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CUBIC SPLINE FUNCTION INTERPOLATION IN ATMOSPHERE 

MODELS FOR THE SOFTWARE DEVELOPMENT LABORATORY: 

FORMULATION AND DATA 

By James C . Kirkpatrick 
Lyndon B . Johnson Space Center 

SUMMARY 

Six standard reference atmosphere moc!els for the years 1962, 1963 (Patrick 
A i r  Force Base), and 1966 (for July and January at latitudes 30° and 60° N) are 
presented in tabular form. The tabulation, which is presented in block data 
format, is adequate for the accurate representation of the atmospheric parameters 
of pressure, density, speed of sound, and coefficient of viscosity as  functions of 
altitude. The range of tabulated altitudes extends from 0 to 205 kilometers. Inter- 
polation for the desired parameters is performed by using cubic spline functions. 
The recursive relations necessary to compute the cubic spline function coefficients 
are derived and implemented in subroutine form. Detailed FLOWGM flow charts 
and FORTRAN listings of the atmosphere package are presented in the appendix. 

INTRODUCTION 

This report presents a tabulation in block data format of selected altitude- 
correlated values of pressure, density, speed of sound, end coefficient of viscosity 
for each of six atmosphere models. These values were selected such that they 
adequately represent their respective functions for accurate interpolation by cubic 
spline functions throughout the range of tabulated altitudes. Three companion 
scbprograms, which form the preprocessor (subroutines SDAT and SPLN1) and 
processor (subroutine ATMSF'L) , are presented. These subprograms, together 
with the data element, compose the spline fit atmosphere package. In the preproc- 
essor, the data for the desired atmosphere model are selected and processed for 
proper order and unit consistency before SPLNl is used to compute the spline 
function coefficients. In the processor, the data table is searched to establish the 
interval in which the desired altitude lies, and then the values of the previously 
mentioned parameters are computed by using the cubic spline function coefficients 
for the appropriate altitude interval. 

The cubic spline technique provides an effective, easy-to-use method for 
the unerring reproduction of a function from tabulated data. The method also 
ensures continuity in the function and in its first and second derivatives. After 



the cubic spline function coefficients ha1 :? been computed, they may be stored for 
repeated use as  long as the tabulated datu remain unchanged. 

SYMBOLS 

edges of the beam 

defined in equation (37) 

defined in equation 138) 

arbitrary constants of integration 

defined in equation (39) 

defined in equation (68) 

defined in equation (69) 

defined in equation (70) 

differential element of a cross-sectional area of a beam 

differential element of arc length 

differential element of the length of the beam 

differential element of the angle through which a cross-sectional 
surface of a beam is rotated under load 

defined in equation (49) 

modulus of elasticity of the beam 

flexurd rigidity (can be taken as unity for any plane curve 
without loss of generality) 

original unstressed length of the fiber 

typical fiber of the beam 

defined in equation (1) 

area moment of inertia 

distance from the neutral surface to a deformed fiber of a 
loaded beam 



bending moment as a function of the distance x measured from 
the end of the beam 

bending moment at the kth section of the beam or an approxima- 
tion to the second derivative at the kth section 

load that acts upon the beam 

defined in equation (44) 

support reactions of the beam 

stress 

arc length of a curve 

defined in equation (46) 

shear force at the kth section of the beam 

defined in equation (24)  

defined in equation (23) 

slope of the deformation curve 

defined in equation (22) 

strain (change in length per unit of length) 

radius of curvature of the neutral surface 

angle that the tangent to a curve makes with the axis of 
abscissas 

SPLINE FIT ATMOSPHERE MODEL PACKAGE 

Model History 

The spline fit atmosphere package discussed in this report, was originally 
developed for the space vehicle dynamic simulator (SVDS) program in Novem- 
ber 1972.  In February 1973, the package was incorporated with appreciable 
modification, into the Shuttle optimal abort program (SOAP). The package 
presented here is from an early version of the SOAP. For implementation into the 
SOAP, the SVDS version was modified, at the expense of storage, to improve its 
performance and execution requirements. The spline fit atmosphere package has 
performed accurately in both programs. 



Description of the Models 

The spline fit atmosphere package consists of six atmosphere models: 

1. The 1962 standard reference atmosphere 

2 .  The I 9 6 6  standard reference atmosphere for July at latitude 30' N 

3 .  The 1966 standard reference atmosphere for January at latitude 30° N 

4.  The 1966 standard reference atmosphere for July at latitude 60' N 

5. The 1966 standard reference atmosphere for January at latitude 60' N 

6 .  The 1963 Patrick A i r  Force Base (AFB) reference atmosphere 

Each model consists r>f a tabulation of altitude-correlated values of the atmospheric 
parameters of pressure, density, speed of sound, and coefficient of viscosity. All 
six models are correlated to the same table of altitudes and tabulated in the fore- 
going sequence. All tabulated atmospheric parameter values are expressed in the 
meter-kilogram-second (MKS) system of units. Altitude values are given in 
meters, pressure values are given in millibars, density values are given in kilo- 
grams per cubic meter, speed of sound values are given in meters per second, 
and coefficient of viscosity values are given in kilograms per meter per second. 
Each atmospheric parameter is represented as a function of altitude by 123 data 
points. These data have been selected on best-fit considerations, with particular 
emphasis on those regions in which the tabulation shows that the function is dis- 
continuous in its first derivative. Each model is represented in the 0- to 
205-kilometer altitude range. The tabulation was compiled from references 1 to 3 .  

Because the tabulation for the 1966 atmosphere extends only f . 5  118 kilo- 
meters, the last data point is repeated to 205 kilometers for model consistency. If 
the model altitude bounci,ries are exceeded, the package returns the last tabulated 
parameter values at the violated boundary. 

Assumptions and Approximations 

The spline fit atmosphere model package was developed to accommodate the 
needs and restrictions of the SVDS program. As a result, temperature, an impor- 
tant atmospheric parameter, was not included in the list of parameters modeled 
when the package was built. This parameter can be added to any model desired 
at the cost of tabulating the parameter values required. 

The tabulation was performed in the MKS system of units because this 
system was common to al; the references used. A common system of units is advan- 
tageous because a single set of conversion factors can be used to place all models 
in any desired working units. The British engineering system of units was used 
to convert the atmospheric data in this package (i. e . , pressure in pounds-force 
per square foot, density in slugs per cubic foot, speed of sound in feet per second, 
and coefficient of viscosity in pounds-mass seconds per square foot). 



Atmospheric parameter function values were selected at various altitudes. 
The increment of altitude was varied as  a function of altitude as follows. 

Altitude range, km Altitude increment, m 

Additional data points were added to mark the location in which the atmospheric 
parameter functions undergo first-derivative discontinuities. These discontinuities 
occur only in the speed of sound and coefficient of viscosity functions, which are 
affected because of temperature variations. As a result, when temperature is 
added to the atmosphere models, the choice of altitudes should accommodate dis- 
continuities in the first derivative of the temperature functions. Because of the 
need to intersperse additional points, an ordering scheme is included in the pre- 
processor SDAT to place all altitude values and associated function values in 
ascending order of the independent variable. This order must be established 
before calling subroutine SPLNl to compute the cubic spline coefficients. 

The small altitude increment used at the extremes of the tabulation permitted 
the approximation of the first derivatives of the function at the initial and terminal 
boundaries by forming the difference quotient. This assumption of linearity at the 
extremes of the tabulated function is the only assumption made in the model. (The 
theoretical arguments on which the algorithm is based result in the additional 
assumption that the curvature of the function can be represented by its second 
derivative. The data sample selected is expected to comply with this assumption. ) 

DERIVATION OF THE RECURSIVE RELATIONS FOR COMPUTING 
THE COEFFICIENTS OF THE CUBIC SPLINE FUNCTIONS 

The mathematical spline is a formal analog of the draftsman's spline, a 
flexible beam device used to fair out a smooth curve between specified data points. 
The mechanical spline is anchored on the drawing board at each plotted data point. 
The curvature of the spline results from the bending moments applied to the beam. 

In deriving the recursive relations of the spline algorithm, the elementary 
theory of elasticity is useful. Consider a simply supported beam (i .e . ,  ends 



unrestrained) under the action of an applied load, however distributed. For an 
elementary analysis, the following assumptions are made: 

1. Sections of the beam, which were originally plane, remain plane. 

2. The material of the beam is homogeneous and obeys Hooke's law (the 
deformation is proportional to the applied load). 

3. The moduli of elasticy for tension and for compression are equal. 

4. The beam is initially straight and is of constant cross section. 

Figure 1 shows a uniform homogeneous beam under the action of the load P. 
The beam is simply supported and is in static equilibrium under the action of the 
support reactions R1 and R2. The differential element of length dx, bounded by 

the edges a, b ,  c ,  and d ,  is bent or deformed under load into the exaggerated 
shape shown in figure 2 where c and d are deflected to c' and d' . The sec- 
tions ab and cd are shown rotated relative to each other through an angle dB, 
but they remain undistorted in accordance with assumption 1. The fibers in the 
region of ac are contracted, or shortened, in compression, whereas those in the 
region bd are elongated, or lengthened, in tension. Because the beam is uni- 
form and homogeneous in going from contraction to elongation, a region conceivably 
exists in which the fibers maintain their original unstressed length. This surface 
of unstressed fibers is referred to as the neutral surface. In the deformation of a 
typical fiber gh located at distance Q from the neutral surface, the elongation hk 
is the arc of a circle of radius 2 ,  which subtends the angle de and is given by 
the relation 

The strain E (the change in lerrgth per unit of length) is found by dividing the 
deformation hk by the original unstressed length of the fiber ef. 

If the radius of curvature of the n e ~ t r a l   surf^ le  is p , the curved length of ef is 
equal to p de.  The strain can ther, be expressed as 



Because the material is assumed to be homogeneous and to obey Hookels law, the 
stress (force per unit area) in the fiber gh is given by 

where E is the modulus of elasticity defined as the ratio of the stress S to the 
strain E .  Clearly, the sign of S varies with the sign of Q: negative or compres- 
sive stress for Q negative and positive or tensile stress for Q positive. 

The beam in figure 1 is shown in static equilibrium. A s  a result, the alge- 
braic sum of all forces and moments acting on the beam must be zero. The bending 
moment M (x) must be balanced by the resisting moment. The resisting moment 
is the sum of all stresses S acting on each differential area element of cross sec- 
tion dA multiplied by its moment arm Q measured from the neutral axis as shown 
in figure 3. Hence, the bending moment is 

Replacing S with E2/p from equation (4) gives 

where I is the area moment of inertia. 

The reciprocal of p, the radius of curvature of the beam, is called the curvature of 
the curve. For plane curves, the curvature is defined as the rate at wilich the tan- 
gent to the curve turns compared with the description of arc.  Therefore. if 9 is 
the angle that the tangent to a curve makes with the axis of abscissas and s is the 
element of arc length, then the curvature is  defined as 



The elope of the tangent to the curve is 

and 

dy ' 11 

dcp = dx = 1 dx 

(l+y'-f (l+y'2)r 

The differential element of arc length ds  is defined as 

Therefore, 

and 

The assumption is usually made that the slope of the deformation curve y' is smal l  
n 

so that yl' can be ignored compared to unity. When this assumption is made, the 
differential equation of the deformation curve can be written as  

M i r : )  = EIyl' (x) (15) 



The assumption concerning the elastic behavior of a beam made at the beginning 
of this discussion can be realized by a mathematical function of one variable. The 
assumption that the slope of the curve is small and that its square can be neglected 
can be realized by an arbitrary mathematical function only over relatively short 
intervals. Under this condition, the curvature can be approximated by the second 
derivative of the function. This point must be remembered when selecting a set of 
data points to represent a function for spline fit. Sufficient data points must be 
chosen in the appropriate concent~ation such that in the regions where the curva- 
ture is large, each section of the curve can be ccnsidered as a simply supported 
Jeam (adequately supported so that the slope of the deformation curve AS negligible). 

The fcllowing definitions are required for the discussion that follows. 

1. The shear at a section of a beam is the algebraic sum of all external 
forces actiqg on one side of the section. 

2 .  The bending moment at a section of a beam is the algebraic sum of the 
moments of all the external forces on one side of the section. 

Hence, if a mathematical function is represented in a region of definition by n data 
points, the region of definition will have been divided into n - 1 sections (fig. 4 ) .  
If each section of the curve between given data points is considered to be a beam 
deflected under load, then the bending moment in the kth section between the kth 
and (k + 1)th data points will be given by the equatic . 

where Vk and Mk are the shear and bending moments at the kth section. 

Therefore, 

M(x)  = Vk(x - \)+ Mk (17) 

Clearly, where x = 5, M(xk) = Mk and where x = \tl* M(xk+l) = Mk+l  Or 

M k t l  ' Vk(\+l - \)+% (18) 

Solving for Vk gives 



Substituting equation (19) into equation (17) gives 

Substituting the bending moment M (x) by its equivalent from equation (15) (ihe 
prcduct EI is known as the flexural rigidity and can be taken as unity for any 
plane curve without loss of generality) in equation (20) gives 

where Axk = x ~ + ~  - s. Integrating twice gives 

where C1 and C are constants of integration. At x = xk, y (xk) = yk; at 2 
x = x ~ + ~ ,  y ( x ~ + ~ )  = yk+l. Substituting yk and yk+l in equation (23) gives 

and 



Subtracting equation (24) from equation (25) gives 

Solving for C from equation (26) gives 

Substituting for C1 from equation (27) in equation (25) and solving for C2 gives 

Substituting the expressions for C1 and C2 from equations (27) and (28) in 

equations (22) and (23) gives the expression far the cubic spline function in the 
kth interval as 



and its first derivative is given by 

Equations (21). (29), and (30) provide expressions for the values of the 
cubic spline function and its first and second derivatives in the kth interval. These 
expressions can be written for the cubic spline function and its first and second 
derivatives in the (k - 1)th interval by replacing k with k - 1. Therefore, 
in the (k - 1)th interval, 



A cursory inspection of equations (29) and (31) and equations (21) and (33) 
will show that neither the cubic spline function nor its second derivative wil l  
experience discontinuity in going from the Or - 1)th to the kth interval. This may 
be shown simply be replacing x with xk in these expressions. To ensure that 

the cubic spline functions will experience no discontinuity in the first derivative 
in going from the (k - 1)th to the kth interval, replace x with xk in equations 
(30) and (32) and equate the results. Thus, 

where Ayk = Y k + l -  Yk and *Yk-1 = Yk - Yk-l. Equation (35) permits the 

writing of k equations for the solution of k + 2 unknown values of M . Clearly, 
two second derivative values must be supplied at any two of the tabulated data 
points. However, if the second derivatives are not known, first derivative values 
may be used through equation (30). Further, if both the first and second deriva- 
tives of the function are known at any one of the tabulated points, the set of simul- 
taneous equations given by equation (35) can still be solved. 

Solving for Mk+l in equation (35) gives 



where 

Assume a solution of the form 

so that in the (k - 1)th inte~val 

- 
Mk- - Qk- lMk + Uk-1 

Substituting equation (41) in equation (36) gives 

Comparing equations (40) and (42) gives 



and 

Substituting equations (37), (381, and (39) in equations (44) and (46) gives 

Equations (40), (41) ,  (47) ,  and (48) are the recursive relations that will be 
used for the solution of the set of simultaneous linear equations given by equation 
(35). Before this i s  done, equations (29) and (30) will be put in a more convenient 
form by using the following difference operators. 

Adding ru~d subtracting ?, to the right-hand side of equation (50) gives 



Substituting equations (49) and (50) in equations (29) and (30) gives 

where AMk = Mk+l - M k .  

From equations (49), (501, and (5 l ) ,  when x = xk, then dk = 0 and 

dktl = -Axk; when x = x k+l ' then d = Axk and dktl = 0. Substituting these k 
results in equation (53) gives, for x = Xk' 

and, for x = x ~ + ~ ,  



The use of these recursive relations is  described in the following six cases. 

Case 1: Solution of the set of simultaneous equations given by equation (35) 
when the second derivatives of the function are known at the initial and terminal 
tabulated boundaries. In this case, yl' (xl) = M1 and y'' (xn) = Mn . From 

equation (41) with k = 2 ,  if Q1 = 0,  then MI  = U 1  By using these values for 

Q1 and U1, equations (47) and (48) can be used to generate values of Qk and 

Uk, recursively, for all values of k ranging from 2 to n - 1. After these values 

are available, then all values of Mk can be computed by using equation (40) 

written in the form of equation (41) 

and propagating the solution backwards with k ranging from n - 1 to 2 .  A s  Mn 
and M are known, all n second-derivative values will be available. 1 

Case 2: Solution of the set of simultaneous equations given by equation (35) 
when the first derivatives of the function are kno-,vn at the initial and terminal 
tabulated boundaries. In this case, y ' (xl) = D and y1 (xn) = Dn . Substitute 

k = 1 in equation (54) for Mk+l from equation (40) and solve for U1 to get 

If Ql = -112, then from equation (57) , 

By using Q1 = -112 and the value obtained for U1 from equation (58) , compute 

all values of Qk tnd Uk from equations (47) and (48) for values of k ranging 

from 2 to n - 1. With the value of Qn - and Un-l thus computed, substitute 



equation (41) in equation (55) for Mn - such that at x = xn. 

Sol\ inq for Mn from equation (59) gives 

With the value of Mn known, the solution can be propagated backwril d by using 

equation (41) with k ranging from n - 1 to 1. Thus, M 1  will be computed as 
the last value. 

Case 3: Solution of the set of simultaneous equations given by equation (35) 
when the first and second derivatives of the function are known, respectively, at 
the initial and terminal tabulated boundaries. In this case, y1 (xl) = Dl and 

yl1 (xn) = M . Proceed as in case 2 excluding the computation for Mn, which is not n 
needed. 

Case 4: Solution of the set of simultaneous equations given by equation (35) 
when the first and second derivatives of the function are known, respectively, at 
the terminal and initial tabulated boundaries. In this case, y1 (x ) = D and n n 
ytl (xl) = MI. Proceed as in case 1 and compute the value of Mn as in case 2 .  

Case 5: Solution of the set of simultaneous equations given by equatior (35) 
when the first and second derivatives of the function are known at the initial 
tabulated boundary. In this case, y1 (xl) = D and yl1 (xl) = MI. From equation 
(561, if Q1 = 1,  then 



With the value of Q1 = 1 and the value of U1 given by equation (61). compute all 

values of Qk and Uk from equations (47) and (48) for k = 2 to n - 1. With 

these values of Qk and Uk known, compute values for the second derivative from 

equation (40) by propagating the solution forward for k ranging from 1 to n - 1 .  
The last value thus computed is Mn. 

Case 6: Solution of the set of simultaneous equations given by equation (35) 
when the first and second derivatives of the function are known at the terminal 
tabulated boundary. In this case, y' (xn) = Dn and y" (x,) = Mn . In equation 

(55), substitute Mk in equation (41) with k = n - 1 and solve for Un-l to get 

If Qn-l = I ,  then from equation (62), 

Solving for Qk- and Uk-l from equations (47) and (48) gives 

With Qn-l = 1 and Unwl given by equation (63) , compute all values of Q k- 1 
and Uk-l from equations (64) and (65) for values of k ranging from n - 1 

to 2 .  With the values of Qk and Uk known, compute values for the second 

derivatives from equation (40) by propagating the solution backwards for k 
ranging from n - 1 to 1. The last value thus computed will be M I .  



Clearly, the solutions for case 5 and case 6 could have been obtained from 
equations (54) and (55). In the solution for case 5, Mk+l can be obtained from 

equation (54) and y' ( x ~ + ~ )  from equation (55). The solution can be propagated 

forward recursively with k ranging from 1 to n - 1. In the solution for case 6, 
Mk can be obtained from equation (55) and y' (xk) from equation (54).  The solu- 

tion can be  propagated backward recursively with k ranging from 11 - 1 to 1. 

If equation (52) is written with dk+l replaced by its equivalent 

dk+l = dk - Axk given by equation (51), the result is 

Equation (66) is the equation for the cubic spline function coefficients in the kth 
interval. If there are n data points in the tabulation, there will be n - 1 intervals 
and n - 1 cubic spline functions to cover the range or̂  tabulated data. 

For computation purposes, equation (67) is usually written as 

where 



Equations (67) through (70) show that the coefficients are functions of the interval; 
however, the coefficients need to be computed only once. After the computation is 
made, the set pertaining to the interval in which the vclue of the independent 
variable lies can be  brought in to compute the value of the dependent variable 
needed. Because there are three coefficients for each interval, if there are n data 
points, there will be n - 1 intervals and 3 (n - 1) coefficients. 

CONCLUDING REMARKS AND RECOMMENDATIONS 

The atmosphere package for the 1962 and 1966 standard atmosphere models 
is recommended without reservation. When these models were built, it was possi- 
ble to conduct comparison checks with the layered versions of these models in 
250-meter increments. In both packages, these tests revealed errors that were 
properly corrected. The package for the 1963 Patrick Air Force Base reference 
standard model was not subjected to such strenuous tests because the layered 
version of this model was not available. However, with the other models so thor- 
oughly tested, the choice of altitudes was established as adequate, and the only 
requirement for the Patrick Air Force Base reference standard model was to ensure 
that the data were tabulated correctly. The laborious task of comparing (digit for 
digit) each tabulsted number in the model printouts with the numbers in the 
reference source was performed a s  carefully as possible, and all errors found were 
corrected. As a result, the accuracy of this model is reasonably ensured. 

To test the accuracy of these models after they have been recoded for use in 
the Software Development Laboratory, the only requirement i s  to have the package 
reproduce the tabulated data. Because the interpolation is to be performed in a 
different set of units, the output must be converted to the units of the tabulated 
data for ease of comparison. The results should agree within an error of no greater 

than lo-*. Additional verification can be obtained by evaluating the parameters of 
the models at various altitudes and comparing the results with those obtained from 
established operational sources, such as the space vehicle dynamic simulator and 
the Shuttle optimal abort programs. These tests should be performed for all 
models. 

It is recommended that where the first and second derivatives are known at 
the same data point the cubic spline functions be used to interpolate data only in a 
small neighborhood of this point and not be extended for interpolation over the 
entire range of tabulated data. 

Lyndon B . Johnson Space Center 
National Aeronautics and Space Administration 

Houston, Texas, June 4 ,  1976 
986-16-00-00- 72 
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Figure 1 .  - Undeformed beam. 
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Figure 2 .- Deformed section of a beam. 
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Figure 3 .- Element of the cross section of a beam. 



APPENDIX 

PROGRAM FLOW CHARTS AND LISTINGS 

Definitions of the symbols used in the program flow charts and listings are 
as follows . 

SYMBOLS USED IN SUBROUTINE SDAT (IOP) 

IOP an integer parameter used to designate the desired atmosphere based 
on the following set of values: 

IOP = 0 1962 standard atmosphere 

IOP = 1 1966 standard atmosphere for July at latitude 300 N 

IOP = 2 1966 standard atmosphere for January at latitude 300 N 

IOP = 3 1966 standard atmosphere for July at latitude 600 N 

IOP = 4 1966 standard atmosphere for January at latitude 60° h' 

IOP = 5 1965 Patrick Air Force Base reference standard atmosphere 

NF an integer variable used to specify the number of data points used to 
describe each atmospheric parameter in each model (equal to 123) 

NP64 an integer variable used to specify the total number of data points used 
. to describe all atmospheric parameters in each atmosphere model 

(equal to 6*NP or 6 X 123 = 738) 

NP34 an integer variable used to specify the total number of cubic spline 
coefficients for each atmospheric parameier (equal to 3* (NP - 1) 
or 3*(123 - 1) = 366) 

PRSLST a column vector array dimensioned by NP64 or 738 cantsining all 
pressure data values (in millibars) for all atmosphere models 
tabulated 

RHOLST a column vector array dimensioned by NP64 or 738 containing all 
density data values (in kilograms per cubic meter) for all atmos- 
phere models tabulated 

SONLST a column vector array dimensioned by NP64 or 738 containing all speed 
of sound data 1 les (in meters per second) for all atmosphere 
models tabuiated 



VISLST a column vector array dimensioned by NP64 or 738 mltaining all coeffi- 
cient of viscosity data values (in kilograms per meter per second) 
for all atmosphere models tabulated 

ALTLST a column vector array dimensioned by NP or 123 containing the altitude 
data values (in meters) for all atmosphere models tabulated 

WORK a column vector array dimensioned by NP or 123 used as a working 
array for subroutine SPLNl 

D a column vector array dimensioned by 2 containing the values of the 
first (or second) derivative of the function at either or both of the 
tabulated terminal boundaries (only first-derivative values are used 
for the atmosphere package) 

ALTTAB a column vector array dimensioned by NP or 123 containing altitude 
values in the working units of the program (feet) 

PRSTAB a column vector array dimensioned by NP or  123 containing pressure 
data values for the selected atmosphere model in the working units 
of the program (pounds-force per square foot) 

RHOTAB a column vector array dimensioned by NP or  123 containing density 
data values for the selected atmosphere model in the working units 
of the program (slugs per cubic foot) 

SONTAB a column vector array dimensioned by NP or 123 containing speed 
of sound data values for the selected atmosphere model in the 
working units of the program (feet per second) 

VISTAB a column vector array dimensioned by NP or 123 containing the 
coefficient of viscosity data values for the selected atmosphere 
model in the working units of the program (pounds-mass 
seconds per square foot) 

CP a column vector array dimensioned by NP34 or 366 containing the 
cubic spline function coefficients for the interpolation for pressure 
in pounds-force per square foot 

CR a column vector array dimensioned by NP34 or 366 co~ltaining the 
cubic spline function coefficients for the interpolation for density 
in slugs per cubic foot 

CS a column vector array dimensioned by NP34 or 366 containing the 
cubic spline function coefficients for the interpolation for the speed 
of sound in feet per second 



a column vector array dimensioned by NP34 or  366 containing the 
cubic spline function coefficients for the interpolation for the 
coefficient of viscosity in pounds-mass seconds per square foot 

an integer variable used to designate the order of the derivative of 
the function supplied at the initial tabulated boundary (except when 
J1 = 4). It can have the following values: 

J1 = 1 The first derivative of the :unction s t  the first tabulated point 
is supplied in D (1) . 

J1 = 2 The second derivative of the function at the first tabulated 
point is  supplied in D (1). 

J1 = 3 The first and second derivatives of the function at the first 
tabulated point are supplied in D (1) and D (2) , respectively. 

J1 = 4 The first and second derivatives of the function at the last 
tabulated point are supplied in D (1) and D (2) , respentively . 

an integer variable used to designate the order of the derivatives of 
the furiction supplied at the last tabulated boundary. It can have the 
following values: 

JN = 1 The first derivative of the function at the last tabulated pcint 
is supplied in D (2) . 

JN = 2 The second derivative of the function at the last tabulated 
point is supplied in D (2) . 

xs,  y s l ,  Variables used for temporary storage in the ordering process for 
ys2, ys3 ,  altitude, pressure, density, speed of sound, and coefficient of 
Y s4 viscosity, respectively 

SYMBOLS USED IN SUBROUTINE SPLN1 (N ,X ,Y ,J1 ,JN ,D ,C ,W)  

an integer variable used to specify the number of data points used to 
represent the function in the region of definition 

a column vector array dimensioned by at least N in the calling element 
containing the values of the indepenuent variable in ascending order 

a column vector array dimensioned by at least N in the calling 
element containing the values of the dependent variable in stquence 
with the values in the X array 

same as J1 defined in SDAT 



same as JN defined in SDAT 

same as D defined in SDAT 

a column vector array dimensioned by at least 3*(N-1) in the calling 
element containing the cubic spline function coefficientc for the 
first-, second-, and third-degree terms for each interval. A portion 
of the array is also used to compute and store the values of one of the 
recursive functions used in the computation of the second derivatives 
and in the computation of the second-derivative values. 

a column vector array dimensioned by at least N in the calling element 
used as a working array to compute and store the values of one of 
the recursive functions used in the canputation of the second deriva- 
tives and in the computation of the cubic spline function coefficients 

SYMBOLS USED IN SUBROUTINE ATMSPL(V ,FANS) 

V a real variable used to specify the altitude from the calling element 
containing the equations of motion at which values of the atmospheric 
parameters are desired 

IS an integer variable used to save the interval number in which the 
specified altitude lies 

FANS a column vector array dimensioned by 8 containing the following: 

FANS (1) the interpolated value for pressure at V altitude in 
pounds-force per square foot 

FANS (2) the interpolated value for density at ir altitude in slugs 
per cubic foot 

FANS (3) the interpolated value for speed of sound at V altitude in 
feet per second 

FANS (4) the interpolated value for codficient of viscosity at V 
altitude in pounds-mass seconds per square foot 

FANS (5) the ratio c -  the pressure at V ~ l t i tude  and the pressure 
at 0 altitude 

FANS (6) the ratio of the density at V altitude and the density at 0 
altitude 

FANS (7) the ratio of the speed of sound at V altitude and the speed 
of sound at 0 altitude 



FANS (8) the ratio of the coefficient of viscosity at V altit-.de and the 
coefficient of viscosity at 0 altitude 

All other variables are defined in subroutine SDAT . 



- 
SUBROUTINE SOATC iOP1 
PARAYETER NP = 123. NP64 = 64NP. NP34 x 3*NP - 3 
DATA J lmJN /1.1/  

X 
* 

Y 

C lOP.......AN INTEGER VARIABLE RANGING FROM 0 TO 5 USED TO DESIGNATE 
C THE ATMOSPHERE MODE: 1 3  BE USED - - 

IOP = 0 - I ~ ~ ~ - S T A N D A R D - A T M ~ S P H E R E  
IOP = 1 - 1966 STANDARD FOR JULY A T  3 0  DEG. N. LATITUDE 
IOP = 2 - 1966 STANDARD FOR JAN. A T  3 0  DEG. N. LATITUDE 
IOP = 3 - 1966 STANDARD FOR JULY A T  6 0  OEG. N. LAT!TuDE 

1966 STANDARD FOR JAN. AT 6 0  DEG. N. 
1963 PATRICK AFB REFERENCE STANDARD 

; c 
V 

SELECT DESIRED ATMOSPHEPE INDEX ADJUSTOR 1 
IS 

4 
L 
c. TRANSFER PERTINENT ATMOSPHERE DATA FROM STORAGE ARRAY TO WORKING 
C ARRAY AND C3NVERT T O  DESIRED WORKING UNITS (BRIT ISH ENGINEERING1 

<DO 1 Id= l.N? > - - -  0 2 

i c 
V 

TRANSFER PRESSURE VALUES L I S T  TO MURKING ARRAY 1 

I c 
v 

TRANSFER DENSITY VALUES L I S T  TO ilOR".INt ARRAY I 

r c  
Y 

TRANSFER SPEED OF SOUND VALUES L I S T  T O  WORKlNG ARRAY I 

CONT. ON PG 2 



I c TRANSFER COEFFICIENT Of VISCOSITY VALUES LIST TO WORRIMG ARRAY 1 

.# 
c REARRANGE DATA I N  ACCORDANCE WITH AXENOlNG V M N S  OF TrrE 
c INOEPENOENT VARIABLE - ALTITUOE 



C J + 
APPROXlMATE THE FiRST OERlvATtVE OF THE FUNCTION(S1 BY FORMING THE 1 
FORWARD DIFFERENCE OUJT 1ENT OF THE IN! T I A L  AND TERMINAL TABULATED 
BOUNDARIES. ThESE SLOPES &RE STORED I N  D t 1 1  AND D(21. I i R€SPECTIYELI. i 

I c 
fr 

COWUTE CUBIC SPLINE INTERPOLATION COEFFICIENTS FOR PRESSURE ( C P I  1 
& 

CALL SPLNl ( i  '.ALTTAB.PRSTAB, J1. JN.D.CP.YORK1 
1 

4 
?I 

fb 

C COMPUTE CUBIC SPLINE INTERPOLAT ICN COEFF IC!ENTS FOR OENSITY ~ C R I  1 
6 

CALL SPLNItNP.ALTTAB.RHOTAB. J1 JN-DeCRm WORK1 
I 

4 
q 

L- 

C COMPUTE CUBIC SPLINE INTERFOLATIO?~ COEFFICIENTS FOR SPEED OF SOUND 
C CCSI 

1 I 
4 - _  - - 

CALL SPLNI tNP.ALTTAB.S@NTAB. J 1 JN*D.CS* WORN I ) 
L C* 

4-- ~- 

CONT. ON PG 4 



0C11 = tVlSTABC21 - vlSTbB~lll/(ALTTAB(2) - ALfTAB(I)) 
OC21 = (VISTAB(NP1 - V I S T A B [ N P - ~ ) I / ~ A L T T A B ( N P I  - ALTTAB(NP-Ill 

6 
C COneUTE CUBIC SPLINE INTERPOLAT ION COEFFICIENTS FOR COEFF IC I E ~ J T  OF 
C vIsCOslTY CCVI 

4 
CALL SPLNI(NP*ALTTAB.JISTAB.JI~JN.O.CV*UOR)c) ] 



e 
C N - AN INTEGER DENOTING THE NUMRER OF DATA POINTS 
c REPRESENT THE FUNCTION I N  THE REGION OF DEFINITION 
C X - A ONE-DEMENSION4L ARRAY UlMENSlONED BY N CCNTrINIhG THE 
c VALUES OF THE INDEPEtdCENT YFRIABLE I N  ASCENDING 3R3ER 
C Y - A ONE-DIMENSIONAL ARRAY OIMENSIJNED BY N CONTAINING THE 
C VALUES OF THE DEPENDENT VARIABLE CORRESPONDING I N  
c SEQUENCE TO THE VALUES I N  THE X ARRAY 
C J lmJN - INTEGERS DEFINED AS FOLLOWS 

L 
4 

c J1 = 1 - FIRST DERIVATIVE OF THE FUNCTION A T  THE FIRST TABULATED 
C DATA POINT I S  SUPPLIED I N  D!1) 
c J l  = 2 - SECOND DERIVATIVE OF iHE FUNCTlON AT THE FIRST TABULATE0 
C DATA POINT I S  SUPPLIED I N  D ( 1 1  
c J1 = 3 - FIRST AND SECOND DERIVATIVES OF THE FUNCTION A T  THE FIRST 
C DATA POINT ARE SUPPLIED I N  D ( 1  I AYD D(21.  RESPECTI'iELf 
C J1 = 4 - FIRST AND SECOND DER(vAT1vES OF THE FUNCTION A T  THE LAST 
C LATA POINT ARE SUPPLIED i N  DC11 AND D(21. RESPECTIVELY 

A " - 
C JN = 1 - FIRST DERIVATIVE OF THE FUNCTION A T  THE LAST TABULATED 
C DATA POINT I S  SUPPLIED I N  D I 2 )  
C JN = 2 - SECOND DERIVATIVE OF THE FUNCTION AT THE LAST TABULATED 
C DATA POINT I S  SUPPLIED I N  0 ( 2 1  
C D - A ONE-DIMENSIONAL ARRAY DIMENSIONED BY 2 CONTAINING THE 
t VALUES OF THE DE?IVATIVES OF THE FUNCTION SPECIFIED I N  
c ACCORDANCE WITH J2 AND JN 

: C C - A ONE-IIlMEIJSION4L ARRAY DIMENSIONED BY 3*CN-11 CONTAINING 
-- - - -- 

r~ THE CUBIC SPLINE INTERPOLATING COEFFICIENTS FOR EACH 
C I N 1  ERVAL 
c W - A ONE-DIMEFISIONAL ARRAY DIMENSIONED BY N USED AS A WORKING 1 
c ARRAY ONLY 

cOnPurE THE INITIAL VALUES OF THE RECURSIVE RELATIONS IN 
A C C O R D A N C E V ~ T H T H E S P C I F I E D P R O P E R T Y O F T H E F U N C T I O N A T T H E  C 

C I N I T I A L  BOUNDARY 

SPLN 1 
OF 7 



I c 
* 

COtlPUTE ALL INTERNIOIATE RECURSIVE RELATION VALUES 1 

* 
C COMPUTE THE TERMINAL VALUES OF THE RECURSIVE RELATION I N  
C ACCORDANCE WITH THE SPECIFIED PROPERTY OF THE FuNCT~ON AT TM 

TERMINAL BOUNOARY 



T I  

c CWPtJTE THE APPROXIMATE SECOND DERIVATIVE VALUES OF THE FUNCTION 
C AT T M  SPEClFIEO DATA POlNTS 





* 
CCwUTE 'HE CUBIC SPLINE IMTERPOLATICN COEFFICIENTS FOR THE l-ST. I:p 2-ND. ANC 3-RO DEGREE TERMS. I N  THAT ORDER 



SUBROUTINE ATMSPLCVmFANSl 
PARAWTER hP = 123. UP = 3*NP - 3 
DATA I S  / 1 / 

[-s~rals~ THE INTERVAL - IN YqllcH THE SPEclClED ALGOE LIES 1 

ATMSPL 
QG 1 OF 4 



- 

4 
- - 

1 C EflPLOY CUBIC INTERP3LATION TO COMPUTE OENSITY/SEA LEVEL P ~ T I O  I + 



* 
C EMPLOY CUBIC INTERPOLATION TO COYPUfE SPEED OF SOUNO/SEA LEVEL 
C RAT 10 

-- 

4 
- 

c EwLOy CUBIC INTERPOLAT~ON TO COMPUTE COEFFICIENT OF VISCCSITY/SEA 
C LEVEL RAT 10 

b * I 

RETURN 

C IN!TIAL BOUNDARY VALUES - FU%CTIO/SEA LEVEL RATIO I 
A 2  

0 

500 a 
[FANS( 1 I = PRSTABC I I 1 

1;:g:;; :*I::, 
RETURN 

r c TERMINAL BOUNDARY VALUES - FuNcTIoWsEA LEVEL R A l t o  1 

r :::.;ZiAL PAGE 
{ , : . :? p w R  QTJ.AYaT- 

. 
0 

A3 
I 

501 Q 

[FANS[ 1 )  = PRSTABINPI 1 
6 

F A N S C ~ I  = RHOTAB(YPI i 
4 

CONT. ON PG 4 



ATMSPL 
pG 4 FINAL 



B L C K  DATA 1 

I PARAHETER WP = 123 
PAR-\METER N P l l  = 1. NP l2  = 114. NP13 = 115. NP14 'P 
PARA:?ETER NP21 =ED1 14NP. bi?22=NPl2+NP. NP23=NP134?!Pm NP24=NP14+NP 
PARAKETET: KP31=NO21+t:P. E:?32=NP22+E?. NP33=NP23+E:?. NP34=NP24+NP. 
PARAMETER NPII=E!P31+NP, NP42=HP32+F1PI NP43=NP33+Nsm NP44=NP34+NP I 
PARAKETER N251=lP4 1 +>!?. NP52=t:O42+H?, NP53=NP43+N?. Ni'f 4=NP44+NP 
PARAMETER NP6l=K?SI+KP. NP62=NP54+95. NPG3=NPS4+95* NP64=NPS4+NP 

rc 
+ 

ALT 1 TGOE TABULATION I N  I,;ETERS 1 * 
[DATA CALTLSTC I). I=t<?l l .NPl2)/  I 

LC I 2 3 *  4 5 6 1 
& 

0. OEO. 2.5E2. S.OE2. 7.5E2. 1 OE3. 1.2SE3~ 1 
& L c 7 0 9 10 11 12  1 
4 

1.5E3. 1 75E3. 2.OE3. 2.25E3. 2.5E3. 2.7553. 1 
l c  

+ 
13 14 15 16 17 I 8  1 

4 
3.OE3r 3.5E3. 4.OE3. 4.5E3. 5. OEf .  6.OE3. I 

I c  + 
19 2 0 2 1 22 23 2 4  I 

6 
7.OE3, 0.OE3. 9.OE3. l.OE4. 1. lE<. 1.2E4~ 1 

[ c 
+ 

2 s  2 6  27 28  29 3 0  1 * 
1.3E4. 1.4E4. 1 SE4. 1.6E4e 1.7E4. 1.8E4. I * 

3 1 32  '33 34 iipa 

11.9E4. 
4 

2. GE4. 2.2E4. 2.4E4e 2 . 6 ~ 4 .  2.8E4. 1 

CONT. ON PC 2 PARTS 
I CF 43 



PARTS 
2 OF 53 



I I 
8 

C 1962 - STAt;D;\RD ATMOSPHERE 
C PRESSURE VALUES TAeULATED I N  KICCIBARS - 

17.0121 1 ~ 2 .  6.57803E2. 6.16604E2. v5. 7 7 5 2 5 ~ 2 .  5 . 4 z 8 2 ~ 2 .  4.72176E2. 1 + 
CONT. ON PG 4 PARTS 

3 OF $L 



+ 
CONT. ON PG 5 PARTS 

4 DF 52 



I DATA (PRSLSTC 1 ) .  l=N?l3.NP;4)/ I 

1 c DENSITY VALUES TASULA 
> 
ED IN KILOGRAIL,S PER CIJBIC H E T E H  1 

CONf. ON PG 6 PARTS 
5 OF 52 



PARTS 
2 



CONT. ON PG 8 PARTS 
7 OF 57 



I I * 
14.9576~-1. 3.3743E-1. 5.5006E-2. 1.1628E-3. 9.06901-41 7.1029E-4. 1 

6 
C 121 122 123 I * 
[1.6628-5. 1.15E-51 3.810E-61 I 

d 
C SPEED OF SOUND VALUES TABULATED IN FlEiCRS PER SECOND ) 

tt 
DATA (SONLSTC 11 .  I=l.(Pl l~NPl21/ 

I c 
4? 

1 2 3 4 5 6 1 
t. 

340.294. 3311.333. 338.370. 337.403. 336.435. 335.4630 1 
t c 

4 
7 .  8 9 10 1 1  12 1 

WNT. ON PG 3 PARTS 
8 DF 52 



- 

[ C  
-5 

55 56 57 58 59 60 1 
1) 

1307.549. 302.307. 297.139. 291.800. 286.365. 280.83. 1 

DATA tSONLST( I I .  1=NP13.NP14)/ 

C 
*L 

VISCOSITY COEFFICIENT 
c VALUES TABJLATEO I N  KlLOGRhllS PER METER PER SECOND 

4 
[DATA ( V I ~ L S T (  I I .  I=NPI I.UPIZI/ 1 

G 
C I 2 3 1 5 6 1 

4 
CONT. GN PC 10 PARTS 

9 OF 52 



WNT. ON PG I I PARTS 
fJ aF 52, 



-3 
C 1966 STANDARD ATMOSPHERE FOR JULY AT 30-DEGREES NORTH LATITUEE 
c PRESSURE VALUES TABULATED IN MILLIBARS 

.L 

WNT. b~ PG 12 PARTS 
11 OF 53 



PARTS 
Pli 12 BF 57 



8 
C DENSITY VALUES TACULATEO I N  KILOGRAHS PER CUBIC KETER 

6 
[DATA CRHOLST(I1. I=NP2lmNP221/ I 

* 
CONT. ON PG 14 PARTS 

13 OF 52 



\' 

C 73 74 75 76 77 78 
6 

13.392E-7. 2.208E-7. 1.588E-7. 1.130E-7. 8.213E-8. 6.067E-0. I 
4 

79 8 0 81 - 114 
I! 

4.38OE-8. 3.25YE-8. 34*2.466E-0/ 1 * 
DATA (HHOLSTt I ) .  I =NP23. NP24 ) /  1 

6 .  
C 115 116 117 ! 19 119 120 1 

4 
[4.952~-1. 3.5298-1. 5.8238-2, 1.290E-3. 1.009E-3. 7.955E-4. ] 

0 

WNT. ON PG 15 PARTS 
4 OF 5 7  



rc  
d 

SPEED OF SOUNO VALUES TABULATE0 IN H E ~ E R S  PER SECOND 1 

CONT. ON PG 16 PARTS 
15 OF 53 



il 
M T A  CSONLST C I 1. I =t:p23, NP24 I /  1 

J. 

C V I S C O S I T Y  COEFFICIENT 
C VALUES TABULATED I N  KIL6GRAl.lS P5R EETER PER SECOND 

PARTS 
G OF - 



+ 
CONT. ON PG 18 PARTS 

pG 17 OF 52 



v 

C 1966 STANDARD ATMOSPHERE FOR 
C JANUARY A T  30-DEGREES NGKTH LATITUDE 
C PRESSURE VALUES TABULATED I N  MILLIBARS 

CONT. ON PC 19 g":g 0, 5, 



+ 
CONT. ON PG 20 PARTS 

9 OF 53 



4 
C DENSITY VALUES TABULATED I N  K1I.OGRAiiS PER CUBIC METER 

6 
DATA (RHOLST( I I .  I =NP3 1. NP32 I /  1 

CONT. ONPG 21 PARTS 
2 0  OF 57 



PARTS 
2 1 C F  52 



Fc SPEED OF SOUND VALUE~S TABULATED IN ~ E T E R S  PER S E C G ~  

PARTS 
22 OF 52 



* I c 55 . 56 57 58 55 ti"? - 
1306.5. 

6 
302.5, 290.5. 294.49 25 ?.2. 2 S . q  -- 

C 6 1 * 62 6y-TI 
6 

281.7. 277.4. 4*277.2* 
6 - I c 67 68 69 7 0 7 1 72 1 

6 

CONT. ON PC 24 PARTS 
P G . 2 3 0 F , s 2  



i, 
C VISCOSITY C O E F F l C l E N T  
C YALUL'S TABULATED It4 KILOGRAMS PER METEP PEP 'EC'?ND - 

PAR i s  
7 4  OF 5> 



6 
DATA (VISLST( 1 ) .  I=NP33eNP34)/ 

6 - .. 115 116 117 110 - 119 I20 

Ib 
CONT. ON PG 26 PARTS 

750F 5> 

ORIGINAL PAGE B 
OF POOR QU- 



I 
- - . - - - - 

6 
C 1966 STANDARD ATHOSPHERE FOR JULY 1.T 60-DEGREES NORTH LATITUDE 
C PRESSURE VALUES TABULATED I N  MILLIBARS 

PARTS 
26 OF 52 



CONT. ON PG 28 PARTS 
27 OF 53 



PARTS 
OF S2 



0 
OATA CRHOLST C 1 1. l =NP43. NP44 If I 

* I ~.S( IE- ID 3 . 3 0 l E - I *  S.807E-2. 1.401E-3. 1.099E-3. B.619E-4r I 
122 123 * 

2.150E-5. t .465F-5. 4.260E-61 1 
C SPEED OF SOUND VALUES TABULATED I N  METERS PER SECOND ] 

.-- * 
DATA CSL)NLST[ I I @ I =tip4 I . N P ~ ~ I /  ] 

PARTS 
290F 52 



,CONT. ON PG 31 PARTS 
30 OF 52 



-5 I c 68 . 69 7 0 7 1 72 

I 
--- --- 

235.9. 265.1 e 270.2. 275.2. 280.1. I 
4 I c 73 74 75 76 77 78 

1287.5. 
* 

301.1. 314.2. 326.7. 338.8. a o . ~ .  I * 
C 79 8 0 81 - 114 * 

365.5r 379.6. 34.393.21 ] 
4 I DATA (SUNLIT( I 1. I =NP43. NP44 )I I * 

C 115 116 - 117 118 - 1201 

f 307.8r. 
6 

2.300.8. 3.333.7. 1 

6 
c VISCOSITY COEFFICIENT 
C VALUES TABULATED IN KILGGTAHS PER METER PER SECOND 

6 
- - 

DATA CVISCSTC 11. I=NP41.NP42)/ 

I c 
4 

1 2 - 3 4 5 6 1 

CONT. b~ PG 32 



PARTS u 



* Ll. 12SE-5. 2+ 1.1 02E-5/ ) 
4 

c 1966 STANDARD ATMOSPHERE FOR 
C JANUARY AT 60-DEGREES NORTH LATITUDE 
C PRESSURE VALUES TABULATED I N  HlLLI8ARS 

P 

6 
(MTA CPRSLSTClI. l=NPSl.NP521/ ] 

IC * 
L 2 3 4 5 6 1 

4 1 1.01350E3. 9.804E2. 9.484120 9.176E20 8.878E2. 8 .590 i2 .  1 * 
C 7 8 9 10 11 12  [ * 
( 8 . 3 1 ~ 2 .  8.038E2. 7.775E2. 7.519E2. 7.271E2. 7.031E2. i * 
C 13 14 15 16 17 18 

ir 1 6.798E2. 6.352E2. 5.932E2. 5.534E2. 5.15BE2. 4.467E2. 1 + 
CONT. ON PG 34 PARTS 

71 OF 51 



PARTS 
3 4  OF 52 



e 
OATA (RHOLSTCIIe 1=ti?SleN?52lI 

CONT. ON PG 36 PARTS 
P t F 5 2  



WNT. ON PG 37 PARTS 
u 



[MTA CRHOLST ( I 1 . I sNP53. NPS ? 1 I 1 
IC 6 

115 116 117 118 119 120) 
4 

14.909E-1. 3.065E-1. .5.100E-2. 8.837E-4. 6.728E-4. 5. L94E-4. ] 
I c 

* 
121 122 123 1 

6 
11.307E-5. 9.835E-6. 4.0558-611 

E 
* 

SPEED OF SOUND VALUES TAEULATED IN METERS PER S E C O ~  
6 

DATA CSONLBTCII. I=NP51.NP521/ 1 
[c 

e 
1 2 3 4 5 6 1  

6 
321.6- 321.9. 322.2, 322.5. 322.8, 322.a 

Ic 
6 

7 8 9 10 1 1  
6 xzI  

1321.8. 321.3. 320.8- 320.31 319.00 319.3. ] 
IC -3 

13 14 15 16 17 18 I 
[318.0. 

4 
317.71 315.6, 313.4. 311.2. 306.8. 1 

PARTS 
-7 OF s p  



WNT. ON PG 33 PARTS 
3 8 D F  57 



* 
C VISCOSITY COEFFICIENT 
C VALUES TABULATED IN  KILOGRAHS PER METER PER SECOtQ 

I C  43 44 45 46 47 48 1 + 
CONT. ON PG 40 PARTS 

39 OF 5 3  



* 
C 1963 PATRICK AFB 
C PRESSURE VALUES TABULATED I N  HILL IBARS 

PARTS 
40 OF 52 



CONT. ON PG 42 PARTS 
4 1 Q F  52 



WNT. ON PG 43 



- -  - 

35 I DATA (PRSLST [ I 1.1 =NP63. NP64 11  I 
I c 

* 
96 97 98 99 I00 I 

6 
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