E
o 6445T71232E
o A4BC28ATE
0 4532CTRTE
o45837829E
«46353966L
«LbB69L.1E
e47383536L
e 155478 1E
04 RUETVYIVE
«4088(162¢
o 4BRTSCTILE
249U916 14t
049431520
0496014 75L
PR R S ATEM
«50281¢ . vE
¢5062( 37k
¢ BNOK/UTIF

21

cé
co
(o] -
cs
cé
06
N6
cé
(o]
06
neé
9.
06
rAh
06
cé
cé6
06
ne
cé
(of ¢}
D6
Q6
06
06
6
06
06
06
N6
Q6
Cé6
c6
G6
cé6
06
NG
C6
C5
06
(o]
06
06
Cé
06
r6

LIF
A56-H62

OFGPTo
METERS

5¢3100G
56300
58200
5¢00C
62000
65900
6¢730C
62400
68600
763000
Te710C
71950C
Be(’1CD
Re2600
BeCCN.
B«8800
Qel500
9e2600
9¢540C
946800
V7000
106190C
10e7400
1Ce8900u
1121C0C
114700
1l1e660C
1178090
12320%C
123700
128700
132900
13660C
1440100
14473600
14481006
151900
1544200
1641100
1601400
166200
167500
164000
176090¢
1721708
1772n0¢C

DIF+INC

GECPTe
AETERS

5¢802C
661200
643100
63900
648820
4 G850
72220
73320
" Te352C
"747900
82000
Bel420
845000
Be7520
9.0820
943720
Ye64 )0
Y¢85 3C
100300
1Wel7.:D
10428 °2C
10668:C
112% .0
113820
117CD0
1196.C
121520
122720
128120
12.86530
133620
13.7830
14¢15350
1445009
148510
1543C30
156810
16110
156C 2
1562 ,0
19669 2C
17240
173930
1758 )0
178650
18421 0

DIF=0e¢5

GECPTe
METERS

4{8100
541300
53200
54000
58900
60900
62300
643400
6¢3600
68000
742100
T¢4500
7¢5100
T«7600
Be0900
83800
846500
848600
90400
941800
92900
96900
1042400
103900
107100
1C«9700
111600
11.2800
118200
118700
1243700
1247900
131600
13.51c0
138600
1443100
14469090
151200
1566100
1%¢6400
1547000
16¢2%00
1604000
165900
168700
17.220C

e

e N S

RN T



GEOMETRIC

ALTITUNE
METFRS

§8RU0 0,
l‘QGZQUﬂ.
S5B00C,
HTANDN
58000 ",
5&2‘)(:;’.
- BBAUT.
C 5867,
589?"" ‘e
59N,
b 1o Lo
6CN0NY,
632U e
GubL (Y,
628000
El10CC .o
6140 .,
62N(:N0) 4
62607 4
62R:N g
63000 )
632CC .
634N,
6360
s30T
ALl D
GaR( . 'y
6587C. e
6%&.{ i
65707 "
86200 o
66“\»(’\?‘ [ ]
hoti T,
GART ] ' o
KTOUT 1
HT2In3,
QTR (4,
6820070,
636. 1 -
69> 0"
60200
LY L3RIt N
404,10
QRO
Torarn

¢ & & & ¢ o o

H62/R

SEQPOTENTIAL

VETERS

+512983CCE
«516%31UCF
«521%91900¢E
¢52980500E
o5314840UF
e53316300¢E
53484 100E
¢57651800E
¢538194U0E
e520869CLE

eS41543 0k

¢54823000E
«5498990VE
055156 TULE
¢5549v10CE
¢55656600UE

«%5989400UE

e564BT90(F
e5AS855L(CFE
«5715110CE
¢57316T0VE
«5T7T48220CE
«59T647T6CUE
«57812904LE

«5T9T8100F
e5RLTI20CE -

«5863800uE
05896740uE
e5929€40ULE
e597892CCE
2599532 0F

06011T20CE
«67281100E .
ob GAHLULE .
&

o6 - TT2200E

061262500VE .

+615883C0E
e5191490uE

«62240500€

«624L03200F

e62565R00F

062726 C(CE
«67285070CE
+630%300uE

Je
6
v6
J6
6
(1.3
9.
16
)
cé

vé
vé
v6
.6
vb

vé
vb
6
vb
vb
vh
+6

vé
L6
v 6&
vb
-6
ub

(71

o6
Cé

W
.6
w5

TABLE A-2 (Comtinued)

H56/8

GEOPOTENTIAL

METERS

+51297114E
e51634966E
e52141C12€
052982475k
«5315C4TBE
«53318382E
e5348619VE
e53653902¢E
053821517¢
«53989C39E
«54156457E
«54825182E
«54S92122E
e55158968¢€
05545237T0E
e55658928¢E
«55991756E
056490 284E
«5698BTYS54E
«571536%4¢
¢573192b60VE
«57486477UE
«5765C186E
e578155 . 8¢t
e5798{.734E
oSB4TS5B4LHE
+ 5864 UEY /L
«5B970G114L
e59299155¢
«59792012¢E
«5J795611ut
e6C12C115E
«50284C28E
«6LOGATBALSE
«6C61157TVE
«60775203k
0561265539E
«61591966E
+615180U23¢E
«622631CYE
0824064 ])4¢E
082569026E
o52731545¢E
c62893974E
o63U%6209E

cé
06
171°)
06
cé
06
c6
06
06
06
06
c6
06
06
Co
(o]
o)
cé
06
c6
40
o]}
Cé6
Gé
06
€6
Ce
06
06
06
06
06
06
Ccé6
06
06
Co
06
G6
06
6]
06
06
06
cé

DIF.
H56-H62

GEOP T
METERS

1Rel14NC
186600
191200
197500
2Ce 780U
Z£GCeB8200
£VeIUUL
21070C
211700
213500
2le57C0
218200
222200
206800
22eTCC
23e2800
23e¢56CC
2348400
2445400
£5e54C0
256000
é9eTCOL
254860C
<6¢080C
26e340C
2644800
$He9TCO
271400
2Te5H500
281200
2% 1GOC
191500
29¢2HCC
2Ge57 0
29«T0Cu
2060300
3043900
3Ce00600
3142300
324CY0C
3214900
3242600
320500
32eT40C
33eC%CT

NIF+]NC

JEQPT.
METERS

1846300

151500

19661C0
202400
21e270G
213100
21e3900
21le5100
216600
218400
220600
2243100
22e710C
23el170C
23.190¢C
23s770CC
z24¢0500
2403300
250300
25C2CC
2609020
26190C
25e3520
255700
268300
2649700
2746 .C
214635C
860410
2346100
27e5%50C
276400
23eTT0C
77e9402C
I e1906C
15e%2U0
308600
3l1e1500
3147200
125800
3246350
1271500
32e940C
33623400
33.%580N10

LIF=04e5

GrOPTa
METERS

176400
1841600
1866200
1962500
2062800
203200
£0e4 000
205200
206700
208500
21-07¢C
2163200
2147200
22418C0
222000
2247800
2340600
2363400
2440400
2540400
2%¢10C0
2542000
2593600
255800
258400
259800
2647CC
2646400
270500
2746200
£346000
2846500
2847800
2849500
29+2C0C
2945300
29489C0
301600
307300
31495900
316400
3le760C
3149500
32424C0
325900

¢ ettt 10

o b e

=




TABLE A-3

VAl Ju 5 OF SUHSET 2 AS A FUNCTION OF GLOMETRIC ALTITUDE
#IThH THE RELATED VALUES OF n62/Rs 1156789
AND THF DIFFERENCES H56/8 - H62/R

GFEOYFTRIC
ALTITURFE

YFTERS

IIN D,
.

£9anA~
5Ch. " Y,
69477 "o
6G2.T Ve
538.: Ve
8B40 e
6R ",
RTRT " o
ARTLI NN o
HT2C7 e
67'.}\.’. [ ]
668uf e
66607 e
hAaiL" Do
L L YA
64" Ve
ER21 1N,
6L g
€42.:7 "o
G400
£28. o
6267 1,
€34 . ).
62271.° "4
RAINIC g
628",
€227
6163C e
6120 N
61 7 Ve
6. 6.7 e
A4 DYy,
QOR )Y,
ACKIN"N,
Q4" e
EQD . e
QN 0 Ve
fRQ.
“8, ‘e
SRL™ DN Y,
R8D.

H62 /R

GECPOTENTIAL

METERS

e63C53V0F
«6299070CE
«e6?27287300E
e62565800E
0624C320LE
+620777COE
e6175190vE
e61425T00E
«610N991CLE
«6"S3570CE
e6:,7722UVE
o6 6..86uLE
+6.281100E
«e6.117200E
¢5995320CE
e 59460TOUF
¢59131900E
«58802700E
«5830820CE
e5814120CE
«bT79781CVE
«5781290GE
e85 764T760VE
e57482200E
«57A1ATOOE
«571511CGE
«56653800F
e56155600LE
«558230GUE
«55656600E
e553236400E
«6551567J0E
e BURSSQUNE
«54488800E
e5432160JE
¢5415430VE
«51986900F
e528319400F
¢5365180GE
o524 R410.,F
e?2331/20°F

6
AL )
Jh
6
J6
vb
L5
.6
J6
Jé
Jb
.6
c6
vb
6
Cé
Lh
[N
w6
NG
vé
.6
6
ub
U6
6
N6
vh
Ve
1,6
uvb
ub
v 6
J6
(415}
-~ (7
L6
ub
8
w'b
w6
U6

H56/8

GEOPOTENTIAL

METERS

«63U5639E
«62893974E
«62731545E
062569026E
«62406414E
e620BCYI1ZE
e61755040E

e614288CCE .

«61102186E
«60938741E
«60775203E
«6061157UE
«6044T7845E
«60284028E
«6012C115E
¢5995611CE
e59463534E
«55134681E
«588C5453E
«58310905E
«58145866E
e 579807 34E
«578155038E
«5765C186E
«5T4BA4TTUE
25T31926CE
«57153654E
e56656270E
«56158L28E
«55825390E
«55658928E
e55325717E
«85158968¢E
54658 145E
e54491011E
«563237R2E
e8615645TE
¢83989025F
«538215117E
e536539.2E
«5348614CE
«533187382€

23

DIF
H56~H62

GEOPTe.
METERS

3340900
327400
3244500
3242600
3241400
321200
314000
31.0000
30.8600
30.4100
30.0300
297000
2944500
£9+280C
29¢150C
291000
2843400
278100
275300
270500
26660C
263400
26¢C800
258600
257000
2% 6000
255400
247000
2442800
239000
2342800
231700
2246800
224500

" 2241100

21820C
21e¢57Cy
2143500
21e170C
210200
20e¢90QC0H
21168200

DIF+INC

GEOPTe.
METERS

335800
2342300
329400
327500
326300
326100
3148900

314900-

3143500
309090
305200
301900
2994C0
297700
29¢64C0
295900
2848300
2803000
2840200
275400
271500
268300
26¢57C0
263500
26¢19CC
2640900
2640300
25¢15C0
26¢77GCO0
243500
237700
236600
231700
22¢94C0O
226000
223100
22¢060C
218400
2146600
2145100
216300
2143100

DIF=0e5

' GEOPTe
METERS

3245900
3242400
3149500
3147600

316400

3146200

"309000

305000

‘303600

2949100
295300
292000
2849500
28.7800
2846500
286000
278400
273100
270300
26¢5500
2641600
25¢8400
2545800
2543600
2502000
251000
25.0400
2442000
237800
234000
227800
226700
221800
2169500
216100
213200
210700
208500
2046700
205200
2044000
203200



TABLE A-3 (Continued)

CEAMETR[C H62/R
ALTITINE

GFOPOTENTIAL
YETERS METERS

GRANC Y,
LN S0 JUTS I
56400,
5609CI.
556012
55200,
548071,
L4400
540007
&a80:"Y
2400 YV,
53000,
r)?l&'u:‘ ‘.
5184:0",
S16.0
€1.3%" 3,
IR SA Tl
4ORLTN,
492" "
“36\'(';‘.
4840 N,
432 e
TR . g
4744 Ve
L4TINC " " 4
XY YHal
462,
45600 "
45200
444 .. >
424 7
LANCC
4227
nar e
apar~e
L2607
D% PARTE
AP0
Hu2

Silb.
AR et
HhoHt S
PAEY R
192
17 ¢

170 .

N B

e51148400F
o8 23ALT78IVE
¢518018CUE

«51464200E .

¢51126200CE
5 T8780VE
.5‘4‘090&-’5
¢5.10980GE
e4977020uE

0406‘»103(1\5 '

e4926010GE
«4R91S55UE
«4B4GT90LE
«&4T78954J0E
04T7724400E
«4721070CE
046696 100F
o4518BLBHUTE
456642 E
0051469UCE
e44974300E
04“6287JOE
0 44655800E
e441.9600E
«43T7HIACCLE
e4241600VE
e0430686CCE

e4?2546700E .

e4219830CE
e4150L2CUE
o4 8.053CE
04 52530CE
¢4 450CUUE

04" 2T46JDF -
L™ COOYINF

029923150uE
e 2CT4TROOF
e 3CRTI2LUVE
¢203C4K10..F
o YERATTCUF
¢ IRAT[LIDE
e ITORRULF

¢?76312.3F -

¢359227C0F
#35677700E
¢35142700F

wh

té

vb
vb
\l6
vb
b

.
vb
vb
vé
-6

~
-

6
.y )
vb
vb
b
vé
-6
v6
i )
w6
16

L6
v6

Al
W

v6
vh

J6
(e]3
vb
-6
w6
06

vh
\16
ub
N3

H56/8

GEOPCTENTIAL

METERS

«53150C473€
+52309499E
¢51803745E
e51466UYVE
«51128042E

«507896C3E

«50450773E
¢50111548E
«49771931E
o 49601975E
eb49261766E
«48921163E
e484C9514E
o4 TBI96YTIE
o4 TT25927E
e4T7212191E
e 4669755TE
«46182C21E
04566553 3E
e45148238E
«44975587TE
e 44629Y86E
e 8445703 2E
044110823E
243T64L20LTE
043417186E
e43,69756E
o424 T8BLBE
e42199297E
«41501268¢t
2 4N801494E
240626252E
e 4J450G88E
427588 VE
«uD1COCHEF
e39924454E
e29T4LRT3IGE
e 395T72%15E
+290296988F
« 38868587t
¢ IR3I9249F
22798581360
e37522¢. 3E
¢36923C8BCE
¢356TB4ILLE
035143393E

2%

06

06 -

06
cé
J)6
06
06
cé
06
06
06
06
06
06
06
06
06
06
06
06
06
o6
06
06
o]
06
cé6
cé
06
0é
06
06
C6

~
[

né
c6
06
06

06
06

L
Ccé
06
06

DIF
H56-H62

GEOPT.
METERS

20780C
1949600
19¢45C0
18.900C
1Be420C
1803006
174730C
174800
17e31C0O
167500
16660(
1646300G
1661400
157300
1562700
149100
l4e%700
14210C
13,8200
13.3807
178700
12.860C
1243200
122300
12.0700
11.8600
11.560¢C
114800
10.970C
106800
969402
9¢220C
9«8L0C
Ge8GI0
Ce&80C
945400
9¢360C
Y1500
848800
88700
BettS0N
Be36N
Be33AXY
Te8(CO
T¢1109
6+¢YHJD

PIF+INC

GEOPT.
METERS

21e27CC
7204800
1949460
1943900
189100
18e52CC
182200
179700
17800C
17.2400
1715020
1712G0
166300
162200
157600
154000
150620
1447CL0
143200
138700
133600
133500
128100
127200
1245600
1235060
120500
1197C0O
11646CO
111720
1Ce43000
1Ce0l100
1063700
1ve2900

CelT0DO
10e0300

78500

Y¢64C0

De3700

9e¢3600

B¢980N

£+8500

Be5200

842920

T¢600C

Te470C0

DIF=0e5

GEOP T,
METERS

2042800
19.4900
1849500
184000
179200
175300
1742300
169800
168100
162500
1616C0O
161300
156400
152300
147700
lae410C
14.0700
13.71CC
132300
1248800
123700
123600
118200
1l1.7300
11.5700
113600
110600
109800
10¢470C
1C«1800
Y4400
944200
943800
943000
91800
9.0400
848600
He6500
843800
83700
T¢9900
786006
753090
73000
646100
64800



WEOMNETRIC
ALTITUNE

UWETERS

164 v
356w,
284
352.70
260 0N
2480 Y
36?v:z
LTI
3.
32805
EPER
194, 1
180
214 20
A~y
A%6.7
332
296,
292
291.- )
277 -
2720
269,
2656 .
267 .
2R 7>
254"
2450
227~ °
2277
22%
223000
216800
2:2.71
136 -
18R,
1700
1780
167
164
167, ¢
18507
16C,
146
149
12

[ ]
i g
L ]
[ ]

H62/R

CEFOPOTENTIAL

METERS

e 344 2T79GVE
«43711400VE
¢3726522CIUCE
¢33352800E
e231729.u F
«e2299720F
e 374854 ULE
.13091JGVE

e4137090CE

3119V 10VE
e t10.72C..€
o3 R2BPCGUE
e PR4LFE

02%194200E
«?2G601210vE

e 2HB299UF .

«2R2826CUE
«27917200E

«?TR2%8BCLE .
e 2H8LTYIL LE
e PARTTREUNF 1.
«?2871%64GE

¢25531300
e 75254 8)UF
0247934 0UCE
0 24L4238)0VE
e2259L5UUE
e22B479C E

«2191710uE -

e2173060uF
021544 .3CCE

e2 19640VE -

«1967164CE
¢ 188283 uE
¢ 1R2598Q0E
¢17318J.F

.’7:.11"U(;F :
e164622CLE
e17987400E

e HTAT3LVE
el54i6700E
slubb41 .k
e 1427210uE
o ] 398K IYUE
P LY

JUE
e20092180J0F

V&
vb
vb
b
Jh
vh
. O
-6

“ 6

-0

s
.J{)

U
Palke il

. e
rTrOoOC>Or D

- e e

TABLE A-3 (Continued)

H56/8

GEOPOTENTIAL

METFRS

034428558E
e33712uU1%E
«33532613¢L
«333531C2¢E
03317QAQ6E
e 32993763F
022453 unTE
022093532¢
¢31371413E
e3119u6uYEL
e31.0v7. 0L
+3NBR2B6BIE
«30284IR1E
e 29921968F
e2910944£38E
«29012%32E
e288303]16E
«28283013EL
e 791759 7L
«27826173E
«765432357F
e?61T5F4L2E
025715826AE
e25531625E
«25255115E
0247937yt
e 24424C1ITE
«?23590774E
«22R48149E
¢?1917331E
«2173082LE
0215442113¢L
«2uT96612E
«e196T1792¢L
e 18825472E
e18259%65L
e1T7315146E
«17031128¢
0 16462736L
«15°87523L
«e157974 . 9E
«15416565.8L
2146542 6L
e1427221.1L
01398H 34 Y
e127283546GE

25

C6

06
06
cé6
NG
06
06
né6
06
06
Cé
06
06
C6
DA
06
06
G6
(o]
06
NG
06
Cs
06
Cs
[of
Cé6
C6
Gé
né
06
06
06
06
o]
(0]
26
06
1§
C6
06
co
1.}
06
06
6

vIF
H56~-H62

GEOPT.
METFR¢S

65800
61503
6130C
60200
5«R6NC
546300
S5¢4700
5e4200
51000
590V
5+000C
448700
48100
4e&EDOC
443800
43200
441600
41300
3.970C
3.730C
35730
344200
32600
36250
24,1500
34U5%0C
27T70C
2¢740C
24500
2%30G
2¢2200C
2¢13C0
2¢120C
1.,920C
le7202
1¢6%0C
lea60%
1e280C
13602
le3302
leru0T
1eCHCO
leQOULL
l'C]UU

o AP0

o H0C

DIF+INC

GEOPT.
METERS

70730
6¢6430
66220
65120
635130
61220
5696 .8
58100
5¢5%30
55800
5¢49)0
53230
563022
5¢1700
48710
481,50
4465)0
4ebE 20
Lola61C
42220
440620
349120
37510
374 IC
3.643C
2.540¢C
3.26 130
323230
298 0
282 30
27920
26250
2.61;3
2e41 .0
2621 D
2¢14 D
1e9% 0
187 :0
18510
le82 .C
1e58 0
16570
1¢55%1C
1¢50.C
1437 0
1e3% 0

OlF=0e5

GEOPT.
METERS

60800
56500
56300
55200
563600
51300
49700
448270
446000
45900
4¢5C00
4¢33C0O
4¢31CO
4018C0
3.8800
382C0
346600
36300
344700
342300
3.07CO
209200
27600
27500
246500
25500
22700
262400
149900
18300
18000
16300
le6201)
1¢42C0
le220C0
1415C0

e9600

s88C0O

«8600

«8300

«5900

*5800

«56CO

o510

«3R0Q

23699



GEAMETR ¢ H62 /R
ALTITUNE

GEOPOTENTIAL
UFTFRE METERS

11260 e «l1CLH6GIVE . 6
1INRANY, $176198J3F 76
10707 e «1..5228CCE .i6

L ]
Q1" ‘e «89TI1SCOCE U5
72.c e oT7118930CUE U5
TG e 06S227J0vE V5
LA0" o o459 TUIVE U9

TABLE A-3 (Continued)

H56/8

GEOPGTENTIAL

METERS

«11006083L
e 17619575E
«10522874E
«8971568uE
e711v%3624c
e69237554¢E
0436917L36E

26

c6

06
ceé
05
0%
C5

~
-

DIF
H56~462

HBEOPT.
METERS

«83C7
e7500
e 740
«68CY
ob24¢
564
e5360

DIF+INC

GEOPT .
HMETERS

1e3235C
1e24GC
12300
1el179¢C
lel250
10630
160357

DIF=Geb

VEOPT.
METERS

3300
e25C0
« 2400
«18GC
e1240
¢ 0640
«0360



TANE A4

OF THRE GRAVEGC OF SURSETS L AW 2

SCALRE VALUZS OF f£1(Z) ASD & BMPLOVED IN DIFFERENT PORTIONS

Altitude Interval Meters of £ (X) ke of Altituda 2
k» ‘ Per 1 em of Graph Per 1 ca of Guaph
0 - 1% 0.02 4
100 - 250 0.04 4
22¢ - 370 0.10 4
360 - 5% 0.10 4
550 - 00 0.10 1




&l

‘a8 !mnt). e ordinate valuas of the desired function £(Z) may be vquu‘ to
‘or ¥gbs than the ordinste values of the end points of the segments of f(S8-1),
bt will alvays be less than the ordinsce values of all other parts of f£{58-1}.

(%) "Plot the data from Subset 2 on the same graphs with Subset 1,

(10) Select certain points of Subset 2 which appzar to form a smooth
momotonically increasing upper bound to the total of Subset 2 daita. These
selected points cowprise Smooth Subgat 2 and are those points which may be
connected sequentially with straight-line segments meeting the following two
conditions:

(a) BRach of these line segments lies above all those points of
Subtet 2 having altitude wvalues within the altitude ii..cerval emcompassed by
the particular line segment.

(d) Same as condition b under step 8.

This series of straight-line segments associated with Smooth Subset 2
data is designated as £(58-2) and will be ssen to be close to but below the
sepments £(88-1) prepared in Step 8. The ordinate values of the desired
fusction £(I) mey be squal to or greater than the corresponding ordinate
values of £(88-2) for all values of Z, but there is a small probability that
the ordinsta values of £(Z) may sometimes be slightly less than the corres-
ponding ordinate values of £(88-2) for some values of Z in between the end
points of some of the line segments, i.e., the points of amooth Subset 2,
Por any particular set of abscissa values Z, corresponding to the abscissa
of the data points in Smooth Subset 2, the 3uired smooth function £(Z)
hes ordinate values which are equal to or greater than the ordinate values
of the related points of Subset 2, but which are less than the corresponding
sxdinate values of £(88-1). Thus, the valwe of f(Z) corresponding to each
member of the set of ordinates Z; is bounded vithin saall limits, and it is
possible to estimate the value of f(Z) for each value of Z; to be midway be-
tween the appropriate limits., It is also possible to estimate the value of
8£(2), the range of uncertainty of £(Z), to be equal to the separation between
the above specified boundaries.

Values of £(Z) and 3£(Z) may similarly be made for the set of abscissa
values Z corresponding to the abscissas of the data points in Smooth Subset 1.
In these instances, however, the ordimate valuss of £(Z) will be equal tec or
less than the ordimate values of the related data points of Smooth Subset 1,
and may be as low as or even slightly lower than the ordinate value of the
corresponding points of £(88-2).

{11) Prom the grapnical representations £(88-1) and f(88-2) comnnecting
the data points of Smooth Subsets 1 and 2 respectively, estimate values of
£(2) avd 5£(2) for the abscissas in the set zl and 22 in accordance with the
discussion under step 10.




The set of graphicelly estimated vaiues of £(Z) and uncertainty of £{Z)
in the form of 100 8£(Z;/£(Z) arc presanted as a function of Z in Tebla A-S$.

The £(Z) Polynomial

The data of Table A-5 were fed into & digital-machine cucve-fitting pro-
gram designed to yield the coefficients of best-fit, firat-, second-, third-,
and fourth-degree polynomials as well as the difference between each point of
input data and the polynomial values for the same abscissas. From consider-
ations of mean differences, the fourth-degree curve was found to give the
best fit of the four curves considered. For the case when Z is axpressed as
kilometers, we find

f(z)-A+nz+czz+nz3+!z“ (A-4)

where £(2) is expressed as w’
A =0.4858126 x 1072 g’

B = 0.1338918 x 10~ n’'/kn

C = 0.1903029 x 10°% ' /km’

D = 0.8288881 x 10~ a'/kn’

£ = 0.1822113 x 10”10’ /iu®

When Z is expressed in meters, the values of the several cosfficients are
multiplied by (10°2)* (km/m)*, whers x is the power of Z in the term with
which the particular coefficiemt is associated. In both instances the dim-
ensions of £(Z) is geopotential meters. A list of the functional values of
£(Z) as defined above and a list of the differemce between the graphical and
functional value of £(2) are also given in Table A-5.

It is noted that the function determined does not pass exactly through
sero at Z = 0, b't has a value of 0.004858124 meter at this altitude. This
value, in effect, increases the value of the entire fumctiom by less than
five thousandths of & mster, an amount vhich is trivial in the determination
of geopotential to the msarest hundreth of a meter. This discrepency ua-
doubtedly results because the graphically derived values of £(2) have omly
limited accuracy. In addition, only three graphical values of £(I) resulted
from the study for the region 0 to 90 km in vhich regiom the besic data com-
ol,ccd of only those 90 tabulated valuas of I for integral multiples of oms
km . Therec are, hoyever, approximately 600 tabular entries of Z and .Y 0y
between 0 and 90 km , and more than three graphical values of £(Z) com
possibly have been obtained for that regiom. A better fit at 2 = 0 might
have been determined if all the available data had been used. Mo great errvor
is made, howvever, if zero {s assigmed to the coefficient of the Z° term.




ot e e -

TABLE A-5
CRAPRICALLY DETERMINED ESTIMATRES OF f)(Z) COHPARED
WITH POLYNOMIALLY DETERMINED VALUERS OF £(2)
Craphical
Graphical * Percentage Functional Value Minus
Estimates Degree of Yalue of Punctional
2 (im) of £,(2),m  Certainty £(2) Value,m

.8008~ 50 . 000008~ 50 100.000 .4858124E-02 -.48581248-02
0408402 .420008-01 90.576 +4280204E-01 -.8020470E-03
« 7200402 . 130008400 96.923 . 1243193400 .30806108-02
.1128403 . 342002400 98.830 . 3421638E+C0 -.163980CE-03
. 1960463 . 860608400 97.680 .84717558400 .1282441E-01
. 203803 . 14 300E+401 98.620 .1624355E401 . 2564490E-01
« 1158403 . 166508401 58.480 .1640593E+401 .4407090E-02
3253403 . 1802108401 98.050 .1835597E+01 -.1459790E-01
- 2450403 . 225300401 99.33% .2267670R+01 -.1267070E-01
- 2388403 . 237008401 99,222 .2579805E+401 -.9805100E-02
- 2068403 . 277308401 99.097 . 27845862401 -.9586400K-02
. 2123403 . 295508401 94.815 «2971894E401 -.1689450E-01
3702 .651008401 99.538 .6506622E+01 .33774008-02
4358403 .110108402 99.728 .10972478+02 .3752700E-01
456403 . 129158402 99.652 .1293304E+02 -.8047020E-02
A928::0) . 133608402 99,776 1339558402 . 104 50002-01
. 5188403 . 152658402 99.771 .132%077E402 .14225008-01
. 3308403 . 161758402 99.725 .18182¢08+02 -.7009000B~-C2
« 3708403 .195108402 99.897 . 19538488402 - .2843800R-0i
.6128403 . 234508402 99.787 . 23494330402 -.44332002-01
.6428402 . 26650242 99.623 . 26600268402 .4973800K-01
6768403 . J0A05E402 99.852 . 30411338402 -.63330008-02
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A-3 APPLICATION OF £(Z) TO THE DETERMINATION OF GEOPOTENTIAL FOR 2 = 90 ka

The functicn £(Z) when used in Bquation (A-2) provides the means for
computing the value of Hg2/8 for specified values of Z. An evalustion of
Bquation (A-4) for Z = 90 km shows £(Z) to be 0.201 a’ wvhen the coeffi~iemt A
is taken to bc sero. ‘n'nc corresponding value of H from Bquation (A-2) ie
found to be 88743.335 m . This value should be & close approximation to that
value of geopotential at which the defining temperature-altitude profiles of
the U.8. Standard Atmosphere 1962 are switched from being linesr in teruss of
rropotential, in the lower regimm, .o being linear in terms of geometric
&ltitude in the upper regime. The calculation of the pressure for this trans-
liio altitude is considered under the discussion relaied to pressures at
critical altitudes at 90 and below 90 km in the next sectiom.

Application of £(Z) Dats to the Datermination®
of an Expression for Z versus H

The calculation of geometric altitude in terms of integral wmultiples of
one geopotential kilomater for the required tables for the upper regims of
the Standard Atmospheres may not be made by means of Equation (A-2), imvolving
the functional expression for £(Z), without an undesirable iteratiom process.
If Bquation (A-2) is solved for Z without considering £(Z) explicitly in
terms of Z, one obtains

r{H + £

A=T-15+ €]

(A-3)

Since f(Z) represents a set of values associated with a specific sei of
geomatric altitudes, it is apparent that this same szt of values ray becoms
f(R) by being associated with a corresponding specific set cf geopotemtiaile,
related tc the gecmetric altitude through Equation (A~2). With this trans-
forvacion of £(Z) to £(H), Equation (A-5) bscomsn

Z62/8 " T - (H + £(0)] a-6)

The funcetion £(H) is found from the same basic graphical data employed in
finding £(Z). 1In this case the value ~0.342 m’, for example, previously
associated with 112,000 geometric meters in Table A-5 is now associated with
110,060.488 geopotentisal msters, i.e.,

gi - 0.342 = 110060.83 - 0,342 = 110,060.488 »’

Siuilar relationships apply for each of the other data points. Ttese re-
vised data points presented in Tablc A-6 yield a nev polynomial fit,

£01) = AA + ABH ~ ACH® + ADH® + APM® | -7

.:‘ "

The davelopment of Equations (A-5) through (A-6) and th2 Table A-6 fora the basis
for the gsopotentisl tables fmcluded in the United States Standard Atmosphere
Supplements, 1966 (Ref. A-3). 1
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TABLE A-6

GRAPHICALLY NETERMINED ESTIMATES OF f, (H)
COMPARED WITH POLYNOMIALLY DETERMINED VALUES OF f, (H)

Functional

Graphical Percentage Graphical Value

Geopotential Estimates Degree of Value of Minus Functional

km of flfﬂ),m Carcainty fl(ﬂ),m Value ,m
. 0000000E- 50 .00000E-50 100,000 .2579651E-02 ~.2579€51E-02
43697498402 .42000E-01 90,576 .4386026F-J1 -.1860263E~-02
. 7119349E+02 « 13000E+09 986.923 .12620G9E+400 .3799100E-02
+1100604E+03 . 3420084+00 96.830 « 34412825400 -.212622C0E-02
- 1598744E403 . 86200E400 97.680 .8482635E+00 .1373044E-01
1967164E+03 . 145008401 98.620 14206228401 .2537790E-C).
. 20796448403 . 164 50E401 98.480 .1640626E+01 .4373300E-02
+ 21730642403 .1821CE401 98.050 .1835452E401 -.1445220E-01
. 2359054E+03 . 22550E401 29,334 +2267215E401 -.1221530E-01
. 2479344 K401 .25700E+01 99,222 .2579188E+01 -.9188600E-02
25531349403 .27750E+01 99,097 .2783888E+01 -.8888100E-02
261754 EH03 .295508+01 95.815 .2971135F401 ~.1613520E-01
.35162762403 .65100E+01 99.538 .6305996E4GL .4003100E-02
6254674E403 ., 11010E+02 99.728 .1097266E402 .37338C0E-0L
45146942403 .12925E4+02 94%.652 1293344E402 ~.8443000E-02
4566424E4+03 .13360R->02 99.776 .1334997E402 .1002700E-~01
4789544803 .15265E+02 99,771 1525125E402 .1374500E-01
4891954 5400 .161758+02 99.725 .1618248E402 - . 7483000E-02
» 5230754 F+02 .19510E+02 99.897 .1953873E+02 -.2878400E-01
. 5582304B403 . 234503402 99.787 L2334 26E+02 -.4426000E-01
. 5330824E+03 .26650E402 99.€25 .2659932E+02 . 5007600E-0O1
6109914EH2 » 30405E+02 99,852 .304,G92E+02 ~.5925000E-C2

32
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where f(H) is expressed as m

0.2579651 x 10°2 m'

0.2161710 x 107 ' /m’

0.1807561 x 10”10 m'/(a’)?
= 0.9153012 x 10716 »’/(a")3
= 0.2006785 x 10722 o'/ (a’)*

- N~

and where H is the altitudz in gecpotentisl meters. If H ic to be sxpressed
in kilometers, the velurzs of the various coefficients sust be multiplied by

20%% (n'/kn )* where x is the power to which K is raised in that term to
which the coefficient applies.

Equation (A-7) introduced into Equatiom (A-6) now yieids values of Z for
integral values of H in substantial agreement with the related values tabulated
in the U.S5. Standard Atmosphere 1962. The spplication of this equation to the

expansion of the Standard Atmosphere sbove 90 km is counsidered in the main
body of this report.
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APPENDIX B

PROGRAM FOR COMPUTING 1962 STANDARD-ATMOSPHERE
VALUES OF PRESSUREs TEMPERATURE » TEMPERAFURE
GRADIENTs AND DENSITY AS A FUNCTION OF INTEGRAL
MULTIPLES OF ONE THOUSAND GEOPOTEWIAL METERS,
FROM 904000 TO 1209000 GEOPOTENTIAL KETERSs AND
AS A FUNCTION OF INTEGRAL MULTIPLES OF SO0
GEOPOTENTIAL FEET. FROM 295000 YO 390,080
GEOPOTENTIAL FEETe PRESSURE 1S CONPUTED I
MILLIBARS IN BOTH THE METRIC AMD ENGL ISN TABLES,
WHILE TEMPERATURE., TEMPERATURE GRADIENTs AND
DENISITY ARE COMPUTED IN TERMS OF DEGREES KELVINe
DEGREES KELVIN PER METER, AND KILOGRANS PER CUBIC
METER RESPECTIVELY IN THE METRIC TABLESe BUT IN
TERMS OF DEGREES RANKINs DEGREES RAMKIN PER FOOTs
AND POUNDS PER CUBIC FOOT RESPECTIVELY IN THE
ENGLISH TABLESe PROGRAM ORIGINALLY WRITEN BY
MRS MELLOe REVIEWED AND COMMENTED BY RoAs MININER
NOVEMBER 19664

DIMENSION G(T)sA(T)oTMRIAIFL(S)sD(H)eP (&)

FMOR=3,483676E-02

AAsO,

- AB=~¢2161710F-07

AC=,1807%61E-10
AD=,91%3012€~16
AE=,2006785€E-22

TMR(1)=180.6%
TMR(21=210,65
TMR(3)2260465%
TMR(4)5360,65

D{11=3,170€-06
D(2)%4,974E-07
D(3)199,829E-08
Dla)=2,436C~08

THE QUOTIENT OF THE SEA-LEVEL VALUE OF TME
MOLECULAR WEIGHT DIVIDIED BY THE UMIVERSAL GAS
CONSTANT IS DESIGNATED FMOR.

THE QUANTITIES AAsAB+ACy AD AND AE ARE TWE
COEFFICIENTS OF THE POLYNOMIAL DEFINING FXs THE
CORRECTION TERM IN THE EXPRESSION FOR CONVERTING
GECPOTENTIAL TO GEOMETRIC ALTITUDE.

TMR(1) THROUGH TMR(A) ARE THE DEF INED VALUES OF THE
MOLECULAR SCALE TEMPERATURE (DEGREES KELVIN) AT
9001004110 AND 120 GEOMETRIC KILOMETERS ALTITUDE.

D(1) THROUGH D(&) ARE THE PUBLI SHED STANDARD~
ATMOSPMERE VALUES OF DENSITY (K¢ PER CudlC METERIAT
90+ 1000110 AND 120 KILOMETERS ( THESE WALUES ;
APPEAR NOT TO BE USED INK THIS PROGRAMI.

FLI1) THROUGH FL (&) ARE THME DEFINED uAtﬁls Of Twe

OERIVATIVE OF TM wiTH RESPECY 70 2 (DEGRRES
KELVIN PER METER) FOR THE FOUR LAYERS WMDSE BASES




APPENDIX B CONTINUED

5 o ARE 90+ 100¢ 110 AND 120 KMe
RN |
L2 uBeE~03 . | |
Bi31210.6-0) 1
FLISI"20.£-03 }

S P{l) THROUGH P(&) ARE THE MILLIBAR PRESSURES AY {
ALTITYUDES 90s 100, 110 AND 120 KILOMETERS. :

PIL0%1.0438E-0

$42193,0075E~04

PIDI5T $544E-05

P1A182,$217€-08
. G(1) THROUGH G(7) ARE THE COEFFICIENTS OF THE

LAMBERT EQUATION FOR EXPRESSING THE VARITION OF THE

ACCELERATION OF GRAVITY WITH GEGMETRIC MEIGHT 2

AT ABOUT 45 DEGREES LATITUDE.

611)1%°,80665

842)12-3,00%419%E~06

G(¥1=27,2539455€~13

Gta)==1,9167771E~-19

B(9)%2.9724820£€~-26

816)9-3.5905536E-33

S(T)is)l,0219762E~99

IPISENSE SW.TCH 1)119,20
HF IS THE MEIGHT IN GEOPOTENTIAL FEET OF THE

INITIAL ENTRY IN THE ENGLISH TABLES.

MF=295000,
Hs89916 1S THE HEIGHT IM GEOPOTENTIAL METERS
EQUAL. TO 295,000 GEOPOTENTIAL FEET (EXACT).
20 M=8991¢.
60 10 21
C He90.E+03 1S THE HEIGHT IN GEOPENYIA. METERS OF
C THE INITIAL ENTRY IN THE METRIC TASLES.
| 19 Hs90.E+03
g C R IS THE EFFECTIVE EARTM RANIUS (FOR PURPOSES OF
C RELATING GEOMETRIC MEIGHT 2ND GEOPOTENTIAL) AT 45
C DEGREES 32 MINUTES AND 33 SECGNDS LATITUDE.
‘ 21 R2$3%6,766E+03
, OZGIN TRACE |
C FX IS THE CORRECTION TERM IM THE H TO Z CONVERSION.
: 11 PXSAASABSHIACTHES 2 ¢ADSHERSSAE MO0 4
u g C | THE NEXT EXPRESSION CONVERTS GEOPOTENTIAL H TO
o < GOEMETRIC HEIGHT Z.
P ZoR® (MOEX ) / (R~ (HeFX) )
- < THE REXT 14 STATEMENTS INVOLVE THE SETTING OF
| C INDICES FOR THE FOUR LAYERS AMD FOUR REFERENCE
| ¢ LEVELS OF THE CALCULATICNS.
] IF(2=10C.£+0312:9,4
' 2 Ke}
| IR*90+E+09
1 G0 T0 5
/

S i £ T it e - et S s o n s




2a¥aXaXa)

2 ¥aKaNa¥a! ala

(a¥al

3 K=2

ZR=100.,E403
GO 10 8

& IF(2-110E403)34647
6 Ks3

T IF(Z-1204E403) 628,28

28

10

DENS =PRESS/ THSF MORS® 1 o £¢02
IF(SENSE SwITCH 1 122423

ZR=110,E+03
GO 7O 5

Ksb
ZR=120,E+03

SUMAO=0,
SIMAL1=0,
SUM=0.

DO 8 [=2]1.47

ACIIS(TMRIK) /FLIK)=2RI®B(]=1)
SUMAOSSUMAD+ (-1, el

DO 9 Ls=leb
GLsL

DO 10 IsL+6
M=l
Nsi=L+]

SUM=SUN+S (=10 ) #8 (M)AG(1+]1)RA(N)

SHEL sZaa| -ZR8ay
SHEL sSHEL /GL®*SUM
SUMAL=SUMAL+SHE |
SUM=0.

SHE=-SUNAO® (FMOR /FL (K? )

SHEIL=SUMA 1 *FMOR/FL (K)

PRESS=THR(K)+FL (K)®(2~ZR)

PRESS=PRESS/TMR(K)
PRESS=PRESS*SHE
PRESS=PRESS*P (K)

PRESSSPRESS®EXP (~SHE L)

TMsTMR(K)+FLIK)I®{2-IR)

23 THD=1.08¢TH

APPENDIX B8 CONTINUED

THE MEXT 23 STATEMENTS DEAL WITH THE CALCULAYION CF
PRESS+ THE PRESSURE IN MILLIBARSs IK ACCORDANCE

WITH THE CORRECYED VERSION OF EQUATION 27 OF
CHANPION AND MIMZMERs REVe OF GEOPHYSICS 1+P57,1963

118G(1)eAtl)

THE NEXY STATEMENT EXPRESSES THE MOLECULAR SCALE
TEMPERATURE THM AT ALTITUDE 2 WiTHIN ARY LAYER K.

THE NEXT STATEMENT EXPRESSES THE OENSITY IN KG. PER °
CUBIC METER I TERMS OF TM AND PRESS USING TNE g
GAS LAWe THE FACTOR 1.E+02 IS REQUIRED TO CONVERT ’
RILLIBAR PRESSURES 7O NEWTONS PER SQUARE METER, THE
PROPER UNITS OF PRESSURE IM THE MKS SYSTEM OF UNITS

YHE NEXT STATEMENT COMVERTS TH 1IN DEGREES X TO TMD
IN DEGREES RANKIN.
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APPENDIX B COMCLUDED

THE HEXY STATEMENT CONVERTS DENSITY IN KILOGRAMS
e e o= 0 PER CUBIC METER TO POUNDS PER CUBIC FOOT.
DENS *ORNE*6. 24279 78~02 _
o ' THE NEXT STATEMENY ROUNDS THE QUANTITY TO TwO
DECIMAL PLACES.

TMD=TiD» ¢ 003
N THE MEXT STATEMENT CONVERTS 2 IN METERS TO ZF IN-
FEEV.
2P =202:2808399
| THE REXT STATEMENT ROUNDS THE QUANTITY TO TwO
e DECIMAL PLACES.
LFalPac005
| THE MEXT STATEMENT CONVERTS TM IN DEGREES KELVIN TO
| TMC IN DEGREES CELCIUS.
THCoTH~273,.19 ,
| THE MEXT STATEMENT ROURDS THE QUANTITY TO TwO
DECIMAL PLACES.
YMCoTHCS 4009 | |
THE NEXT STATEMEKT CONVERTS FL IN DEGREES KELVIN
PER METER TO RL IN DEGREES RANKIN PER FOOT.
RLoFL(K]I®54864

THE NEXT STATEMENT 1S THE PUNCH STATEMENT FOR THE
ENGLISH TABLES.
PUNCH 101 0MF o 2F oRL o TMD » TMC +PRESS o DENS

6C 10 2o
THE NEXT TWO STATEMENTS ROUND THE RESPECTIVE
QUAKRTITIES TO TWO DECIMAL PLACESs WHERE FZ 1S THE
ROUNMDED VALUE OF 2 IN. METRIC UNITS.

TMaTNe,00%

Flnles 008

THE NEXT STATEMERT IS THE PUNCH STATEMENT FOR THE
METRIC TABLES.

PUNCH IQOQHQFZ’FLiK)ofﬂoPﬂESSQDE“S
THE NEXT 8 STATEMENTS SET THE INCREMENTS OF BOTH
THE METRIC AND ENGLISH TABLES.

IF{SENSE SWITCM 1)12,1)3

1IFIN=120.€£403114,1%,15

PAUSE

GO 10 18

HeMel o E40)

GO Y0 11}

1F(2-120.E+403)16,417.17

HE2MNF+3,E+0)
THE NEXY STATEMENT CONVERTS HF GEOPOTENTIAL WLIOHT
IN FEET TO GEOPOTENTIAL HREIGHT IN METERS PRIOR TO
CALCULATING THE THERMOOYNAMIC PROPERTIES FOR MF.

Ha 304 00MF

60 YO 1}

FORMAT(2F1)1e2oF6e3:F0.29F12:%50E1144)

FORMATI2F11020F 1007 32F8c20E12680E11.4)

END TRACE
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