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1. INTRODUCTION

1.1 Scope
This AIR is arranged in the following four sections:
2A - Properties of the Natural Environment
2B - Properties of Gases
2C - Properties of Liquids
2D - Properties of Solids
A summary of each section is given below.

A This section-includes curren pplicable-earth-atmosphere—standagds (Refs. 101 and
103) and data on the near-Earth environment. Limited data on Mars and Venus)reflected solar and
-emitted radiation and on micrometeorite data are also included. For,space vehicle applica-
tions, environmental models are of two general types: orbital and reentry. /For orbifal models, variable
properties such as time and solar flux are usually averaged. Reentry atmospheres |are chiefly a func-
tion of location and altitude, and selection may be based on reentry Jocation. Variation with latitude is
an impgortant local effect (Ref. 106).

The electromagnetic solar radiation data in this section are for-altitudes above the Earth’s atmosphere.
The arpount of radiation energy below 0.22}1 (Fig. 2A-10).is small and has little effgct on vehicle ther-
mal balance. It is primarily of interest because of degradation effects on thermdl control coatings.
Planetary albedo (fraction of solar radiation whichis reflected) varies strongly with the local solar
angle pf incidence, surface characteristics, and\existence of planetary atmosphefe (particularly the
extent|of cloud cover; see Ref. 121). The following ranges may be used as a guide:

(1) Earth, 0.33-0.39 (frequently considered as uniform diffuse radiation, avergge value in
low orbits is 0.36).

(2) Venus, 0.55-0.90 (0.76 at-55004).

(3) Mars, 0.3 at 70004 ; 0.04"below 45004.

Planetary thermal emission. is' predominantly infrared. Emission from the atmosphere occurs only at

wavele¢ngths at which the atmosphere absorbs; for wavelengths where the atmosphdric gas is transpar-
ent, 11} emission comes from the planetary surface. An average value of 15% of solar flux is frequent-

ly useql for low Earth orbits. The opaque atmosphere of Venus prevents long wave surface radiation
from gmerging.\ Thermal emission in the 8-13|L range comes from the upper atm¢sphere, which has
an emjtting«emperature of 230K. The mean Mars surface temperature range is 2(J0-300K, and these
values|bracket the seasonal, diurnal, and latitudinal variations (Ref. 118).

Considerable uncertainty still exists on meteorite data (Refs. 111-113). Ref. 114 is a more recent
attempt to provide an interim standard. Data on space environments can be used only as a guide, since
they are subject to rapid obsolescence as additional information from interplanetary probe experiments
becomes available.

Sections 2B, 2C, and 2D - The data in these sections are presented primarily in graphical form. The
data were compiled by Professor Harold Sogin, circa 1966, and represent a selection of the then best
currently available sources. The following properties are listed as applicable to the materials listed
alphabetically in the index, Par. 7. Consult specific material for desired properties. Materials are
indexed by figure number and table number.

Section 2E - Thermodynamic Characteristics of Working Fluids and Section 2F - Properties of Heat
Transfer Fluids are in AIR 1168/10.
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Gases

Liquids (and Solutions)

Solids (and Alloys, Plastics,
Insulation)

Critical pressure Atomic/molecular weight Absorptivity (solar)
Critical temperature Boiling point Atomic/molecular weight
Density (standard) Chemical formula Chemical formula
Gas constant Critical pressure Density
Prandtl number Critical temperature Distortion point (heat of)
Ratio of specific heats Coefficient of cubical expansion Emissivity
Specific heat Density Flow point
Thermajcomductivity —Heatof fusion Freezing point
Viscosity Latent heat of vaporization Heat of fusion
Melting point Linear expansion| coefficient of
Specific heat Melting point
Thermal conductivity Softening point
Triple point Sublimation poin
Vapor pressure Specific heat
Viscosity Symbol
Thermal Conductjvity
Viscosity

1.2 Nomenclature

R

a
Cp Or Cp

gp or Pg = Specific weight (density), Ib/ft3, gm/cm3

H
H
Hp
x

A

e

zEE ~ =

Pr

ou Bz

o

cr

§ e moo

= Wavelength, Angstroms (18=10"41=10"10m)

= Velocity of sound, ft/sec,ymph, knots, m/sec

= Specific heat capacity, constant pressure, Btu/lb -°F
= Shower flux/sporadic flux, dimensionless

= Enthalpy, Btu

= Geopotential altitude, ft

= Pressure’scale height, km

= Spectral irradiance, W/cm?2-

= Mean zero air mass spectral irradiance, W/cm?2-[1, W/m?-3
= Factor Ng(/LV, 1/ft-fps, 1/ft-kn, 1/ft-Mach

= Thermal conductivity, kcal/m-sec-°C, Btu/hr-ft-°F, cal/m-sec-K
= Distance, ft

= Mean free path, km

= Molecular weight, kg/kg-mol

= Prandtl number (LLgcp/k), dimensionless
= Number density, m3

= Pressure, mm Hg, Ib/ft2, mb, psia

= Critical Pressure, psia

= Standard Pressure, psia

= % solar constant associated with wavelength less than given value
= Dynamic pressure (pV2/2), Ib/ft2, in. Hg

= Rate of heat transfer, Btu/min, Btu/hr

= Universal gas constant, ft-1b/1b-°R

= Specific entropy. Btu/Ib-°F

= Temperature, °F

= Critical temperature, °F
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= Standard Temperature, °F

= Temperature, absolute, °R

= Mol volume, m3

= Velocity, ft/sec, ft/min, km/sec

= Mean particle speed, m/sec

= Geometric altitude, ft, km

= Coefficient of linear or volumetric expansion, 1/°F

= Specific heat ratio (cp/cy), dimensionless

= Pressure ratio P/P,, dimensionless

= Wavelength, § IV

= Latent heat of vaporization, Btu/lb

= Absolute viscosity, 1b-sec/ft2

= Coefficient of viscosity, kg/m-sec, slug/ft-sec (Table 2A-1)

= Kinematic viscosity, m2/sec, ft2/sec, centistokes

= Temperature ratio, ratio of an absolute temperature to the standard absolute
temperature for atmospheric air at sea level, T/518.67, dimensjonless

= Relative density, p/Po, dimensionless

= Mass density, kg/m3, gm/cm3, slug/ft3,db-sec?/ft4 (see Note 1)

= Specific weight (density), Ib/ft3, gm/cm3

= Collision frequency, sec

= Kinematic viscosity, ft%/sec

= Specific weight, kg/m2-sec2 (sée Note 2)

&
&

ODISTE PO ON < <

g<<goa

Notes: (1) The units used in the 1962 Standard Atmosphere (Table 2A-1) differ from this AIR,

which uses p in Ib-sec?/ft.

(2) This AIR also uses specific weight as gp in Ib/ft3.

(3) Section 2A - Properties of the Natural Environment — Properties of the U.S. Standard
Atmosphere, 1962 are given in Figs. 2A-1 to 2A-7. Particular reference is|given to Fig. 2A-
7(d), as follows: The meaning of geometric altitude Z and of geopotential |altitude H can be
seen by refefence to Fig. 2A-7(d). If an elementary plumb line is used to explore gravity and
if this plumb line is rotating with the Earth, then starting at point O and praceeding outward,
the little plumb line will mark out line segments that progress along thel curved path OP.
Under the influence of gravitational and centrifugal forces, this line OP wjll bend poleward
as’it rises, except along the axis of rotation of the Earth and along an fquatorial radius

| _extended.

In Fig. 2A-7(d), the arc length, ds, measured along the line of gravity force from P to P' is
identical with the increment, dZ, in geometric altitude. That is, the geometric altitude, Z, is
the physical distance along the line OP.

Since dH = (g/g,)dZ, the geopotential altitude is measured also along the line OP, but differs
in numerical value because of the variation of the acceleration due to gravity. It is to be
noted that the scale in Fig. 2A-7(d) is exaggerated in order to show the nature of the curva-
ture of the middle latitude plumb line (line of force) and to show clearly the relationships
among tangent line, radius line, and projections.
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1.3 Common Abbreviations

A — Angstrom
abs. (ABS.) — Absolute
AECO — Atomic Energy Commission Report Series
AF — Air Force
AFCRC — Air Force Cambridge Research Center
AIR — Aerospace Information Report (SAE)
Al — Aluminum
Am. — American
APEX — Report series issued by the Afomic Energy Commission
Approx. — Approximate
APR. — April
ARDC — Air Research and Development Command
ARP — Aerospace Recommended Practice (SAE)
ARTC — Aecrospace Research & Testing Committee:of the Aerospdce Industries
Association of America
ASM — American Society for Metals
ASME — American Society of Mechanical Engineers
ASTM — American Society for Testing. and Materials
ATM — Atmosphere(s)
bp — Boiling point
Btu (BTU) — British Thermal Units
Bull. — Bulletin
IC — Carbon
°C — Degrees Centigrade
Ca — Calcium
Calif. — California
Chem. — Chemical
cm (CM) — Centimeters
Co. —Company
Coef. =— Coefficient
Colo. — Colorado
Cp — Critical point
Corp. — Corporation
Cu — Copper
.C. — District of Columbia (U.S.A.)
DEC. — December
deg — Degrees
Del. — Delaware
Dept. — Department
Div. — Division
DOC. — Document
ed. — Edition
(ed.) (eds.) — Editor(s)
Eq. (Egs.) — Equation(s)
et al. — And others
SF — Degrees Fahrenheit
Fe — Iron
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Fig. (Figs.) — Figure(s)
ft (FT) — Feet
gm (GM) — grams
GMT — Greenwich Mean Time
H — Hydrogen
He — Helium
Hg (HG) — Mercury
hr (HR) — Hour(s)
IES — Institute of Environmental Sciences
in. — Inch(es)
jn. Hg — Inches of Mercury
[nc. — Incorporated
If — Journal
Jan. — January
JETP — Journal of Experimental and Theoretical Physics
Jr. — Junior
Jul. — July
K — Kelvins (formerly degrees Kelvin)
kcal (KCAL) — Kilocalories
FT — Thousands of Feet
g (KG) — Kilograms
(KM) — Kilometers
— Knots
b (LB) — Pounds
M) — Meters
ar. (MAR.) — March
ass. — Massachusetts (U.S.A.)
max. (MAX.) — Maximum
mb (MB) —=Millibars
MET. — Meteorological
Mg — Magnesium
MICH. — Michigan (U.S.A.)
min. (MIN.) — Minimum
min — Minutes
MIT — Massachusetts Institute of Technology
mm — Millimeters
mm Hg (MM HG) — Millimeters of Mercury
Mn — Manganese
mol (MOL) — Mole
mp — Melting point
MSC — Marshall Spacecraft Center
N — North
NACA — National Advisory Committee for Aeronautics
NASA — National Aeronautics and Space Administration
NATO — North Atlantic Treaty Organization
NBS — National Bureau of Standards
nbp — Normal boiling point
Ne — Neon
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Ni — Nickel
nmp — Normal melting point
No. — Number
NRL — Naval Research Laboratory
N.Y. — New York (U.S.A))
o) — Oxygen
p- (pp.) — Page(s)
Pa. — Pennsylvania (U.S.A.)
Par. (Pars.) — Paragraph(s)

— Lead

— Physical

— Pressure

— Proceedings

— Pounds per square inch

— Pounds per square inch absolute

— Pounds per square inch gage

— Reference(s)

— Degrees Rankine

— Society of Automotive Engineers, Inc.

— Signal Corps Engineering Laboratory

— Seconds

— September

— International System of Units (Modermn Metric System)
— Silicon

— Society

— Standard

— Technical Bulletin

— Technical

— Temperature

— Alunit of pressure defined approximately as 1 Torr = 1 mm Hg abs.
— University of California at Los Angeles (U.S.A.)
== United States

— United States of America

— United States Air Force

— Union of Soviet Socialist Republics
— Volume

— Watts

— Wright Air Development Center

— White Sands Proving Ground

— Weight

— Zinc

— Microns (1t = 10-6m)

— And

— Percent

2nd — Second
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MOLECULAR SCALE TEMPERATURE, K

SECTION 2A - PROPERTIES OF THE NATURAL ENVIRONMENT
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Figure 2A-1 - Molecular Scale Temperatures of U.S. Standard Atmosphere, 1962, Compared with
ARDC Model Atmosphere, 1959, and with Available Data. (Ref. 101)
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Figure 2A-2(a) |- Density of U.S. Standard Atmosphere, 1962, Compared with ARDC Model Atmosphere,
1959, and with Available Data. (Ref.\101)
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Figure 2A-2(b) - Pressures of U.S. Stahdard Atmosphere, 1962, Compared with ARDC Model Atmosphere,
1959, and with Available Data. (Ref. 101)
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Figure 2A-3(a) - Molecular Scale Temperature and
Kinetic Temperature as Functions
aof Geometric Altitude. (Ref. 101)
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Figure 2A-3(b) - Temperature as aFunction of Geo-
potential Altitud¢. (Ref. 101)
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Figure 2A-3(c) - Molecular Weight as a Function of
Geometric Altitude. (Ref. 101)
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Figure 2A-3(d) - Pressure as a Function of Geometric
Altitude. (Ref. 101)
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https://saenorm.com/api/?name=823d8922e0e1a0af7a180e9e4bd28ea8

SAF AIR1168/9 Page 13
S0 90
80 o — 0
~N - i 02
L 8o} ¢ — .
E 70 \\ ‘ [I I/I
- N ! RANGE OF SYSTEMATIC /
;é; 60 < 70-4 VARIABILITY ¢ doss
[t \ !
= !
o \ ;
a 60| 431
o 40 g \ | §
[+ <4 W \ | 5]
| ] -
w 30 Z S 5ol \i —_— b HJo3 Z
g / ;:- 1 I %
w 20 < ! ]
(O] o | [} o
E a0} k —_— /‘S dao o
10 — w \ / <
= \ / (=]
o '\\ g \ d’ % é
- - - — Hi8.4
12 1.3 4 15 16 1.7 1819x0°> 0 %T;E;ﬁsz_?eﬁnggo gé (T)BR%T‘ETS (OBSERVED : @
I J -
CJEFFICIENT OF VISCOSITY, CHURCHILL, CANADA | CHURCHILL, CANADA
KG/M - SEC 20]. FALLING SPHERE PRESSURE GAGE | oo
Figure 2A-7(a) { Coefficient of Viscosity as a Func-
tion of Geometric Altitude. (Ref. 10L_JISOPYCNIC LEVEL L  VARIABILITY < 1% _{4i35
101) 4
" 1 1

90 RANGE OF SYSTEMATIC
VARIABILITY
Sl ol SO I 1250

(o] 1
-60 -40

1
-20 (o]

1225
4¢] 40 60

DEPARTURE FROM STANDARD ODENSITY, %

Figure 2A-7(b) - Range of Sydtematic Variability of

Density Ab

t the U.S. Standard

Atmosphere, 1962. (Ref. 101)

v

| RADIUS LINE] " TANGENT TO LINE OF
FORCE 51’ SEA LEVEL

[
q L POLAR PLUMB LINE ~ . ’ ’
x (LINE OF FORCE) Y P / /
7 200 T dr . // //
W 7~ s S )
S S
° = Y ,/ /~——RADIUS LINE
T |50 : v // ///
= J
9 V4
Q f /o
o« /" X MIDDLE-LATITUDE PLUMB
° ° 110 - Y /,7" LINE (LINE OF FORCE)
OBSERVED s 4 "/
~—t EXTREMES (o] / /
—] ° 150 & 4
[ © SEA LEVEL of &
0

g 70t
8 6o}
S5 |
c 50
5 %]
940[
e
= 30t
g -
m20-
(L) L
To)3
ol .
160 18

0 200 220 240 260 280 300

TEMPERATURE, K

Figure 2A-7(c) - Range of Systematic Variability

of Temperature About the U.S.
Standard Atmosphere, 1962.
(Ref. 101)

EQUATORIAL PLUMB LINE
; (LINE OF FORCE)

< <

\EARTH 4 /‘

& —
g <+ < <

Figure 2A-7(d) - Relationships Between Various
Heights.



https://saenorm.com/api/?name=823d8922e0e1a0af7a180e9e4bd28ea8

SAZ AIR1168/9

Page 14

Table 2A-1  U.S. Standard Atmosphere, 1962
Altitude Pressure Density Temperature Viscosity Nge “K” Factor Speed of Sound Altitude
a/m2 o u v Kips Kin Km

z H P (=0.7P) 0 = T t ( T ) t slug/ fte/ 1/ft- 1/ft- 1/ft- a avo a avo a avo Zz
ft ft b/ Ib/ft? slug/fts °R °F \51867/ °C ft-sec sec fps kn Mach  fps fps mph  mph Kkn kn ft
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35000 | 38941 fa993.49 2.35963 3695, 40 . 738208 3. 1058 S.6729 3o8.Ceh | -45.400 -29951 .%0573 2.865 6. 10 2.398 973,18 | S823.27 eor.c1 | 269,22 sre.57| 321.22
36000 | 259:7 Je761.28 2.20990 3332.90 .T710208 2.9082 BT 39e.510 | -e9.160 ) c. 75297 | -se.200] .29725 .41850 2.389 8,023 2.315 968.75 | 5295.¢7 eec.st | 281.07 sr2.97| 312.7
36151 | 36069 Jur2e.80 -1 2.23367 1] 330€.76 -1 [ 700107 -3 2.97CE -1[[ S.%5C5 -1 (6 TS1eT| -38.300] 29691 -6 | .v2048 -3] 2.378 3| .08 2] 2.35c2 o6 96€.08| 527¢.87 -1 [ €6C.05 | 259.76 «c| SP2.57] 312.¢2 o0
37000 | 3693:% [u53E.63 3177.08 -678007 2.e52¢ 5.38C9 2| 6. 75107 | -30.500] .29¢9) .%3792 2.2€8 3.858 2.211 96e.C8 | S17C.37 €6c.05 | 252.53 513.57| 3ce.3s
38000 | 379:c Ja32e.u0 § ic2e.u8 ~680302 2.1 <2188 C. 75187 | -36.500] 29691 45940 2.7 3.67 coiC? 96€.08 | Sose.Cy €6c.c5 | 2an.ats s13.57| 29s.ce
39000 | 389:7 Jui2e.00 1.9%e81 20ee.07 .816082 2.5920 s.0011 C.15107 | -56.508] .29691 YT 2.075 3.5Cz 2.0C9 96€.08 | 492E.¢1 €60.C5 | 23e.Ca s72.57| 292.01
%0000 | 39923 [3931.29 -1| 1.85776 -1| 2751.90 -1 ] .5872te -3 2.87Ce -] a.97CT 1 01 c.ISTET] -%56.300] 29691 -6 .50557 -2 § 1.978 o3| 2,328 o2 ] 1,915 oo 4812.C1 -1 | eec.05 | 22€.69 «c | S72.57] 2€5.1C <0
81000 | %0919 [3787.50 1.77¢S 2022.25 -559023 §.0531 c.15187 | -56.500] .29091 .53026 1.885 3.182 1.845 698,19 eeo.cs | 220.33 €13,57| 21€.3¢
82000 | s1915 J3572.33 1.668c7 | 25cC.e3 ] .5334SS s 2383 [ c.75187 | -58.500] 29691 .55637 1.797 3.03¢ 1.70 s w587.C7 €60.05 | 212.7¢ 5P2,57| 271.7€
83000 | 82911 J3805.% 1.6C917 23ez. 75 -5087 11 §.6263 C.TENAT | -%4.300] .29%9) .583¢S .73 2.892 1.659 968.08 | s878.%8 £6G.05 | 205.3¢ 92,57 | 265.3%
88000 | 83907 |32s¢.20 .£3397 2272.36 -484936 8,519 c.75187 | -S6.506] .2969) .e1227 1.633 2.7157 1.5E0 968.08 | 8372.¢7 €6C.05 | 298.1% 573.57| 2%9.07
%3000 | sasec3 |3ces.50 | 1.86228 | 216¢.1S  f .ne2278 waicy | 0.75187 | -50.506] .29691 .€8228 1.557 2.628 1.5C7 968.08 | 82¢9.2€ €60.05 | 291.09 $?2.57| 252.5%
%6000 | as5e98 f2989.90 1.96395 <4806 v.3C e 75187 | -3d.500] .2969) <67376 1.688 2.5C5 Vo637 968.08 | s168.28 €6c.CS | Zoua21 572,57 286.97
87000 | woE9s J2e12.08 1.3208€2 +820084 %.2080 C.75107 | -56.500) .2969) .7C879 1,815 2.3ee 1.370 968.08 | 8069.8C €60.05 | z77.89 573.57| 281.12
88000 | w7889 |2eec.?0 1.26670 -800458 ) |} . 1008 C.I5107 | -30.3500) .2969) JI63 1.39 2.21¢ 1.2c6 968.08 | 3973.59 €60.05 | 270.92 S72.57| 235.82
s9000 | ssees fassc.a? 1.2¢757 11153 v.0076" ° i) -36.5C8] .29691 LT 1.2€6 2.17¢ 1,265 968.08 | 3879.67 ¢6c.05 | z68.52 sra.s7| 229.¢¢
50000 | 896€0 J2u36.31 -1 | 1.15006 -1 | 1702.27 -1 [.363919 -3 | 15311 -] 339429 -0 C.75107 | -58.500 | .20691 -6 | (€157 -z ] 1.226 +3| 2.Ce9 o2 | 1.1E7 c6| 968.08| 3TET.9E -1 | €6C.05 | 25€.27 oC | SPI.57| Z28.83 <0
$1000 | SO875 §2322.33 1.0978C 1625.¢3 - 386922 | 1.0598 3 C.75187 | -56.50C§ .29691 .255eh 1.168 1.972 aan 96e.08 | 3698.u8¢ ¢ec.os | z52.17 573,571 219.12
52000 | si1870 f2213.€7 1.08615 15 1 . 330721 1.3908 ¥ Sé-$00] 20091 £9222 11a 1.8EC 1.07€ 966,08 | 3611.C7 €6C.CS | 206420 S73.57| 212.9%
53000 | S20¢5 J211C.09 9.97295 -2 | 1a77.38 315217 1.32¢8 C.75187 | -58.500) .29691 .S8178 1.c62 1. 792 1.026 | 96e.08 | 3525.75 6ec.05 | 28C.39 573.57| 20e.9¢
58000 | S3seo0 J2011.95 92,50729 | 180e.36 +300556 1.2088 c.15187 | -58.5¢0] .2969) .987ET 1.012 1.7¢9 9.8C0 +5§ vor.08| 882,85 €6C.05 | 238,71 513.57} 2¢2.9¢
55000 | Sssss Jieis.c) 9.Co3a1 V382,010 1.205% C.75187 [ -56.500] .29 L1362 -2 | 9.620 +2| 1,028 .36z 96€.08 | 3361.12 €60.05 | 229.37 $72.57| 19s. 14
56000 | $5649 fi1s2e.87 8.68C20 1279.93 [ISTTT c.75107 | -Se.50G ) .29 .1¢370 9.2¢0 1.5¢2 £.9Ce 968.08 | 3281.7% €6C.05 | 223.75 522.57| 1on.un
$7000 | Setwss J17a2.12 0.22697 | 122¢. 19 ] 1.0955 C.751€7 | -36.500] .29¢91) .118C2 5.770 V.uEC E.e9C 96e.c8 | 32¢8.23 660.05 | 21&.82 12,57 | 1€9.0¢
$8000 | 57839 fiesd e 7.85251 1183.23 1.0808 c.7sie? | -%5a.500] .29091 «119¢0 8.361 r.e1) £.098 96€.08 | 2128.5¢ eec.cs | 213.3) 573571 1€5.3¢
59000 | ses:3 [15es.21 7.88603 1108.9% .236658 9.95¢¢ -2 c.75187 | -Se.50a] .29¢691 . 12546 7.97 1.385 T.718 96e.08 | 30Sh.6€ €6C.05 | z0€.2? S?3.57| 18C.9€

T S - — <. SE— 7 -

60000 [ see27 fisic.28 -1 | 7.13669 -2 1057.99 -1 J. 22500 -3 | 9.wv2C -2 C. IS i@ | =38.500] 29091 -6 .121¢0 -2 7.599 +2| 1,262 o2] 7.356 «S] 96£.08] 29€2.55 -1 | €60.05 [ 203.3¢ oC| STI.ST| 17€.T1 o0
61000 | e0ez2 1e3g.El 6.8C368 1C07.86 .215086 C.75187 | -$6.500] .29691 .138ch 7.288 1.222 7.013 96€.06 | 291z.12 €60.CS | 19€.55 S7:.57] 17258
62000 | o1sie Ji3r2.63 6.008623 | 9¢0e.39 -2 |.205051 [ c.75107 | -S5e.500] .29691 . 18860 6.9Co 1.0ee c.tE6 9se.08 | z883.1$ eec.cs | 193.87 51:.57| 168.a7
63000 | 62e10 [1306.59 6.18363 916c. 13 . 19548 c. “5e.300] 29691 .15186 6.586 1 c.37% 968.0¢ | 277e.27 €6c.05 | 1€9.29 $12.57] Tenans
#8000 | 63sce Ji1an2.S5 S.e9517 er132.€2 < 186365 c.75187 | -%e.58a] 29691 . 15932 6.217 1.059 6.076 968.08 | 2710. 74 66C.05 | 168 .82 S12.57/ 1ec.e)
65000 | os?97 |1189.35 s.0z019 _ | exzs.a8  J.vrvers | v.evsc | 2.73a¢ 3e9.970 c.15187 | -30.500] .29e9) RTY4T] s.988 1.01¢C 5.793 968.08 | 268e.2¢ €6C.05 | 180.86 22,57 15¢.02
05828 | 65616 Jrinz.ns -1 s.uc330 -2| 8008.18 -2 | 170816 -3 | T.104% -2 | 2.08CE -1 | 32%.070 675187 | -36.500] .29691 -6] 17362 <i ] 5.753 €2 9.71C o2 | 5.5¢9 +5] 968.08| 2595.19 1| €¢6C.05 | 176.98 ¢C| 572.57| 152.7¢ <O
46000 | 65791 [1133.e0 s.35ecT T 7e37.79 — Poessas T T6497 [ INC.064 | ~@mca0n [ CTBICE [ -TTT 29097 11527 5.702 9.62¢ Seszl 968,20 cec.az| 12e.2¢ s1i.en| 15212
67000 | ee785 Jicsi.os S.1Co82 7567.37 161229 2.600% 39€.000 c.1521C | -Se.1a} [29732 . 18881 5.423 9.153 5.256 968. 87 eec.s9 | 172.08 Sta.on| 1ae.c)
68000 | 671778 Jic3c.7s 8. 27078 r215.30 _ _J.153513 | 2.5000 | 391,156 . 75018 | -55.6011 _29767 .19390 5. 157 s.7Cs 5.0C0 969.55 ¢01.05 | 16€.CC STu.en| 1as.ss
69000 | 48772 Je62e.71 -2 soonnnt 6€ec. 10 186178 [ 28799 EOABAR KB T =35 29801 .20367 ©.905 8.219 €759 970.22| 2sce.0? €81.52 | 168,05 e tu| 182.5¢
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Table 2A-1 U.S. Standard Atmosphere, 1962 (continued)
Altitude Pressure Density Temperature Viscosity Nge “K" Factor Speed of Sound Altitude
am2 9 u v Kips Kin Km
2 H P 8 (= 0;2'” P & T t (_.T_ slug/ 2/ 1t " 1 a aVe a  als a als z
o O

ft ft Ib/ft2 b/ slug/fts R F \51867 ft-sec sec fps kn Mach fps fps mph  mph kn kn ft
70000 | 697¢5 |9372.70 2| 5.829€2 -5| €500.93 -2] .139203 -3]| 5.8545 -2] 2.820C -1] 392.206] -47.828] G.73628 29036 -6 | 21833 -2 [ u.000 o2 2309.4¢ -1 ] ¢61.98 | 100.20 o .20
71000 | 70758 |essé.se 22365 | s2stoct f.132871 1 SiIIIE 13 VIR -85 3R] T.TSTI0[ S2e0t  [o32632  feseds ,3,.,,§ teaent 186028 o 143443
72000 [ 71752 [es525.13 sJcaen? 962,59 120203 | s.2n 2.3008 393.326] -e6.338] €.7503¢ «2990% .z3etS 222 22%0.8 ¢62.09 ] 182,78 576.08 2200¢
73000 | 72745 J3181.30 ! $€91.95 5.C5% 2.2000 392.001] -65.789) C.75981) +29980 26895 ..017 ,"..., 003.35 | 189,21 $76.00 73000
18000 | 73726 r7S6.32 | [N 11} 7.70%% 9 o ~-a5. 78] C.Telne <2997 .261eS 3.L22 218781 ot E1] 188,93 S76.08 760¢
75000 | 78721 jrs99.10 l 5918 2.1028 388.97C| -en.Pce| C.201%1 «30009 «27498 3.037 2007.¢) 608.27] 182.38 S17.28 7500¢C
76000 | 75723 jross.se . | 83782 ] 2.0915 395.515] -6n8.155| C.7625¢ «30088 28896 3.6e1 2029.Ch ¢en.?3] 139,03 $77.63 r6C0C
77000 | Telie Jor3e.es | s 1eTe = £.TR34YY - | 20368 1.293 196167 1 68197 V3338 578.03 77000
70000 | T77CY Jos2s.€z [ Y1 1% c7 3.971C 1.9927 396.608| <603.066] C.T60¢6| -52.018].30113 +319C3 S.12 198587 eoS.00| 132,08 sre.83) 115.23 r00CC
79000 | 787¢) Jeizi.c? 2.89702 8z9i. 00 .»uu 3.780¢ 1.98¢2 397,189 -02.521) C.76573] -32.512].300e7 23519 2.903 19€0.5C cos.1C | 126,57 cre.e3| 112.6C 79cce
80000 | 79698 |sest.zo -2| 2.76893 -2| wces.en -2 | .857110 Zu| 3.6060 |2 397.693| -61.977| 0.76476] -52.209] .30181 -6 | .35213 -2 ] 2.680 #2 1056.80 -1 | coe.50 ] 120.58 oc | 579.22| 1co.99 o0 20000
81000 | 80686 ]Ssts.03 2.03808 3908.€2 | 3.83¢2 1.85138 398.220] -o1.832] c.26701] -S1.907].30210 . 36990 2.703 1813.57 ¢e7.01] 123,088 s79.e2| .88 e1c00
82000 | 81e7e JS329.42 2.51827 373C. 59 1.7 T.309 . =80, C.ToEWe] -5V.800] .30250 . 38055 2.5M8 1.0 E6T.NTT V20.88 ~ | See.ct] 1ca.9? e2¢c0¢
83000 | 82670 |Scee.?7 2.8¢371 s560. 78 22 1.7649 369.327| -e0.M3| c.7659c] -$1.3c2].30208 +8C810 2.850 1730.93 ¢o7.92 | 112,02 sec.sd| 1c2.50 3000
88000 | 83e¢2 JenS55.09 2.29%82 3198.85 .T07382 2.97¢v | | Vo225 399.871| -59.798] c.T7¢9S| -31.coef.30319 RPTTY) 2.333 100112 coe.30 | 11S.3¢ s60.81| 1cc.20 escce
85000 | swoss fae3t.cS 2.19028 326k, 50 «4Th348 ‘2.8977 . . =55, €. -36.4697] . 30353 -aS011 25822 1652.29 660.83] 112,486 set.2¢c] 970.9¢ -1 esooe
86000 | 8S680 Jen2s.9) 2.C9C9¢ 3Co7.80 «682902 2.7Ca¢ 1.6000 N6E.959] -S6.711] 6.77305| -30.395] .30388 +872066 PR 1618.8¢C ¢69.29 | 110,07 se1.40) 9%0.50 ee00C
07000 | #0636 Jucen.S59 1.$9629 2957.21 612968 2.57¢8 1.6059 8C1.5C3| -56.107] C.77810]| -30.C93].30822 49031 2401S 3.8C1 1.979 982.29 | 1577.03 cos.?s | 107,58 ser.96| 9340 ercoc
es000 [ 87e2c Juc3i.eo 1.9Cech 2€21.¢2 .S8akéT 2.0508 T.5587 CZ.087] -57.623] 0.YYSIS| -4%.790] .30a5e .52110 1.919 3.23¢ 1.804 962.95 | 1581.37 67¢.19 | 105.09 se2.3e| e12.2¢ eecoc
89000 | 88621 ]3ESi.SH 1.8:cc0 2e9¢.CS .557322 2,300 1.5313 8C2.591| -S7.079| 0.77620| -we.n@8|.308%0 .£aT7C9 .528 1,085 1.758 983.62 | 15ce.1? €1C.65] 102.09 se2.7e| ee2.3¢ escoc
90000 | 89617 [3c¢?7.60 -2 V.73765 -2 257e.351 -2 .S51400 -6 2.23E0 7] V.O95Y -T] STT.TI5| -56.5385] C.TVVZS| -WW.1 230825 -0 | 52838 -2 F 1.7u1 02 2,928 2] 1,716 o5 T EY -1 671.10] 100.35 «¢ | S83.17] 872.08 -1 eceoe
91000 | 90ecs |ssi2.3 1.65971 2658.62 .506870 2.122¢ 1.86C2 NG2.079| -5S.se1| c.77e30| -ne.ees].305%9 +802€9 <659 2.8¢cC 1.638 3L, 2 €71.55 | s80.47 -3 052.1¢ 91600
92000 | 91595 |335e.82 1.58510 238e.C9 .883e33 | 2.032¢ 108261 ] 8CN.223| ~SS.MA7[ C.7793S| -a8.502].30593 .832k2 1.580 2.0e1 1.557 CS.e2 €72.01 | 95e.3¢ es2.e1 92006
93000 | 92584 1.51368 2202.¢9 Y348t A 1.3930 SCR.TET] -¥6.90Y] C. 70T | -WN.700] . 30627 “66820 1.5¢ce 2.581 1.8€S 1373.7% EP2.06 | €34.62 e13.9¢C 93000
93000 | 93578 1.800C8 218218 «<439051 1.85Ce 1.36C2 ~58.359| C.70188 | -aP.977] .30461 .697C8 1.435 2.821 1816 1382.57 €72.91 | 915,39 795.8¢ $8coC
95000 | 98569 130128 2Cne.ib 819598 1.70%3 1.3267 -$3.010] 6.70208| -a7.475].30695 T3158 1.367 2.3¢c7 1.350 131217 er3.36 | Enn.0e M7.88 95000
96000 | 95559 1.319¢0 1954.79 .50030% Y.6862 Y.207F [ -8%, [ C.TYSE| -WF.373] .30729 .767eS 1.303 2.199 1 v.2¢7 1202.41 er2.0Y | ETn.00 75s.87 9600¢C
97000 | 9655C 1.26C¢9 1€67.53 «301925 1.600¢ 1.267¢ ~52.728| c.70859| -av.071].30243 .ecsee [T 2.095 1.228 1253.5¢ 18,26 | €S8.70 ses. ,z Y1) s760C
98000 | o7sal J2see.s8 1.2C850 172828 308813 1.5322 1.23802 -52.183| C.76563| -a4.749] 30797 €512 1.1e3 1.957 1. 1225.2¢ I8 71| E35.03 see.31] 125,82 sacce
99000 | 96522 J2u3s.S) 1.15088 1708 €6 .l'b‘"zl 1.842C 7.2088 ~ST.80T] 0. THASE] -RE.04T] 30030 YT <128 1.9Cs 1117 197,72 e1S.16 | €E16.03 S€e.7C| 1ce.0? $960C
100000 | 995z2 §2327.25 -2 1.c9972 -z| 1ez9.c? -2 ] 331829 ~a| 1.39e1 2| v.1006 -3 ] ace.572) -51.098| C.78773] -ne.348F.30065 -6 | .93008 -2 [ 1.075 2| 1.215 o2 | 1.ceS oS 117,78 -1 | ere 0t | 290,27 -1 | ser.cs| o92.0e -1 | 1rcccoc
101000 | 100512 J2225.98 105090 155¢.76 «300678 1.3352 1,1583 89,115 -50.355] C.70878] -A3.048] . 30899 «97573 1.€25 1.720 1.016 100,10 er¢.06 | 26C.35 ser.se| ere 1Kccoc
102000 [ 1C1Sc3 J2125.36 1.0Ce22 1er. 15 .302238 1.271¢ 1.1278 8G9.6%9| -50.011| c.70983]| -99.562].3093s 16235 =1 [ 9.771 o1 | 1009 9.695 o8 111886 ere.c1 | v62.€0 cer.er| ee2.91 1c260C
103000 | 1c2893 J2031.27 9.598¢0 -2| 1821.€9 208877 .21 1.101? 810,202 -a9.06e| c.79CeT| -uS.260].309¢7 . 10735 v.316 1.572 9.2e9 109,00 €r¢e.96 | Puc 7€ cee.2¢ | ese.c? 1c300¢
100000 | 1C34€3 J1901.08 92 17829 1259.Ch 275360 1 15€5 1.9743 Q€705 88,925 Q.79192] <=83,93501.31001 10258 2,802 1.0899 0.825 1069.2¢ 1181 ] 220,10 500.65| o22.5¢ 1€8G0C
105000 | 1cen73 |iesc.77 8.7¢920 1299.Cs -202056 1.1C59 1.0516 a1t1.268] -00.322] C.70297 (" -wa.056].31035 .118c7 e.s70 1.83C 8.820 996,18 | 108S5.09 e17.85 | 112,80 ses.on | e19.00 1cse0c
105518 | 108986 J1012,€9 -2 8,5¢0€8 -2] 1269.C3 -2] .250007 -0} 1,079¢ 2] 1,039C -1 ] 801,57C| -08.100] C.79230] ~08.3500]1,31052 -6 | . 120C) -1 J 6.26% o1 | 1.395 o2 | €.238 o6 | 996,53 | 1022,25 -1 | ¢7€.09 | 708.55 -1 | S€9.20 | 612.28 -1 | 1CSS02
106000 | 105863 | 1773.99 8.3€2¢2 1280, 79 «250658 1.C508 1.02¢9 812.3C2| -a7.38| 0. 79092| -sa.093].31096 -l2sc? 6.Ce0 1.3¢eC €.023 995.80 | 1022.3¢C €70.069 | £96.95 SE9.T7 ] ecS.en 1c6000
107000 ; 1Cou53 | 169¢.67 e,008¢3 187,45 238768 1.008¢ 812.023] -85,8001 Co7978S| -u3.2080.31102 R .65% 1.292 1.633 997.2% | 9998.9¢ -2 | ¢79.90 | cO1. .02 $9C. 8% 1cT000
108000 | 1CTua3 | 1621.E€5 T.66390 1135.29 «227880 9.57CS |3 81S.300 -00.326] C.C00QTS -83.000] . 30287 < 13758 1.2M 1.227 T.2¢0 999.C7 | 977282 cel. 18 | coe.0C $91.9 1€80C0
109000 | 1CB822 | 1551.13 1.329715 1cec. 19 .210768 9. 118e al6.068 | -02.006]| C.00372| -sl.SS9).3138) o luar7 6.9c8 T.lee 6,918 1000.90 | 9552.3? ¢82.03 | es1.T se2.c2 1cecoc
110000 | 109422 Jres2.25 -2f T.ch128 -2f 1cse.83 -2 .206598 -a] a.e91s |2 A1E.3E0 | <al.200] C.00€aS| -aC.TINL. 30075 -6 | 15235 -1 Je.5en o | 1.1c8 of2 | 6.562 e | 1002.72 | 93u8.0¢ -2 | co2.008 | e37.30 -1 11c00c
111000 | 110812 | 1819.53 e.TCT8T 993¢.71 -3 ] .1969%0 e.2e5¢ =39.760 | c.e0952| -39.e7e].31509 .160:0 c.238 1.c83 6.207 1008.58 | 9182.90 een.92 | e23.08 1110¢C
112000} 113eCY J135E.20 6.81058 2107767 7,8992 | =39.C26].31463 .1e8e3 5.930 1.cc1 5.9¢8 1006.36 | 8988, 5¢ e8e.1s 112000
113000 | 1123sc J1299.98 6. 18277 - 179053 7.£321 -30.181].51757 17736 5.038 9.51¢ oft | S.cEn 1coe. 17 | ersc. 21 cer.39 11300C
118000| 113379 fiieu.29 S.87977 170773 1.1002 -37.337].31850 +18650 S.302 9.csc S.81¢ 1009.98 ¢EE.02 118c0C
115000 | 11e3¢e9 J1191.20 $.62093 - 162905 $.0527 -36.0931.31983 . 196C9 3.1C0 8.608 s.1eC 001,79 ¢89.06 115000
116000 | 115358 [ 118c.57 Se3E9¢5 155826 6.539¢C «32036 .2C612 8. ES2 e.1ee .. 917 1013.59 €91.09 116000
117000 | 116346 | 1C92.25 S. 16128 . 188315 6.2398 «32129 21663 s.616 7.751 . 6ET 1015.39 €92.31 virace
118000 107235 Jicue. 15 o938 322.C .1e15S8 | S.955 -33.941].32222 2273 8.393 T.815 6.8e9 1ciz.ie e93.58 | € ¢02.07 11eacc
119000 118324 J1C02.15 8.73559 1015.C8 135128 S.6849 -21.e00] ~33.1171.32315 .2391% s. 101 T.c8¢ 6.2¢) 1c18.98 | 762,92 e9u. 70 | 522,00 e03. 72 119e00
120000 119313 1 9¢01.55 -3] 8.52713 -2] e721.¢8 -3].129007 ~8| S.827¢ F2} <26.092 ‘!2-27! «32007 -6 | 25121 =1 | 5.981 1| 6.715 ot | w.Ce3 ou ] 1020.77 | 752C.20 -2 | ¢9s.9e | S12.78 -1 | eca. s 12¢00¢
121000 1203c) J 9z0c.57 8o 307¢S 684C. 80 .123188 S.182? -850 «32500 .26382 3.790 6.398 3.876 1022.55 | 1361.51 e97.2¢ | <0V.92 eCcS. 8% 121¢CC
122000 121290 | 8617.¢8 [ISTYYH 6172.37 117651 n.9008 -23.088 «32592 .277C2 s.610 6.092 3.658 1028, 38 | 7208.7C e9e.ui | 491,37 ece.9C 122¢cc
123000 122278 | 885:.00 3.99392 591¢.40 112381 | a.7260 | /] 21,537 ~29.703] 32084 .290¢3 3.e38 S.0C2 3.528. 1026.12 | 7055.¢9 €95.62 | w81.07 ocr.9¢ 122¢0¢
120000 | 1232¢6 §8102.71 3.020€7 S671.90 - 107365 8.517C ~-20.019 -30.299] 32776 .3€528 3.4i7¢ $.52¢9 1,367 1027.89 | 6908.2¢ CC.00 | 471,02 ¢09.C1 128c0C
125000 t12eise fr7e9.C2 s.67118 Se3k.3) - 102589 (Y113 1050 =32808 22032 3+t ST2ee 3.2 1029.67 | 6768.¢1 7€2.05 | m61.22 ¢1c.Co 125000
1264000 125242 § 7u5C. 18 2.52¢52 5215.12 «98081S -5| a.1208 | -16.903 =2%.2131 52959 .35818 2,975 S.C21 1.Ceb 103088 | 6620, 20 72,25 | S1.00 e 126600
127000| 126220 J Tiac.a? 3.276%3 SCO1.€3 937108 3.9%2¢ -15.0863] " "-26.309] 33051 .152¢9 2.835 n. 788 2.920 1032.20 | eneT.00 TCa.66 | 882,32 e12.1¢ 127000
128000 127218 | ee58.23 3.2389! 8797.96 295888 3.Te8C -13.9408 -23.526] 33182 26995 2.703 8.5¢ez 2.798 10346.97 | 6353.88 7CS.06 | 833,22 e12,20 128000
129000] 1282068 J 6575.82 3.1C738 8603.C7 «856583 3.602¢ 887.200]| -12.830) 0.860228| -24.483}1.33233 L18799 P34 No35C 2.672 1036.73 | 6222.09 7Ce.E6 | w2v.32 18,20 | 3eE.73 129000
130000| 12916k | 0209.¢62 3| 2.98156 -2| anle. 78 -3 .819091 -S| 3.80e1 -2 | S.8703 -2 ] sne. 247 -10.913 =33.8000.33320 -6 | .uCoth -1 | 2,658 o1 | .1049 o1 | 2.553 on | 103E.08 | €09¢.23 -2 | 7ce.00 | 415.65 -1 | £15.26 | 2en.d9 -1 12¢coC
131000] 130161 | 6055.07 2.80127 823E.59 783398 3.29%9 S.7810 ~22.9%¢] 33815 82058 2.308 2,957 2.019 1C8C. 26 | S971.69 7cs5.25 | sov.18 e1e.22 121c0C
132000| 131169 | S611.¢2 2.78623 8COE. 13 .Te9376 3.152¢ S.6008 -22.155].33508 .e871) 2.237 3.77¢ 2.3z 1061.99 11C.85 | 29€.91 €1.36 122c0¢
133000| 132156 | 557€.75 2.62619 3905.12 ~T16981 3.cle? S.0921 -21.312] 33596 -8e8e0 2.12% 3.602 20247 1083, 7% 711,08 | 29C.E8 ere.nc 123¢cC
138000| 133148 | 5255.95 2.53¢c91 1789.17 08¢0 | 2,006z _ 15.3723  Jase.825| -a.ens] c.e -20.08701 . 53000 RIS <.C38 3.827 coVe9 1085.48 T1z.03 | 202.9¢ c19.02 12accCe
135000| 138121 [ Sis2.78 2.82018 3599, 98 +656520 2.7620 $.2556 -19.427].337177 Slans 1.968 3.200 2.035 1067.22 Ma.cs | 2028 eic.ne 125¢CC
136000| 135118 | w93€.77 2.32317 T TS .628389 2.¢6837 S.i817 -18.703 | .33847 .53895 1.855 3.122 1.9%0 1088.96 715.2¢ | 267,78 ezl n9 1240CC
137000] 1361CS | 8783.51 2.28150 332C. 06 .601552 2.53¢ce | s.cicr -10.9021 (33957 56849 1.772 2.95C 1.8¢1 1050. 70 71e.30 | 200.39 e22.52 1276CC
138000| 137092 | 8556.59 2.15318 5189.¢1 +STSONT 2,823 4.9225 (1] -11.100] . 30087 39118 1.692 2.85% V.TeC 1052.43 T17.56 | 253.22 €23.55 1286¢C
139000| 138079 | v377.¢3 2.co861 3068.38 .551513 2.3202 s.800 aea.nce C.e9152 | -14.250].3813¢ .£1896 1.6 2.727 1.7¢C3 1056.16 | SOT7.00 10,78 | 206222 €28.57 129600
180000 139ces [ v20e.27 -3] 1.9e1en -2 20au.3e -3f .528095 -s| 7.22:3 =T [w.TIec <2 | aév.922] o Fonal [ 15018 30220 -6 [.en758 =) [ 1.583 ot | 2,605 o1 | 1.63C o6 J1055.88 | s07P.u¢ <2 | 719,92 | 239,37 -1 | 625.6C | 29%.93 -} 18¢000
181000| 180C52 | w08z 16 1.91009 2029.51 «505932 2.12¢8 No0138 18 c.00737 38315 .c7826 1.8786 2.8e€ 1ess 1CST.61 | 8879.08¢C 721,10 | 232.09 e2¢e.62 | 209.1¢C 1micec
182000 181C39 | 3t08.97 1.835€) 2719.48 408679 2.0391 85187 | €.90029 132].3s800 . 709E8 1.6C9 2.37¢ 1.662 1059. 3 | aTes.s€ 122.27 | 226,18 e27.¢en | 202,82 1820c¢
183000 Va2ces | 3738.30 1.Te8eS 2618.C7 h0n385 1.95%¢ wed2CT c. % 308903 78278 1.386 2.212 1.ui8 1061.05 | see9.se 223,00 | 219,77 e2e.es| 201,07 18300¢
188000| 183Ciz | 359c. 10 1.69687 2¢12.c7 885008 1.6722 8.3209 0.90413 38502 2227 1.2e7 2.112 1o3eE 1C62.76 | 8592.87 120,01 | 212,52 6i9.67 | 202.88 1e8coc
185000] 183998 | 3451.€5 1.3008 2816430 .n266893 | 1.7943 | 8.2340 0.905¢S )6 | . 38072 +81298 1.220 2.07¢ 1.3¢9 1068, 87 | aSCo.CS 12¢.72 | 207,08 o2C.e€ | 2¢e1.18 1ascoc
186000| 1sn9es [ 3519.36 1.568¢3 2323.55 <408808 i.Ties [T 0.91107 | -16.368].30760 .85C27 1.176 1.98¢ 1,238 100618 | s821.¢2 72i¢.98 | 20108 621.7C | 2¢1.9¢ tveacc
187000} 185970 | 3192.35 1.5C852 2238.¢5 391912 1.6000 8.0606 0.91800 -4.523].350808 80919 1.128 1.898 1.2C1 [ 1067.89 | 832¢.2¢ 128.1C | 295.€5 622.71 | 2%6.9: 18 7cce
180000 186956 ] 3c7C. 00 1.45099 2189,82 375766 1.58C9 3.97¢) 876,008 16,370 | C.01782 | -8.481].30937 -92975 1.076 1.81¢ 1.150 1069.59 | 4252.77 126,27 | 209.9¢ err,72] 281,97 1necce
189000| 187942 § 2952.88 1.39503 2067.10 «36033% 1.50€6¢ 1.8938 DA TT.eee | c.92cTh <T.€ae].35025 .972C1 1.029 1.726 1.1c2 1071.29 | a1 71,18 12C.02 | 208 .0C .72 201,32 189€0C
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Table 2A-1  U.S. Standard Atmosphere, 1962 (continued)
wen
Altitude Pressure Density Temperature Viscosity Nge “K” Factor Speed of Sound Altitude
M2 _ 8 m v Kps Ko Ku
g H P 8 ( =| oi‘t72 P) c Vo T t ( T ) t slug/ ft2/ 1/t- 1/1t- 1/t- a avo a avo a avo z
2 3 ° ° o = .
ft Ib/ft b/ slug/ft R F \518.67 C ft-sec sec fps kn Mach fps fps mph mph kn kn ft

150000 | 188928 [2e81.95 -3 | 1.38298 -2 | 1989.36 -3 ] .345585 -5 3 479,072 19,802 | C.92266 33113 -6 | .101¢0 ¢0 § 9,082 oC | 1.6¢1 o1 | 1,056 ou | 1072.99 | n091.3¢ -2 | 721,58 202.81 -1 | 150000
151000 | 149918 [fz738.60 1.29221 19)8.22 331803 3.7308 | 20,917 c.e2e58] - «35201 .10619 .07 1.5¢e9 1.012 1078.48 | 8013.28 732.7% 23,7 151080
152000 | 150899 [2¢31.63 1.20356 1802018 « 318000 3,657 32.03T] C. 92909 +35209 +11097 9.c11 1.521 9.7C0 ¢3 | 1076.37 | 3937.Co 733.89 233.26 152000
153000 | 151085 [2532.06e 1.1v608 1774.00 «305107 t.282¢ 31.582€ 8E2.018 23.98| C.93280 «35377 11595 8.625 | INYTS 9.298 1078.06 | 3862.07 73%.08 22¢.8¢ 153000
158000 | 152670 J2u3e.Co 1.15210 170¢.67 «2927715 _ | 1.2231e ] 3.5€9¢  J a@3.1591 25.839] €.9331¢ 35068 12113 8,256 1.393 8.9 1079.7< | 3789.52 73¢.19 228,52 158660
153000 | 153855 [2387.16 1.9¢c913 1e8s.C -280979 1.0EN 3.0382 [YTW Y] 2e.972] c.93025] [ 35552 212653 1. 2 e.5e7 1081.43 | ST10.108 ?37.38 | 253.51 22¢.3¢ 152000
1SS388 | 156199 J2301¢.33 =31 1.C9056 -2 | 1£21.043 =31 276987 -S| 1.1652 13 ] 3.4137 -2] 880,170 27.56C| C.93%27) ©35582 <6 | 12086 <0 J 7.788 oC | 1.3Va el | 2.023 o3 ] 1082.02 ] 3e9r.ee -2 | ?37.78 ] ist.en -1 ] enr.ce] 216,00 1 153388
156000 | 158881 J2259.88 1.00787 1581.89 «270232 1. 1368 3.3710 s81.170 27.500 | c.93%2? 35582 © | .13167 7.595 12262 €.218 1082.02 | 3ene.36 137.78 | 288,78 enr.0e| 216010 15606C
157000 | 155026 §2175.79 1.c2815 1523.C5. «20008% _ | t.cone | | 3.3ces I agr.nrc]  av.scc] c.e3s27] - «35582 .13670 1.312 T.912 1082.02 | 3s79.07 137.7 | Zan.00 eat.ce| 212.1¢ 1570e¢
158000 | 156811 J209s.87 9.89913 -a| 186c.ni «250505 1.C53% 26€8 seTave ar7.5¢cc| c. 959 +35582 +182C8 7.080 r.618 1082.02 | 2s12.¢¢ 737.78 | S39.5¢C est.08 | 2ce. 1 158€0C
159000 | 157796 J2cte.97 9.£21C2 W1, €6 281190 t.Cla? 108 s81.170 27.5¢c0| G.93927 «33582 . 18753 .77 T.328 1082.02 | 2ane.7s 127.08 | 235,00 est.ce| 2¢ch.21 15900C
160000 | 158761 J1981.97 -3 9.1764¢3 -a] 359,38 -3] .232222 -S| 9.T¥GC fa | Y. V2BF <2 sWV. VYO 2V. %1 «35582 -6 | .15322 oC | 6.526 oC T 1.1¢2 «p | 7.002 3] 1082.02 | 3382.ce -2 [ 737.78 ¢ -1 ] end 6C.38 -1 0000
161000 | 1597¢6 [18e9.77 B.E280S 12CE. 80 223568 9.80¢? 3.0670 ael.10 27.5¢C «35582 15918 6,208 1.0e1 6.799 1082.02 s 137,76 32:31 :n::: iu.:g ::lm
162000 | 16075c J130C.26 e.sce98 | 1zec.ic _ ] .215278 _ | e.cs57C 3,0095  Jaer.170]| 27.5¢0] G.9 +35582 . 16529 6.C50 1.¢21 6.580 1082.02 137.768 | 222.c2 ent.ce| 192,92 162000
163000 | 161735 J1735.38 e.19078 1212.58 207273 [ 3211 [2.933C et 1¥0|  "IT. %O C.9¥92Y| - -35582 JAT0e7 $.625 9.222 of | 6.3c3 1082.02 37.78 | 217,80 enr.cel 1es.31 163000
168€00 | 162719 lacoE.92 T.86021 1168.24 « 199569 8.39¢: 2.097 487.170 27.5¢0 «35582 < 17829 5.609 9.8¢e¢ 6.0¢9 1€82.02 137.74 | 213,77 eni.ce| 1es.ve 1e800C
165000 | 143708 J1cce.E9 7.59322 126,82 « 192152 s.con2 2.0023  Ja02.176]| 27.5¢C| C.93927 «35502 .10518 5.8C0 9.115 S.8e3 1082.02 137.78 | Z0S.T¢ end.ce| 102,20 1£560C
166000 | 160688 JiS87.12 7.311C8 1082.C2 185011 <T8%e 27699 ST TIE 2T. 58T ° L, 35582 « 19232 5.200 8.17e S.626 108Z.C2 737.7% | 205.02 eat.ce| 178.8e 166600
167000 | 165672 |i1vav.cn 7.03927 1Cui.78 -176137 T.h08¢ 2.7378 88l.17¢ 21.5¢c| c.93¢27 «35582 « 19975 5.006 8.85¢C S.617 1082.02 737.78 | 200.96 est.ce| 17s.5¢ 167000
168000 | 166656 J1430.33 e.777€2 1cch.C3 S171508 | T.zved 2.60¢3 1 802.170| 27.5¢C| C.93927 +35582 {a0Tas 8,620 e.13e 5.216 1082.02 737.74 | 19818 enr.ce| w2 160600
169000 | 16768C J1281.C5 6.52¢C1 96¢7.32 -s ] 105180 E.90EC Z.6359 Y. T76] 273887 S.93927] «35582 sZ21566 o081 7.83 S.022 1082.02 737.75 | 19a.00 ent.0e | 1ee.s¢ 169c0C
170000 | 168628 1329.76 -2 £.2¢359 -&| 9206.20 -6 ] 2159010 -S| 6.4099 1a] 2.5865 -2] 807.170| 27.5C0| C.93927| - 35582 <] 22377 eC fJu.869 oC | 7.583 of | 4.835 o5 | 1082.02 737.70 | 190.81 -1 ] ent.co| 1es.00 -1 | 17g000
171000 | 169006 J12ec.3s 6.€5019 89¢z.85 < 153105 '3 338C [ ae1. V70 7. <959 +3%502 23280 s.3C3 T.262 8,656 1082.02 737.7 | 187,28 est.ce| 1e2. 171C00
172000 | 170592 J1c32.€0 5.82587 2629.57 < INTH 18 6.2021 2.89Cs s81.170 27.560| C.93927 «35582 28127 (Y91} 6.983 w.nel 1c82.02 737.78 | 103.73 ent.ce| 159,08 1726c0
172000 [ 17063 f1e32.20 -2 s.€2298 -u| eezc 62 ~uf NP3 -S| e Ve fa [ Z.8899 2| NBT.TI6|  2T.5CC| C.93977] 235582 -6 | <2817 oC Jaclud oC| 6.99C of | wonct o3 | 1082.02 | 2008.c6 -2 | 737.78 | 103,09 -1 ] endocE| 159.42 -1 172001
173000 | 173576 Jriee.9e 5.6C890 8206.75 _ | . 182209 5.9887 | 2.88¢8 806.1C3|  20.833] €.93728] «35520 28971 Ju.ccs 6.7¢9 8.3z0 1080.83 | z68n.1C 73¢.93 | 1€00.28 €8C.3E | 156.6¢ 17300C
178000 | 172559 flinc.Ts $.35998 1999.21 <137258 JONY | TZ. S50 LN H 35850 24838 3.en 6.533 s. 109 1C79.63 | 259n. 30 73¢.11 ] T78.89 15,1 178¢0C
175000 | 173543 Jri0Cc.C8 s.1983S 1700.58 132825 S.5718 2.36C8 28,275 | G.93308 «353% 26729 .78 e.11¢ 8.C35 1076.43 | 2585.09 735,29 | 173,58 15C. 05 17560C
176000 | 176526 f1CSc.93 $.0C3E7 ™N1Z.49 127756 | S.2Ma§ 2.3188 23.19¢ | 0.93097 «35333 27657 s.e16 e.1C 1,095 1077.23 | 297,43 138,87 | 17¢.2€ 0.9 17080¢
177000 | 1755¢9 f1c19.23 s.e1628 7130.60 123282 S T8%C 2.2777 L RLNIED -38271 il619 3,698 S.097 1,7¢0 107¢.02 | 285C.1¢ TIT.45 | TAT.06 185,17 177¢0C
176000 | 176492 ]9€09.23 ~u| 8.6352s 6086¢.36 118878 $.0018 2.23¢8 a8c.7C8 21.03e | c.e268} +35208 29617 3.378 5,696 3.629 1CT76.02 | 28cC2.2¢C 122,63 | 163,65 020,01 | 182,82 178ccC
179000 | 177475 fousc.cs N.h6CE3 6¢CE.CS 118659 a.021¢ 2.19¢2 ar$.439 19.959 | c.s2002 «35160 . 30652 3.202 S.5¢Ce 3.3¢3 1C73. 00 | 235e.c2 122.¢1 | 160.77 e 1| 126 70 17%¢c0c
180000 | 178458 foces.95 -6 | 8.292¢3 -u| 6258.75 -8 | 110582 -S| n.6528 1a] 2.15e9 -2 ] ave.521 10.881 ] G.92245 +35083 -6 | 31725 oC 1 3.152 oC | S.32C of | 2.360 o: | 1072.40 | 2512.00 -2 | 731,108 | 1S7.70 <1 | e3S.3e | 137.¢cs -1 | 1eccec
181000 | 179481 fe78c.49 8. 13C2h 611E. 38 - 106682 Noaeee 2.3182 817,822 12.8C2 | Co92¢57 | «3%5020 +22839 3.085 S.18C 1.2e2 107119 | 22¢8.9¢ 73C.30 | 158.2¢ 028,07 181C00
182000 | 180426 [2uC9.33 5.973%¢ $€Ec.53 « 1028368 8. J268 PL. (- . V6. T28 1 ¢ ENE ~3.087] . 30087 «23994 2.982 8e9¢5 .18 1€69.96 | 2225.5¢ 729.53 | 151,78 102600
183000 | 1234c? Jscoc.ch 1. e22€8 5¢62.C3 991537 -6| a.1t1e 2.0828 425,318 15,688 G.91601 «9.C06 ] . 30080 «35192 1682 8.T9¢ 3.c27 1C62.77 | 2102.9¢C 128.71 | 186,02 622,22 | 129,32 183000
186C00 | 18239C | 7782022 167782 SeN7.35 +955979 8.C23C 2.0C5S 88,237 +38831 .36825 2.785 8.03: 24920 1067.56 | 218c.97 r27.6¢ | 10S. 02 622,51 | 12¢.8¢ 188c0C
185000 | 183372 |7ee5.80 3.52120 5239.€3 921621 3,877 || T.9697 13815 38768 27728 2.¢51 [ .27 1066. 3% | 2099.0¢ 127.05 | 163012 621,79 | 120,00 125600
106000 | 188358 | 7199.88 3.8c2c3 5C39.61 888828 3.7378 1.9323 872.001 «38705 «39C068 24560 8.321 RN 3} 1065.13 | 2059.25 72¢.22 | 18ConC e31.07 | 122.01 1€460C
187000 | 185337 J692s.7% 3.21115 nene. 62 856361 3.4029 1.8981 s71.0C3 38682 .8Che3 2o072 8172 2.630 1063.91 | 2019.42 1ic.39 | 137,090 62c.3% | 119,68 127000
188000 | 186219 Joess.c3 3.T4679 6sé60.62 .625385 | LW JU8YS T RN <3857 +81898 z.387 8.C29 <.527 1062.69 | 19€0.31 Tav.5¢ | 135.02 €29.62 | 112,32 1e¢c0cC
109000 | 1873501 Jos01. 90 3.c2519 “8l. 27 - T958065 2,307 1.829 [YIN T 38510 -43391 2.308 1.86C 2006 1Co1.87 | 981,85 723.73 | 132.8¢C e2e.91 | 115.c8 1e9coc
190000 | 1882€3 J6155.21 -a| 2.3C8SF -&| WIOE.LS -] 78588 -8 X 2257V 6] V. 79SY 2§ RET.TT@ L {IRD 1. e30882 -6 J .uaFhn oC [ 2,225 0] 3.755 o 20359 +3 § 106C.25 | 19Ch.Ce -2 | 722.9C | 129.82 -1 | ¢28.10 | 112,81 -1 19cee0
191000 | 1292¢5 [S917.45 2.7962% 182,22 « 738659 3.1077 1.7029 086692 7.022| 0.69979 | -13.e76].383089 +86556 2. 188 3.82¢ 2.21¢ 1059.03 | 1866.92 r22.07 | 127.29 ear.ne | 11 00 191600
192000 | 190287 | 56LE.39 2.608cC 39€1.€7 711709 2.992 1.73Ca ReL.61S .48220 2.Cc13 1C57.8) | 1830.82 ?21.23 | 128000 eae.7n | 1ce.ne 19200¢
193000 | 191229 [5u67.71 " 2.5E3T2 3827.34 68558 T Z.TOWE T.8985 — 499¢8 2.ccl 1C56.58 | 1798, ¢ 720.80 | 122.36 e26.01 | 1ce.32 193000
198000 | 192211 ]525¢.12 2.88328 367€.359 «660557 2.7791 1.6671 ne2.nel 51172 1.932 1055.36 | 1759, 28 718,56 | 119.9¢ €25.28 | 1ca.2e 198c00
195000 | 193152 |5c5C. 36 2.3€650 3535.25 «636298 2.671C 1.63¢2 8¢2.303 «53646 1.868 1C56.13 | 172622 r1e.73 | 117.0C ean.56 | 1c2.09 195600
196000 | 19817s Jues2.ia 229311 3197.20 612078 < STUE Ry 3T «£5592 1.799 1052.90 | 169C. 22 717,09 | 115,28 €a3.e2 | 1cc.1? 194006
197000 | 195155 fseo2.21 2.20356 3268.25 «590270 2.8E208 1.5759 nec.220 57613 1.236 1C51.67 | 1057.30 717,05 | 112.0¢ €23.1¢ | 9€1.92 -2 | 1970cc
196000 | 196126 JeusC.21 2.01713 314422 -508848 2.291¢ 15888 855,153 59713 1.675 1050.58 | 1626.8¢ ?16.21 | 110c. 70 €22.37 | 92 19806¢
199000 | 197118 Ju30s8.20 2.62351 3C12.9% +S587387 P (21 3 I i X . <1898 1.616 1009, 21 | 1592.23 715.37 | 108.56 e21.88 | 902,27 19%¢0C
200000 | 198C99 | 6136.63 -8| 1.95378 -a| 2898.28 -4f .52706V -6] 2.2V78 =W V.GESV =2 ¥ST1.CCO ~Z<OVC | CoBTIC| - Ve2BVR 338718 -6 | 68157 oC [ 1.559 oC T1087.98 | 1560.55 -2 | 708,53 | 1C6.8C -1 | £2C.90 | 92h.eC -2 2¢000¢C
201000 199080 | 3971,38 1.876¢6 2119.97 +S078n7 2,120 1,000 | (T3] 3,77 c.079C2] -19.€598,53752 sc6513 1.5C3 1C86.78 | 1529.42 Ti2.09 | 108,20 eac.1e | sce.n? 2cicce
202000 | 2000¢1 | 3808.23 1.8c228 2¢69.96 -408€520 2.c552 1.0328 o®n? ~0.023] c.erees| -20.037].33408 +£8959 1.850 1C8<.50 | 1892, €7 1z.68 | 1C2.2C e19.08 | €€L.Ce 2c200c
202071 200121 § 3803425 -8 WLaT79719 -4} 2£62.428 -s] 807190 -0] 2.C897 -8] 1.8317 -2 858,770 ]  -8,900) Q8748C| <-30.300].336003 -6 | «¢9137 oC | 1,486 oC 1C85.82 | 196,71 -2 | 712,78 | 102.05 -1 | ¢19.39 | eee.7e -2 | 2c2em1
203000 | 201Ca2 | 5¢6z.81 1.T2CE3 2%03.97 Je71277 1.9827 1.8081 82,771 -0.099 | c.07295| -21.401].3356s 71219 1.8C8 1083, 12 | 1nee.€) 711.22 | 160,18 e18.03 | e7c.2¢ 203000
208C00 | 20202 | 3516410 1.60101 2801,12 T I Te9028 1,302¢  _J »5€.019] _ -9.051 ] C.8000C g6 ] . 33435 o 73542 1.360 2.295 1.815 1080.08 | 1829,22 7C5.52 | $81.29 -2 | e16.5¢ | 052.72 208cCC
205000 203003 | 3575.85 1.59523 216:.C9 +838528 1.0049 1.35¢2 oeE.8eT] -11.203] c.tenes «33307 o 15952 1.317 2.222 1.3e7 1C38. 15 | 1stc.iC 707.83 | Se1.a2 €15.¢c5 | 035,00 2c5000
206000 | 20398« { 3235.98 1.531C2 2267.98 .822903 1.7702 1.332¢ a8e. 215 | -13.338] c.eecsc 33177 78852 1.275 2.151 1.340 1035.65 | 138183 70e.13 | s81.€9 e12.00 | erenE 2ce00C
207000 2089¢u 1 1108.97 1od6912 217620 507769 1 1.71S¢__ | 1.309¢ | | _=15.5C0 ] €.05433] -24,.393%.33088 «E10806 .22 2.C€2 1.215 1C33.15 | 1352,22 108,82 | 522.65 e12.12 | eci.7e 2cva0c
208000 20594s | 2982.¢7 1.8C983 2ce7.87 +393108 1.4539 1.28¢0 882,011 -17.458] c.8822¢] -2P.5@e].32918 <E3749 1.9 2.01¢ 1.251 1C3C. 65 | 1325.45 1c2.71 | s03.71 e1c.en | 85.30 acecoc
209000 | 20es<5 | 2e6C.93 1.35191 2€Cz. 65 +378908 1.5901 1.2626 835.8¢0| -19.010] c.enecs| -20.703).32788 +€6538 1.156 1.95¢C 1.1E6 1C2€. 16 | 129€.12 101.c0 | €05.08 €Co.1¢ | Tes. 01 2c906e
210000 2¢79cs [ 2783.62 -u| 1.29687 -uf 192c.53 -af 365156 ~6] V.53€3 -4 1.2395 ~2] S3.7CO| <21.961] C.083I00 | -29.9780.32658 -6 | 49826 oC 1,110 oc [ 1.887 oc | 1107 o5 [ 1025.62 | 1270022 -2 | €99.29 | eae.78 i | ecr.ee | 22,1 -2 | 210c0c
211000 208865 | 2630.53 1.283C6 188181 +351880 1.8062 1.2107 835,550 | -20.112( C.0397¢| -31.173).32528 «92650 1.082 1.82¢ Jolc? 1022.10 | 1280.7¢ €957 | End.TC 6Ce.17 | 232.5¢ 211¢6C
2120001 209265 1252169 . | 1209160 1 1705,18 § .3309%9 | 1.824¢ | 1,198 - 03] C.0850) 1 - 32397 «9558) _ J1.086 1.7¢¢ 1.0¢e8 1€20.57 | 1218.72 €988 | €3C.95 ocn.e? | 122,07 212¢ece
213000 | 210885 | 2816.80 1.18208 1691.76 . 326870 1.271¢ 1.172¢ <20.813 ] c.e3107| -33.5603].32240 .98832 1.012 1.7c8 1.030 1018.03 | 119211 €9u,11 | 81200 6c2. 17 | 1ce.9¢ 213e0C
218000 211825 | 2315.79 1.09831 1621.06 31839 1.3227 1.15C1 =3C.563 | c.e2732| -30.757).3213% 10221 ¢1 f9.72% -1 | 1,651 9.925 ¢2 | 1015.49 | 1167.9} €92,38 | 796.3¢ ech.ee | es).9? 218co0c
215000 2126c5 | 2c10.50 _ | 1,08e35 | 1552.96 ) | ve2728 1.32€5 ] =32.73 c.0229¢] -35.952].32003 <1572 9.459 1.59¢ 9.541 100298 | 118202 €90.68 | 779.4¢C €cc. 1% | e70.28 21500¢
216000 213788 f 2128.92 1.0C8 ) wer.as 1.226C 11672 =3 803 c.a1s03| -3t 2ee]. 31070 . 10937 9.183 1.583 9.2:8 1010.39 | 1118, 70 ¢ee.90 | ve2.78 S90.60 | ce2.00 2160C0
217000 2187en | 2038.82 9.61526 -<| 18ia.37 1.18cc 1.00¢3 -37.013 | c.etn09| -30.381).3173¢ 11317 8.e37 1,891 €.9C6 1007.83 | 109877 €87.18 | 780,03 S92.12 | ens.02 217000
218000 215762 J 1ouE, 00 | 9,2C5¢3 | 1363.¢48 | 1.1358 | 1.0658 | 8g€.5c8 ] -39.102] c.av07n| -39.5350.3160¢ ST 8.539 1.881 e.sew 1€05.27 | 107119 ¢8S.a1 | 730.3¢ 595.40 | e3n.ee 210000
219000 216723 [ 1268, 069 s.81148 1305.28 1.C92% 1.0082 BIE.358| -81.312[ 0.20440 | -C.T29[. 31070 12120 2.250 1.392 E.272 1002.69 | 108e.cC 681,05 | P1e.5S cou.ct | c2c.92 21v000;
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Table 2A-1 U.S. Standard Atmosphere, 1962 (continued)
Altitude Pressure Density Temperature Viscosity Nge “K” Factor Speed of Sound Altitude
: q/M2 8 I v Kips Kin Km
z H P H (=0.7P) o Np T t T ) t slug/ ft2/ 1/ft- 1/ft- 1/4t- a avo a avo a aVo z
ft ft lb/ft2 to/ft2 slug/fts °R °F 518.67/ <°C ft-sec sec fps kn Mach fps fps mph mph kn kn ft
c2 hres.as - 83224 - 49,01 -8 f.200708 -0 )1 -8 11.0231 =2 I n16,200] a8 0.00208 | -n3.323 §.3130) -¢ | ag o) § 7,969 -1 ] 1,303 oc | 7,970 +2 ] 1000.13 | 1025.21 -2 | e01.90 ]
zziooo‘”'}:'au ;o:.u 8.C4759 . :ios:o’ “2voz0n 1.01Ce 7.0033 §10.0¢0 _'-c?:nol" e. 31| —ad 116 [-31207 . 12992 T.607 1.299 7.678 997,53 10€2. 99 eac. 13 3
222000 [2196¢0 he33.c7 7.71698 118318 +230963 2.707C -3 | 9.8515 -3 un.;n: ::;.:5 c.:::; ~u.:u .3!::5 .ts:sn ;.:;: :’:ﬁ' e8CT.59 -3 .;g.iz :::.u SE9.09 ::.g; g:::
9 1278 7,37997 ¢, 1) [} [ N . 6 | 9591.¢c¢ ere 3 Se7.98 | Se€.
R FETI TR T.055€8 TCu<a 22 =213803 s.97a2 R L R SR e et —ersasT ] osos Thaa3s  feoear T.169 S3Te0C [ emn.02 [ €39.02 [ 5ee.ac| 555 40 ncee
225000 |222597 6. T8RS 9981.08 -5 [ .205068 0.427¢ 9.2085 weS.ae? | -58.203 | €.78170 | -ar.891 |.30e72 < 18956 ..686 1.128 . 473.08 | 025.18 en.0e | Sad.2a 2256c¢
226000 S susa3 9587, 93 < 197017 8,28 o 3318 -34.381) e.202 -49.088 3 | 15899 Je.e52 | 1.089 €71.25 | 11,13 e2.36 | S31.C6 22660¢
227000 (228558 6.15012 9122.36 - 189282 'T"L”‘.uu o g = 5 g =30401 —Te04% o225 EEIR RO ELE] 221e0¢
9000 |225533 R2ss.e0 $.80220 s713.¢0 <101736 7.680C e. 70810 399,028 | -00.000 | 6.76932 | -S1.870 | 30266 - 16654 6.C0S 1.013 s67.67 | Se3ce2 sec.19| scr.32 22e8cc
229000 |226511_ friee.7s $.61727 0321.18 17590 7.3811 8.568C 396.077 | -e2.m3 | c.70818 | -33.463].30130 . 17267 S. 791 9.775.-1 465.87 | 870,52 s38.63 | 895.77 229000
230000 |2270es Jrise.sz -u | 5.30296 -5 | raen.un -5 16700 -0 | 70041 - :.m;_:s_ ss.z0| -ev.smc | c.reten | -as.tse].200m - _:_:B_gg 550 -1 _:;E; 1 “_;_‘;:_ e ] B ie i
31000 L} - 3 Se} 382 e t _ 13 | 662 S k ) | 8423,
e Tace Trass.e - 154237 4.888C .0538 ;u.}?'o _"—cLo‘.% c.aafc =ss. 00 [.2912) -« 19209 (5] 640.05 [ 53202 | S1391] se2.21 22200¢
233000 |230% o902, 19 < la79S7 6.2208 1.0098 300.290 | -71.300 | e.700e3 | -90.038 .29 - 19995 8.881 058.63 | Sre.es $72.33| 8S1.56 233s0C
235000 123%8C2 e58s.CY < 181900 S.97%¢C .7246 366,008 | ~73.326 ] €.70009 | -90.824 .;:Q# .:_1:;:% :’3: i_ese.:l S07.08 $90. 78 .;g,,z ;gu.‘
5000 [2323€0 Dusl 608 T.54%9 M - . = . . 3] [Seo.Te | o3C.es 5600
330000 |233357 soen.s8  |o130a3 soaers | |rwerr  [3ercesa| -rroena | ecrse2i | -arcore]l2eims <2235 7.507 PEEIRT H3H e ried o
3833 $703.39 - 125008 $.2592 7.2320 379.7C6| -79.96% | 0.73208 | -a2.202 }.29033 223225 7.262 es1.30 | & 585.97 | 81C.00 23700¢
3,30000!”.' gs;'s'l: 33.96 [ TIeT%e | (.20098 | .28123 6.997 aa9.87 [ w4 848,37 ncc.02 2%e60C
- £ . -Qbe . {3 3 Y 82
239000 | 236290 sirsces  foriarae 80201 | fecsare | 375.ute | -encase | e.7230c | -encsee | 2e7ss 25062 e es99.3s | entia2 se2.71| 391.ec 239e0¢
500 [ F377es Trouc-92 <5 3.3 =5 | wet-en =S| - To08Y =e | -3V =¥ [o- o =3 [ 37ETIv | =%, =WTIT | 204¥e <6 Ze0ua T | [SRBT =T[[ To6TF o2 | ST VT | R3S ET -TTIRS.To 830,08 -2 Sér.te] 360,88 -2 | 2v0000
281000 | 238285 3. 1672 91,95 10820 0268 0.0822 371,026 | ~00.508 | C.71353 | -00.949 | .28877 +27C6S .23 3.809 %a.40 | 6203.29 83,91 | 82€.00 sSe.58 | 372.2¢ 281000
202000 | 239222 3.01838 a865.36 . 100718 8.2212 0.5€9% 3¢8.900 | -90.489 | 6.7000¢c | -e8.160 §.20337 $20813¢ I 5,999 3.367 | 9n1.66 | 6129.49 €82.08 | 817,93 557,92 ] 3e2.1¢ 28200¢
283000 -2e8C0 w288, 96 - - [ 18 . = . -®. <2019 29256 | T.Tes 3,210 ™ 938,92 [ 39791 g, §0%.46 $83.3¢ | ¥%e.2¢ 283000
208000 2.721% 081,08 -922168 3.0792 6,227 368,683 | -ea.977 | c.70313 | -10.903 ].20056 «30828 S.Sa¢ 3.017 936.18 | S831.10 e3e.20 | 207,50 cey 67| ns.00 208600
205000 | 202153 2.59397° 3882.58 -082061 3.t“|:c 6.0918 3€2.509 | -07.121 | c.e9900 | -.738 f. 27915 .31608 :.ﬁ: §.o~: 1 :%:.:i ;}f:‘%" ] :i:.;: agz.u ] ;Ei'“ ;g:.og ::suo
206000 [ 283130 6.4 & Ye32.79 | b ] 1] T 3 = N - 0 L} <126 X . c I78.0c €V.8¢C 3 000C
Iaroos [aanar Rasear | 236337 [ sarrcss | seesm 303026 | |sce2ee  [3s0.262 | -101.n08 | acescrs | -miine |l2ress T3n200 a.925 || 2.7¢8 927,88 | sucaces | e32045 | 200cusy see. e | 22¢221 2e70c0
200000 _| 285088 Ju711.32 2.22029 3297.92 .770708 3.2828 S.6983 356,118 | ~1€3.552 | 0.4866C | -93.307 §.27091 .356170 | 8.722 2,50 | 925.10 | s2er.e2 e2c.75 | 35907 sae.11] 312.11 28€cce
209000 | 204060 JoaTa. S8 | 2.11083 132.27 . - 3.5862 TS | -188. . “T.% o PERAKT] L % 113 2.0EY 922.32 [ S122,7¢ e2e.88 | 75c.c3 Cuc 00| 3ch.1? 2uscoc
Z8€.03 = . " 22.90 -5 | .703030 -7 ] 2.959s -5 | s.anc2 -3 [3sr.022 | -rer 030 | 0.evasn | -72.0880.27200 -6 | 38676 o1 | 2586 -1 | ai36n -3} 2.378 «2 | 9v9.52 | s0c2.25 -3 | ¢26.95 | 241,07 -2 | san.00] 29¢.38 -2 | 250000
m :::3; N3z :;. i __!_._932 sesso | ze .r :9__9_' <243 31 _2_5_’_“:“’ .___-t_ﬂ._:’l‘_l ocereze| -1e.078 227083 28C260 | 2.062 _ |svec. || 20276 916,72 | 4873.54 25003 | 332020 | se3sie| ze0.7s 251600
252000 | 208969 [362¢.25 | 1.8C0C6 | 2672.37 681357 2.6982 S, 1985 3ut.807 [ -112.123 | 0.6%CO ~00.068 | .26920 41978 2.382 8.C21 2117 913,90 | a787.29 €23.12 | 223,08 sl 7| 201.2? 252600
253000 | 2899¢6 |3e29.43 1.715CS 258C. 40 612139 2.575 S.07s8 3as.8¢8 | 118,264 C.00390 -u.::: .gg; :;;;:_ 2.2¢6 :.::: ;.:3 ;; {.g »:::.:: eu.;: 3;5.3: :;:.:g ::z.;- ::sm
25 p 228508 3,9 - . R Y i ¥ . 29 .4 . ] o el9. 3ce T8 8600
‘zssgi.% 22’33%% 3267.06 150165 2203.72 .SST156 2,301 WIE 301.120 | -110.558 | 045768 ~43-439 | 26489 o7543 2.1€3 3.85¢C 1.9Ch 90S.82 | a3e3.60 €17.33 | 29ecge s3e.aa] 259072 255000
256000 | 252098 |3091.40 1.8609) 2160.12 +$31313 2.2343 87279 330.979 | 120,001 | 6.45388 |- 60,029 | .20300 49563 2.¢47 3.8Ch 1.820 902.57 | 8267.2¢ €15.39 | 290.95 s3a.7¢ | 2%2.03 254000
257000_| 253000 bl ] 2.131¢ 8.0063 336,827 | 122,033 | €.48982 | -00.008 1.260199 ] .S172  §1.933 ] 3,263 |} 3739 _ § 899.71 | 8183.23 €13.80 | 203,18 €33.07| 2ne.cE 25780¢
250000 | 25888S 2773.05 [ 1.31057 1enl.00 482736 2.031C 0.50¢68 330,656 | 120,970 | C. NS0 B «2605% .53912 1,653 3121 1.662 896,85 | 8081, 7S €109 | 225.5? $31.37) 239.87 2s5800¢
259000 | 255821 J2e25.52 1.20c67 1837.86 859930 1.935¢C n 3989 332,555 | ~127.118 |- 6.08117 | -00.397 | .25908 .56331 1.715 2.99¢ 1.5e7 893.98 | 3932.a8 €C9.53 | z68.12 529.67| 232.9¢ 25900¢C
0 ¢ J2800-61 =5 1.178C8 -] 1739.23 =5] -83006F =7 | 1.€83C =5 | 8.2930 -3 | 336.008 | -139.230 [C.e37Ch . «25702 -6 | -588¢9 o1 [ 1.700 -1 [ 2,876 -] 1.515 ¢2 "e91.09 [ 3025.%0 -3 | ¢07.56 | z60.02 -2 | S27.96 | 22¢.66 -2 | 2ececc
235C.00 1.13C68 1685.3Y ~al7113 1. 7588 4. 1091 320,273 | -131.307 | G.43291 | -90.77¢ | .2%5016 +tlall 1.628 2.Tec 1.886 888,20 | 3720.78 €05.59 | 253.09 $26.25 | 22C.08 2601000
2222.10 1.05032 1555.90 +397038 1.4700 8,081 320,122 | -133.538 | 0.42079 | -91.905 ],258¢9 | (o189 _ Ji.559 | 2.e11 1.38c _ | ess.30 ] sete.27 ec3. et | zue.70 sas.S52] 20,38 262000
2167.30 -s| 1.canmm 5] 157,01 -s| 388208 -7 1.033¢ B | n.onre -3 | 355170 | S130.5C0 | 6.42093 | -#2.300 | 25003 -6 | .65828 o1 | 1.52w -1 | 2.5eC -] 1.350 2 | B83.99 | 3572.89 -3 | ec2.72 | 203,60 -2 | S23.75| 211.08 -2 | 262009
23 [2101.28 9.92983 -¢| 1870.9%0 376 . Y.o1e¥ YIS TT0 | STNe. 500 [ 042493 | -93.500 [.25803 | 67800 1.a82 " [ 2.5c1 || 1.310" | se3.e% | 3s1e.C5 €c2.72 | 239.0? $23.75 | 20€.00 263¢00
190¢.43 1390.50 -355879 10972 3.869% 325.476 | -138.500 | c.a2¢93 | -m2.508 | .25003 .71382 l.act 2.3¢n 1.236 883.99 | 3820.55 6c2.72 | 233.22 s22,75| 2c2.6¢ 2encoC
1877.86 1318, 50 +336428 18188 3.7622 328,170 | -138.500 | 042693 | -92.500 ™ rssee  Jieszs 1 2.235  [l.vny _ § ee3.e9 | 3325.7e €C2.72 | 226.7¢ 522,75 | 192.cS 245000
5.23 28266 . . Y.6 S TR, . o 25003 . 79878 1.252 2.113 1.1¢7 303,99 | 3233.éc €C2.72 | z2C .07 $23.75 | 191.5s 266608
1e72.22 1178, 70 «300062 1.2009 3.5566 325.170 | -130.500 | C.62093 -92.500 || 25003 +E8a9 .18 1.998 1.088 883.99 | 3184.CH 6CZ.72 | 218,38 $23.75 | 10¢8.2¢ 26700C
1584.52 111C.57 2200238 1. 1088 3.0581 325.170 | -138.5¢0 | 0.02093 | -92.50008,.25003 _ | ,e9375 Ji.009 | 1.e¢e 9.891 «1 | 803.99 | 3056.91 €cz.72 | z0e.03 $23.75 | 1€1.02 2eeece
[Tase.os T.ca1% Tose. a9 . T.130% Y . =Tk, . B 25003 R 1.c58 [T 9.350 883.99 | 2972.23 €Cc2.72 | zc2.65 $22,15| 17¢.1C 2e9cec
1817.90 -S| 6.7co19 -¢| 9925.33 -o] 250025 -7 | 1.0007 -5 | 3.2691 =3 ] 325,170 | -138.500 | 6.42693 | -#2.3000,25003 -6 | .100C0 ¢2 Bo.cco -2 | 1.ee2 -31|] 8,840 1 | B83.99 | 20ee.9¢ -3 | ¢02.72 | 197.08 -2 | S22.75] 171.22 -2 | 27¢00c
NG =30 oiey. . T.01¢Y YITEE B =TI8. . 0 25403 . 16578 9.853 1.556 £.357 883.99 | 2809.¢e6 €02.72 | 1s1.50 $23.75 | 1e6.0e 271000
1267.23 s.90021 se70.¢0 «227032 9.551¢ -p |-3.0906 335,170 | -135.500 | C.42093 | -82.500] .25%03 11189 8.937 1.5ce 7.9¢0 883.99 | 2732.¢5 ec2.72 | 180,28 $23.75 | 1e1.0? 212000
119€.€2 S.8¢118 8386.17 +218832 9.03¢C 30030 335,170 | -138.500 | C.a2093 ] -93.5000.25003 _ | .11836 8.8 | 1.82¢ T.8¢9 083.99 | 2656.39 €G2.72 | 18112 $23.75 | 157.3¢ 273000
40 . TIIE. 20 . T35 y = e} 1Y 212519 1.9e8 V.3u8 7.081 883.99 | 2582.¢€0 €C2.72 | 176,10 $23.75 | 152.03 278¢00
107¢.7S 5.05975 895,27 . 191831 s.0701 2.8008 325,170 | ~138.5C0 [ 6.42693 | —#1.500 1 . 25003 . 13283 7.551 1.275 t.015 883.99 | 2511.223 ec2.72 | 171,23 523,75 | we.7e 273600
1€14.29 s 7€309 7086.C3 . 181357 7.63¢C 2.7022 323,170 | -138.500 | 0.62693| -82.500] 25803 oanoc?  B7.139  lr.2es | e.310 _ | se3.99 | 2uni.en | eca.r2 | 166089 $23.75 | 1es.07 274000
38 -8 8.5229% &9, . YoINIE T, . =TYe. S| =W 500 - 25003 18816 6. 789 1329 5.9¢0 883.99 | 2378.22 éc2. 12 Trev.28 523,75 | 18C.8? 21700¢C
081,79 8,275 333,00 - 16209 e.8197 2.6008 32%.176 | ~130.58C | C.42693| -%2.500].25403 15672 6.301 1.077 S.680 863.99 | 230e.%C ec2.72 | 157,800 $22.75 | 136,78 2700CC
21 ) Jess3.92 §.08208 $987.7% . 153288 0 .0028 2.5392 335.176 | ~130.5¢C | c.e2493| -92.5cef.25003 _ | .18577 6.033 1.01e _ |s.323 883,99 | 22an.¢2 | ec2.72 | 153,08 $23.7% | 132,99 279000
200000 | 276200 focer.on -o| 3.82186 -¢| 5460.93 -6] 100808 7] 6.6955 -6 | 2.04689 -3 323,170 ~130.500 | C.42693| -92.500] .25003 -6 | 17538 o | 5.7C3 -2 | 9.626 -2 | 5.082 +1 | 083.99 | 2102.50 -3 | ec2.72 | 1ns.81 -2 | S23.275| 125.21 -2 | 2ecece
201000 | 277262 | 7085.¢9 3.61291 $351.98 136977 S. P62¢ 2.88Ce 325,170 | -130.500 | C.62693| -92.508],25003 . 13586 50392 s.1C) . 7eT €83.99 | 2122.11 | €c2.72 | 1an 65 523,75 | 125,22 281000
82000 | 278235 [Tile.ne E P ELE] . . . . . <136, . o 25803 [ .19616 5.098 8.6CH w.5¢Ce 882.99 | 2063.8¢  [ec2.727 180.69 $23.75 | 122.2¢ 282¢00
203000 | 279209 Jeesu.co 3.22937 “783.83 < 122036 S. 1511 2.209¢ 325,170 | -138.500 | C.42493| -92.500] .25%03 <20748 .. 820 8.125 uo2e0 383.99 | 2006.21 €0z.72 | 136.79 522,75 | 11602 203000
208000 | 280182 { 4asi.18 3.05317 882262 . 115758 8. e70C 2.2048 325,170 | ~138.5€0 | 0.62093| -—#2.3500].25403 | .219%6  Ja.557 | 7.651__ | w.0z8 €85.99 | 195c.81 | ec2.72 | 133.00 s22.15 | 1nis.se 208600
138" - o . . . . <136, D o 25003 T .23212 4.308 T.2n 3.ec€ 883.99 | 1896.85 ec2.12 | 129.33 522,15 | 2.3 2es000
2.72908 082,82 .103870 8.3832 2.0868 329.170 | ~130.9500 | C.62493| -92.500| .25403 «20551 «.073 .85 3.¢C0 883.99 | 188,139 €02.72 | 125.75 $23.75 | 169.2¢ 2e¢eac
2.50020 3022.30 978266 -8 8.11%7 2.0287 325,170 | -130.5€0 | C.42¢93 o «25403 | .259¢8 _ | 3.es3 _ le.scc | 3.acs 883,99 | 1792, 3¢ €c2.72 | 122.2¢ $23.75 | 1ce.26 207¢00
~ . . Y.y "Bt . <Y3%. . . «25003° JaTaeo 3,681 6,183 3,219 €82.99 | 1783.7¢ ec2.72 | 118,09 523,75 | 162,32 20000
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Figure 2A-10 - Solar Spectral Irradiance Data Above
Earth’s Atmosphere: (a) Ultraviolet
observed with photographic spectro-
graph (NRL) and a photoelectric
monochromator (AFCRC) with lines
shown in an effective line width of
10&; (b) Ultraviolet irradiance derived
by Hinteregger et al. (1960) with an
effective line width of 104; (c) X-ray
irradiance. (Ref. 107; also see Ref.
120)
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Table 2A-4 - Solar Spectral Irradiance Data (0.22-7.0 [L)
A H, P A Hy, P, A Hy Py A H) P, A Hy P,
0.22 0.0030 0.02 036 0.116 5.47 0.50 0.198 23.5 0.68 0.151 46.7 2.6 0.00445 96.90
0.225 0.0042 0.03 0.365 0.129 5.89 0.505 0.197 24.2 0.69 0.148 17.8 2.7 0.00390 97.21
0.23 0.0052 0.05 037 0.133 636 0.51 0.196 24.9 0.70 0.144 48.8 2.8 0.00343 97.47
0.235 0.0054 0.07 0.375 0.132 6.84 0.515 0.189 25.6 071 0.141 49.8 2.9 0.00303 97.72
0.24 0.0058 0.09 0.38 0.123 7.29 0.52 0.187 26.3 0.72 0.137 50.3 3.0 0.00268 97.90
0.245 0.0064 0.1 0.385 0.115 7.72 0.525 0.192 26.9 0.73 0.134 518 3.1 0.00230 98.08
0.25 0.0064 0.13 039 0.112 8.3 053 0.195 27.6 | 074 0.130 52.7 3.2 0.00214 98.24
0.255 0.010___0.16 0.395 0.120 8.54 0.535 0.197 28.3 0.75 0.127 53.7 3.3 0.00191 98.39
026 0.013| 0.20 0.40 0.154 9.03 0.54 0.198 29.0 080 0.1127 579 3.4 | 0.00171 98.52
0.265 0.020| 0.27 0.405 0.188 9.65 0.545 0.198 29.8 0.85 0.1003 61.7 3:5)| 0.00153 98.63
0.27 0.025| 0.34 0.41 0.194 10.3 0.55 0.195 30.5 090 0.0895 65.1 3% 0.00139 98.74
0.275 0.022| 0.43 0.415 0.192 11.0 0.555 0.192 31.2 0.95 0.0803 68.1 3.7 | 0.00125 98.83
0.28 0.024| 0.51 0.42 0.192 11.7 0.56 0.190 31.8 1.0 00725 709 3.8 0.00114 9891
0.285 0.034| 0.62 0.425 0.189 12.4 0.565 0.189 325 1.1 0.0606 757 3.9 | 0.00103 98.99
0.29 0.052| 0.77 0.43 0.178 13.0 0.57 0.187 33.2 1.2 0.0500 ‘U796 4.0 0.00095 99.05
0.295 0.063| 0.98 0.435 0.182 137 0.575 0.187 33.9 1.3 0.0406 829 4.1 | 0.00087 99.13
0.30 0.061| 1.23 044 0203 144 0.58 0.187 34.5 1.4 _00328 855 4.20.00080 99.18
0.305 0.067| 1.43 0.445 0215 15. 0.585 0.185 35.2 1.5-\,0.0267 87.6 4.3 0.00073 99.23
0.31  0.076] 1.69 0.45 0.220 159 0.59 0.184 35.9 1.6{ 00220 894 4.4 0.00067 99.29
0.315 0.082| 1.97 0.455 0219 167 0.595 0.183 36.5 1.7 0.0182 90.83 4.5 0.00061 99.33
0.32 0.085| 2.26 046 0216 17.5 060 0.181 37.2 1.8 0.0152 9203 4.6 | 0.00056 99.38
0.325 0.102| 2.60 0.465 0.215 18.2 061 0.177 38.4 1.9 0.01274 93.02 4.7 | 0.00051 99.41
0.33 0.115| 3.02 0.47 '~ 0217 19.0 0.62 0.174 397 2.0 0.01079 93.87 4.8 | 0.00048 99.45
0.335 0.111| 3.40 0.475 0220 19.8 0.63  0.170v.40.9 2.1 0.00917 94.58 4.9 0.00044 99.48
0.34 0.111] 3.80 0.48 0.216 20.6 0.64 0.166 42.1 22 0.00785 95.20 5.0 | 0.00042 99.51
0.345 0.117| 421 0.485 0.203 21.3 065 0162 433 2.3  0.00676 95.71 6.0 | 0.00021 99.74
035 0.118| 4.63 0.49 0.199 220 0.66..0.159 44.5 2.4 0.00585 96.18 7.0 | 0.00012 99.86
0.355 0.116| 5.04 0.495 0.204 22.8 0.67 = 0.155 45.6 2.5 0.00509 96.57
SOURCE: Ref. 1]9. See aiso Ref. 120.
H), units are W/ m2~u.
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Figure 2A-11 - Typical Spectral Radiance Curve for Thermal Radiation
Leaving the Earth; the 288K Blackbody Curve Approxi-
mates Radiation from the Earth’s Surface, and the 218K
Blackbody Curve Approximates the Radiation from the
Atmosphere in Those Spectral Regions Where the Atmo-
sphere is Opaque. (Ref. 107)
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Table 2A-5 - Solar Spectral Irradiance Data! (850-2600 &)

A Hl Px
850 2.2 x 10~ 1.3 x 10~
900 50 x 10~ 1.4 x 10~
950 3.0 x 10~* 1.5 x 10~
1000 3.6 x 10~ 1.7 x 10~
1050 2.0 x 10~ 1.8 x 10~
1100 1.2 x 10~ 1.8 x 10~
1150 1.6 x 10~¢ 1.9 x 10~
1200 114 x 10-¢ 20 x 10—+
1250 3.0 x 10~ 6.0 x 10~
1300 3.6 x 10~ 62 x 10~
1350 5.2 x 10~ 6.3 x 10~
1400 5.2 x 10~ 6.4 x 10~
1450 1.0 x 10~3 6.7 x 10~
1500 1.9 x 10~% 7 x 10
1550 3.4 %105 8 x 10~
1600 6.4 % 10 1.0 10~
1650 1.0 x 10~ 12 x 1072
1700 1.64 x 10~ 1.8 x 10~?
1750 2.4 x 10~ 2.1 x 10~
1800 3.8 x 10~ 3.2 x 1073
1850 5.6 x 10~ 4.9 x 102
1900 8.2 x 10~ 7 x 10
1950 1.1 x 10 1.1 x 10-2
2000 1.4 x 107 1.5 x 10-2
2050 1.8 x 107 2.0 x 10~2
2100 2.9 x~10-3 0.03
2150 48% 10 0.04
2200 62x 10°? 0.06
2250 7.0 x 10- 0.08
2300 7.2 x 10? 0.1
2350 6.4 x10°° 0.14
2400 6.8 x 10~ 0.16
2450 7.8 x 102 0.18
2500 7.6 x 10~ 0.21
2550 1.12 x 1072 0.25
2600 1.4 x 10~2 0.29

SOURCE: Ref. 108. See also Ref. 120.
WH) is the spectral irradiance averaged over a 50 & band centered on A.

H ), units are W/mz—x

Table 2A~6-Intensities-of Solar Xerays (Wm2

Solar Phenomenon 2-8% 8-20% 20-2004

Sunspot, min. 0.003 x 107* 0.04 x 107° 0.13x107°
(quiet sun)

Sunspot, max 2x107* - 23x107° 1.0x 1073
(quiet sun)

Class 3 Bright 13x 107 8.9 x 107° 08 x 1073
Surge Prominence,
7-24-59

Class 2+ fiare, 26 x 107¢ 16 x 107° 2.1x1073
8-24-59

Class 2+ fiare, >222 x 107¢ >45 x 1073 9.2 x 1072
8-31-59

SOURCE: Ref. 108. See also Ref. 120.
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Figure|2A-12 - Reflected Solar or Emitted Planetary Radiation as*a Function of Wavelength

or Wave Number; Emitted Radiation is Mefely ‘Blackbody Radiation at the
Specified Temperature (Emissivity of 1); Reflected or Scattered Solaf Radia-
tion Takes into Account the Change of Solar Constant due to Average Dis-
tance from Sun and Assumes an Adbedo (Diffuse Reflectivity) of |0.7 for
Venus, 0.4 for Earth, and 0.15 for Mars; Distribution of the Solar Spectrum

is Taken to be that of a 5783K Blackbody. (Ref. 110)
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Figure 2A-13 - Cumulative Meteoroid Impact Figure 2A-14 - Interim Earth to Moon Yearly Average
Rates near the Earth. (Ref. Micrometeorite Sporadic Flux; for Shower

111) Meteoroids the Ratio of Shower Flux to

Sporadic Flux is Designated as F; for m >

10-2 gm, use Values of F from NASA-MSC

Doc. No. EC-1; for m < 10-2 gm, NASA-

MSC will Furnish Revised Values of F.

Near-Earth is Tentatively Defined as Earth

to Moon; Shower Data Supplied by MSC.

(Ref. 114)
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Table 2A-7A - Earth and Atmosphere Radiation: Average Short Wave Solar
Energy Reflected by the Atmosphere and Earth

l°:’”de' Short Wave Energy Reflected, W/cm?

e

9 Jan. 21 Mar. Jul. 23 Sept.
0-10 1 0.0150 0.0156 0.0171 0.0165
10-20 0.0123 0.0144 0.0192 0.0165

20-30 00114 0.0145 0.01561 0.0143

30-40 0.0101 0.0136 0.0152 0.0129

40-50 0.0075 0.0136 0.0183 0.0124

50-60 0.0043 0.0125 0.0206 0.0170

60-90 0.0017 0.0033 0.0224 0.0024

SOURCE: Ref. 107.

Table 2A-7B - Earth and Atmosphere Radiation: Total Long Wave Radiation}

from the Earth and Atmosphere!

Long Wave Energy Radiated,

La:tude, w /cmi’
9 Jan. 21 Mar. Jul. 23 Sept.
0-10 0.0203 0.0212 0.0209 0.0206
10-20 0.0206 0.0210 0.0210 0.0211
20-30 0.0203 0.0204 0.0213 0.0213
30-40 0.0193 0.0194 0.0216 0.0213
40-50 0.0175 0.0175 0.0202 0.0201
50-60 0.0164 0.0164 0.0195 0.0185
60~90 0.0156 0.0152 0.0189 0.0177

SQURCE: Ref. 107.

Walues averaged over one day as a function of geographical latitude and season. Instantaneous

valves depend on the prevailing meteorological situation.
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SECTION 2B. PROPERTIES OF GASES

3
2
1
’Y———>
0 ! ' | ' 1.0
0 200 400 600 800 1000
TEMPERATURE, °F

Figure 2B-1 - Properties of Water Vapor, Y, Npy, k, 1, ¢p, (Y-1); R = 85.81 ft-1b/Ib-°F, gpgyy =
0.04755 Ib/ft3, Pyy = 14.696 psi, P = 3206.4 psia, tg = 705.4°F, tyy = 59 °F.
(Refs. 11, 23, 38, 45, 61)



https://saenorm.com/api/?name=823d8922e0e1a0af7a180e9e4bd28ea8

Page 32 SAF ATR1168/9

8 | T T T T 0.43
S 4 0.42
7 — 0.41
=" 10 Npy
- / - 0.40
’ I}
6 — 0.39
4 0.38
5 — 0.37
\— 0.36
4 —{ 035
3 _
~<— 10 cp (BTU/LB|-°F)
2 ]
1 —
0 | | | | |
-200 0 200 400 600 800 1000

TEMPERATURE, °F

Figure 2B-2 - Properties of Air, k, ¢, Npp, W, ¥, (Y-1); R = 53.30 ft-Ib/Ib-°F, gpgg = 0.07655 Ib/ft3, Py =
14.696 psi, P, = 547 psia, t; = -220°F, tyy = 59°F. (Refs. 11, 23, 38, 45, 61; for properties of
air at low pressure and high temperature, see Ref. 115)
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Figure 2B-3 - Oxygen Properties k, ¢;, 1, ¥, (Y-1), Np; R = 48.31 ft-Ib/Ib-°F, gPsyy = 0.08445 1b/fi3, Pgy =
14.696 psi, P, = 730 psia, t; =-182°F, tyy = S9°F. (Refs. 11, 23, 38, 45, 61)

1000
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SPECIFIC HEAT, cp, BTU/LB-°F
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Figure 2B-4 - Ozone Gas Property cp; R = 32.21 ft-Ib/Ib-°F; gpgg = 0.1267 1b/ft3, Pgy = 14.696 psi;
P = 802.4 psia, te; = 0.29F, tgqg = S9F. (Refs. 12, 41)
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Figure 2B-5 - Nitrogen Properties k, cp, 1, Y, (Y-1), Npg; R = 55.16 ft-Ib/Ib-°F, gPyq = 0.07396 Ib/ft3, Py =
14.696 psi, Po = 492 psia, to = -233°F, Ly = S9°F. (Refs. 11, 23, 38, 45, 61)
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Figure 2B-6 - Hydrogen Properties k, cp, 1L, ¥, Npy, (Y-1); R = 766.5 ft-1b/Ib-°F, gpq = 0.005321 Ib/fi3,
P4 = 14.696 psi, P, = 188 psia, t.; = -400°F, tyy = S9°F. (Refs. 11, 23, 38, 45, 61)
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Figure 2B-7 - Helium Properties k, c,, JL, Y, Np; R = 386.3 ft-Ib/Ib-%F, gPg,q = 0.01056 Ib/fi3; Pyyy =

14.696 psi, Py = 33 psia, to; = -450°F, tyy = S9°F. (Refs. 11,23, 38, 45, 61)
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Figure 2B-8 - Carbon Dioxide Properties k, ¢p, W, Npy, ¥, (¥-1); R = 35.13 fi-1b/1b-°F, gpgyy = 0.1161 1b/fi3,
Py = 14.696 psi, P, = 1073 psia, t; = 88°F, tyq = S9°F. (Refs. 11, 23, 38, 45, 61)
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Figure 2B-9 - Fluorine Gas Properties k, ¢ [, Nps R = 40.68 ft-1b/1b-°F, gPgy = 0.1003 b/ft3, Py =
14.696 psi,P; = 808 psia, t., = -202.2°F, t,q = S9°F. (Refs. 5, 16, 26, 44, 69, 76)



https://saenorm.com/api/?name=823d8922e0e1a0af7a180e9e4bd28ea8

Page 40 SAF AIR1168/9
10 T T T I T 7
9 |- — 6

<— 10 Np,

1 ] | ]

-200 0 200 400
TEMPERATURE, °F

600

800

1000

Figure 2B-10 - Ammonia Properties k, Cp, Npy, li; R = 90.77 ft-Ib/Ib-°F, gpgig = 0.0459 Ib/fi3, Pgyg =

14.696 psi, Per = 1639 psia, t; = 270°F, tgg = 5S9°F. (Refs. §, 11, 23, 49)
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Figure 2C-1 - Water (Saturated) Properties ¢, k, lL, gP, A. (Refs. 14, 46, 51)
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Figure 2C-5 - Vapor Pressure of Low Temperature Liquids. (Refs. 12, 38)
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Figure 2C-11 - Thermal Conductivity of Liquid Helium. (Ref. 47)
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Figure 2C-14 - Vapor Pressure of Helium. (Ref. 47)
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Figure 2C-15 - Liquid Fluorine Properties gp, Li; mp = -363.32°F. (Refs. 5, 76)



https://saenorm.com/api/?name=823d8922e0e1a0af7a180e9e4bd28ea8

Page 54

SAF AIR1168/9

VAPOR PRESSURE, P, PSIA

1,000
800

600
400

lll!ll

I

200

100
80

60
40

P rri

|

20

(o)
VTl

1

0.8
0.6

0.4

T T 1 7171

|

0.2

IIIIII

1

0.1
0.08
0.06

0.04

IIITII

| ] ] 1 l

lIIIJJ

-375

-350 -325 -300 -275 -250
TEMPERATURE, °F

Figure 2C-16 - Vapor Pressure of Fluorine. (Refs. S, 76)

-225

-200



https://saenorm.com/api/?name=823d8922e0e1a0af7a180e9e4bd28ea8

Page 55

SAF AIR1168/9

0se

(01 '3o¥) ‘( 9prxo1ad udBoIpAH JO 1yS1om £Q)
"SuUonNIOS dpIX01dd Us30IPAH snoanby jo anssald Jodep - gI-Hz Mndig

do'IHNLVYHILNIL

00c 0si

001 0S

(01 '39¥) 4( ap1x0194 ud30IpAH JO WB1om 4q)

0St

do'FHNLVHIANIL
00} 0s

LILILBL!

| | | {

L1l

IllllT

%

1

1

1

llll]

1

IIIIII

%06
%0L

L1l LJ

1

TTII‘I

900°0
800°0
100

00
$0°0
900

800
1’0

(A
¥o

90
80

VISd ‘d ‘IHASS3Hd HOdVA

MMoONIV
%06 -
%00 1>

l | |

lll)‘

oW © <

%0L —»
1

%00}
<—%06

0t

Sl

Q
Y

g0} X z14/03S - g1 ‘M ‘ALISODSIA

v
oi

=
™

Gt

oy

"SUONNJOS 9pIX0Idd UdB0IpAH snodnby Jo ANSODSIA - L]-DT danSiy



https://saenorm.com/api/?name=823d8922e0e1a0af7a180e9e4bd28ea8

Page 56 SAF AIR1168/9

Tl T T T T T T T 1
90 |- —
100%
T — 90% —
L
9 g5 | _
5
Q. N —
>~
-
w L ]
=
L
=) B -
30 ~
70%
75 I I R R R | L
0 100 200

TEMPERATURE, °F
Figure 2C-19 - Density of Aqueous Hydrogen Peroxide Solutions. (by Weight of Hydrogen Peroxide); (Ref. 10)
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Figure 2C-20 - Latent Heat of Vaporization of Aqueous Hydrogen Peroxide Solutions. (by Weight of
Hydrogen Peroxide); (Ref. 10)
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Table 2C-1 - Aqueous Hydrogen Peroxide Solutions
Mean Specific Thermal
a J i . | e
MOwse  Meerion QU foeng o Do
by wt. 3210 80.6F, at Temperature,F: ’ ’
Bru/lb -°F 32 77
100 0.628 — — 31.26? 302.4
90 0.660 — —_ 1.3 286.2
70 0.725 —_ —_ —40.5 257.8
98.2 — 0.321 0.339
50.0 —_ — 0347
0.0 1.0 0.324 0.353 32 212
seureE—Ret—6:
' The solutions have a marked tendency to supercool.
2 H;0, contracts on freezing.
Table 2C-2 - Properties of Liquids
Heat of Heat of o » Chef. of
Molecular ':A:Ir;:' ::EM : Fusion Vaporization ?rmcal Critical Volumetric
Substance Weight P °SF oling At nmp ‘At nbp emp. Press. Exbansion
oint, Point, °F Bro/IL Bl F psio B x 107 ot 68 °F
1 /°F
Liquid Metals
Lithiufn, Li 6.94 354 2403 284.4 8424
Mercyry, Hg 200.61 ~37.97 675 5.04 125.5
Potasium, K 39.096 147 1400 26,3 892.8
Sodiym, Na 22.997 208 1621 48.69 1809
Low Tenjperature Liquids
Fluoripe, F, 38.00 —-363.3 -306.6 5.78 741 —200.2 808.3
Helium, He 4.003 (") ~452.1 " 8.847  —4503 33.21
Hydrdgen, H, 20162 —4352 -423¢6 25 194.4 -399.8 188.1
Nitrogen, N, 28.016 —-3460 -3204 1 85.7 -2327 492.2
Oxyghn, O, 32000 —361.8 \ L2974 5.94 91.6 —181.1 7369
Ozong, O, 48.000 —314:7( =169.4 —_ 128+ 4 + 10.2 802.4
Miscellapeous Liquids
Alcohpl isopropyl, C3Hs O 60.09 -1290 180.0 (2) 316.1 470.2
Ammdnia, NH, 17.032 =-1079 -28.0 —_— 589.3 2702 1639 344
Carbén dioxide, CO, 44.01 (3) (4) (3) — 87.9 1070.6 1.78
Carb¢n tetrachloride, CCl, 153.84 -9.3 170.2 9.1 83.9 541.7 661 q.687
Ethyldne glycol, C;H,O, 62.0Z 9.3 387 733 344 —_— _— 9.608
Glycein, C3HgO4 92.09 64.8 555 85.5
Hydrggen peroxide, H,0, 34 31.26 302.4 158.1 584.5
Watef, H,O 18 32.00 21200 1434 970.3 705.4 3206.2 [ RRR
SOURCEY: Refs. 2-5, 15/738, 42, 47, 59.
(') Heligm melts ot -457.96 °F, 382 psia; heat of fusion < 1.8 Btu/lb.
(3) 38.4Bnw/Ib ot~127.2 °F.
(®) Carlbon dioxide’melts ot ~68.8 °F, 76.4 psia; heat of fusion is 81.4 Biu/Ib.
{4) Sublmes ct=109.3 °F under normal pressure.
Table 2C-3 - Aviation Fuels and Oils
Densi  Normal Heat of Vopor  Cipcal  Crifical  Viscosity
Substance Molecular o/ 44 ‘%, theztr:g Boiling Vaporization Press, Temp. Press. of 60 F
Weight Ib/k® Point, F  pit oF At nbp ot 60 °F, oF o ux107,
’ 8r/lb psia ps lb-sec/i?
Fuels
Aviation gasoline — 43.9 -76 — 162 29 — - 137
JpP-4 125 48.3 -76 — 156" 1.3 642 530 182
p-6 135-160 —_ -65 250 115 — —_ — 398
Pentaborane 63.17 393 -52.2 139.7 212 259 — - ~700
Hydraulic Fluids '
MIL-O-5606 - 535 - — — - - - 3820
Oronite 8200 —_ 58.0 - —_ - - -_— - ~18,000
Lubricants
Engine oil —_ 528 _ _ —_ —_ _— - 220,000

SOURCES: Refs. 2-9, 39, 51, 66, 77.

! Maximum.
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Figure 2C-21 - Thermal Conductivity of Liquids. (Refs. 13, 14, 51, 65, 81)
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Figure 2C-22 - Specific Heat of Liquids. (Refs. 13, 14, 51, 65, 81)



https://saenorm.com/api/?name=823d8922e0e1a0af7a180e9e4bd28ea8

TEMPERATURE, °F

Figure 2C-23 - Density of Liquids. (Refs. 13, 14, 51, 65, 81)
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Figure 2C-24 - Vapor Pressure of Liquids. (Refs. 13, 14, 51, 65, 81)
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Figure 2C-26 - Latent Heat of Vaporization, Ammonia and Carbon Tetrachloride.

(Refs. 14, 51, 65, 81)



https://saenorm.com/api/?name=823d8922e0e1a0af7a180e9e4bd28ea8

Page 63

SAF AIR1168/9

¢L4/871'd6 ‘ALISN3Q

(0L “6S "syod) "S[eloN pmbr jo Ansus( - Lg-DT 2ndig
do‘IHNLVYHIdWIL

000} 006 008 00 009 005 00v 00€ 002 001 0
1 _ T [ _ | _ _ _
WNIHLIT —— —
d_
_ 4otS€ = dw i
— ] WPISSY.10d — -
[ ———
| . —
/
I WAIQ0S ——» pa— |
4,802 = dw
00, | —
| — —_—
008 . 4026°L€-=dw
=dg ~—AHAHIA—— |
006 | 1 | _ _ _ L _ _

0e

ov

o
w

o
©
¢1d/g71'db ‘ALISNIA

o
~

08

06



https://saenorm.com/api/?name=823d8922e0e1a0af7a180e9e4bd28ea8

| Page 64 SAF AIR1168/9
§ | i | 1 1 1 1 ]
mp=354°F\
10 — =
LITHIUM
s :
om
<

P 08 ]
om (T
5 &
°© 4 004 &
z >
i f— . bp = 675°F 5
z 06~ \_ MERCURY —— — — 003 a
e mp = -38 °F :_’
o F 4 002 g
% I
%)
04 p0a%r —{ 001 &

mp =

KM ~<— SODIUM i
- L - 75

02 |- - —

/mp" 1479 ~<~—— POTASSIUM
| ] | | 1 | | { |
-200 0 200 400 600 800 1000

TEMPERATURE, °F

Figure 2C-28 - Specific Heat of Liquid Metals. (Refs. 59, 70)
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Figure 2C-31 - Approximate Thermal Conductivity of Fuels JP4, JP-6, MIL-F-5572

. (Refs. 24, 39)
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Figure 2C-32 - Viscosity of Fuels. (Refs. 24, 39, 77, 86)
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Figure 2C-35 - Vapor Pressure of Fuels JP-4, MIL-F-5572, Pentaborane. (Refs. 24, 39, 77, 86)
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Figure 2C-38 - Viscosity of Oils. (Refs. 51, 66)
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Figure 2C-39 - Specific Heat of Oils. (Refs. 51, 66)
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Figure 2C-40 - Density of Oils. (Refs. 51, 66)
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SECTION 2D - PROPERTIES OF SOLIDS

Table 2D-1 - Thermal and Physical Properties of Pure Metals

Atomi . . Heat of Density, |b/f#3 Mean Coefficient of Linear Expansion!
Metal W:;;;: Melting Point Fusion At Higher B x 108, 1/°F, ot Temp., °F
°F +°F (Btu/lb) At32°F Temp. 200 600 1000 1500 2000 3500
Aluminum, Al 26.97 1220.4 0.2 170.3 169 1652 133 142 157 ..
Beryllium, Be 9.02 2400 50 470 114 1122 6.3 8.1 9.0 9.6
Columbium, Cb 9291 4380 30 537 33 33 33 33
(Niobium), Nb
Copper, Cu 63.54 1981.4 0.2 91.1 560 550° 9.1 98 102 oy
Gold, Au 197.2 1945.4 - 0.0 29.0 1206 7.9 8.2 8.5 9.1
Iridium, Ir 193.1 4449 5 cen 1405 cen 3.2
Iron (Armco), Fe 55.85 2802 5 117.0 491 485° 6.8 8.6 9.2
Lead, Pb 207.2 621.14 000 113 708 687° 147
Lithium, Li 6.94 354 ... 284.4 33.1
Mercury, Hg 200.61 -37.95 0.00 5.04 846 vee
Molybdenum, Mo 95.95 4760 90 126 638 631° s . 2.85 3.04 3.90
Nickel, Ni 58.69 2651 2 133.2 556 540° 73 9.15 .
Platinum, Pt 195.23 32243 1.8 49 1339 1322° 895 925 9.5
Potassium, K 39.096 147 - 263 R ... e e
Silver, Ag 107.88 1761.44 0.00 45 655 1090 113 115
Sodium, Na 22.997 208 ... 48.69 60.6 2.
Titanium, Ti 47.90 3300 180 ... 283 279° 48 53 5.5
Tungsten, W 183.92 6170 35.0 79 1204 1194° cen 2.65 2.90 3.75
Zinc, Zn 65.38 787.1 0.0 43.4 445 22.8
! From approximately room temperature to the temperature indicated.
2 At 600 °F.
3 At 1200 °F
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Figure 2D-1 - Thermal Conductivity of Pure Metals (Silver, Copper, Gold, Aluminum). (Refs. 1, 2, 33, 62, 70)
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Figure 2D-6|- Specific Heat of Pure Metals (Aluminum, Titanium, Iron, Zinc). (Refs. 2, 33, 48, 62)
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Figure 2D-9 - Beryllia Properties k, c,. (Refs. 18, 48)
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Figure 2D-10 - Graphite Properties k, cp. (Refs. 18, 48)
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Table 2D-2 - Thermal and Physical Properties of Alloys

. o Approx. Density Apparent Thermal 3Mean Coefficient of Linear
Material Melting Range, % “pjeqrof ot Approx. Specic Heot  Conduciivity Expansion,  x 109, 1/
solidus  liquidus Fusion, oom Btu/Ib-°F Btu/hr-ft-°F Temp., °F
Btu/lb IE';'::;' 200°F 800 °F 200°F 800°F -200 200 600 1000 1500
Aluminum
2S5 commercially
pure 1215 167 169 0.223 e 21 132 ... 13.2 142 157
2024-0 934 1180 166 173 0217 0270 118 122 13.8
2024-T4 936 1180 166 173 0.217 0.270 78' 1072 100 11.8 12:2|13.8
6061-0 1099 1206 174 169 0.23 N v cee 11.8 124|144
6061-T6 1099 1206 174 169 0.23 11.8(12/4| 14.4
7075-0 889 1180 162 174 0.23 e . cee 1N8) 12.4| 14.6
7075-T6 889 1180 162 174 0.215 0.280 79' 1022 97 11:8 12.4| 14.6
7079-0 900 1180 0.23 . . .. 11.8 124|143
7079-T6 900 1180 0.23 11.8 12.4| 143
Brass
Red, 85Cu- 15w 1810 1880 84 546 0.095 0.098 10.4
Cartridge,
70Cu-30Zw 1680 1750 77 532 0.095 0.099 74 1.1
Muntz, 60Cu-#0Zw 1650 1660 72 524 0.095 0.102 66.9 1.6
Magnesium
AZ318 1049 1159 146 105 025 0.32 49.8 653 10.0%14.5[15.6 16.8
HK31A(H24) 1036 1204 140 112 0.25 031 67.7 77.4 10.0%14.5|15.6 16.8
Nickel
Commercially|pure 2649 2653 131 555 0.112 0.124 33.9 26.8 7.3| 9.2
A286 2500 2600 130 498 2y . . . 1.8 ... 94| ... 975
Inconel-X 2540 2600 134 518 0:1095 0.123 7.4 10.0 66 70| 75 81 94
Rene 41 . . 134 7.9 66| 70 75 84
Steel
1095 2200 2700 16 489 0.119 0.153 33.5 25.8
4340 .- e 18 489 0.119 0.150 19.7 20.3
301 2550 2590 126 494 0.117 0.137 9.4 12.2 7.7 9.0| 9.8 10.4 109
350 soln. ht. t1.
1710F 2500 2550 487 0.12 8.87 1.7 60| 67 71 7.0
17-7PH A e 487 0.1 v cee 8.5| 95 9.6
TH1050 487 0.1 9.3 12.0 56| 63 6.8
PH15-7 Mo A 487 0.1 ces cee 8.0| 85 94
TH1050 487 0.11 9.5 12.2 6.1| 6.1 6.6
Titanium
Commercially| (A55) 3135 282 0.130 0.151 10.9 10.5 48| 54 55 575
pure (A70), 3135 ... 282 0.130 0.15 9.8 10.0 48| 54 55 575
6Al-4V 2786 2976 276 0.135 0.154 4.3 6.8 48| 51 53 58
SOURCE: Ref. 8.
1 As received.
2 After heating to 575 °F.

3 From room temperature to the temperature indicated.

4 Local value.
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