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ABSTRACT 

A theory for the analysis of stresses in laminated circular 

cylindrical shells subjected to arbitrary axisymnetric mechanical 

and thermal loadings has been developed.    This theory, specifically 

for use with pyrolytic graphite type materials, differs from the 

classical thin shell theory in that it includes the effects of 

transverse shear deformation and transverse isotropy, as well as 

thermal expansion through the shell thickness. 

Solutions in several forms are developed for the governing 

equations.   The form taken by the solution function is governed by 

geometric considerations.    A range in which the various solution 

forms occur was determined numerically. 

As a sample problem, the slow cooling of pyrolytic graphite 

deposited onto a commercial graphite mandrel was considered.    In- 

vestigatlon of normal and shear stress behavior at the pyrolytic 

graphite - mandrel 1 \tGrface showed that these stresses decrease 

In magnitude with inaeasing E/Gc ratio and increasing deposit to 

mandrel thickness (ha/h^) ratio.    This implies that a thin mandrel 

and a material weak in shear are desirable to mini mi ze the 

possibilities of flaking and del ami nation of the pyrolytic graohite. 

PRECEDING PAGE BLANK 
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NOTATION 

a. b subscripts indicating upper or lower lamina 

a^, b^.    constants defined by equations    (C.2) and (C.3) 

* A,B constants defined by (C.8) 

c preferred direction in a transversely isotropic material 

c^ roots of equation (22) defined by (C.ll) and (C.13) 

Ci l^i (i = a.b) 
rTT1 

D1 E. ^ 

12(1 -v Z
i) 

D d/dx 

e natural base 

E, Er       Young's Modulus in the plane of isotropy and "c" direction 

respectively 

'c 

GÄ shear modulus relating stress and strain across the plane c 

of isotropy   (=G     = Ga    = G     Ä 6 fl) v «xz     «Qz     «zx     uzQ/ 

QJ constants defined by equation (C.4) 

ha, hb     Individual lamina thicknesses 

« 
1, J subscripts 

^ k^ constants defined by equation (C.6) 

m, n constants defined by equation (C.7) 

m constant defined by (11a) 

MX,M0 stress couples 



^Tx« MTe thermal  couples 

M defined by equation ^41) 

Nv, Na    stress resultants 

NTx, NTe thermal resultants defined by equation (41) 

p11 oz   (h1/2)      (i « a.b) 

p2i oz (-ya)    (i ■ a.b) 

P(x) PU - P2b 

Pj joint normal stress  (=oz (-^-) = oz (+-y) 

Q^ shear resultant 

Zf defined by equation (41) 

R Radius to shell reference surface 

T temperature measured from the stress-free temperature 

of the material 

LLt u.     deflections in the "x" and "z" directions respectively 

uo. axial deflection of lamina middle surface 

u| virtual displacement of shell middle surface 

wj radial displacement of lamina middle surface 

«1 ~(Z (acT)i dz      (1 = a»b) 

w? virtual radial displacement of lamina middle surface. 

x axial coordinate for cylindrical shell 

z cylindrical coordinate 

a,a thermal expansion coefficients in the "x" and "z" directions 

respectively 
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9r e2 
(   )' 

rotation of the normal to the undeformed lamina middle 

surface due to deformation 

defined by equation (CIO) 

defined by equation (C.9) 

virtual rotation 

defined by equation (21) 

strain component 

Poisson's ratio in the x - e plane (vxe « ^Qx) 

Poisson's ratio {^xz 
s vQ ) 

Poisson's ratio defined as the negative of the ratio of the 

strain in the j-direction to the strain in the i-direction 

due to a stress in the i-direction 

stress component 

joint shear stress (=ozx (-ha/2) * ozx (+hb/2) 

cylindrical coordinate in the circumferential direction 

defined by equation (CIO) 

dx *     ' 



I.   INTRODUCTION 

The ever- expanding missile and space technology continually 

demands materials capable of maintaining structural integrity at 

very high temperatures.    Of late, attention has been focused on 

refractory materials, their anisotropy in physical and mechanical 

properties making them ideally suited for a wide range of 

Insulation   and/or structural  applications. 

Of the many refractory materials possible, pyrolytic 

graphite (PG) has probably received the most attention of late 

although it was known to Edison (1)* in 1883 who described methods 

for its manufacture, the technique involving formation of carbon 

deposits onto substrates heated in carbon-con:aimng gases.    For 

structural use, pyrolytic graphite is generally deposited at 

temperature from 3500oF to 4000oF in a stream of hydrocarbon gas, 

such as methane, onto a substrate of commercial graphite maintained 

at temperatures of 1500oF to 5000oF.    The rate at which the material 

Is produced depends c.i a number of factors which include the 

temperature, the reaction pressure, the hydrocarbon flow rate and 

I 

♦Numbers in parenthesis indicate corresponding references in the 
bibliography 



the surface to volume ratio of the substrate surface (2), (3), 

(4), (5).    X-ray analysis of the resultant deposit shows a well- 

crystallized structure having much in common with the single 

graphite crystal (6).    Growth is always normal  to the substrate 

surface and after a thickness of 0.1" - 0.5" is reached, the 

deposition process is stopped and the deposit allowed to cool for 

several weeks. 
■ 

The result of such a .formation process is a material 

highly anisotropic in physical properties.    The PG has one plane 

of isotropy parallel  to the mandrel surface (x,e direction -- see 

figure II-l for geometry) and a single preferred direction (z), 

a state commonly referred to as transverse isotropy.    With thermal 

conductivity between 100 and 1000 times greater in the (x,e) 

direction than in the (z) direction, the material acts as an 

excellent conductor along its surface but also as a good insulator 

in the thickness (z) direction.    The coefficient of thermal 

expansion in the (z) direction is from 10 to 30 times greater 

than that in the plane of isotropy (x,e) so that thermal expansion 

through-the-thickness must be considered in many analyses of the 

material's thermal behavior. 

Other curious effects due to the anisotropy are manifest 

in the Poisson's ratio which is negative in the plane of Isotropy 

(v     ■ vfl   * -0.21) but large and positive in the preferred direction 
X6 9* 
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(vw, x VQ, 
a +0.9). Furthermore, the ratio of the elastic modulus 

in the isotropic plant to the shear modulus in the Lransverse 

plane (Ew/Gw, or Ea/Gfl_) may range from 20 to 50, compared to an 
X  XZ     Ö  oZ 

E/G ratio of 2.5 for an isotropic material with v= 0.25. There- 

fore, in an analysis of a structure composed of such mar.erial, 

transverse shear deformation even for thin cross-sections must be 

considered. 

Thermal and mechanical properties can be found readily 

(2), (5). (7), (8), (9), (10), (11), (12). Typical properties. 

given in Table 1-1, are taken from (10), which are reasonably close 

to those given in other references, discrepancies most probably being 

due to variations in the deposition process. 

Among the earliest analyses of structures of pyrolytic 

materiaTs were those of Garber (13) and Levy (14) who treated 

thermal stresses in cylindrical and spherical shells and also 

the residual stresses caused by the general anisotropy of 

pyrolytic graphite, but neglected transverse shear deformation 

and did not account for the high thermal expansion coefficient 

in the (z) direction. McDonough (15) has considered thermal 

stresses in shells of revolution of pyroTytic graphite type 

materials subjected to axially symmetric loads, including trans- 

verse shear deformation and thermal expansion through the thick- 

ness. He was able to show that neglect of transverse shear de- 

formation would lead to an over-estimate of the stiffness coefficient 

10 



TABLE 1-1    PHYSICAL PROPERTIES OF PYROLYTIC GRAPHITE 

MECHANICAL PROPERTIES 

1.   Young's Modulus (PSI) 

TEMP (x.e) Direction (z) Direction 

70oF 5.4xl06 1.5 xlO6 

1000oF 4.3xl06 1.29xl06 

2000oF 3.5xl06 l.OSxlO6 

3000oF 2.7xl06 o.eixio6 

2.    Poisson s Ratio 

70oF vxe - 0.21 

THERMAL PROPERTIES 

vX2 - 0.90 

1.   Thermal Expansion    in/in -    F 

70^ 0.0 

.-6 1000oF 

2000°F 

3000°F 

0.6x10 

1.2x10 

1.7x10 

-6 

-6 

13.1x10 

13.1x10 

13.1x10 

13.1x10 

-6 

-6 

-6 

-6 

2.    Conductivity, BTU/hr-ft- F 

70oF     • 290.0 

1000oF 165.0 

2000oF 100.0 

3000°F 60.0 

1.25 

0.82 

0.60 

0.60 

11 
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for properties representative of PS while excluding thermal 

expansion in the (z) direction leads not only to erroneous 

stress predictions but that even the sign of the stress (ten- 

sion or compression) may be wrong. Kliger (16), (17) has ex- 

tended McDonough's work for the case of conical shells in that 

he derives equations for non-axially symmetric mechanical and 

thermal loadings. Raju (18) studied the case of shallow shells 

of pyrolytic graphite type materials subjected to a variety of 

axially symmetric and non-axially symmetric loads. Daugherty 

(19), (20) treated the case of non-circular cylindrical shells 

of pyrolytic materials. 

The preceding deal with single-layer shells. Anisotropie 

laminated shells of revolution with elastic properties symmetric 

about the middle surface of the composite shell are extensively 

treated by Ambartsumian (21), whereas Dong (22), (23), et al (24) 

treat layered shells wherein the structure is assumed to be 

composed of an arbitrary numbers of bonded layers each of dif- 

ferent constant thickness, different orientation of elastic axes 

and different anisdtropic elastic properties. Since Dong does 

not assume elastic symmetry about the middle surface, flexural 

and extensional deformations are coupled and solution techniques for 

homogeneous shells do not carry over directly for anisotropic elas- 

tic shells. Hence, alternate methods of solution are developed. 

Radkowski et al (25) considered laminated isotropic shells 

of revolution with variable thickness using E. Reissner's for- 

12 



formulation (26). Radkowski extended this work to include variable 

laminated orthotropic material properties (27). Both formulations were 

restricted to axisymmetric loads. In Radkowski's works and that of 

Sepetoski (28)» the governing equations were cast in finite difference 

form and solved with the aid of a digital computer. The introduction 

to Dong's paper (23) makes interesting reading regarding the hazards 

of this perfectly valid technique. 

Other treatments of laminated cylinders have been by Jones 

and Whittier (29), Tsai and Azzi (30), Paul (31), Au (32). Keeffe 

and Windholz (33). These, and most other references cited herein 

are characterized by neglect of transverse shear deformation. A 

recent work of great theoretical elegance, even though it neglects 

transverse shear deformation,is that of Zudans (34) which presents a the- 

ory for arbitrarily loaded Mechanically & thermally) shells of revolution 

with internal masses and ring stiffened, derived under the Kirchoff 

Hypothesis and consistent with balance of energy as well as linear 

and angular momentum and invariance unaer transformation of middle 

surface coordinate systems and rigid body displacements. The ele- 

gance, unfortunately, does not carry over to the computational 

techniques (35). 

Laminated isotropic plates have been considered by Vinson (36) 

who treated thermal stresses in circular plates, neglecting transverse 

shear deformation. Summers (37) treats thick and thin isotropic 

and orthotropic laminated plates including transverse shear deformation. 

13 



Wehta (34) considers orthotroplc and Isotropie laminated as well as 

single-layered rectangular plates of pyrolytic qraphite type materials 

under static mechanical and thermal loads.    Wu (39), (40), and (41) 

treats the lateral vibrations of both small and large amplitude for 

rectangular plates of pyrolytic and graphite materials. 

Except for those references dealing with pyrolytic graphite 

type materials, all the works reviewed which analyze multi-layered 

structures are characterized by their neglect of either transverse 

shear deformation or thermal expansion through-the-thickness or 

both. 

Prompted by the absence of a definitive treatment of 

laminated shells applicable to pyrolytic qraphite type materials, 

this thesis was undertaken.    It Is an extension of 'IcDonough's 

work in that layered cylindrical shells, including the effects of 

transverse shear deformation and thermal expansion through-the- 

thickness, subjected to arbitrary axi-symmetric loading are 

consldeVed, 

14 



II. DERIVATION OF GOVERNING EQUATIONS 

- 

The coordinate system used is shown in Figure (II-l).    The 

three-dimensional equations of thermoelasticity (uncoupled) for the 

case of axial symmetry are given by: 

Stress-Strain Relations (transversely Isotropie material) 

exÄr(ax " voe-Vc0z) +aT 

e9   = r (ae " vax •vc02) + aT 

az     vc 
ez = E^'r (ox +0e) +acT 

(1) 

xz 
■xz" 7^ 

where exe = eez =oxe = ^ez = 0 by symmetry 

e^. and o.. are the physical components of the strain and stress 

tensors respectively, and for brevity a.. = o. when i = j. 

E, E    »v^ vc, G   are five independent elastic constants where again 

for brevity v ■ o     =vex and vc =vxz 
=v    .    a, a   are the coefficients 

of thermal expansion in the x and z directions of the materials. T 

is the temperature measured from the stress-free temperature of the 

material  in units consistent with the a's. 

15 



CC 
UJ 
o 
z 

£> 

CL _l 
-> 

ii Ü o 

GL^ o 

■I 

i 
o 

Q. 
II 

Q. 

UJ 

5 

^ LU 
II O 
... o: 

>- o 
u. 

wm 

£ CD 
CJ 

QL 

6 



The preferred direction for the material is everywhere 

coincident with the z coordinate. This restriction is carried 

throughout this work. 

Equilibrium Equations 

The equilibrium equations when applied to the present pro- 

blem become for each lamina: 

R(l+I)ia*  ♦ R(1 + F) 1°X*  ♦«.._= 0 
3X *  3Z 

xz 

(2) 

R(l +f) ä^+ R(l +t) -  + 
ax  0z ■ 0e = 0 

The third equation is identically zero .^om symmetry considerations. 

Strain-Deformation Equations 

The strain-deformation relations can be written correspondly as: 
3U 

x     3x 

e0 s 
1       u. 

R(l^) 

3U. 
■ —i 

Z       3Z 

(3) 

1      3UX 3U2 
xz     2    3z       3x 

ufl =   0 by symmetry 
0 

17 
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The displacements an; positive In the direction of the positive 

corresponding coordinate (See Figure II-l). 

Assumptions; 

1. TV. thickness of the shell Is small compared with other 

dlmenslciis, hence Love's First Approximation is applicable: 

I.e.   * « 1 (4) 
R Km1n 

2. The displacements are small compared to the thickness of 

the shell and the angles of rotation are small compared to unity. 

3. The transverse normal stress is small compared with other 

normal stress components and Is neglected in the stress-strain 

equations. 

4. A linear element normal to the undeformed middle surface 

undergoes translation and rotation and remains straight, implying 

deformations of the form 

ux ■ u0(x) + zß(x) (5) 

5. Transverse normal strain due to thermal expansion will 

be Included, that due to mechanical (or isothermal) loads will be 

neglected. 

This implies a deformation of the form 

where 

u2(x,z) '  w(x) ♦ w(xfz) (6) 

_        2 
W(X>Z) « / aJdZ 

18 



I 
6.    Material properties are constant for each lamina. 

With these assumptions, the equation (1) becomes: 

exs r (ox ■ ^ + aT 

e8 s E (oe ' ^x5 + aT' 

e2 - acT 

(7) 

cxz ~ 2GC 

Making use of equations (5) and (6) and neglecting z/R in comparison 

to unity, the equations (3) become: 

ex s V + **' 

ee s 1 (w + w) 

e
z    n 

cxz ■ l/2(ß   + wO 

where (    )^«D (    ) « ^ (    ) 

(8) 

19 



Integrated Equations 

The stress resultants and couples are defined as follows: 

\ ■/ 2 EiaiTd2 

h,- 

i « a.b 

NT.   =/        E^Jdz 

MT.   */        zE^a^Tdz 

Mr«   ■/        lE^a^Tdl 

20 
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The equilibrium equations In terms of stress resultants and 

couples are readily obtained.    Integrating (2) directly yields 

\ * '11 - '21   " 0 

/ n. n1 

(10) 

N 

R       K11      K21      U 

1 s a,b 

Solving equations (7) for normal stresses, first Integrating 

them from -h./2 to + h./2; then multiplying through the equations by 

z and integrating once again between the same limits, making use of 

the definitions of the stress resultants and couples (9) and 

simplifying, the following stress-strain relations result: 

21 



N 
E1h1 

N, 
E1h1 

7;—27 (viuoi+ ^7 )" r-TT i rr;—r,, (i.vi ) i i    R1o-vt H ^ 

w.dz 

w.dz 

M 
E1h1 

:i   wa^^j 
0, - zw.dz 

(11) 

Me1 = 
E.h1 

3 M 

120-v^) ?7ß1 
Te, 

^    R^l-v,2) 
zw.dz 

1 « a, b 

22 



An integrated shear stress strain equation is required in 

addition to (11).    The necessary expression is obtained using weighted 

Integration,  the procedure being analogous to that in reference 15, 

and for convenience given in Appendix D. 

mi      5       i ' 01 ÄT+lhiGc(ßi +Wi) + Ai 

where mi =   J-^M + T2i^    * (HA) 

Solving for Q, and Q.   from the second of the integrated a D 

equilibrium equations  (10) and substituting into the third, making 

use of M     and N      from (11) and the definitions xi ei 

C.. 
E.h. 

D.. = 
E.h. 

1    d-v/)   '   i   izd-v.2) 
(i = a, b) 

Tj - a2x(- 2~ , s 0zx (+ 2" ) 

Pj • o2 (-f) - o2 (+ i) 

two useful relations are obtained: 

n n3«       Cavaha   nfl       
Cavahb no   + 

ha n        n       
Cava n 

Ca 
DaD 8a * "IF-   Dßa " IT- Dßb + T DTJ " pj " IT Duo. " 2R     wb 

a      4, » 
17 +    1 (12) 

23 



DbD3
6b + ^ DTJ + Pj - -^ DU^ - -| w, = a27 + n2 (13) 

Note that in the above, use has been made of the conditions 

that the laminae are bonded together and that no slippage occurs in 

the joints between laminae.    The former is given by 

-h hb _        -h _        h. 
u (-s-) ■ u (p5-) which implies that wa(x, -5-) + wa = wb(x, 5—) + w. 

hb      _     '    -h 
orwa = wb +wb(x» r5 " wa (x* T") 

- wb + E (14) 

A     -        hb       - "ha where E ■ wb(x, y-) - w (x, —p-)- 

The latter condition is expressed by 

ha hb 

oA     2     a       ok     2     b a b 

Vuob 
+ «rB,+ r V (15> 

Making use of (11). (14) and (15) in the first integrated 

equilibrium equation, two further relations are obtained: 

24 

- 



Ch     9 CahK    0 9 C v 

-P D 6a * -2- D eb * Tj + CaD uob 
+ -P ^b = "37 + "3 (16' 

'j + CbD\ + ^ ^b = "47 + '4 f'7) 

Using (HA)  and the second of the integrated equilibrium 

equations together with  (14)  and (15), two final  relations are 

obtained: 

D
a

D2ßa " I GaMa + \ö h.T< " I G^h.^h = at;7 + "c (18) aabcaalZajocab       5/       b 

DbD2eb " I GbcVb + 12 hbTj " I GchbDwb ' 067 + "6 C9' 

where in the above 
ha 

Tea        CaE Ea        f  2   - ri 0i7 =«71^7 - ?- - j^i:      V1 

a a       a /-h. 

ha 
2 HTxa       Eaua        fr   - 

a   a /ha 

• 

25 



"re    '        r 
hb- 

'27 '«JT^f   • R^l.^) wbdz 

2 

9   ^Xk     Ekvk  f 2 
4. n' / D    D D       — . , 

'b  Rfl-^) 

a   a   Ra(l-va) 
wad2} 

-h. 

N 

'47 D { 
Txb   Ebvb 

T^; 
b Rb(l^) 

wbdz} 

M 
a57 « Aa + D {E + 

Tx,   E.v. 

ha r 
^ Ra(i-^) 

zwadz} 

-h. 

l67     % AK + D { 
^x.   Ekvu  I   2 •bvb 
r-b Rb(l-v2) 

zwbdz} 

-h. 

(20) 

26 



with 

t. ■ - p 
la -TDTla 

v2 ' +p2b " "2    DT2b 

3 " "Tla 

"4 " + T2b 

'5 = "T2 haTla 

^e =  ' 12 hbT2b 

rfr'< 
(21) 

(1- a, b) 

The governing equations nay be transformed to a more useful form for 

solution.    Since they are rumbersome for manipulation in their present 

form, a matrix notation was used to define the coefficients of the un- 

knowns.    These are tabulated in Appendix C.    After some manipulation of 

the governing equations, the following are obtained: 

27 
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(g   D7 +g  D5 +g  D3 +g  D) w    - LjCx) (22) 
I           2           3          4       b 

(b^D4 + b,/   ♦ 0,3) 6b = LJJCX) - (b,/ + b,50) wb                      (23) 

a2308i    + LIII(xl " (a21D2 + «22! V a24Cwb (24) 

D2u0b ' LtV 0«1 - ^\ . kjD 8^ - kjDw,, (25) 

Ti' Lv w - k4D2uob - h^b 

28 

(26) 

fj ■ lnM ■ w\ - ^j ♦ W + W (27) 
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III. SOLUTION OF GOVERNING EQUATIONS 

Homogeneous Solution: 

Consider first Wb. Assuming a solution of the form W5 = eSx 

and letting y = s2, (22) then takes the form 

y3 + So y2 + c^y + 34 = 0 (28) 
9l     91   QT 

for the homogeneous solution. 

The solution of equations in the form (28) is developed  in 

reference (42) and leads to three possibilities for the roots: 

Case 1:  there are two conjugate imaginary roots and one 

real  root 

. Case 2:  there are three real and unequal roots 

Case 3:  there are three real roots of which at least two 

are equal. 

Case 1  leads to a solution of (22) which is of the form 

WbH = V^0!* + V2e"clx + ec2x(V3Cos C3X + V4sin C3X) 

+ e"c2x(V5 cos C3X + Vß sin C3X) (29) 

where V-i - V    are constants to be evaluated through boundary conditions 

The constants C] - C3 are defined in Appendix C. 

The Case 2 solution can take on several forms depending on 

wether the roots of (28) are positive or negative.    The final  forms 

29 



for the case of one, two and three positive real roots respectively, 

are: 

wbh ' vieC4X + V2e"c4x * V3 cos C5X + V4 sin C5X 

+ Vg cos CgX + Vg sin C5X (30) 

WbH = V1e
c4x + V2e-C4x + V3ec5x + V4e-C5x 

+ V5 cos Cgx + V6 sin Cgx (31) 

W^u " V1e
c4x + V/1e-c4x + V ec5x ♦ V.e-C5x 

DM I •     2 3 H 

+ V5ec6x + V6e"c6x (32) 

where, again, the V^ - Yg are boundary value constants and c^ - Cg 

are defined in Appendix C, 

Case 3 represents the degenerate forms (30)  - (32) where two 

of the roots are equal.    The equations then take the form: 

WbHr VleC4X + V2e'C4X + ^V3 + V5X^ C0S C5X + ^V4 + V6x)sin C5X    (33) 

wbH s (vl + V3x)ec4x + (V2 + V4x)e"c4x + V5 cos Cgx 

+ V6 sin cgx (34) 

WbH = (V1 + V3x)ec4x ♦ (V2 ♦ V4x)e-C4x + V5ec6x 

♦ V6e-C6x. (35) 

In treating single-layered cylinders,  it Is possible to 

write the c^ - Cg explicitly in terms of the physical quantities 

30 
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involved and thus have a feel for the physical behavior of the shell. 

In the present derivation, however, these expressions are so lengthy 

and involved that, unless one has a specific example in mind, their 

explicit form for the general case is of dubious utility. A point is 

reached where one must decide whether to obscure the physical situation 

with mathematics or obscure the mathematics with the physical quantities 

involved. The former course was chosen to show where the mathematical 

formulation is analogous to that for the single-layered cylinder 

(Case 1) and where it diverges (Cases 2 and 3). To import greater phy- 

sical significance to the equations it becomes necessary to either con- 

sider a specific case and determine the form and constants listed in 

Appendix C will take or resort to numerical evaluation of the constants. 

Consider next equation (25). This may be integrated directly 

to give 

/jL[v (xl dxdx - k1Ba - k26b - k3 Ldx + V7x ♦ Uob -   LIV (x' ""^ " k1Ba " k26b - k3 V" + V + V8      (36' 

where V7 and V« are also boundary value constants. Since there are 

also eight boundary conditions, four at each edge, it follows that the 

homogeneous solutions for the remaining unknowns ß and ß. are not 

required. Their particular solutions will suffice to satisfy the 

governing equations. This is equivalent to setting the boundary value 

constants of the ß and ß. homogeneous solutions to lero. 
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Total Solution: 

The total solution will consist of the homogeneous solutions 

given In the previous section together with whatever particular 

solutions are called for due to the mechanical and thermal loading for 

any given problem.    Total solutions for displacements will take the 

form: 

%(*) - WfaH » "b part (37) 

0a(x) s 0a £art (39) 

where Wb  t is the particular solution of (22) due to LjU), and 

ßb part ^ the Particular solution of (23) due to LJJ(X) - 

(b140
3 + b15D)Wb(x). and 

8a .art Is the particular solution of (24) due to Lijj(x) - 

(a21D
2 ♦ a22)eb(x) - a24DWb(x). 

Once (37) - (39) are known, u .   may be found from (36) and the 

joint shear and normal  stresses from (26) and (27)  respectively. 
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IV. BOUNDARY CONDITIONS 

Boundary conditions for plates and shells are listed 

In many sources (21), (34), (37), (36), (37). For the axl-sym 

«       metric case, they are usually stated as: 

At the edges x « o and x » L 

either u or N prescribed 

either w or Q prescribed (40) 

either B or N prescribed 

For multilayered problems, the same boundary conditions 

usually apply if N, M and Q are Interpreted as resultants ft, 

'^T, 7. Considering a two-layered cylinder for example, laminas a 

and b, the resultants would be: 

7 ■ Da ♦ Qb (41) 

M • «» + «„ + (|i + ^)Na 

However, (40),  (41) do not make use of the no slip - no 

delamination conditions.    These provide two constraints not only 

on displacements but on boundary condtions as well. 

Appropriate boundary conditions can be derived using the 

principle of virtial displacements of the layer middle surfaces. 
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ür 
B,*    (1 ■ a.b) (42) 

w1 

where the asterisk denotes a virtual quantity. Multiplying 

equations (10) by the virtual displacements (4?) in the order 

listed, adding the products, integrating over shell length and 

summing over the layers, we get: 

^){^ *(T11.T21)3 
ui* + 

i-a i    ■ 

[Mx    - Q1 + 1/2 hi   (T11 ♦ T21)] ß^ + 
(43) 

C^i •O/RJH e1 + (P^ - P2l.)] w^ } dC]   - 0 

since the virtual work done by a shell in equilibrium through 

a virtual displacement is equal to zero. 

After integration by parts, the virtual work principle 

for the multilayered cylinder takes the form; 

X<\Ui**\*i**W\ 
1-a 

*f C(* li " T2i ,üi* + 1/2 h1 (Tli + ^ 0i* 
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+ ^li " p2i^ »'i* ] dx > " ' 

b n 

1-a 
0 \K *\ v^i^r^v) (44) 

N6i    n 
dx 

The first quantity in brackets on the left hand side of (44) 

Invelves terms which are specified at the boundaries, namely: 

i-a 
\"\**\  V* W^o 

Summing over layers gives 

.*   iL 

a a D D 

%*"'■.*.* this derivation does not allow for slip or delam- 

inatlon, the virtual displacements must be constrained to: 

V *Ub* + (1/2)ha V + ^/2)hb ßb* 
(45) 

• 
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Substituting    into (49) and collecting terms, the quantities 

to be specified at x = o and x = L are found to be: 

either Ny    ♦ r!y       or      u.  specified 
i       xb t) 

either 1/2 haN       ♦    M        or   ß   specified 
xa a a 

either 1/2 hbrix   + Mx       or    ßb specified 
a b 

f6} 

either Qa ♦ Qb or   w^   snecified 

Qa (wb - wa) soecified 

Note that the first four conditions are not a unique set. 

Other possibilities are (uat ubl  ß^, w ) or (ualu   , ß     w ) soecified, 

but the set (46) seems to be a good choice. 

. The last condition of (46) is the result of retaining thermal 

expansion through-the-thickness while dropping terms of order h/R 

throughout the remainder of the derivation.   For cases where w must be 

retained, the following procedure can be employed.    For simplicity, 

free-free boundary conditions are considered, though the treatment 

1s analogous for any set of conditions specified. 

Since the last of (46) is a temperature dependent, wb - w 
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Is a priori specified. Hence, for free boundaries, either Qa = 0 

or (w! - w ) s 0. Qa ■ 0 is acceptable for special cases but is not 
b  a 

generally true. (wL - w ) can be rigorously satisfied by redefining 
D       a 

the reference surface location in layer a, i.e.. 

/Zo 
wa  (x, Z0) =    I aCaTa (x.z) dz v 

wb (x, hb ) =   f ac T   (x, z) dz 

T Jo b   b 

Under these conditions, the no-slip requirement becomes 

uo  = uoh 
+ (-Zo B

a 
+ ,/2 hbßb' *' a        b 

and all other results remain the same if 1/2 ha is replaced by -Z0. 

Note that when this approach is used, the second strain 

definition of equation (8) must be used in the form: 

wi + w. 
ee= wrrr (1 = a'b) 

in order to have a zero stress state for the case of an isotropic 

material with the same ac in both layers and T ■ constant. 

57 



V. SAMPLE PROBLEM 

The problem selected was the slow cooling of pyrolytic graphite. 

Because of the difference in thermal expansion coefficients in both "a" 

and "c" directions of the pyrolytic graphite and mandrel material and 

also because of curvature effects, normal and shear stresses at the de- 

posit-mandrel interface will be formed during the cooling process. These 

may be of sufficient magnitude to cause flaking or delamination. An 

Investigation of their behavior with changing material and geometric 

properties is therefore of interest. 

The test case considered a laminated cylinder with free-free 

edges and a constant temperature T = -1000oF. The material properties 

used were averaged in the range 3000oF - 2000oF. Layer a, the top-most 

layer, was taken to be pyrolytic graphite, layer b commercial (ATJ) 

graphite. The properties used are given in Table (B.l). The calculations 

were performed with the aid of a CDC 6600 computer. The program tab- 

ulation is given in Appendix A. Results showing the behavior of T. and 

p> due to variation in lamina thickness and/or E/G ratio are in Ap- 

pendix B. From these, the following conclusions may be drawn: 

1. Figures (B.l) and (B.2) indicate a decrease in normal 

and shear stresses at the mandrel - PG interface as the E/G ratio is c 

Increases, implying that a material weak in shear is desirable to min- 

imize stresses and therefore the possibility of debonding. 
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2. Figures (B.3) and (B.4) show results when h ■ 0.50, 

E/G ■ 20 and 5 >_ h /h. >_ 1. Figures (B.5) and (8.6) show the case 

where h. - 0.25, E/6 = 20, 4 > h /h. > 1. All the curves indicate 
D       c      — a D — 

that a high h /hK ratio is the desirable, for given material proper- a D 

ties, for minimization of normal and shear stresses at the joint. This 

Implies that a thin graphite mandrel is preferable to a thick 

mandrel. Note that when h /h. = 1, the ultimate stress (ault '  18,000 

psi) in tension for pyrolytic graphite is exceeded. 

3. To determine the behavior of the roots of equation (22) 

and establish a range wherein the various forms of solution (29)-(35) 

will occur, computations were also made for 1000 > h /h. > 0.001 with —~ a D 
— 

E/Gc at 50, 20 and 2.6. Results show that the Case 1 solution in the 

form (29) occurs whenever h /h. >^ 1 independent of the E/G ratio. 

The constants c, - c3 are affected by E/G , the constant c, being 

much more sensitive to a change in E/G than c« or c3. 

4. The first two terms of (29) have their principal effects at 

the edge only. It was also observed that for h /h. >>1, the value c, 

becomes so very large that the boundary value constants V, and V? tend 

to become very small, and as a first appromation the terms containing 

them can be dropped from the solution functions. In this case, (29) 

takes on a form similar to that for the solution for radial displacement 

of a single-layered cylinder, with suitably defined constants. 

5. It should be kept in mind that all the above remarks are 

based on the numerical results and are valid in the range. 

1000 >h/hb>0.001; 400^L/ri^26; 0,05 ^h/R^ 0.0033 
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Computer Program 

46 



rOKTKAN   IV   PROGRAM   POM I NCUt,DUIPUT.TAPfS•INPUT,T*Pfl-OUTPUT•               ••••• l 
OIRENSION   ICOtM,    IlMibl,    |RE(6I                                                                                         ^CE 2 
DlNe>ISION   OftO(tO).   HPdQI,   HQIIOI,   CO£F|S»,    CJ*CC(Mf   R00TSI2t6l      PÜE ^ 
COMMON   /SHEAH/   OA.QH.FO                                                                                                                ^CE 4 
COMMON   /"IP/   ICIf IC?ilC)«IC4.IC9«IC6ilMlttM2,IMl.|M4,|MS,M6.Iftlf IPCE 5 

lR?«IR).lft*.IAS,|ft6                                                                                                                            PCe 6 
COMMON  01 TEMP                                                                                                                                         PCE 7 
COMMON   TEMP,M.E«CtNUA.NUACtEB«EnC.NUBtNUBC.HAtHB,RtC)Atr,lB,C«tCRiPCE • 

10AtOa«H,CA:B.CAPCRiNUNUtCAMAf CAPB,KI«0itA|)5I.CI H.Rt ( )C ) • F'l TOA. F.^PGc 9 
ZTOe.BOEieSOI.lOAQt.AHlSOI tl.3A02tENI6i M . FNIA. ENXB. FMK A( FMXB. Ml, FMPf.E 10 
SXtFNOA.FSOB.ACOI .KL I P| E LL. 0£L PH( 20 11 V ( 6 ) t AL I 1 SI i WH, OMM, OOMM , MB, OtaPGc II 
«OtOSMB.OOOWBtWA.OMA.MU.OMUtOOWLUUOOMUtTAUtOTAU.MPJ.riMAtUWMAt MLIA,UHP&E 12 
5UA                                                                                                                                                                     PCE 13 

EQUIVALENCE    MCl.lCOlin.    ( INI , I IMI111 .    IIRI.IREIII)                                     POE l*E 
REAL   NUA,riUAC.NUB,VjBC,NUNU,R(LOA01,L3A02                                                                 PCE IS 
»lAj   15.121    (0RQIII,I-1.AI                                                                                                  PCE 16R 
MEAO   l».t?l    (MP( I i.iM.61                                                                                                           PCE 17R 
REAO   19,121    (HQ|KI,M*1.«>                 *                                                                                        PCE 1BR 
»LAD   19,111    TEMP.OLTEMP                                                                                                               PCE 19R 
KEAO   19,111    EA,EAC,NUA.NUAC                                                                                                     PCE 20R 
RIAO   19,11)   EB.EBC.NUB.NUBC                                                                                                     PCE 21R 
READ   (9.91   BTI 1) ,BTI?I.BTI)t.BTUI                                                                                   PCE 22R 
MEAO   19.10)    I0ELPH(J),J>1.11)                                                                                                PCE 21R 
MRITC    (9.13)    1HO(K),M.I,*I                                                                                                        PCE 2<>W 
WRITE    19.1*)    TEMP                                                                                                                              «E 29W 
WRIIE   19,191   EA.EACNUA.NUAC                                                                                                  PCE 26M 
MRITE    (9.16)   EB.EBCNUB.NUBC                                                                                                  PCE 27tf 
COtMlloO.                                                                                                                                      PCE 2H 
CO€F(2)>2C.                                                                                                                                              PCE 29 
COEF(3l<?.b                                                                                                                                             PCt 30 
OO   8   ll«<l*6                                                                                                                                          PCE 31 
OO   8   M«l,«                                                                                                                                                P&£ )2 
OO  8   L>l,3                                                                                                                                                PCE 3 3 
MA-HPMl*)                                                                                                                                                                              PCE 3«. 
MB-rt31HI                                                                                                                                                     PCE 39 
R-39.                                                                                                                                                     POE 36 
C)ACO(L)>EA/CCEF(L)                                                                                                                   PCE 37 
C3A>C3AU0(LI PCE 38 
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CSB>tB/(2.«(l.*NUBCI) PCE 39 
C*IL   PRELIM   Utltll«) PCE «.0 
CALL   POLVR    16,C.ROOTS,0) PCE «1 
CALL   RICF   IKOüTS.AC.KLlP) PCE S2 
CRLL   THEtM PCE 43 
CALL   MISC PCE 4* 
DO   7   IJ>>*lt* PCE 45 
ELL-CRQIIJPI POE 46 
IF   (ELL.EO.0.0)   CO  TO   7 PCE 47 
AM(l)-AC(2)««2-ACm**2 PCE 48 
AHl2)-2.*lAC(2l«ACm ) PCE 49 
AMt3)-ACI2)«AHIll-ACI3l«AM(2| p^e ^& 

AMU)-ACIi)*AH(l l*A:i2l*ArM2) PCE 91 
MM(17)>AM|1 )*AC( 3I-AH|2)«> .121 p^ 52 

AMI18)«AV| 1)«ACI^I*AK|;)«ACI!) PCE 93 
AM(29)«AM|1)*ACl2l*4nt2)*ACl3l PCE 9* 
Ani26)-AM(1l«ACl3I-AH|2)«ACI2) PCE 99 
AH<9)«ACI?)*AM(3)-ACn)*A«(«>) PCE 96 
AM(6I>ACI3I«AM(3I*ACI2I*AM|4» PCE 97 
IF   (IILIP-5)    1,2,3 PCE 98 
CONTI.JE PCE 99 
IF   IRLIP-2)    s.S.b PCE 6u 



CALL EKLI« 
CO 10 6 
CALL ERLI^» 
CO TO 6 
CALL EKLIM 
CO 10 6 
CALL EKLI^l 
CONTINUE 
CALL RISC 
CONTINUE 
CONTINUE 

rcE 6i 
P6E *2 
fCE  6) 
rat 44 
PCE  ft» 
rcE *ö 

rc€ 6/ 
rcE   »a 
PCt *9 
^Cc 70 
»GE 71 
fCE 12 
FCE 7) 
»CE 74 

« rOKMAT   f4E19.7| »CE 7» 
10 FORMAT   I6EW.SI Kit 76 
11 FORMAT I4E1S.0I *0t 77 
I? FORMAT (16?*.01 fCE 78 
II  FORMAT   I4H   HBal?F9.1|                                                                                                                    PCf 79 
14 FORMAT    llXt5HTtMP-ri2.*l fCE 80 
15 FORMAT   IIX,6HARR0P>4E15.7I P&f St 
16 FORMAT   UX*6Ha>>R0R**El*. '/I fCt 8? 

END FCE •)- 
SUBROUTINE   UCOFF   IFNTHMfCONSTfXI •••••   1 
COMNON  OLTEMP 2 
COMMON   TEMf.EA.EAC.NUA.NUAC.EB.EBCfNUB.NUSC.HA.HR.R.r.U.CIBtCA.CBt ) 

10At06tHtCAC0fCARCB.NUNU>CAMAtCARBtK(40it Al^ii.Ctn.eTnOI.FWTOA.FN 4 
2TOB,OOE|600) tLÜArn.AM<50l tL:.A02iE'H6f 71 . FNXA. FNXB t FMX A.FMXB. FVX. FM ) 
iXtF^QA.FriOOtACO) .KLlPtELLtOcLPHilOlfVIMtALI I 8 11 WH.bWU, UOriW, wft, OM ft 
4BtOC)W6kOO0rfBtMAt0MAtwUiUNUtUDWUtOU0rfUt7AUi0TAUtMPJ»MWAtUWWA.NUAtUM 7 
SUA • 

REAL   NUA.riUACiNUO.NDPCtNUNU.K.LOAOULOAO? 9 
ff4--«ELL/2. »«ACm 10 
fPS--IELL/2.l*ftCm 11 
fP6—ULL/2. l*ACm 12 
CONST-BUE(19i«Mt»HOEI20)*WB*BOEI2I)«FNrWM-BT(20l*X/CAPCB II 
RETURN 14 
END 15- 
SUBROUTINE   PRELIM   (LtM(|14l •••••   1 
COMMON  OLTEMP PRELI   2 
COMMON   TEMP.EA.EAC.NUA.NUAC.EBtEBCtNUBtNUBCiHAtHB.R.OA.GIBtCA.CB.P^EL I   i 

lOAtOB.HrCACMtCAPCBt'lUNUt^AMA.CAKH.K.f 43), AISSI^GI 71, fU ( iO I . I N T (. A , f   .P < - L |    <• 
2T0B« RUE 1600 t tLOA^I , Ar'(SO I . L 0» J.1. f •. I 6 , n . FNX«. FNXO.FMX A. FMX8, F.'^X, ^»«»»lEL I   "> 
3X«FS0A,FN}B.AL()I .<LIP.ELLiCELPH(20i,V<6l*AL(lM».M^t0WMt00MrftrtB.U«P^£LI   6 
4Bf0üwBt00i}MBtWAt0MAlHU,0WUt00MU.0ODMUtrAU.0riütWPJtMMA,0i<wA,MUArOMR^Ll    1 
»UA PRELI   8 

REAL   NUAfNUACtNUF,^luBC.NUNUfK,L0AOItL0AO2 PRELI    9 
CA-EA«HA/|l.-NUA**2l PRELI10 
CB^EB^HB/Il,-NUR»«2l PRELI11 
0A-EA«|Hi>*«il/n2.*( l.-NUA*«2l » PRELI 12 
0B>:B*lrt(<*«))/IU.P(l.-NUB"2)) PRELIM 
H»MA»HB PREL IK. 
CACB-CA^CI PRELIM 
CAPC8-CA»:B PRELI16 
NUSU-NUA-MUO PRELll/ 
CAMA>|5./6.••(C3A«HA( .. PRELllb 
CAMa«(5./b. I*(G)B*HBI PRCLIM 
K(1S|-I.*CB/CA PRELI20 
K(I6I-1.»CA/CH PRELI21 
RII7».HA/MB PRELI22 
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A(in*(t./W. )*fHA**?l«H«HA/U.«ICI16l » 
AC12)--H«»NUNU/I (2,«RI*KI 1611 
»H ♦)•( .'H^HP I •l«llS)/»i(l6» I/12.»H*MB/(«.«K| 1611 
«« l*l-"B«*l 12 I/"» 
Allil»-«H/H*)»«U2» 

COUH»C*P;^»»2 

*0UM»tC*»C»PCBI«(R*«2I 
ACl6l«(F0UH-L0UHl/«3tm 
AI21)»<Hn»«2>/l2,»(■>./2*. I*(HB»«2)/M 15» 
AI22»«-«^,/6.»•(«Glfl/f^l'i l.-NUe*»2l> 
AI21I>IS./2*S|«IHA*HBI/KIISI 
AI2*) —» (5./5. I«MB/MA»«A( 12 J-A(22» 
Ann-iii./t2.i*iHA**2)i«(i.*%./(2.*K(i6)n 
A02l--IS./b. )•) IC)ft/Etl*( l.-NUA**2) I 
AI))I»UI15I/K(|M )«AI2)) 
»(^i'(s./l.'.i»(M*/m»K(iM »|-CAf*/CA 

Ai*n 
IC?) 
AIM) 
AI4«I 
AI4SI 

at in 
6112» 
Bl 1)1 
BUM 
BUM 

Al*l)-6l?tI 
*«S?I   •   AI22I 
At5ll   •   B(2)l 
A(*4I   •   B(24>) 
Al^M   ■   BI2M 

Ai4ii>A(m*Ai2n-A(iii*A(?i) 
A(«2I-AI14|*4I2)I-*Ill)«*l22l-AI2ll*All2i 
AI43I--AI12I*A(22I 
A(44i«A(lM*AI2)l-Allll*A(24l 
A(4%)«A|16I«4(21I-A(12»««I24I 
A(5U«A(^II**2-A()1>«*(21I 
At 521>-Al 111«A(22 I-A I 12 I«At 211 
AI9)I>-AI12I*AI22I 
AI)4I-AI2)I««I 1<.l-At )ll«A|24i 
A(S)I«-AI32I«AI24I 

GUI      -     Jill 
CD)     >     0121 
cm    >   ooi 
cm    -   oci 

Cm«AI51l«A|44.|.«(«l|«*|S4l 
Cm*A|Sll*A|'>SI»A|S2l«A|<.<>l-At42l«AI94l-AI41l*A|55l 
CIM*AtS2l*A|<,SI*A|S)l*«|4.4l-*(4l2l*A(^5l-A|4>1l«At«4l 
tl7)-AC>M»A(s'>)-»|<.3l»»ISSl 
Ct2l«0.0 
cm«ct2) 
tlfcl'CIM 
MITE    I9t)l L,C3A,G3B 
MITE    19,41 HA,MB,R,TEMP 
MITE   IV.51 iiop,&iioPi,iop-i,r) 
MITE    19,1) CA,CB,OA,0n 
MITE    19,61 CACH,CAPCe,:AHA,CAHH 
MITE   19,8) HA.Hf.f Ll-L.Hd 71 
MITE   19,T) 
Km-1. J 

M2l>0m/Cll) 
R(3l«GI5l/0t U 
R|4I«SI n/. 111 
H\)rp*\ i.«« i »i-« I,' )••;)/A. 

MHKP«t2.«IM2»»«3l-9,«Ut2)**l3»l*2r.*<t4n/2T. 
MUMP   ■ kHALL    A 
HRtP   >   SHALL   B 

«4TIÖ-H4/MB 

PRELI23 
PRELI24 
PRELI25 
PRELI2b 
PRELI?/ 
PRELI2lt 
PRELI2>* 
P»tlI iJ 

MELI31 
PRELI)2 
PRELI33 
PRI-LI34 
PRtL I )•> 
MELI36 
PRELI37 
PRf U J« 
PRELI39 
PRELI40 
PRELI41 
PXELI42 
PUFl I«.i 
PRELI44 
PRELI4<> 
rRELI46 
P«FL I«. / 
PSU ISM 

PRi L 14  » 
PRELI50 
MtLIM 
PRELI52 
PRKIS < 
PRELI54 
PRELIS5 
PREL I ^ 
PRELl-iT 
PRELISd 
PRCLIS9 
PRELI60 
PRtL Id 
PRELI62 
PPIL16» 
PRtL I'.'. 

PRELI66 
PRELI67W 
PRELI6HW 
PRELI69W 
PRELI/Ow 
PHIL I M - 
•Rfl I 72^ 
PRtLI73M 
PRt LI 74 
PRELI75 
PRtLl76 
PRELl77 
PRELI78 
PRELl79 
P^ELIBO 
PRELIdl 
PAELI82 
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oiscaMiNt^T.Lr, o 
oiscarMi-MNr.Eu.o 
OISCHIKI «kNT.OT.} 

MTMN 

IMPLIES   KLIP   •    ?,3i*t 
IMPLIES   JFOENERATE   CASE 

KLIP   -   1 M30IME0 

Mfun 
PRELIS^M 

OR   S   0EPEN01NC   Vi  RP«£LI8^ 

P«ELla6 
CLASSICAL   SULUTION   PR£LI8r 

MfLIII 
PRELId9 
PRELI90 
P1ELHI FORMAT   I tX.)HCA<Ei;.S. IX.IHCB-EU.S.IX. »HO« »E I i. S, U , IMOB-E I 2. 5/» 

fORMAT    i//l*,\HHi*f\0,),it, )HHB*F lO^.^X^HMA/HO-Fl^. ftS*, ilHJlSr.KP-i^L 192 
lIHINANr-Elb.r//) PRELI9) 

FORM»!   I^X.'.HUUI I2.2H|>EIS.7,4HC1B   El). 7/1 PKELI9'. 
i:<,<.M  H».M ).2.2«,<.H   H6>Fl0.2.2Xt2HH<FlO.?t2X(6H   TiMP-F 10. PR EL I 9% 

PRELI96 
I<I(?X.;HC(I7.2H)«£12.5)/)(?X,2HCI I2.2»!| »E 12.511 PRELI97 
i;xt^HCACn*E12.3.1X,6HCAPCB«cl2.%.lX,SHCAMA«E12.S.U,9H&AMBPKEL 1 ?d 

PRELI99 
PRELI 

FORMAT 
12/1 

F0RM4T 
FORMAT 

1-C12. V» 
FORMAT   (20H All I   ARE » 
FORMAT    If l?.4).? I^.S.H^.S.l ), IX, 7M   HA/HB>F12.9I 
ENO 
SUBROUTINE   MISC 
COMMON   0LT6MP 
COMMON TFMPtEA,eACtNUA,NUAC.EB.ERCtNUB.NUBC«HA(HB.R.ClAtr.lH.CA.CB. 

IDA.OB.H.CACB.CAPCO.NUNU.GAMA.GAMti.KUOi . Al SS I • Cl 7 I » HTIIO I. FN TOA, FN 
2T0P.f>0E('.00),LJAri,Ax(sjl tLCA02tENI6,7) , FNX A .FNXS . FMX A, FMXtf t FNX , FH 
SXiFNOA.FNOK.ACIl) >KL I P, ELLt JFL PH| 20 >«\/l 6 I • AL I I dl. MM. uMM, OJMW , 4Bt 0<« 
ABiOOMOtUDOWB.MA.JMA.MU.OMUfOUMU.OOUMUiTAUtOTAatMPJ»MWAt3MMAtMUAtOM 
5UA 

REAL   NUAlNUAC.NUPfNUBC.NUNU.K(L0AOl.L0AO2 
•0EI19»«CA«HA/I2.«:APC0I 
•0E(201-IHN/MAI*ROE I 191 
B0EI21t'll./RI*ICA*NUA»CB*NUB)/CAPCB 
BOE(22)«CB 
BOEI23l«*OEI22l*NüB/R 
80CI24»«IMB««2I»R0£I22)/12. 
B0EI25)>Hn/2. 
B0EI26l*R0Et22l/(R**2) 

KI1)-BÜEI19) 
Rffl'tOEIIOI 
RfSI>B0CI21l 
KIAI-BOEI22I 
RI»l-K(dl-80EI2)t       , 
K<6l«H0ei24| 
R|7)-BOEl2SI 
R(9I>B0EI2M 

AM(2«»>«CI?)*«2»AC())**2 
B0EI)7I>CAMA*0AMR 
BOEI3H)-noEn7)-|H/l2. »•nOEI2)l 
LOA02-OTI11I 
L0A01-0.0 

B0E(61)-e0Eil9)*n0E(22) 
B0EI62l>H0El20l«BuEI22t 
BOEI6)l*')OE(2ll«nuEI22l-nO£l2S» 
BOE(b4)>0OE l2<il»BOEI2%l«IBOE<22l«BOEI20l I 
B0EI6SI>R0n2SI*IB0E(22l*B0Et 19M 

PRELI 
PRELI 

• I 
2 
} 

4 
6 
7 
• 
9 

10 
11 
12 
1) 
I* 
15 
lb 
17 
1« 
19 
20 
21 
22 
2) 
2* 
2S 
2b 
27 
2« 
29 
30 
31 
32 
33 
3* 
35 
3b 
37 
38 
39 
40 
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•O€l66)>n0tl2*l*B0tl6YI. 4| 
•Of (.'r; .«ot i?n»nj£( I9i 42 
■OE(6a)>«OEI2)l«nOE<20) «) 
M>EI69l*^0EI26t-e0EI23)*t(0e(2n 44 
AMI 32I"IC*«AIU**CB*NUBI/K 45 
Anm)>CA*HA/2. 44 

AMIi5)>P**lH*HA|0CA/4. 4S 
AMn6l*0O«IH*HR|*C«/4. 49 

Anns>-4MMn«NUA/K 4i 

AIII)9I-C*MA*C*HB 52 
•H(«.?)-D*»<'.a/*. I »(HA««? ) 4j 
*«(*n .»M*»M« J»IC»/4. » 5^ 
•OEI8l)«A«(( »1I«NUA/« 55 
BOMH?)-*-»( I*) »N'Ji/a 56 

«MIS*I.»ri*^)-A-iMl»PDE(191 57 

4«(*M .4-«* »>-4'4( M) »"«Ut t ?0I 59 
*II|46»>0&C(«1)-4^()3I«BUEI2U 54 
AM|47)*0«l*ICA/4. l«MB«*2i 40 
4fl«*BI-ARll«l)-A'M )O*60E( 191 41 
AIII49)>«>'|4n-AMO4l*P0E(20) 42 
*HO0)-Ör.F ( a? )-A-( <<.! »»Of (.Ml 43 
BOEIb3l«IM/l2.»•(nOE(2?l«BOEI19l| 4^ 
•OeiB4l-C*i/12. l«(n0EI2?l«B0EI20M 45 
BOE(R%)-Am3<*M(H/l?. )*(eOE(22l*BOEI2ll-60EI21)l 44 
BOEl7U>**«| 33i-C*«B0EIWi 6; 
»OM r?) •»««(»*»-C««P HI ?01 fe8 

BUE( M|.C«»«NU*/«-flüe«?l I I 69 

BOE(74)>CA*riUf •RTm/4^T(23)/CAPCBI>Brm/(ta-1UA) 70 
BOEirs»--<:B«BOEI 19» 7l 

BOEIf6|.-CB»rtuF(?JI 72 
•OC«TT).C9*l*UB/9-e0e«2llI 7j 
BOfl1*! I ••«(*«. I .4-(«.fl» yt, 
»OE«92»«*^<*,»MAf(*9» 75 
aOEi93l-«M(46)»AM|50t 76 

77 
KETURN 78 
VUO 74- 
SMAOUTINK   TMCKH •••*•    1 
COHHON   0LfE«> VME**   2 
COMMON   TE^P.EA.EACtNUA.XUACtEBtEBCtNUB.NUBCtHA.HB.R.CSAtCIB.Ca.CBiTHEilH    3 

lOA,09,M,C*C8,tAPCB.MUSU,CAM4,CA»'3,M<.0ltM«),C« T »1 BT »30 ) , FN TOA , FN THtH «1   4» 
2TOB.aOEln>)0) t tOAOl .4MIS0 t .LJ402,ENI «>t ' ) t ENXA»FNXBtFKX4,FMXBt FN(, FHTHE4 1 t 
lK.FNOA,F-«3B.AC<1l,KLlP.cLL.JELPHI20l,V(bl««L( 1 8 I , WM, OwM.ODärf , WB .OKTHC HH 6 
*B,0J-e.0r*O««,N4. J-4.-U.L»-U,0jWU,DDD-ü,rAU,OT4U.KPj,W-4,b-WA,».U4,u-THt<M 7 

W* - THERM 8 
MEAL    NU4,TIU4C, •«>•«, NUBC, NU «AJ.R.L 0 401,10402 
Bflll    -   A1FMAJAI TMEAMIO 
Bfl2l   -   4«>MA(AC» THERMU 
■f«3l   -   »IPHAIBI TMERM12 
BTIO    .   «APHAIBCI TMfcRMIl 
BTC)    -   MTIA   -   NTOA THERMIC 
BUM    ■   i«rxa   ■   '«TOB TNERM1* 
•7(71    ■   «CBAR-AI    AT   t   •   -MA/2, THERMIb 
•TIRI    ■   rf<BAR-BI    4T   i   •    ♦Ht)/2. THE4M17 
B*«9»    •   fclBARI    •    -CAB-ei    -   M(BAR-A) TMCRMld 
BTIIOi   >   ALPHAIt.7) THERHIJ 
BTlii:    •   4LPHAI2,7I THERi2a 
•71121   >   MTXA 7HERM21 

THERM  «» 
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• Tim ■ *TIB TKFM22 
•T(l*» » EKP*NSION IN TM|CRNCS% OfRtCTION - A THc«K21 
•TCIM • EHP4NSIÜN IN IMJCKNESS OIRECTIOM - 8 THCÄK24 
BIU6»   •      »COlf HO   AXUL   THERMAL   AESULfANT   A 1<>(**J-> 
• Tlin • AIUL THERMAL RESULTANT ItOOIflEOI - B THEilK?6 
BTI18I • 8TU4I THE.1M2; 
IT(19I • 9TIISI THEAM?8 
iTI»l»ltA*MAI*«TfHP«8TUI I TMERH29 
• Tlfcl-IC^MBI'ITEf^-BTI?! I TMERH30 
• TITI»-eTI2)«(T=HP«MA/?. I»0LT€HP«<BTC2»*HA/8,I THERMU 
• TIB|-»TI«»»lTENP«M»?/2,)«OLTEMP*l9TI*»*MB/fl. » THERH12 
• TI^I-BTISI-BTin THERH31 
• TUO»-Hrii)/«R»(l,-NUAJ |-C*»BTI9>/«R»«2(-«OA/l2.»HAI)*IOLIEHP/{ft»TH£ÄNJ* 

l*2M«BTf2l THERMJS 
BTIlll-Bri6l/IR*ll.-NUBI I - I 08/«2. •MBM • I 0LTFN»/( R««2 ) »•8TI *l TME^MU 
BTIl2l-IT€NP«8Tm»«IEA»MA«»ll/ll2.*RMIE**MA»»1»*IOLTEMP»BT< ID/ITHeKMlT 

112.»M«! THEÄM38 
BTim»<TE«P*BT« J)|««EB»MB*«J)/ll2.«R»»IEB*Mfl»«J»«10LTfMP«aTI3n/ITHE^NJ9 

112.»MB» THERM*0 
BTIIO-OA«NUAI»« Te««P»BTl2) »/R THERH*1 
BTIl%l»ID9»NUB»»«TEFP»BTt*l )/R THERM42 
BTI t6t-BT IS)/(l.-\UA|-CA»INUA«eTI<»))/R-l01«OLTEMP/l2.*HAM»INUA»6TTHE<«1*5 

II2I/RI THERM*«, 
BTI m»Bri6l/ll.-'lUB)-IOB*OLTEMP/(2.*HBI I«! 1Wi«Bf I ♦l/«l THERM*1* 
BTI m-IOA«NUA/R)«(8TI2l«rEKP) THERM<>6 
BTII,»»«10B*NUB/R»«(MTJ4)»T£KPI THERM* ^ 
BTI20l-BT(16l*aTI171 THERMtd 
BTI2l»»IUA«IOLTe-»«MT(2)|/I2.«HA»)«INUA/RI THERM49 
BTI?2l>(OB*<0LrE^P«BT(«,n/l2.*H6l l*|NUB/R) THERMSO 
PPl««(2n««c>n THERM^l 
PPIO^AI )2l«AUn-A(I2l«A())l THERM52 
A0UM>|PP3/CAI*IBTI 1 •! «T I 1 1 ) ) THERM5) 
80U.M»IC**NUA»:8»NU9I/(CA»(R«:APCB» » THERMS* 
COUH>PPI*IBT(16t*ST| 17)1 THERMbS 
OOUM>BOUH«COIJM THERM)6 
E0UM«AOUM»Ol;UM THERMS7 
FOUM>C*«Hn/ICb*CAPCDI THERMStl 
60UH«|fJUM«|^./12,))•<PPl3»9Tli»/ll.-NUAI) THtRMbV 
NDUM-IS./|;. )«lHP*»P10/C«PCB)«nTI16 1 THERM60 
P0UM«EOUM-GUUfl»MÜIJM rHERM61 
00UM-IPP1 J/LC)»l»'Tn3»-flr llfl) I THERM52 
BOUMrPOUr^QuuM THEkM6 3 
BOEI«4l»(OUH/i;i7l THERM6* 
MITE 19.11 THERM6)ri 
WHITE    19,«.!    AOUH.BOUH.COUM.OOUM.EOUM.FOUH.GOUM.HOUn.POUM.RüUNiBOEiTHi: >Mb6M 

1491 THlRMbfM 
WRIT«   19.21 THCRHboW 
MRITE    19,31    I6TIII,1*1.301 THERM69M 
RETtTJN THE4H70 

TNERM71 
1   FORMAT   I1X.3)I<COMPONENTS   Of   B0EI49>   ARE /I                                       THERM72 
i   FOHK»r   I IX.ICH  BT   ARE         I THERM73 
3 FORMAT   llA.bE12.M THCRM7* 
4 FORMAT llXt<.cl».7| THEKM7S 

INO THE^M76- 
SUBROUTtNE fcKLIPl ••••• 1 
OIHcNSIOri JIPI11I EKLIP 2 
COMMON /SHEAK/ QA.QB.FQ EKLIP 3 
COMMO« ÜLTEMP EKLIP * 
COMMON   TEMP,EA.EAC.-4UA.NUAC.EB.CBC.NUB.Ni>BCilU,HB.R.C3A.C3B,CA.C8lEKL IP   •> 
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10A,0B,M,:«CB,C*PCniNUNUi&AM«,CA«<H,H(4,0lt A<^^).'".(7l,«T«101f 
?T0BiBOf 16001 .LO»0 1 ,»H(50) ,CÜAD?,tSI6, M,FNX4,FNXB,FMX*,F^ 
JX.FNOA.FNOB.ALC 11 *KL l^tELLtUCLPHI 20 11 Vltil t AL I M ), NX, t,k,W, 03 
4B,00MBtOü0wBiH*.OMA,MUtüMU,00MU,0OOaÜ. T au , p U j . wP j , M*A . ,>-- 
IM 

KEAL   MUA.NUAC .NUB t ^l8C i NUNU •■(. LOAD 1 . LOAO? 
KEAL   JIP 
»•^•Atl l»»ELL 
P5-A:i^»»£LL 
r6»ACni»?LL 
BOEI ll<A(4<.|*|ACIl)**1MA(<.b)*AC(n 
BOE(?I«A«<>I i • i»: i i   ••*i.ji*r)» iuc( M»»?I »ACII 

AMMU)     »   i'  ( 1 1 /H J(   I .M 
BOEISI'AHCSltAC^l ) .1-1 I I •»(-.■ I «Al*. J I 
B0EI*I'A*'(S.J*A(*1 (♦4M(?I»»«'.2) 
BOEIil»A^( J)»A)*<.l*«C(?l»Al<.^) 
B0E(6l«AP(<. I*A(<.<.|*AC()I*A('>SI 
60E<7l»«nf «i» »BOFC JI»«Dt(6l*eO£(M 
BDE«BI»ODF (6J»«JJt MJ-PJEl^l'POE«*» 
flöE(9|.90F( »»••?»MOE l<.|»»2 
BtU ( JC»        )•_ ( f l/HCtl^l 
•0fllll"e0EISI/B0e|4| 
AMI 7«.-ft(.-S)»4:(il">(>J)»(A{?ll»(«Cl !)••?<«*(??») 
AH(B)'A(?)I«(ACI1•••21 
BOEJ J?) 'A«M ;»/4H(H| 
AMI 111 •*( . I |*AM| 1 MAI22I 
AM(20I>A(21l*A^(?| 
AMmi*A|?<.)*ACm 
AM(2?l<AI^St*ACI » I 
Büf ( M) ""•( 19l*B0f (lOI-AxtPOI'DOEd l)-AM(?l) 
BOEI14)'A*|19l*nOctil l*Ail2J)*BOEI 1J)-AMI22) 
BOEIlSI>POEl I n/4 (,M) 
BOFI IM -f LF ( l«.i/AI?)) 
AMI9»»AMIll»«2«A»i(?»«»? 
AMUOI*Aw| li«dOE( 15l*AMi;i*B0E (161 
AM(1II>A»'I l)«bOEI tb)-AHl2l«B0ei IS I 
60E(17t«A^| 1 JI/AMI«*) 
60E(18I«AM|ii)/«-(») 
AMI 11I--R0EI 1 OTüf ( l?l»S0F<20)*AM|)0l-BOEI?ll/ACI 11 
BOEI?n«B0c I 19)»( A^(2l»B0e(l8»-AM| 11 ««DEI 17» I »BOE I 20 I •! AMI 1 

l0»-AMI2J»60el 11)>-a0£(2ll*AC(2l 
BOEI28 I«-ftOt( l^)•IA-(;I»lOM I fI♦AP(1)*B0EI1S 11»BOEI20)«|AM| 

lll)*Ari2l*ftÜFI 10M-»0EI2I l*ACI il 
B0E(2,»I«AM| 1 )«dOEI27|«AM(2l*ftOE(2al 
BOEI)Oi>AM|ll«B0El2ftl-AM|2)*BOEl27) 
AMIl*I»0DEIi'9l/A.,'l9l 
AMI15)>B0EI 1J) /«-( Jl 
•0EI)n«FXP|PSI*C0SIP6) 
B0EM2l«cXP|Pr))«SINIP6l 
B0EI)ll>exP|-PSI*C0S(P6l 
BOEI »*)«EXPI-*»S»«S|N(»6» 
Büf IM» -«Cl ll*(HA*B0E(12)-He*AMI)0» I 
B0EIS2)>-AUEI Ihi ••-A.ojfi | ! |..,d 
BOEI SI)'DOE I 1 /I*HA-BIJE(IUI*HB 

B0EIS4)«ACIt)*OOEIS2)*AC(2)*aOEI^)) 
BOEISSM«CI2)»OOEIS2)-AC( )l*aOEIS)l 
AM<12l>Br(2ü)/CAPCB-B0EI2l)*Br19) 

BOEI7OI>L0AO2«B0EI2))*Bn20)/CAPCB 

FNTOA.FNEKLIP   6 
b.FNX.F^tM !•»    1 
«WtM8fONE^LIP   8 
A.fcUA.OaEKLIP   9 

EULIPIO 
EKLIPll 
CKLIP12 
EKLIPli 
EKLIPI* 
EKLlPIS 
EKLfPl6 
EKLIP17 
EKLIPIb 
EKLIP19 
EKLIP20 
EKI.IP21 
EKLIP22 
EKLIP23 
ERLIP2«. 
EKLIP2S 
EKLIP26 
EKLIP27 
EKLlP2b 
EKL IP2 < 
EKLIPIC 
EKLIP U 
EKIIP)2 
EKt IP»J 
EKL1PK. 
EKLIPIB 
EM (P It 
EKLlPi/ 
E«tLIP3t) 
ERLIP19 
EHLIP*0 
EKIIP4I 
EKLIP42 
EM IP* > 
EM IP«.«. 

)»BOe( 1E«1 IP'.s 
EKL|P«.6 

1 )»BDEIEKL|P47 
EKLIPIb 
EKLIP49 
EKLIPSO 
EKLIPS1 
EKLIPS2 
EKLIPSi 
EKL1PS«. 
EKLIPSS 
EKLIPS6 
EKLIPS7 
EKL IPS* 
EKLIPS9 
EKLIP60 
EKLIPbl 
EKLIP62 
EKLIP65 
EKLIP6«. 
EKLlPbS 

• 
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BOC( 7BI'C4«BTI20l/C*oCB-eT(bl/n.-NUB) CKLIPbb 
00   I   1-1,6 EKLIP67 
Vill-O.O IKLIP60 
00   I   J'Xfl IKUPt* 
ENtI.J)«O.Q fKi\?r. 

1   CONTINUC EKLIPTl 
CMt I ,1 l^.l I I •«»"(<<. )»SDE < U»-»M(^SI*tH( )0) l**M(<.6) t M I P ^ 
{M( l.?l >- Nl 1. 1 I ?MIPM 

CN( l,3»»A^I'.<.)»«4C<?l»S0t (lT)-ACn»*BOE( LSI I «AMI*«! «I «CI il»BOE( I 11 End»»/'. 
|-iCI2)*lta*(l3M*AI*(«6l EKLIP7S 
ENIUtl'tlltMMACmMOEIimACm'BOEt lB)i-AH(«5l«(*Cm*6 0E(10IEKI.l(>76 

1*«C(?)*BUE( Uli tKllPU 
E*lllt9l"CHIL(3l EKUIP7H 
INIlt*l"-CNtlt^l iKlloi* 
ENUtll>ACI 1I«IB0E(12)««H(^R)-AH()0)««HI<I9IMAM(S0) Ml I P.» 

EN(2,2l«FNU.ll EKLIPul 
|llllt1l««N|«<l|«t-tCI>l«SOCIlS)«*CI2l*ltOEIl7l l»AMI44|*(*CI1l«IIOEIllEilLl^d2 

l»-ACJ?l*füEllJI»♦&"( SO» EKLlPd» 
E»U?i*l*A-|<,rt|»« ACm»flOEU7»»ACm»P0E( m»-ifM<.9m ACI 1)»8DEI lOIEMlPH*. 

l»ACI?»»8i1£lll >) EKLlPBi 
ENl ?,■)> TU., n EKLlPh6 
ENl?,6>>-r<4i;.<») EKHPB7 
EN< ).ll'i'3Eli<»)«AC(n-AH( )0)«(OOEIB<>)*( ACn)**2l*r.AKB)»80E( WI*(nOE<L|PRH 

lEiB)>*IACI 1>**2I*GA.'4A) EKLIP^ 
EHOt2)*-ENU,U EKHP90 
EN( J, J)»OOEloSJ"ACl?)-BOE (101 • ( CA^B^BOE ( i*.» • Af» I) ) ♦BU? < 11) •< BOE < e<.cKL I P1» I 

n*AM(2n*»0c;( l7|»<04MA»A^Cl»»BD£»Hjn-BJE(lrtl»lP0;(HJ»»Af-l<!)l t^LIPTZ 
EN( ).M'A:I »l»8DElfl,»l-BJ8nil*(OAfB*BDEtö<.>»A^i U I - 30F« I J I • ( HJE ( 8<.EKL I k»1» 1 

ll*AM(2n»QC-« I JI«(G4MA»AMJl|«60c(8 3) («BUE« I 7 I • ( BU? < b 3 I • AfM 2 ) ) ?t«.L I ►''»'• 
|HI1(%l«-:MO*SI EKLIP95 
fNlJ.61    »M^.M EKLIP^b 
|lll«(|l*CXP|l'V|«ENIltll EKLIP9 7 
EN»*f2l»E<P«->»<»»»cN( 1,2» EKUP98 
Em^tll^sNIlvllcPOEl in-!Mll««l*B0EII2l EKLIPO^ 
|llt«t%l>t1llt>>*P0EI12l*c«illi«l*IIUEIllt EKLIP 
EM<,5l«':,mo»»P0EJ JU-«Nt 1,* )«eOE(»«.l EKLIP 
EN(4>,b)«CMil*»>*PuC| }«l*iMl l,bl*BOb( Ml EKLlP 
EN|S,n«E«P(Pv»»Fit2,n EMIP 
EMWI'tXPl-PM»1*^^! EKLIP 
EM(S.))>ENI2, M*0(;F( tl 1 -tN( .'.«.I •inF( CI EKLIP 
EN(%,4|>ENI2, }l*«0E(i?l»tNI^.4t*Q0E(U) EKLIP 
E»ll5,M*t,M2,^l"PüE« 3?l-cN<2.bl»,*CEl U) EKLIP 
|M(S.6l'-Nt.',')>»«0Hi'.)»tNi;,6)»RUf(MI EKLIP 
EN(b,l)>tlP(P4>)*tNI t.l) EKLIP 
ENIb,2l*EIP(-P<>)*f'a )«2i EKLIP 
ENIb,)l>-MI I, )I«BDE< M l-END.« I«B0EI12I EKLIP 
ENIb,«l>£MI.)i*P0CI)2l«£>4ll.4l «BUEOD EKLIP 
fN(6.M >    ^1 It^l^lDEI ) 1) - r M I,-. I OOM Ul EKLIP 
EM 6.61 «'M »,bl«PJf I »<.)»tN(».6l»B0f(m EKLIP 

EKLIP 
ENII.7)«A*(ni«BTI?0l/CAPCB*B0EiBn*nr(O»BnitM-lHA/2.l*lbT(^l/llEKLIP 

l.-NUAn-"\T(l2»/l l,-*iUA»» (MA/2,|»HTIMI»A><(«.S»«BT:(*-»I EKLIP 
ENI2,7|.AiCi'.l»Bri2,5l/CA^C6»i)OEM2»»dT(M|»HTIt«<l-(M'»/2.l*«BH,i)/(lE^LtP 

U-HUAII-HTIIAI/I U-NUPI*IN|/2a » MTI22)*A.1ISgI«t0€l«4l EKLIP 
EN(1.TI>-EN(1I7I EKLIP 
ENI2(7|>-tN(2.7) EKLIP 
fNI»,n-LGA)l EKLIP 
INC. M-f-al I. M EKLIP 
ENI%.7l>rN(2.7l EKLIP 
€H(6,7|.»-H ». M EKLIP 
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WHITE 19.}l lef/f I II. I«l. 100) 
HRITF 19.41 
WRir( 19,4) ( *■( Jl . J-l ^01 
MRITC (9.101 
WRIU 19.»t ( IfSI I .Jl .J. 1 . M. I-I.6I 
CAlL   »M.if a*,VI 
WRITE 19,n ( I.VII ». l-l .6» 

ARIlZt^BTI^OI/ClPCK-eOf(?1I*B0C(49I 
PP1 .«r( ||*eLL/?. 
Mf«*CIII«CLL/2. 
^PB>«CI ll*fll/2. 
CAil   CMECKl   IW,»C.»»l.t^?.P^»l 
WRITE    19.71    I I.VI I l.l«l>6l 

ALill*-tn()JI*VIII 
«I ( ^1 •»►M Jl »vi^ i * 
«l Ml •- •    M I   - i •* I II-nm I 1 ll*VIO 
*l (* I -ftOt llii»vMI-«üFlin«Vl*l 
«KM'BOEIIOI «vc I   Hull 11 l*V(6l 
*LI6l<Bü( ( 1 1 t*vm«<>0EII0(*yl6l 
«LI7I>BÜEI1?I*VIII 
ALIBI'-BOE I l? I »^i .'l 
«ll9)>B0cI 1/)«Vl )l*BOfII8I*V(%I 
ALI tOI>-noEI 18MVI 1I*B0E I 17l*V<«l 
«LI II(•-BOEI1 7l*Vlil*B0Ell«l*VI6> 
«LIWI'-BOEI IBI'Vlil-BOEl 17I*V|6I 

Alini*«H( 1 »I'vl II 
«LI m*-«Mll 11 •¥! ;i 
«l(IM-»-ll<.i»vi1|.<-ilSi«v(*| 
«LllM'-«HU)|«y|)l*lMll4>l*VI«l 
«Ll|7l>-*«ll*l*VISI**Mltil*Vlbl 
«LllBI*-«NllSI*V|M-«M|l«l*y|6l 
WRITE    (9.«I 
WRITE    19.91    I Al M I ,( -1.181 

00   2   Kf-I,ll 
l-OELPHIKFI 
IF   IX.CT.ELLI   GO   TO 2 
n-*: i i i •« 

Pi'tHlft 

C«LL oiff in.pz.n) 

wwwi ii*t*nm**i?i»itn-m*tt*tn 
ICIM-UI«lvm*COSIt>l**lftl*Sli«IMII 

OMW>VI 1I*B0EI 101 I*VI;I*BC<EI lit l*VI )t 
IDEI>*ll*VI61*B0EI1MI 
OOWM>VIII*^JEI n;»*vi;i*BOEiiu)*vi) 

1B0EI I*.' I »VIM •■   M i iVi 
WB-«LIII*E(P«Pll *«li;i*cl»l-PU*(lFI 

|)»l*exri-»2l*l«ll)l*C0SI9il*«Ll6t«SI 
OWB>«Llll*aüEI 1 Jl I«AU;I «BDEl 1 II I«*L 

CRLIF 
fKLIF M 

fKLir M 
IRif» M 
tKttP M 

IKil» H 
EKLIF 
IKll» M 
(KLir 
EKLIR 
IKLIP 
f«.LIP 
IKLIR 
IKII» 
Kll* 
fKLI' M 
(Riir 
IKLIF 
IftlM 
fKLIP 
ERLIF 
fKLIF 
IKLIR 
(«LI» 
Mil» 
IKLIP 
MilP 
l«il» 
IKLIF 
HUP 
fKLIP 
KtIP 
iKilP 
mip 
IKLIP 
MilP 
mip 
KLIP H 
IKLIP « 
IRIIP 
KLIP 
l«l|P 
IKIIP 
imiF 
IKLIP 
IRUP 
IfttIP 
iCilP 
fKLI» 
IftllP 
(KLIP 

I«I/I1I*C0S(F)I*V|«|«SINIPJIl*EKLIP 
•B0EI49I                                                       EKLIP 
•BOEI 121 l*VI 4 1 ••(>£( lllt*VI5l*BEKl IP 

(KLIP 
l«BOEIIi7l«VI4l*IIOEII)2l*VI9t*EKLIP 

IKLIP 
P2l*l«LI3l*C0Smi*«L(4l*$l*IPrKL IP 
NIPltl                                                            IKLIP 
1 n«BDEilMI*«im*IOEimi*«iEKLIP 
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im«eOEU4ll**L(e>l*«OE(lSll EKLIP 
OOWB-ALI n*00EIIO2)**L(2l*B0E(ll?)*AL(3)*BOEIl2?)»All4l*BOEI DZMAEKLlC 

lLISI«ftOEU«2l«ALIb)*BnE( 1921 EXL IP 
OOONd'ALI ll«BOEI 10))**LI2I*B0EI 11 n»*U ))*nOEI W ? I ♦ »M * I •«lull l))t*EKLIP 

UL(SI*Bi)E( 14))*ALI6I*B0E( 13)1 EKLlP 
MA»Al( 7»»E«»»(PIMAL«M»»EXP{-Pl I »E XP ( P2 I • ( AL ( 4 I »COSI P3 ) »AL ( 10 I «S IN( EKC I P 

lPJII»£XPJ-P2»*«AUll»«C0S«Pl)«AUm»SI'MPJII EKLlP 
OWA-AL( n*BOE( UU^ALIBI •B0tail)«AL|4l*b0EI 12U*AL( 10>«eOE( |}l)*AEKLIP 

IL« II I'RO    ( l-.!) »»i I I.' I «"Jt  UM I EKLIP 
OOWA«AL( 7)*BüE t l02l**L(tf I^ACEU^MALI^I'BOEI 122t«AL( 10)*BÜE( l)2)«EKl.IP 

lALIlll*nüEll4i2>*AL(l2i*B0E(l32l EKLlP 
OOOWA>AL< M »Djf 1 U)>«AL(fi)«B0E(ll))*ALl9l*B0E( 12)l*AL(lOI*BDE(U))EKLiP 

l«ALIin«B0EIU3l«AL' 12l*f«0E(lS)l EKLlP 
EKLIP 

FNTWW«(I./AC( ni*(v(n*Exp(Pn-vi2i*EXP(-pn I*(EXP(P;I/AM(;<II IMVICKLIP 

l3l«|AC(2»*C0S(Pll*AC()»»SIN(PJ)l»V«<.)«(AC(?»»SIN(P)»-«Cm»C0S(P3)EKLIP 
2)l«IEXPI-P2l/AM(2<>ll*IVI9l*l-AC(}l*CCS(Pil*ACI3l*SIN(P)ll-Vlbl«(ACEKLlP 
l(2l*SINIPn*AC(3l*COMP)l M .flDf 1 vn •« EKLIP 

IF   UF.E'J.U   CALL   UCOM    ( FNTMM .CONS r . OI EKLIP 
MU--BOE« l9l«wA-eO£(20l«WP-BJE(2l I »F ■<?.**♦« BT ( 20 »/CAPCB ) »X «CONST EKL IP 
0«U»-BO£(19I»0XA-P0E(23» »OWR-POEI?!I«W«»OT(20»/CAPCO EKLIP 
OOWU»-B0CII<»»OOw*-Boe(20»«UÜrfB-BDEI?ll»ürtX EKLIP 
0OOXU«-8UEn9l»üODW»-[<DEI20»»0l)L»«»-:\öEI2l l»aü«M EKLIP 
TAU«LOAül-BJt «22)«üDwu-OOE t23»»OWM EKLIP 
OTAU*-nOE(22l*ünCwU-Bnc|2 3l*00HM EKLIP 
NPJ«L0AU2-AC>e(2^l*Lno^-8nE(25l«ürAU«BOEt23l*OWiMB0EI26l*WM EKLIP 
MUA«WU*HA*MA/<!.*He««B/2. EKLIP 
0MUA«0MU«HA*0WA/?.«MB*0M4/2. EKLIP 
0OWUA>00MU»MA*O0taA/2.*HB*0ühB/2. EKLIP 
CALL   RSLT    Id EKLIP 
CALL   PRIM    IXI EKLIP 

2  CONTINUE EKLIP 
RETURN EKLIP 

EKLIP 
EKLIP 

S FORMAT (IX,9H 60E ARE /IIOEI2.*n EKLIP 
4 FORMAT I 10!12.41 EKLIP 
5 FORMAT I70H ANIJi ARE I EKLIP 
»FORMAT IIX.fEll.M EKLIP 
T FORMAT l<l(IX,2HV(ll,2Hi«cl2.bl/2(lX.2HVI ll.2HI-EI2.5l) EKLIP 
• FORMAT UI.2CH ALII) ARE i EKLlP 
« FORMAT (6EI2.5I EKLIP 
10 FORMAT l2tH EN(l,JldT ROMS ARE  I EKLIP 

END EKLIP  • 
SUBROUTINE   EKLIP2 •••••   1 
DIMENSION   JIPIll ) EKLIP   2 
COMMON   /SHEAR/   OA.O^.FO EKLIP    3 
COMMON   OLTt.MP EKLIP   <» 
COMMON   TEMP.eAtE ACtNUA.NUACEBtE^CNUBtNUBCf MA.Hn.R.C3AlC3(l.CA.CH,£KL IP   S 

IOA,On,M,CACB.CAPC0tNUNUtüAH«,CA»a.K(«0>.A(SSI.C(ri.^TI30I.FNrOA,FNEKLIP   O 
2T0B,B0E(60 0I.L3A01.AH|SJI,LuA02.£NI6<7l,rNXA,FNXe.F^XA.FHtd.FNXlFMF<LlP    ' 
JXiFNOA,F*lOB.AC(3 I .KL I P. E L L>U£ L PHI /3 I . v ( b I . AL I I it I i MM. OrfW, UOMM , MB .0U( AL IP   b 
ABtOOwBtUOOWb»MAtUMA(MU«jMUtODMUtOOOMU^TAUtOfAUIW^J.MMA.UMMA.MUA.OMEKLIP   9 
5UA EKLIP10 

REAL   NUA.NUA:,NUBlNUBC.NUNU.K,LDA0liL0AO2 EKLIPU 
REAL   JIP EKLIP12 
P4-AC(II*CLL EKLIPIJ 
P4"ACI2l«FLL EKLIPIJ 
Pb>ACi3l*ELL EKLIPI3 
•OEI ll>AI44l*(AC I ||*MI-A|4SI*ACm EKL IP lb 

56 



AM()OI-BOmi/BOE 121 
• OM il-*WiS »•*(*! |.rt«l 11 ««(4? MAI «31 
eDM«.l>*-l(>l»Ä(*l l*Arl2l*«(%?| 
POf IM.*H( n»A|44)«ACI2l*AI<>)P 
8DflM«*-(*|.4(«.<.).»(. (  n •»( -.M 
B0EI7l>noEIS)*n0EI1)«^0EI6)«B0EI4) 
BOEI«)>nut(b)*eOEI»l-Büc(S)»«0t«4) 
so£m»BOEn)»»?*aof m««2 
•DEnOI"»<DE(/)/P0E(«»» 
•OCIIII'BOfItl/lOtl«! 
AMI n--A4 24>l*ACn l»tHnoi«IA(21»*(AC(ll**?l-A(22U 
»MM).«I ,M)«( ACI I »••21 
BOEII?)>A»l7l/AMiai 
AMI19I*AI2II«AMI 1 MAI22I 
AN|?0)-AI?1I«AM|2I 
AMI?n«AW<>|*ACI2l 
AMU?)-A(MI«AC()I 
BOf (I3>'AM(19I«90( IIOI-AM|20l«BCEIin-Ar'l?ll 
BOFIMI-AHlMMBOEdlMAM^OI^BUEI lü)-A.M22l 
BOEII5l>dOEI1))/A(21« 
B0E(lbl«B0Ell4l/A(?}| 
AMI9)-AHin**2»AR(2) ••2 
AMI 10) «AH( It «HOE I l!>l»AMI2l«BOEI 161 
AMI IIl-AMIll«B0Eil6>-AM|2)*eOEIlSI 
IOill7l*AMIlCI/AM|«| 
BOEII8)>A>MII)/A;'I9I 
AMIl)l<-ROE(19)«8 0Ffi2l«BOEI20l«AK| )0I-BOEI2 Ii/ACI 1) 
BOEI27)»BOtll9)*( 4H(2»«BUEI 18I-AH| n»n0£( 17» »♦Bi>£12C)* 

I0»-A»'.I2»»B0£« III »-^ntl2l l»AC«2) 
BOEI 281«-not I l^l*( AM(2I*><0EI 17>»AM( 11 »BOE I 18 ) I *BOE I 20 MIAMI 

111MAK|2)*RUE (13 1 I-"I)E<2 1 MACI )l 
BDM? >l «a-K lMBDE(2n*AM( 2MdOEI28l 
B0EI)C)>A<«ll)«BUEI24)-AMI2MB0cl27l 
AMI14MBOCi2BI/AM|4| 
AMI l%MS0SI)0l/AN|«| 
BOCDlMEXPIP^MCCSIPbl 
BOEI J2)-c<PlP51»SlNM6» 
BOEI33»»tXPI-P^MCOSIPe>» 
BDEI3A)«EXP(-PSMSr>4M6) 
BOEI 51 I-AC I 1 Ml MA »«DE I 12 )-MI»*A«I 301 ' 
BDE <i2> —30E« 13MMA»C0EI I 1 MH8 
B0£(S3MB0£a7MMA-BCf (1 JMH« 
B0EO<>MACI3l*d0£M2MACI2MA0EI5 3l 
BOEI5S)»AC«2l»ROEM2»-AC « 3) »BOEI S3» 
AMI12)>BTI20)/CAPCB-BOEI211*87 19» 

AM|3?I-ICA*NUA*CB*NUB»/K 
AMI3n«CA«HA/2. 
AM{3M-CA«H8/2. 
AMI 3<>»>i}A«|H*HA»*CA/4. 
AMI36l>0B*IH*HBI*CA/4. 
AMI WI-AHl 31MAHt )«) 
AMI )8»«AHI3M*NUA/R 
AMI39I«(;AMA*^AM6 
AMM2)-L>A»ICA/4. »•IHA**2i 
AMIAI>-IHA*HB)«(CA/4.I 
B0EI8i»-AM|})|*MUA/R 
B0FIH2l*AM|i4»**UA/R 

fKLIP17 
EKLIP18 
EULIPM 
CKLIP20 
IKLlBfl 
CKLIP22 
IHLIP2J 
IRLIP2« 
EHLff2S 
CKUP26 
EKLIP27 
EKLIP28 
fKLIP2V 
EKLIP30 
CKLIP31 
EKLIP32 
EKLIP3> 
ERLIP3« 
EKi.lP3b 
rKLlP36 
EKLIP3; 
EKLIP3t< 
EKLIP3^ 
EKLIP40 
ERUPM 
EKLIP42 
EKLIP'.S 
EKLIP4<i 

IAMI 1»*B0EI1EKLIP<>'> 
EHLIP4Ö 

1» »BOEI EM IP«. 7 
iKilMi 
|RtlM4 
EKLIPSO 
EKLIPSl 
EKLIPS2 
EKLIPS3 
EKLIPb« 
EKLIPSE 
CKLIPS6 
ERIIPS/ 
EKLIP1)« 
EKLIPS9 
EKLIP60 
EKIIP61 
EKLIP62 
EKLIP63 
EKLIPh« 
EKLIP6b 
EKllP6t> 
EKLIPbr 
EHtiP6rt 
EKLIP6^ 
EKLIPM 
EKLIP/l 
EKLIP72 
EKLIP7» 
EKLIP7«. 
EKLIP75 
EKLIP76 
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AHUM>*M(42l-AM(33l*eOE(19) 
AM <iS I ■«r'I «} i-AM mi «flOE I 201 
AHU6)-eOE(<tll-*Mnil*B3EI21> 
AMI4n>DR«ICA/4. |«(HH*«2I 
AM(«i(JI««f<l«i»)-»i( }4.|«*0Et 14) 
ANU^I'AMt^M-Am )<il*Hüc(20> 
AH(SO)«BOe(d2)-4M( )4.|*^0EI2U 
BDE(tt)l'(H/12. l*(ncr(22l*HOE( 191t 
eoEie4i-(H/u. i*(r«i)€(22i*BO£(2on 
BOE(e)l>AMO<n*(H/l2.l*IHOE(22l«aOE(2n-80E( 

00   I    1-1.6 
VIII-0.0 
00   1   J«1.7 
ENd.Jt-O.O 

I   CONTINUE 
ENIltl)>tC<n«(AMI4M*80E(12l-AM(4*)*AMnOI) 
EN(1.2)>C.3 
EM«l.3)»AM(4.*)»UC(?l»B06(17l-ACl3»»BOE( I«») 

l-AC(2»»B0e I 10) ."♦A'i(*6|       ' 
CNIltA»-AK|4.4)*UCOI*R0E(m*ACm«B0EllBM 

|*ACI>l*tOCIllll 
EN(1,S)-ENII.3) 
EN(lt6l--EM(l.4l 
ENI2,l).AC(ll»(6üE(l2)»AM(48)-AM(30)«AM|A9)I 
EN(2.2I>0.0 
EN(2«2)-ENI2tl) 
EN(2t))*AMUb)*(-ACI3)«BOEn8l«ACI2l*BOEtl?) 
l)-ACm*POE(lJ))*AMI!>0) 
EN(2t4l-AM|4dl«(«CI3)«80elin»ACI2)*B0E(l8n 
l«ACI?)«Br)EllI)) 
CNI2.5I>ENI2,3) 
ENt2t6l>-EN(2t4) 
EN(3.11-0.0 
EN(3,?l-BOE(8$)«ACin«BOEI12l«CBOEI83)*ACIl) 
1B4>*ACI1>**2-GAM8) 
EN I 3.31-COEI A))»AC 12 I-BOE(10)•ICAP8♦B0E(841 * 
ll»AM(?))*B0t( 17I«(GAMA»«M«1 )«BOMd3))-B0tl 13 
ENI3,4I-«C< ))«80El8S|-BaEllll*ICAHB«BOEIH4|« 
ll*AM(2n*BOE( lHI«(&AMA»*M(l,«flOt(H3))«BUEt 17 
EN(3«S)>-EN(3>3) 
ENI3»AI«ENI3t4) 
CNI4,ll-PN( I, ll»C-)S(P6) 
ENI4.2I«ENI1.1)*SIN(P6) 
ENI4,3)-EN(l.i)*00Eni)-ENI1.4l«B0EO2) 
EN(4.4|-EN( I, n*PDf ( 32)*t:NIU4)*BOEI31l 
ENI4.5l-ENIl,%)«nnE()3)-EN(lt6l*8DEI34l 
fN(4,6)-tNU,^)»Büfc(34l»£NJ l,6l»PDEt33) 
«.H5,ll-tNU, l)*C0SIP6l 
EN(St2)-EN(2.1l*SIN(Pfi) 
ENISt9t>EN(2,3l*B0E(31)-^NI2t4)«R0EI32l 
CNI»t4)-ENI2.3)*8UEI32)»eN(2.4)*RDE(3l) 
ENISt»l*tNC2t»)*B0E(33l-cN(2.6)*B3EI34) 
EN(S.6)«tN(2.5l«B0E(34l*EN(2tAI*80EI33) 
ENU,I»--£N( J,n*SIN(P6) 
EN(6t2l*cN(3«ll*C0S«P6l 
EN(6.3l»£N(3t3)*B0EI31)-ENI3*4)*BOEI32) 
ENI6t4l-EN(3f 3)*BüE(32)»ENI3t4l«nuE(3U 
EN(6.;)>ENIi.^)«SDEI13)-tN(3,6)*B0t(34) 
ENt6.6)-EN(3.S)«B0EI)4)*cNI li*)*eOE(33) 

EKLIP77 
ERUPT« 
EKLIP™ 
EKLIP80 
EKLIP81 
EKLIP82 
IftilMl 
EKLIP44 
IKIIMS 

23)) EKLIP86 
miMf 
EKLIPdB 
EKLIP89 
EKLIP90 
fiKLIP91 
EKLIP92 

♦AM(46) EKLIP93 
EKLIP94 

«AM(49)*(AC(3t*B0E(lllEKLlP9» 
EKLIP9e 

-AM(4t|«|ACI3l*60Ell0l€KLlP9 7 
EKLIP9M 
EKLIP99 
EKLIP 

«AM(90I EKLIP 
EKLIP 
EKLIP 

I«AMI49I*(AC(1)*OOE(11EKLIP 
EKLIP 

-AH49)»(ACI3)«BOEnOIEM.IP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 

••2-CANA)-»M(3ul««BDEiEKLIP 
EKLIP 

AM|lll«BDEIin«(BDE(84EKLIP 
l«»B0£)i*J)»AfM2) ) EKLIP 
A*mi>RüE(lC)«IB0EI64EKLIP 
l»IBOE(»3)»AM(2)I EKLIP 

EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
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iN(l.7)-*Mmi*BT(20l/CAf>CB*6OEmi«0rm*M(m-(HA/2.l*IBTI« 
l.-NUAM-0Tim/(l.-NUAI*|HA/2. I «PT I 211 *AM( 4h I »flOE I «41 
lMI2,7l'4M(l<.t»pi (20l/CAPCR*ROEI82) •öT(9l««n l9l-(M(V/2. I'tBtl 5 

l.-NUA)l-PTini/( l.-NUP)*IHB/2. I «BT I 22 > • AH| ^0 I «SOE« «i«)! 
eNiil7)>-ENn.n 
IN(2t7|--EN(2,7l 
ENtS.n-LOAÜl 
EN(4,7)-EN(lt?> 
ENI5,7I-EN(2.7) 
CNl6,7)>EN().n 

WRITE Iftll (BOEd), t'1,1001 
WRITS (9,51 
WRITE (9.«I lAMIJI.J-l.SOl 
WRITE (9.121 
WRITE (9,6) t(EMI I,J1,J«1,7),1-1.61 
CAUL   FINGLE (EN.VI 
WRITT (9.71 (I.V(Il«l>1.6i 

AH(12l-Bn20l/CAPCB-BOE(2n*bOE(49l 
PPl-AC(l»*ELL/2. 
PP2>AC(2l*ELL/2. 
PP1»AC(3I*£LL/2, 
CALL CHECK2 (V,AC,PPI,PP2.PPJI 
WRITE (9.71 (I.vm.1-1.6) 

ALlt)> 
AL(21« 
ALID- 
ALI«)' 
ALDI* 
ALI6)< 
ALITl« 
ALIA)« 
ALI 71 = 
ALIHI 
ALI9)> 
ALI 10) 
ALI U) 
ALI 12) 

WRITE 
WRITE 

AMIi01»V(l) 
Avn.i«vi2i 
B0c(ia)»V(3)-80E(ll)»V(«l 
BüK 11 l«W( 1>-^UF( 101«V(<. I 
BÜC(IC)»V1'>)-«C£(U)«V(6) 
Buei ll)«V(S)«(,UE( 10)«VI6) 
-0ri=(l2l»V( l ) 
B0F.(12)»V(:) 
Bl)E(l2)*V| 1 ) 
-BJEU2)*V(2I 
OOE(17|*VI ))*BUE(ia)*V(<>l 

B0£(l'Jl»V( 31 »COt ( 17I«V(«) 
«0E( l7)«V(*l»PCJ(l8)»V(ti) 
OüEUei-vm-BDE l 17)«V(fel 

(9,81 
(9.91 (AL(II.1*1.1?) 

TO 2 

00 2 KF-l.ll 
I-DELPM(KF) 
IF (X.CT.ELL) GO 
P1-AC(1)*X 
P2-ACm«X 
P}-AC(JI»X 

CALL OIFF (P1.P2.P)I 

WW«Vll)«C0S(Pn*V(2l«SIN(Pll*EXP(P2l*(V( 1I*C3SIP)I*V(«|«SIN(P1) 
lxp(-p:)»(v(i)»cos(P3)^v(t>)«siN(Pn )»flüE(*9i 
OWM>tf(l)*R0E( 181)»V(2)*^0E(1I)I ) • V (11 «HOS 112 t l*Vl<.l»nDMllll*v(S 

EKLIP 
I/(1EKL|P 

CHLIP 
)/(lEKLlP 

EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EUIP 
EKLIP 
EKLIP 

MEEKLIP 

EKLIP 
l*OE«alP 

M 
M 
M 
W 
W 
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IOCIlMI*V(*l*8Df (1*1) IKll^ 
OOMtf-Vlll*BC:il82t*VI2l«HOeil«2l*VC9l*BOEIl22l*V(«i*BOeil)2)*VI«i*CKLlr 

ltOCn«2l*V(6l«80(ll*2l f*llP 
M0-Ai.m*cosmt»4Lm«&iNiPn*ciMP2i*mm*cosmi*«i<«)«sii«mEKLi» 

in*EKPI-PII«l*L(*i*C0SIPil**Ll6l*SIS<r)ll (KLIP 
0W««ftL(ll*aaEllSll*«LI2l*S0EU9ll*ALI3l*n0EI 12U*«Ll«i«S0Elt)n*UERLir 

1(91«BOtI lM»»«U6>«i0f I 1M1 ERLIf 
OOliB>«LCll«l>UEll(i;i*ALI7l*aüEll4?l*ALI)l*60E(l22l**L(«l*BO£ll32)«AEKLiP 

ILI5l«K0£l|«2l**Llbl*B0EI 1^2» EKLIP 
OOOMB-ALI tl«BüE< Mil .*Lt ?t»60E(l'»n»»L« »l»BOf ( Uil»*L(4l»80f I 1))I*EKLIP 

IAL(SI*BUEI lAII*ALI6l*nOE«lt)l EKLlP 
w*-«Liri»cos(Pii»»im»siN( p. i»f xp(p?i»t »L(«>i»cos(f n»Aii io»»$rN(Pf»Lip 

ISIt*ElPl-P2l*(*L(lll*C3il»ll*ALII2>*SIMIP)ll £Kll(» 
OK*«»LI 7l»Büf 11*41 MALI 81 •BJEIIVI I ««U <> I •HOEI 121 I »»LI lOI»BOtC 1I1MAEKLIP 

tl(tll*BOEI 1^1 I**LU2I«^0EI1%1 I EKLIP 
OÜW4-ALI n*BU£<lH2l*AL<rii*aOEI 192 I *AL I 91«BOEI 122i«AL(101«BUE1112l*EKLIP 

IALIlU«0OE(l«2l*AL«12l*AüEI 1)21 ERUP 
OOOMA>ALI n«Bi)EnH1l*ALIttl*IIUE«l4)l*AL(9l*K0EI 12 Jl »Alt 10I*B0E 11)11 EKL IP 

I«ALII1I*B0E<1«>3I»AL( 12>*B0E(1*)I EKLIP 
EKLIP 

rNTMW>ll./*Cllll*(Vin«SINIPll-tfl2)*C3SIPll|*(EIP(P2l/AMI2«n*(VI}£KLlP 
II*UCI2I*C0SIP1I*ACI)I*SINIP)Il*VI«l«IAC(2l*SINIP}|-ACIit•CJStP)IICKLIP 
2l*lElPI-P2l/AMI2«M*IVI'>l*l-ACI2l*CJ$IPtl*AC(1l*SIN(P)l l-Vt6>*(AC(EKLIP 
92I*SIN|PII*AC«))*C0$(P1I ( )*nüEI<>9l*X 
If   UF.EO.ll   CALL   UCOFF    I FNTriM .CONST , 0 i 
MU--BOEI 19l*WA-BOFI20l*wg-B0EI2U«F'irMK*(nri 20I/CAPCBI*I*C0NST 
OWU--BOEI 19l*wkiA-POEI2Ji«OMf<-auEI21 I «W^BM 2ö)/CAPCB 
ODMU«-BJe I l-tlCDOMA-AOf l20)«UDM6-Büc(2l>«OM« 
OO0WU--B0E1141»OUOMA-OdCI 20 I«DUCwP-ROEt 2 Il*aONN 
f AU-L OADI -BOE 122 I •mwU-PüE I ? 11 ••*•( 
0TAU--B0E < 221 •OOOMIf-nOE (211 •uO«* 
Mrj>LOAJ2>BOE(2M«0:)UMH-BO£l?%>*OTAU»ltOEI2)>*OMU*ROEI26l«MM 
WHITE   19,101   ttB.OxB.OOwd.OOOMB^uA.OMA.OUitA.OUOMA 
MUA««U*HA*Mt/2.*HB*WB/2. 
OMUA«OMU«HA*üWA/2.*HH*0HB/2. 

OOwUA«OOMU*><A*OOtiA/7.*He*00WB/2. 
MRITc    19,11)    MU,OHU,OOWUfMUA,OMUA,OUMUA 
CALL   KSLT   Ml 
CALL   PRINT   III 

1   CONTINUE 
RETURN 

EM.IP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 

S  FORMAT   I1X.9H   BOE   ARE   /I10E12.9II 
4  PORNAT   (I0ei2.il 
%  FORMAT   I20M     AMIJI   A*E I 
A   FORMAT   IIK.TEll.*! 
7  FORMAT   miA.2HV( II,2MI>E12.*I/2I1I.2HVI ll.2H|«E12.5)l 
•   FORMAT   (1X,2JH   AL(II   ARE I 
9  FORMAT   (fcEl2.5l 

10 FORMAT (/ll,2*H BEIA(BIOERIVATIVES /EI2.«. II,Et2.).1X.E12.5,1EKLIP 
U.E12.)/1(,2CH RcTAIAI D£'(IVAritfCS/U,El2.*,ll,£12.*.lI.E12.*.lX.cEKLIP 
2l7.i//l EKLIP 

11 FORMAT lllf^OH UIBI OfRIVATIVES /II,E12.4. II,E12.*,11,E12.«/IX.2EKLIP 
IONUIAI   ütP.IVAIIVES /lX,£12.»,ll,kl2.S,lX.<12.4//l EKLIP 

12 FORMAT I21H ENII,jmr R04S ARE I EKLIP 
END EKLIP 
SUSROUTINE £KLIPA ••••• 
OIHcNriON JIPIllI EKLIP 
COMMON   OLTEMP                                                                                                                                          EKLIP 
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COMMON rEMP,e«,6*C,NU«,NU»C,E8,£BC,NUB,VUBC,M»,M^,R 
lOA,09,M,C*:tt,C*PC9,NUNU,r,AH4,CAM8,K(*OI,4(SSI,CI f\, 
2r08>n0EI600»>L0AJl,«M|)3I.L0«O2,ENI6,7ltfNXA,FNXH,F 
SXtF'OAfFNOB.ACm tRUPtELL.OELPHIZOI tV(6l**Lll8I.Mi< 
4a»0OMB*0O0H8*M*»0MA.MUtOMUt0üMUi00OKUfTAUtOTAUtriPJ« 
MM 

MAL   NU*,HU4C,NUB,Ni)BC,Ni»NU,R,L0*0l ,L0AO2 
•0Em-A(^i*iAcm**mA(4>^)«Acm 
•0EI2)>A(4l>«|ACIl)«««l«AI^2l*IACIl)«*2l«A(«SI 
•0Em-B0E(il/B0EI2l 

B0EI*»-*(4*I»(AC(?I*»1I 
B0E($)«A(«l)«(ACI2l**<il 
B0El6>>BCEI*)/BnE()> 

•AU5)*ACI2I 
-AI42I«(ACI2)**2I«A(4J| 

B0fl7»-»(4V(»(«Cm«»3>-A(4M«4CU» 
B0Ei8l-A(4ll*IAC())**4)-A|4r2)*(AC(3l««2)»A(4)l 
•OEm-Boei M/BD618> 

BOE(lO»-BOEni»tA(21 l«UCIl»««21»AI22)I-A(2«l*AC( II 
•0E(in««i21>*IAC(l>««2) 
■OE(12l-nOEIlö)/BUEIlll 

AI22n-AI24i«AC(2) 

•AI22n-A(24.»»ACI3» 

•0EII3)>B0E(6I*IA(21I«IAC(2I**2>- 
80EII4)>A(23I«IACI2I*«2I 
•0Ell»)-BOEIlil/£0E(l4l 

•OE«16)>0OEI9t«IAI21l«(ACm"2)' 
•0EI17)>AI21I«IAC()I««2) 
•0E(t8)>B0E(l6l/<«0E( 171 
^•AC(1I*ELL 
»WCI2I*SLL 
Pfr-*CI3»»eLL 

ENUtII*(AMI44l«BOE(12)-AMU»l*80E()ll»ACIll*AN|4frl 
MNIftl'CHItvtl 
IN(l.'<)-|AM|4<i)»e0E(l9l-AMUS)*80E(6)l*ACI2l»An(46l 
INIltMO.O 
CNIlt9l>IAM(4«|«80EllSI-An(«9)*80EI4)l*ACISMAN|44l 
tNll»6)-0.0 
ENJ*,l»-rN« l,l>»f ««•«P4> 
INI*,2»»E,««lt2»*PXP(-P4> 
ENU,1)*eNll,l)*C0SIMI 
CNI«.4)-ENI1»3I*SIN(^I 
CNU,9)>£NI1.»I*C3SIP6I 
ENi^.bJ-EHIl.M'SINCPb» 

lNI2»n>IAni4»|«BOEI12l-AM|4«t«80E(3)»*ACni*AMC90» 
|Mtttl*f*N<t&l 
fNI2i3)*(AM|4ltl*80Ell5l-AMI4«|*n0E(6)l«ACI2l*AMC50l 
ENI2.4I-0.0 
EN(2.9)>tAMI48l*B0Eliei-AMt49l*00E(9|>*ACf3l«AMIS0l 
|Nt2t6)>0.0 
EH(5,l»-eN»2,l)»PlPlF*» 
iNI9.2l«eNI2*2l*EIP(-M» 
ENI)»3)«eN(2*3)*C0SIP5l 
ENI5,4l«E<«t2.3l«StNir9l 
EN« 5, •>»-EM« 2. i I «COS« 06» 
fN(»»4)-EN(2t>)*SlNIP4l 

,r,U>r,J8.CA.CB,EKI.IP 4 
Sr(30l.l-NrOA,FNEKLlP i 
MXA.fMXdtFNXtFMEKLIP 6 
tOUM.OONM,MB.OxEKtIP 7 
MMAtOHWA(MUAtOli6KLlP 8 

EKLIP 9 
EKLIPIO 
EKLIPU 
EKL1P12 
EKLIP13 
EKLIPl« 
EKLIPI» 
EKLIP16 
EKLIPt7 
EKLIPI8 
EKLIP19 
ERLIP20 
EKLIP21 
ERLIP22 
EKLIP23 
EKLIP2<> 
EKLIP2» 
EKLIP26 
EKUP27 
EKLIP28 
EKLIP24 
EKLIPiO 
EKLIP31 
EKLIP32 
EKLIP33 
EKLIP34 
EKLIP3^ 
EKLIP36 
EKLIP3/ 
EKLIP38 
EKLIP34 
EKLIP40 
EKLIP«I 
MLIMI 
ERLIP4I 
EKLIP44 
EIILIP4S 
EKLIP46 
EKLIP47 
EKLIP*« 
EKLIP44 
EKLIP50 
EKLIPSl 
EKLIP52 
EKLIP%3 
EKLIPS4 
EICLIP5S 
EKL|P»6 
EKLIPS7 
EKLIP58 
EKLIPS9 
EKLIP60 
EIILIP6I 
EKLIP62 
ERLIP43 
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EKLIP6* 
eN().ll-POE(a*l«*Citl-nOEm*(BUEI84>)*UCn »••?t*CANBI*S0E(l2l*(BUEKLIP6S 
IEiaj)«(*Lt U*»2»»C»M») EKLIPb6 
fN()t2l*f:N(),l) EKLIP67 
EN().)I«3.0 EKIIPbo 
EN()t'>)>0UElH'>l**CI?l-euE(6)*IBOEIS«)*(AC(2l**2t*CAMR)«B0E( 1 M*l BbEM. I Pb9 

|E(a))*l«CI2l**2l*CA*'AI EKLIP70 
CNn.M'O.O EKLIP71 
fNI)t6l>n0Em)*ACm**t0EllB)Mn0EI<O)*UCm*«2»-CA<U>-B0EI,n*(BüEKL|t>r2 

IE «8«. »«(AC (»)••?(-&*HO» 
fN(6,lI'CNJl.l)»exP(P*l 
|N(6.2)«fN(>,2»«'-xPt-P<.l 
|N«5,>l<i-FNlS,*.)«SIN(P5) 
EN(6.4l>bN( }.«I*CCS(PM 
lN(6t5S«-EN().6l*^mP6l 
INI6,6l«EN()t6l*COS(Pbl 

WRITE 19,21 (BOEin.l>l.20) 
MITE (9,)) 
WRITE 19,4) ((EN(l.jl.J.l,Tf,I-l.6» 
CALL BINGO UN,VI 
WRITE «9.5) II,VI11.1-1,6) 
AMI12)>eTI2C)/CAPCB-BDE(2l)*B0E(49) 
Ml«ACm*ELL/2. 
rP2-AC(2)*ELL/2, 
»P)-AC()l*ELL/2. 
CALL CHtCK<. IV,ä:,PPI,PP2,PPJI 
WRITE (9,5) II,V(I).1-1.6) 

ALU)—BCEID'VU) 
AL(2)-Bl)((>)«4l2» 
AII3)-6UEI6I*VI3) 
ALI*I--^DM61»V(*1 
ALl5)«Buf I9l*viti) 
AL(6)>-B0E«9|*VI5) 

AL(7)>BOE(12)«V(n 
ALIU)—BOE(l2)«VI2) 
ALI9I—B0E(15I«VI }) 
ALnO)>BOEI t5)*V|4) 
AL(in*-60E(lb)*Vlb) 
ALIl2l-BuEIUI«VI5) 
WRITE (9,6) 
WRITE (9.7) ULIII,1-1,121 

60   I RF-I.lt 
I-OELPMIKf) 
Pl-ACIll*« 
P2-ACI2I*! 
PJ-ACUl*» 

EKLIP7J 
CKLIP7«. 
EKLIPT5 
EKLIP76 
EKLIP77 
EKLIPTS 
EKLIP79 
EKLIPUO 
EKLIPdlW 
EKLlPB^W 
EKLIPHI- 
EKLIPb<> 
EKLIP85ri 
EKLIP16 
EKLIP87 
EKLIPBb 
EKLIPnV 
EKLIP40 
EKI tP-«lw 
EKLIP9? 
ERHP9J 
EKLIP«*«, 
EKLIP9S 
EKLIP^b 
EKLIP^7 
EKLIP9» 
EKLIP99 
EKLIP 
EKLIP 
EULIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 

w 
N 

EKLIP 
WW«V(II*EXPIPII»VI2)*EIP(-PI)»V())*COS(P2UV(4I«SIN(P2I*V(»)*COS(PEKLIP 
lJ)«V(6)«StMP)l*R0EI«9) EKLIP 
OWW*V(l)«MO£l 101 l*VI2l*B0E( im»vm*B0EI20n»VIO*B0E(21l)*VI5)*e£Kl.|P 
IOE(22n*VI6l*HOEI21l) EKLIP 
OOWM«Vlll«B0b(lC2)*VI2)*nOEIU2)*VI ))«BOE( 202 )«V(4| •BOE( 212) ♦V« 5 )*EKL IP 
lBOE(222)*ylol*BOEI232l EKLIP 
Wa-AL(ll«eXPIPVI*AL(2)*EXP(-Pl>«AL())*CJS(P2)»AL(4i|*S(M(P2)*AL(Sl*EKLIP 
1C0S(P3I*AL(«»I*SIMPM EKLIP 
OKB-Al(I)«BOE1101 I *AL I 2 I«BOE U11) *AL())•BOEI 201)* AL(4)«BOE t 2 III ♦AL f K L|P 
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' 

00MB>»Lin*BOE(lO?l*AL(2)*e0Elll?l««L()>*BOE(2O2)*AlUI*BO£(212l*AEKLll> 
lH5»»eOt«??2»»&L«h)»POE«2 »21 EM.IP 

DOOwfl-AM l) «üüE( lO)UALI?l«ROE(U)l*ALi 11 •BOF I 2011 * AL I 4 | «BUE ( ?1 > I *E KL I P 
lAL(SI*e0E(221l*ALI6l*B0E(23)1 (KLIP 

IftllP 
W»«ALUI«EXP«Pn*AH8)»C<P«-l>ll*ALI<J|»C0S«P2UALI 10 I »S IM P2 » ♦ AU UEKL I P 

n»cos(Pu»Am2) •siNiPH ERLIP 

OWA«ALiri*BDE(lOll*MIAI *BDi(Ull*ALI<>l*B0EI20n*Al • 10)*B0E(211I*AE<(L|P 
lLllU*ODLI221)*ALIl?l*0üt:l2UI EKLIP 
0OWA-A(.l7l*nOt(lO2l»AL(HI«0üE( It 2 I * AL I <> I «BOE I 202 I *AL I 10 I »BüE I 212 ) *EKL I P 

Uiltll*tOCI<t2t«*tlttl*tOCI2SII EKLIP 
OODWA-AM 7I»PJ?«10)1*AL(a)*R0Ellll>*ALI9l*BOEI2O1l*AL(131«BDE ( 2 11)EKLIP 

1«ALI 1II*RUEI221MAL( 1 2 > * i}OE ( 2 11 > EKLIP 
EKLIP 

FNTMW»IVIll«tXP(Pn-V(2l««:.XPl-Pm/ACIH»lVI 1I»C0S|P2)-V(*J»SI|NIP2EKLIP 
in/ACI2»»IVJSI»SlN(Pn-V(6l»C0S("»JI>/4CIII*flUEI<»«)l»t 
IF   IKF.EO.l)   CALL   UCCFF   (FNIWN.COWST,0 I 
>IU"-BOE( l<»t»WA-DD£(20l«WB-6CE( 2 l» »f NT^d» « BT ( ?0 J/C APCE ) •X*CoSST 
OWU»-BOE« l9»*uwA-RO£l20l»OKl!-BOtUll«ww«rtTJ20l/CAPC4 
DOWU«-BDk(l -•••OOV<4-MO£l20l»CJwB-f»DH2l)«U»<W 
OOOMU--BOEI m«COOv.A-60E I20I»00PW6-B0EI21)*ÜÜ<«« 
TAU»LOAül-Bl)E 122 ) •Onk.U-'UEI £ i I »L««* 
OTAU»-BOt 12^1 •OOÜwi'-B0£(2)l«0i>«w 
WPJ»LCAC2-flüt(2*»•OOUKB-eOE(2^l*OTAU»BDE«21J«Owu»BCE(26l»W« 
CALL   »Si r    IX) 
CALL   PRINT    (XI 
IF   (X.E0.<V^SIELL/2.n 

|   CONTISUt 
HETUPN 

CALL   VINS3N   (X,EA,FB,HA,HB,CJA,C»B,F.'iXB» 

/(lOE12.Sn 
Ml 

i FORMAT 
1 FORMAT 
♦   FORMAT 
5 FORMAT 
6 FORMAT 
7 FORXAT 

END 
SUBRDUTIMf EKLIPS 
OlfENSIJW JlPflll 
COMMON OLTtMP 
COMMON   TEMP.EA.EACNUA.WUAC.EB, 

» 
IIX(«)HBOE    ARE 
I IX,;DM   EN(I,Jl 
I IX, rCIU4l 
|4|t«t2HVIIlfSN|«ei2#«|/t<U*tMVCIIttMl>tlt«ftl 
(IX,2}H ALI I I ARE I 
1*CI2«»I 

EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLI» 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLC» 
EKLI» 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
• •••• 
EKIIP 
EKLJ" 

= BC , SUB , N'JBC. W A, MB , R, Cl A, d Ü. C A , C P . F "^ L I «» 
10A,l)B,M,CA:B,CAPCC.,'IUMJ.l<AMA,CAMB,M<O) .A( %*> I ,C( TI.CK K) .^NTOA.F .EKLl» 
2T0B,!\DE (600» tLOAUl »AMIStf I »iwAMtf W*« M , FNx A , F'UB, Fr X A, K» «a. F ^« , FMCUL (P 
3XirN0A.FVwB,AC(ll ,KLlP.£LL,i;ELPM(?OI ,V(bl . At ( I rt I , MM. ÜMM , C JMN , nt), ONC<L IP 
4Bt03WB,ÜÜ0Mä,*A,CMA,liUlv>kiU,OJMU,0JC«'U, r.>U«UT AJ,MPJt^MA,ÜMMA,MOAtÜMCli.L IP 
5UA EKLIP 

REAC   NUA.'illACSiJB.NUBC.NU'fll.K.L: AOl,l.0A32 EKLIPIO 
BDE (1)'\(<I4>I«(ACI1I**')I*A(<>'>)«AC(1I EKLIPU 
BDE ( ?1 «iCl l«(AC(ll**<>l*A(<i;i*(AC(II**2l*A(M| EKLIP12 
BOEI )l>BOE I U/Bl)EI2l EKLlPli 

BOE(*i'A(<.<.»»it:i :)*M)»A(<.SI«A<: m EKLIPIS 

BOE (SI «»Ci |»(ä: i2)**<>l*A(<.2l*(AC(^)**2)*AI<itl EKLI016 
BOEIb)>BOEIM/(>0£|SI EKLIP17 

EKLIPM 
BDE I 7 »»*(<•<. I» (A: IH»»1|-A(«.S1»*C(»I Em |P| I 

BOEIB)«A(<>i)*(iC( M**«|«AU<l*l«ClSI**tMAI4tl HttPit 
B0EI,4)>B3EI 7)/BDE (B) EKLIP2I 

EKLIP22 

63 



•octiofBOEm*umi*ucm"2i*Ai22ii-*mi*u:m 
ftDe(m«*<Mi«(«cui"2i 
BOE« l?»':OEIlOI/BOElm 

BOE«n»-«UEI6)»l*«?l )«UC12l*»2>»A«22n-»t?*)»ACI2l 
•OEIUI>A(?l»*IAC(2l«*2> 
ftO(mi>BOE(m/BOEI l*» 

BPE(l6)-BOEH»*(*(?n*(»Ct)l*«2»-At?2n-».«.2*l»ACO» 
•G'E (1 n •* < 2 iI • UC ( 3) ••21 
80E( IBJ-oOttl6)/fD£l 17) 
P*«AC(n*ELL 

^6-A:I)I*ELL 

ENIl 
ENU 
ENIl 
EN(1 
ENIl 
ENU 
ENU 
EN(4 
ENI* 
ENI« 
EN(* 
EN(4 

Mill 
ENI2 
ENI2 
CN(2 
ENI2 
ENI2 
EN4% 
ENIS 
ENIS 
ENI* 
ENIS 
fiNI5 

ENI3 
1EI8) 
ENIl 
END 

IEI8i 
ENIl 
ENI 1 
ENIl 

IEIS4 
ENI6 
ENIb 
ENI6 
ENI6 
ENI6 
ENIb 

II«|AM(44»|*80EI l2l-AMmi*eOEI}n*ACm*AM(46) 
2»»cNll 
l)«lAMI 
41'ENIl 
5»-(»H( 
6)»0.0 
ll«cNll 
2I*ENI1 
D-E^ll 
A)«ESI1 
SI'ENU 
6I-ENI1 

t)-IAMI 
2)«eNI2 
li*lAMI 
«.l»fMI2 
SI>(AM| 
bl.D.O 
U»fNI2 
2)-E«*l2 
))>ENI2 
A)«tNl2 
llaffNII 
6I-ENI2 

ll>0OE 
• IACI I 
2>«LNI 
U«rOE 
•IACI2 
«•--E-l 
51.0.0 
bl>nuE 
• u:ii 
n*ENi 
2)-r,M 
n«CM 

SI'-EN 
6)'EN( 

WHITE    19.?l 
MRITE   I9»ll 

II 
M*eOEim-AMU5)*eDEI6l)*ACI2l»AMIA6) 
II 
«.(•BOEIlSI-AHIAMtBOEDn^ACm^AMI^bV 

UMIMMI 
2I«E«PI-P«»I 
11*1 IHMI 

||«C0SIMI 
||*S|l||#*l 

Hl*BOEIl2l-AM|«9k*BOEIllI«ACIlI♦AMI SOI 
II 
ni*P0EllS)-AM|49l*BOEI6n*ACI2)<-AM|S0) 
II 
öl'OQE« lSl-»Mmi»eOE« VI l»*C(3l«*M(S0t 

n«cxpi»Ai 
2»»cx(»«-P«»l 
JitEKPIPS» 
«.l»t «P«-es» 
SJ«COS»Pbl 
IIBtlUlMI 
MBACfl I-B0E(3I*IB0EIBAI«IACIU*«2I«CAMB)*BUEI12 
• 2»* .A^AI 
II 
■>»*ACI7I-H0E(6I«IBDEI84I*IACI2I««2I*CAMBI«BUEI1S 
•IMMMI 
•»» 
'»I»AC«U»BOEI18»»IBOEIS3I«IACI3»»»2)-CA»AI-00€I«» 
• il-r.AKR) 
k|tC(lM#4| 
||*ff8»|*M| 
||M4*IPfl 
»|*|«PI-PSl 
.bl'SI'ilPM 
b»» .i-S(Pbr 

ttOFI I t. IM.20) 

EKLIP23 
EKLIP24 
EKLiP2S 
EKLIP2b 
EKLIP?/ 
EKLIP2tt 
EKLIP29 
EKLIP30 
EKIIP31 
EKLIP32 
EKLIP33 
EKLlP3<i 
EKLIP3S 
EKLIP3b 
EKLIP37 
EKLIP3H 
EKLIP39 
EKLIPlO 
EKLIP«.! 
EKLIP<>2 
EKLIP'.i 
EULIP«.*. 
ERUPTS 
EKLIP^b 
EKLIPAr 
|KLIP<>8 
ERLIP«i9 
EKLIPSO 
EKLIPS1 
EKI.IPS2 
EKLIPS3 
EKLIPSE 
EKLIPSS 
EKLIPSb 
EKLIP57 
EKLIPSa 
EKLIPSE 
EKLIPbC 
EKLIP61 
EKUPbZ 
EKLIPbl 
EKLIP6«. 

I'IBOEKLlPbS 
EKLIPbb 
EKLIP67 

(•IBOEKLIPbU 
EKI.IP6 » 
EKLIP7a 
EKLIP71 

»•(?0£M.|P7i 
EKLIP71 
ERtlP7<. 
EKUIP/S 
EKLIP/6 
|ialP7? 
EKLtP7B 
EKCIP/I 
EKLIPflO 
EKLlPblM 
EKLIP82W 
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. 

MITE   14.*l    MENU,JJ.JM.71,1-1.61 
CALL   BINGO   (EN.VI 
WHITE    l<>,5)    I l.vl I I. I*l.bl 
*IMl?l»eTI23l/C*l»CB-ROf m»*noE»^i 
m»»cui»eLL/2. 

Ppy*kCl »l»ElL/2. 
CALL   CHfCn^   IV**CfP9lt^}»M|| 
MRITE   (4,51    (l.VI I l.I-l.o' 

ALI il--BOE( 1I*V(II 
üi>i«to{ni*viii 
ALI «I «-P )E (hi »Vl )l 
All«il«BüEI6l*V(<.l 
ALISI'BOEI9l«y(hl 
At I 61 »-SHE I •*» »VIM 

ALI n-Borii2i*vi it 
ALIB)*-P3e(12I*V(2I 
ALI«») «B0r ( |»|«VI 31 
ALI 101--»OE«lb»»V(*l 
tllttl«-*Oill«l«Vf*l 
ALI l?l>B0EI l9l*VOI 
MAITE    19.6) 
MRITE    (4.71    (ALU I .t-l.m 

DO   1   KE-l.ll 
«»OELPMIK':» 
M«AC(tMI 
^?»A;C2»»« 
»3>AC(3I*X 

ITM-VIl !•-. XP(Pll»V(2»«EXP(-»ll»V(TI»6K«>(P2»*V 
|»ll «Vl*l «tlMIMI •*0t I A«i 
D«M<V(ll*BOE( 101 l*V(?l*B0E(ni i*VI )i*B0Ell6l 

IOE(22I)*V(6I«JOF(231I 
OOHM*V(ll«BUkl i:<' I*VI2I*B3EIII2I»V( ))*B0E(lb 

lAOE(222l*Vlbl*H0H2)2l 
l«S«4im»EXP(Pll»AL(2)«ExP(-Pl l»*L( )I»E<P(P2 

t*COS(P1l »»Hbl'SI'MPJ» 
OWn<*L( |l«««|| llJlUaLI2l«B0Elllll*AL( Jl«i30c( 

ll%l«B0E(22U»AU6)*nuE<21ll 
OOWT««L( ll»Pj':'l.2l»4L(2t •B0E( 112 > ♦ «L I 11 »BOE 

lLI*l»*,DE«222l*»Lls)»HOt(2 32» 
OO0wn>«Llll«'1liE( IC))*AL(^I«93E(11)I**LI l^'iO 

1ALISI*BOEI22)I««L(6I*POE(21)I 

MA*AL(7|*EXP|Pll*ALI A|«EXP|-P1 I♦AL(41«EXPI02 
III»COS IPT»»4L(12 I«SIN(PI I 

OMA > AL I 7I*0.EI131 l*AL(>ll*nOEIl lll*AL(4l«B0EI 
ILIll l*BOEI22l l*A|.( 12 I «ROE (2 Til 
OOMA>ALI7l«t5JE(ir2l*AUai ••Cll I 1 2 I « At I 4 I «BOE 

|ALIlll*BUEI22t'l*M(12l«BlJEI2)2 I 
OOOMA'ALI 7I»(VüE( I JTI»ALI il»^üEI 11 T | »AL I 4 I «PO 

l*ALIlll*noE(22)l*At( 12l«COEI2)ll 

FHTMM»l¥lll»r XP(Pll-V(2l»E«P(-PI M/4C(1I*(VI »••E«PIP?I- 
121 I/ACI2)*(V()I*SI'(IP)I-VI6I*C0>|P)I l/Ai'.l )l * «UEI <>4 I •! 
If   IX.EU.-CLL/2.I   CALL   UC ")M    ( f N t-w ,c JNI r I 
MU«-BOEI|4l*MA-BOEl20l*tiH-B0EI 2 11 «F ST MM» ( BTI 201/CAPCBI* 

CKLIPBTM 

EKLIPb<> 
KLIMM 
EKLIPH6 
EKLIP07 
EKLIPRB 
CKLIPtt4 
CKLIP40 
EKLIP91M 
fKLlP42 
EKLfP41 
6KL|P9<, 
EKLIP95 
EKLIP46 
ERLIP97 
EKLIP9« 
EKLIP9W 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP  M 
EKLIP  H 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 
EKLIP 

m»EXP(-P2l»Vl5»«COS(EKLlP 
EKLIP 

»«VI4l*RCiel 171I»V(SI«BEKLIP 
EKLIP 

?I»W(4I»B0EI I72l*y/IS)*EKLIP 
EKLIP 

•♦AL(4»»E<P(-P2I»ALIVJEKLIP 
EKLIP 

161l*ALI4)*eOEI 171 I«ALEKLIP 
EKLIP 

I162)*ALI^)*^0EI 172MAEKLIP 
EKLIP 

EI16TI«ALIO*HUEI17))«EKLIP 

EKLIP 
EKLIP 

»♦ALI10»»EKPI-P2)»ALIIEKLIP 
EKLIP 

l6n*ALI 10l«eOc( I 7ll*ACiU IP 
EKLIP 

I 16?I«AL I 101»BüEI 172 I»EKLIP 
EKLIP 

E(l6)l*4LllOI*ttOEI17)lEKLlP 
EKLIP 
EKLIP 

W|4l»t«PI-PEKLlP 
EKLIP 
«KLIP 

«♦CONST EKLIP 
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0«fU«-BOE(l«l*DW*-(IOEI20l«OM4-BO*l2l)*WU*eTI20|/C*fCB 
OOMU>-*Oeil4l*OOhA-B0EI29l*OOUB-B0E(2tl*OMM 
ODOWU--BDC 11«I«OOOMt-BOE120I«OCHWB-BOE121)«OOMM 
UU-LOAOI -BuE 122 ) «OOMU-BOE1211 «UMM 
Of AU«-BOE 1221 «OODMU-BDE (2 11 «OOMM 
wrJ-L0«02-63E 12« I «OOOMR-BOE«25 I«OT «u«BOE12)I «OMU^BOE< 261»WM 
CALL RSLT   III 
CALL  miNT   (II 
0Aa(H«/12. l*UU*C4M«*|M**0MMl 
Ot>(HB/l2. I«UI>*CA^«|MB*0MW| 
rO-04*QB 
MITE   I9.BI   0*,OB,fO 
If   (I.EQ.ABSIELL/2.M   CALL   VINSON   I K.EA. EB.HA.HB.Clil.ClB.FNXB I 
COMTINUE 
UTUKN 

» 
nii«HBoe ARE   /iiOEu.sn 
lllt20M ENll.J)   ARE 
IlltfllU«! 
l«(IXf2HV(|l<2H|«E12.SI/2lllt2HV(lli2HI«E12.SII 
I1I(20H  «Mil   «RE I 
l*tlt*fl 
n(«JHgA-EI2.S.2l«>HCB-E12.5.2l(SH0BAR-E12.S/l 

fORMAT 
FORMAT 
FORM«! 
PORN*I 
EOR«*T 
FORMAT 
FORMAT 
iNO 
SUBROUTINE   ERLIF* 
DIMENSION  JIFItli 
COMMON  01 TEMP 
COMMON TEMP.fA.EACtNUA.NOAC.EB.fBC.NUB.NUBC.MA.HB.H.CJA.CJB.CA, 

|OAfOB.H.CA:B,CAFCB.NUNtJ.CAMA,CAMS.KIAu|tAlt5I.CI7lt»T|Kl.f^TCA 
JT0fl,PDEI6OO»,l0A0l.AMti0l,LOAO2,£N(6,n,FNX*.fN»B,F»XA,FM«o.»N« 
SI|FNCA.FN0Bt*CI3l .KLIF.ELLiOELFh|20 I•V(6I•AL llil tMW,OMM, COMM.MB 
«ttDOMBtOOOMB.WA.OMAtWU.OriU.OOMUtOOOriUtTAUfOTAU.W^J.HMA.OWHA.WUA 
MM 

REAL   NUA.NUACtNUB«NUBCtNUNUtRtL0AOliL0AO2 
CASE   OF   THREE   REAL   HOOTStUNEOUALtFOSITIVE 

•OE111 ■ AI A« I • I AC ( I I • • 31 • A K) I • ACI 11 
•OEI2l«AIAll*IACIll«*AI*AU2l*iAC(ll«*2l*AU)| 
BOEI)I-BOEI1I/BOE(2I 

•0EIAI-A(AAI»UCI2I«»1I»A«*5I»ACI2I 
•0EIM*AIAll*|ACI2l**AI*AI«2l«IACI2l«*2l**USI 
•OEIbl>B0EI«l/B0EISI 

•OE(n-AIAAI«UC( »•••ll*AH>M»ACOf 
•0EISI-AIAII*(ACOI**«l«A(«2l*(ACO)*«2l*AI41i 
•DEI«I-B0E(T)/B0ei1l 

•0En0l-60Em»(At2ll»«ACm»»2l»A(22ll-A(2*l«ACm 
•0E(I1I«AI2)I*IACIII««2I 
•OE(12l>B0EU0l/BOE«lll 

•OCmi-BOfUI«(Ami*IACm**2l*AI22n-AI2AI*AC(2l 
•OEIl»l-A«2JI»(ACI2l»»2l 
•OEIItl-BOEnil/BJEUAl 

•OflUI>BDi(«l*IAI2ll*(ACI»l*«2l»AI22n-A(2Ai*ACOI 
•0EnTI-AI2 .l«(ACI JI»»2I 
•OEIIBI-SOEUAI/BOEIITI 

IKLIF 
fKLIF 
CKLIF 
IRLIF 
ERLIP 
ERLIF 
IKLIF 
ERLIF 
ERLIF 
(RLIF 
EKLIF 
EKLIF 
EKLIP 
EKLIF 
EKLIF 
EKLIP 
EKLIF 
EKLIF 
EKLIF 
ERLIF 
EKLIF 
EKLIF 
EKLIF 
EKLIF 
• •••• 
EKLIF 
EKLIF 

CBiEK I» 
,rst*u • 
tfKEKLIP 
•OMEKLIP 
•OMEKLIP 

EKLIF 
EKLIPIO 
EKLIFll 
iKLIFt2 
EKLIFI3 
EKLIFIA 
EKLIPIO 
EKLIF16 
EKLIPir 
EKLIPIO 
EKLIFll 
EKLIF20 
EKLIP?» 
IKLIF22 
EKLIP21 
IKLIF2A 
IRLIF2S 
iKL|F24 
CRLIF27 
EKL|P2b 
IKLIF29 
EKLIF10 
EKLIFll 
EKLIPJ2 
EKLIFll 
EKLIP1* 
IKLIF19 
EKLIFJ6 
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1 

M>ACm*EU 
rWC(2l«ELL 

EN(l.n-(«M(4.4l*nOE(12l-AM|45l*BOE< l))««C(l)*«Ht«6l 
HHIttlMHIIfll 
ENIl.)i«(«MI<>4.|*P0En5l-AMI4SI«B0EUn«AC(2l«AM|«6l 
ENI1.4)-ENCl.ll 
CNnf51«(AM(44.l«rtOEn8)-AM|4S)*BOE<9l)*AC(3l«AM|A6l 
ENIlt6)-ENIl.»t 

ENI4,l)«EN(l,n*tXP(P«l 
ENU.21>EN(l.2t«EXPI-P4| 
IMHttlMNfltlMiltlMI 
EN«*t<il»fN(l,«,)»riP(-P^| 
|lll4«ftMI(lll«9MC>HMI 
ENf4(6l«EN(l,6l*EKPI-P6l 

ENC2,ll-t*M«*b)»0OE(l2l-AM«49)«OOE«3n*ACm*»««S0l 
ENI2,2I*EN(2,1I 
EN(2t3)>IAMUU)*eOEf lSI-AM(49l*B0EI6n«ACI2l*AN|90) 
ENI2t«ia£N(2»3l 
EN(2.5l>IAN|<iel«r0En8)-AMi49)*n0E(4n*ACI)l*AM(*0l 
EN12.6l>CNC2.SI 

EN(5.l)-EN(2.1)«EXP(PM 
EN(5.2I-EN(2.2)*EXP(-P<>I 
EN(bi3)>EN<2til*£XP|P5l 
CNI5.M«EN(2i4)*EXPI-PSI 
ENI5.5)«ENI2iSI*EXP(P6l 
ENIS.6)'EN(2t6l«EXP(-P6) 

ENI 3( 1) «DOE ( 9* I «AC III -POE ( 3 I • ( BOF I S<. I • 1 AC (1 I ••21 ♦CAMB * »ROE I 
tEI83l*(ACm*«2)«UAHA> 
ENC3,2)>eN(),ll 
EN(3t3l*C0EI))r>)*ACI2l-^DE(6mBUE(B«t*(AC(2)"2l«CA^BUBDE( 

lEIB3i*(ACI2l**2)*CAMA» 
EN(3.«l>-ENI)t3l 
EN(3.5l*RüE|A%l«ACISI-eOE(9l*(BOEI8«l«(ACI3l**2UCAM0l«BOEI 
1EI8M*I«C(3)**2UG1MAI 
EN(3.6|«-ENI3.»I 

ALI1I—BnE()l*V( 11 
ALI2I-B9E(3I*VI2I 

AL(3t>-60E(6l*Vlll 
AL(A)«Bl)E(6)«Vm 

ALISI--00E(9I*V(M 
ALl6l-60E(4l*V(bl 

EKLIP37 
EKLlP3b 
EKLIP39 
fKLIP*0 
EKLIP^I 
EKLIP«2 
EKLIP^I 

EKLIP45 
EKLfP46 
EKLIP47 
EULIPAb 
EKUP<.9 
CKLIP50 
EKLIP^l 
CKLIPS2 
ERLIPiJ 
CM iPS* 
EKLIPb» 
EKLIPS6 
EKLIPbr 
EKLIP^e 
EllLIPi9 
CKLIP60 
CKLIP61 
EKLIPb2 
CKLIP6J 
EKLIP64 
EKllPfcb 
EKLI»66 
CKtlP67 
EKLIPbb 

12I*CB0EKLIP69 
EKLIPTC 
EKLIPn 

l»l»«P0EKLlPr2 
EKLIP73 
EKLIPT* 

18l«(nOEKL:P7S 
EKLIP7b 
CKLIP77 
EKLIP7B 
EKLIP79 
IKLIPHO 
EKLIP81 
EK(.IP82 
EKLIPd) 
CKLIP8<> 
EKLIPöS 
EKLIPH6 
EKLIP87 
EKLIPBH 
E*L|P8» 
CKLIP90 
cKLIP9t 
CKLIP9^ 
EKUP9i 
EULI«"»* 
CKLIP9>> 
EKLIP96 

67 



ALI9|-BDE(15I*VI)I 
ÄLIIOI—BOe«l»)»¥«*l 

ALI111>B0EII«I*VI9I 
Aum—B0E(m«v«6i 

iKilMf 
EKLIP9B 
MkIM« 
iRiM 
Mil» 
IRll» 
WLt9 
IKIIP 
IRLIP 

lPll»VI*l»E«»»(-MI»Bf)EI*9l CKLlf 
OWW-VtII»BOeilOn»V(?)»BUE(UH»VJ3»»BOE(l6ll»V«*»»BOEU7l{»V(5l»6EKLlP 

IOe(24ll»Vt6l«60EI2^ll EKLIP 
OOMM-Vlll»Hij£Jl02l«V(2l#B0E«ll2l*V( JI»B0E«162I»VUJ»60E(172)*V(5>»EKLIP 

1B0EI242)«VI6I«B0E(252) EKLIP 
MB«AL (n*EXP(PU»*L(2»«EXP|-Pn»»U )»«EXP(P2l»AL«'»l»EXP<-P2>**c(5IEKLl(» 

1*EXPIP)I*AL<6)«EXP(-P3) EKLIP 
OMB>ALIII*nüEll01l««LI2»*BOEIlll)«AL()l*eOEI16n«ALI4l«BOE(171l*ALEKLlP 

H'»l*B0£l2*lMALlbl»«0F«2Sn EKLIP 
OOWB>ALII)«Hl)E(lO2)»ALI2l*B0E(ll2l«AL()t«B0Ell62l»AL(«l*BDE(n2MAEKLlP 

lLI5l«B0E(BOt(242MALl6l*B0EI252l EKLIP 
OODM6-ALIII*6UE(103l*ALt2>«eOEI113)«AL(3l*BOE(l*3)*ALI4l«BuEll71)»EKLIP 

|ALI5l*B0E(2M)*AL(b)»B0EI293) EKLIP 
EKLIP 

WA>ALm*EXP(Pl)«ALm«EXP<-P|l«AL('«l*EXP(P2)*ALnO)*EXP|-P2)*ALIlEKLlP 
ll)»EXP(P3MALl 12MEXPI-P3» EKLIP 
OMA'ALm*HOEI10n«ALl«n*flOEaimALm*BOEI161.ML(10l*BOE(171)«AEKLlP 

ILUll^BOf C2*lM»L(l?)»BJE(25l I EKLIP 
OOMA>AL|7i«BOE(102)*ALIBI*6DEI 112 i * «LI 9) «BOE 1162 I »AL I tOi«BUE I 172 i«EKL |P 

lALflll*BUEI2«2l»AL(12i«B0EI2S2l EKLIP 
OO0i(A-ALI7>«tSüEll03l»ALI<ll«BOEIll3l»AL(9)«BDEII63)«AL(10»«B0E(173)EKLIP 

1»AL: in»r.OE(2«.3J**L( I?)»»ü£l25->l EKLIP 
PN*MM«|Vm*£XP«Pn-V(2l*EXP(-Plll/AC( I l*(VI 3I«^XP|P2I-VI4)«EXP(-PEKLIP 

12ll/ACI2l»(Vlü>*EXP|P3l-Vlb)«EXP(-P6l1/AC(31«BOEI«91«X EKLIP 
IF   IX.EO.-ELL/2. I   CALL   UCJFF    « F'iTww .CONS fl EKLIP 
MU'-BOEtl9l*WA-BOE(?0l*WB-B0:<2t l«F'awl<«(en20l/CAPC0)*X»CO^ST EKLIP 
OWU'-ROEI l«*|*OWA-RDf:(20i«ONa-BOE(21)*WM«Br(20l/CAPCH EKLIP 
OOMU«-B0f C l^l»00v*A-B0F(2 D»*DOwa-10E«2l )»UWW EKLIP 
OOOWU- -B05 1191 «OOOWA-ROE I 20 ) •O0Ct4B-HL>E ( 2 1 l«00WM EKL I P 
TAU«LCA0I-BüE(22I*D'JMU-BOEI23I«0WW EKLIP 
OTAUa-B0Ei22l*00Owu-B0EI2))«OUHW EKLIP 
MPJ«LC'.02-BÜEI2M*O0DHB-B0E(2*l«OrAU*BOEI23l*OWU*BDEI26l*Wtf EKLIP 

EKLIP 
CALL RESULT IXI EKLIP 
CALL   PRINT   (Xi EKLIP 
RETURN EKLIP 
END EKLIP    - 
SUBROUTINE   OIPF IP1.P2.P3I ••••• (Pl»P2fP3) 

COHNON OLTEMP 
COMMON rEMP,EA.EAC.NUA,NUAC.EBf^BC.NUB,NUBC.HA,HB,R.C3A,G3StCAiCBi 

IOA(URtHlCACBiCAPCP.NUNUtCAHAtCAr'R.K(4>3l,AISSI.C( 7 I. IT I 30 I , FN TCA, f N 
2T0Bi9nE(600I.L0A01»tMI)0l .L3AU2.ENI6, 7 ) , l-NXA. FNXB .F^X A.F^XB. FhX, FM 
3X,F40A,F oB.ACt J> .KLlPtELLiOELPIM20iiVit>l,ALI I 8 I , «" . üww , DO-w , .B , 0« 
«efOOM^tOUOMBiMAiOMA.MUtOMUtUUMUtl)00MUir«U.OTAU«<«PJiM«A.0MMAtiiUAtOM 
9UA 

REAL   NUAtNUAC.NUB*NURCtNUNU«K«LwA01tL0A02 
•OEI10ll«AC(lt«EXP|»U 
•Mlirtl«4MI|fil«4Clti 
•DEI 1031 ■BOM 102 I »AC (It 

1 
2 
3 
« 

6 
7 

9 
10 
11 
12 
13 
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•. 

•0£( 1041 «BOE 1103 I »AC ID 

»OEiiin'-«cr ii«f «p(-»»n 
»OEI112)<-AUEnin*iCCll 
•OEIU3)--eüElll2l«ACni 
■OEimt—BOE(ii)i*«cin 

BOE(l?n'EXP(P?»»l*C(?)»C0S(P1 »-»C( IfSlUtP-iM 
•OEIi??) f«MIP?»«(A-ii(«rOS(PJ »-»Nt^jtsiNCP»)) 
BOE(l?3)'EI»'IK2l*l«MOI«C3S(P3>-«HI'.i*SINIPn) 
tOEII24l>EX»MP2)*<A''m*C0S(P3)-«*(6l*&IN(P3l) 

BOEI13n*clP(P2l«(«C(3l*C0S(Pli*AC(2l*SIN(P3)l 
BDE(n?l-EIP(P?l •(»«•(?» «COS IP»! »»^l It «SIM Pill 
SOE (1331 >£XP(P2I« <*•*(« I PCOSIP) l**M 11 «S l.'i( Pi ) I 
BOEI134t«CXP(P2l*IAW(6l«C0S(P3l**M|)|*Sir«|P3n 

•0EC141I—EXPI-P2)»«*CI2IPC0S»P3»**C»1I*SIN(P3IJ 
BOEII42i-»ElPI-P2l*(«M( 1 i«Cm Pil*«^(?l*SINIP3n 
B0E(1«3»»-EIP«-P?1*«»>«I 5l«C0S«P3l**yJ«)»SIN(P3II 
•0EI14^|>4EXP(-P2)*I AM|5IPCuSlP1l*AMl6l*SlN(P3ll 

BOE(191t'«ElPI-P?l*(*C(3l«CöS(P3l-«CI2l«SINIP3M 
BOEm2)«-Exp«-p2)»c4Am«cos«p»i-tMi n«si'i -»n» 
BOEC153)»«6XP<-P2»»««Mt*l«CJS«P3l-«^IH»il»UPJl| 
BOE(l54)«*EXPI-P^I*UM(6)*C3S(Pi)-*H(5l«SIN(P3ll 

BDEI161I-«CI?I*EXP|P2I 
BOEI162l««Cm*S0c(lbl) 
BOEI163i*XCI2)*Q0^(t62l 
BOEU64)««CI2)«^OEI163I 

BOEtini>-«CI2)*rxP(-P2i 
BOEII72l<-«C(2)«POE(171i 
BOEI173»—4CI2l*,»(iEU72l 
BOEIl?4l>-ACI2l*eOEil73l 

' BOEf 1S1)*-AC( n*SlN(Pll 
BOE(182l--UC(n**2l*C0S(PU 
BOE(in3i><Acm**3i«si*4iPn 
BOEiie4i>(Aci np*4i*cosiPii 

BOE(mi«ACIII*C0S(Pll 
BOEn<>2l«-IAC(n«*2l*SINIPll 
60C(193)>-IAC( U**3)«C0SIPn 
B0C(1V4)>IAC(n»**l«SISIPl) 

I* 
15 
16 
IT 
18 
M 
20 
21 
22 
23 
24 
25 
26 
2? 
2« 
29 
30 
31 
32 
31 
34 
35 
36 
37 
SS 
39 
40 
41 
42 
43 
44 
45 
46 
47 
4« 
49 
50 
M 
52 
»J 
*4 
55 
96 
57 
58 
59 
60 
41 
6? 
*3 
»4 
65 
66 
67 

BOEI201I—ACI2)«S(N(P?I 
BOei?02)«-IAC<2l«*2l*C0S(P2) 
BOEI203)<(AC(2l**3i«SlNIP2) 
BOEI204>>IAC(2i"4IPC0SIP2l 

70 
71 
72 
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n 
T5 

•OE(211l>AC(2l«COS(P2l 76 
•OEi2m«-ucm**?)*smP2i 11 
BOE(2I3I--(AC(2I*«)I«COSIP2I It 
•OE (21^1 «UCI2 )••<>)•$ IN(P2) 19 

• 0 
• 1 

»OEI221I—AC())*SIN(P3I •2 
•OEI222» —«AC« JM*2)*C0Sli»J» •1 
ftOE(223i*i*:iit*«n«siNipn M 
IDE 12241-(AC 13)*««I«COS«P1I 8S 

•6 
• 7 

•OEI73ll-AC()l*C0SIPll It 
•DE(232l>-<ACI3M*2i*SIN(P)l •9 
IOE(2 33l —IAC(3I«*3I*C0SIP3I «0 
BOE(2341-IAC( 31 ••<•!•$(NIC 31 • 1 

«2 
«3 

•OE<241l»ACI3)»P1tP(P3l ** 
BOE(242l>ACI3l*noe(2«n •S 
BOE(243l-AC(3)*4DEI2<i2l 96 
B0£(2MI>ACm*eUE(2OI «7 

M 
♦9 

•OEf291l>-ACI3l«€XP(-P3l 100 
eOE(252)>-A:iil«nOE<2%ll 101 
•OEI253l«-ACI)I*00E(292I 102 
tOE«2%M>-ACm*eOE(293l 103 

10* 
tETUKN 105 
tm 106- 
$UB»3UTINE   POLVR   IN,COEFP.ROOTS*Ot •«•••   I 
DIMENSION   AIM.31.   IAIS|,3I,   R00TS(2.M).   0(11.   C0EFFI1I 2 
INTEGER   OECMEE 3 
OECREE-N 6 
Nl«UECRE£*l 5 
N-10 6 
MNAX-19 7 
DELTA-0.0001 • 
EfSlLON-O.OOOOOl 9 
00   1    1-1.Nl 10 
illtlKOiMill 11 
IMItllO 12 
CALL   SCALE   (Ad.ll.IAII.lll 13 

I   CONTINUE 16 
CALL   USSR   U.IA.ROOTS.OECREE.M.NHAX.OELTAtCPSlLON.OI 15 
IE   INl-(UECi(EE»in   3»).2 u 

2 RETURN 17 
1 PRINT  A ISP 

RETURN 19 
20 

4  FORMAT   (21H0S0ME   «DOTS  NOT   FOUND) 21 
END 22- 
SUBROUTINE   RSSR   ( A.lA.ROOTS.DECREE.R.MMAX,DELTA.FPSILON«01 •••••   i 
DIMENSION   AISl.ll.   IAIS1.3),   R0CTSI2.SDI«   0(51).   ROKC0(»0). MROMCO                2 

1(50).   NONRT(SO).   HN0NRTI50) 1 
INTEGER  DECREE ♦ 
«•DECREE » 
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I 
2 
S 

• .♦.» 

U.U.NCURt"! 
(A.U.M.NCURtOEUAtEPSUONtftOMOOtNftOMOOfNONRr.MNONM.N 

12.8 

10 

IZ 

12.4 
11.II 10 

IF m i.i.i 
OCCKEE-NCUR 
MfUKN 

m»H\*\ 
DO S   I-l.N 
R*N2-I 
IF   UCK.IM 

4   JmHl'l 
llO0TSIl,J)>0.0 
iioorsi2.ji-o.o 

» CONTINUE 
OEC«EE*0 
SO  TO  2 

MCUR-N 
Nl>N 

T  CALL  R00TS0 
CALL  REURT 

ICOtROOTSt 
U   INCOI   12, 

•  Nl'NCURM 
CALL   COHPRT   U,U.R0K3D*R00TS.H,HNONRT,NONRT,NROnOO,NCO,0ELTA,EPSI 

ILON.NCURt 
IF   INCUR»   12, 
If   1NL-NCUR) 
NL'NCUR 
60  TO   7 
N«N*1 
If   |HMAI-Mt 
CALL   RECON 
CO  TO   1 
wm 
SUBROUTINE   KOOTSO 
OINENS10N   RISltllt 
M1>«<CUR«1 
DO  1   J-l.Hl 
AIJ.2»-AU.n 
IAIJ,2I-IAU,1I 
ACJ,3l-0.0 
IAU.))«0 
CONTINUE 
DO  10  N«1,NM 
DO  T   J.l.Nl 
Rl-Nl-J 
K2-J-1 
KM>IHIN0F|K1,K2I 
IF   IRMI   2,5.2 
DO *  L"1,RM 
UI«IN00FIL,2) 
JL«J-L 

IF   ILRI   3,3,4 
H«RI •'.,2I*RULR.2I 
IS-lRUL.2l«IA(JL»*2l 
CALL   SCALE   IX.Ill 
CALL   ROD   IAIJ,3I ,I«IJ.3I.X,IX.AIJ(3t,IAIJ«S)l 
CO  TO   » 
«•AIJL(2I«AIJLR.2I 

l.T.T 
I ROOTS»Al 1,11, I Al 1.11,0,DECREE) 

IA,IA«NCUR,HMI 
IA(»1,3» RTSO 

RTSO 
RTSQ 
RTSO 
RTSO 
RTSQ 
RTSQ 
RTSQ 
RTSQ 
RTSQ 
RTSQ 
RTSQ 
RTSQ 
RTSQ 
RTSQ 
RTSQ 
RTSQ 
RTSQ 
RTSO 
RTSO 
RTSQ 
RTSQ 
RTSQ 
RTSO 
RTSO 

A 
T 
• 
I 

10 
11 
12 
13 
14 
IS 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
iT 
J8 
39- 

• I 
2 
) 

5 
6 
7 
■ 
9 

10 
11 
12 
11 
I* 
15 
lb 
II 
1» 
It 
10 
21 
2^ 
2i 
?* 
2i 
26 
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IX-U(JLt2)*I*(JLF*2l 
CALL   SCALE   IX.Ul 
CALL   SBTRT   ( * J J, 3 1,1 *U, i 

5 CONTINUE 
Al J.)l-?.0*AIJ.)) 
CALL   SCALE    lAUilltlAIJ.S 
X»A(J,2)««2 
IX-IAI J,?MI«( J.2i 
CALL   SCALE    IX.IX) 
CALL   AOO   IAU.3I.IAI J.3). 
JR-XH00FU.2I 
IF   UK)   6.6.7 

6 AIJ,3l--*(J.3I 
7 CONTINUE 

IF   IKM-HI   10.10.8 
• DO  9   J>I,N1 

AIJ,?)-*(J.J» 
|AIJ,2»'I*«J.J) 
AIJ,51-0.0 
IAIJ,1)>0 

«  CONTINUE 
10  CONTINUE 

RETURN 
END 
SUBROUTINE   REALM   (A.IA.R 

lONRI.NCO.ROuTil 
OINENSI&N   AI9l,n,   (AIM, 

lONRTDO).   MNdNRTISOI.   RAT 
RATIOdl-l.L. 
00  6   I-2.NCUR 
ll*XKC0F(I.2) 
IF   IAII.3M   2.1.2 

1 RATIO(I)*0,0 
CO   TO   6 

2 T-AII.2MAII.2) 
IT-|AI|.2I»IA||.2) 
CALL   SCALE    (T.ITI 
T*T/AI1.3) 
IT>IT-IA(I.I) 
IF    111-2)    3.3,1 

3 IF   IIT»2)   IfAt« 
A   CALL   UNSCALc    (T.IT) 

RATIOII)>T 
IF    111)   S.S.6 

5 RATI3II)«-RATIOII) 
6 CONTr.Uc 

RATI0<NCUR»1)>1.0 
|F|VI1)-1 
IF|VINCUR*1)-1 
00   9   I-2.NCUK 
K'AASFIRATIJl I )-l.O) 
IF   IX-OELTA)    7.8.0 

7 IF1VII)-1 
CO   TO   9 

• IPIVI D'O 
9  CONTINUE 

NCURl>NCUR»i 
11-0 
MULT>0 
1-1 

).X.IX.A(J.3).UiJ.3)l 

)) 

X.IX.AIJ.3).IAIJ*S)I 

RTSQ 
RTSQ 
RTSQ 
RTSQ 
RTSQ 
RTSQ 
RTSQ 
RTSQ 
RTSQ 
RTSQ 
RTSQ 
RTSQ 
RTSQ 
RTSQ 
RTSQ 
RTSQ 
RTSQ 
RTSQ 
RTSQ 
RTSQ 
RTSQ 
RTSQ 
RTSQ 
RTSQ 

.NCUR.OELTA.EFSILON.ROHOO.HROMOO.NONRT.MN"«** 

3). ROOTS(2.S0). ROMOOISO), HROMOu(SO). 
I0IS1I. IP1VISI). AREOISO). lAREO(SO) 

NRLRT 
ÄL»T 
RLRT 
RLRT 
RLRT 
RLRT 
RLRT 
RLRT 
RLRT 
RLRT 
RLRT 
RLRT 
RLRT 
RLRT 
RLRT 
RLRT 
RLRT 
RLRT 
RLRT 
RLRT 
RLRT 
RLRT 
RLRT 
RLRT 
RLRT 
RLRT 
RLRT 
RLRT 
RLRT 
RLRT 
RLRT 
RLRT 
RLRT 
RLRT 

27 
2B 
29 
30 
31 
32 
53 
3<. 
3^ 
36 
37 
38 
39 
AC 
M 
*2 
*3 
*4 
45 
A6 
A7 
48 
49 
so- 

l 
• 2 

3 
4 

6 
7 
8 
9 

10 
11 
12 
13 
14 
IS 
16 
17 
18 
19 
20 
21 
22 
23 
2«. 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
3S 
36 
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10 

11 

12 
13 

1* 
15 

16 
IT 

It 

1« 

20 

21 

22 

2J 
2« 

2» 
26 

27 

14*1 
ll-Il«! 
It«ll«l 
HULT-fULTM 
IF   imvimi    10.10,11 
ROHOOt IM'M I2.1I/AI 1,31 
IH0M0l)«l»t I2,))-I«(l ,31 
CALL   SCALS    in0MOOII«l,U0MOOI 
IF   (ROMOlM IM )    1?,13,13 
R0H0On<»)»-«OH0O« I*» 
CALL   00UPL0C   IROHOOII^I,IRO^OO.IN«IINI 
|«2*«MII 0 
XN-XN/T 
CALL   SCALE    (XN.IXN) 
CALL   OLfXP    IXN.I XN,ROHOO( UI.IROHOOI 
IF    (IR0H0D-7M    14,14,15 
IF    «IB0100«?«.!    IS,15,16 
R0M33II<>>«0.0 
UOHOD«>> 
60   TO   IT 
CALL   UNSCALE    (R0M0O( IM.IROrOOl 
NROM0D( I«.)»«OLT 
IF    (NCURM-m    19,14,18 
|«I2 
|4«l**l 
nULT>0 
11-0 
GO  TO   19 
Q-0.0 
NCO-J 
00   20   I'l.I* 
RL-I*»l-I 
M--ROP00UL» 
|tsM0M0OIKLI 
00  26  J*l,I5 
JO 
CALL   TEST   IA,(A,M,Q,*CUR,ROMOO(RLI.kFSILON,KI 
IF    IK)   23,23,21 
ROOTS(l,NCüR)>-M 
ROOTS(2,ri:U'<l*0.0 
AREOI!)■«(|,|| 
|MIOIII«Ullftl 
00   22   L«2,NCUR 
V>AftE0tL-ll*M 
JY-IAREO(L-l) 
CALL   SCALE    (Y.IYI 
CALL   SBTRT   (A ILt1)tlA IL,111V.IT,AREOILi.IAREOIL 11 
ili«ll«MIOfli 
IAIL,1I*IARE0(LI 
CONTINUE 
60  TO 25 
IF   (wl   24,27,27 
M«-tf 
CO   TO  20 
NCIM-NCUR-1 
CONTINUE 
60   TO   2« 
NCO>NCO*1 
NONRTINCOI'KL 
I(N0NRTINC0)>I5«1-J 

RLRT 37 
RLRT 10 
RLRT 39 
RLRT 40 
RLRT 41 
RLRT 42 
RLRT 43 
RLRT 44 
RLRT 45 
RLRT 46 
RLRT 47 
RLRT 48 
RLRT A9 
RLRT 50 
RLRT 51 
RLRT 52 
RLRT 53 
RLRT 54 
RLRT 55 
RLRT 56 
RLRT 57 
RLRT 58 
RLRT 59 
RLRT 60 
RLRT 61 
RLRT 62 
RLRT 63 
RLRT 64 
RLRT 65 
RLRT 66 
RLRT 67 
RLRT 68 
RLRT 6^ 
RLRT 7C 
RLRT 71 
RLRT 72 
RLRT 73 
RLRT 74 
RLRT 75 
RLRT 76 
RLRT 77 
RLRT 78 
RLRT 79 
RLRT 80 
RLRT «I 
RLRT 82 
RLRT d3 
RLRT 84 
RLRT 85 
RLRT 86 
RLRT 87 
RLRT 8« 
RLRT 8V 
RLRT 90 
RLRT 91 
RLRT 92 
RLRT 9) 
RLRT 94 
RLRT 9'> 
RLRT 96 
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2« 

4 
T 
■ 

10 

II 

12 
13 

14 

1» 

14 

CONTINUE ÜW   11 
ftCTUHN ÄLÄT   98 
ENO »LRT   99- 
SUAROUTINE   COMPUT    («,U,»OMODtROOTS,«iHNONRTtNONRT.NRONOCtNCOiOEL !•••••   I 

14,EPSILON,NCURI •••••   2 
DIMENSION  *(Sl,n.   |AIM,3I,   ROHOOISOI,   K00TSI2,5OI*   SRI^I,3I,   ISR 3 

1(51,1),    SACM00I5UI.   SR00TSI2,50I,   KNONRn^OI,   NONRTISO).   MSROMOOit; 4 
201,   NSONHrCO,   MSN0RT(«9t,   MRbMOO(^OI,   U(2I,   R(2I,   B«*9I i 
00  24   l-l.NCO 4 
JA-NONRIIII 7 
Il'-MNONRKI) • 
11*11/2 "» 
ip (in ittil io 
ii-i ii 
IF   (ROMODtJAM   3,28,3 12 
Q-R0M00IJM 13 
00  27   J-l.Il U 
CALL   SUBRES   IA,lA,NCUR,SR,ISR, 01 IS 
IF   (NCUR-*I   S,«,6 14 
NSCUR-2                                           i 17 
CO  TO   7 la 
NSCUR-1 19 
J2'l 20 
CO  TO   6 21 
NSCUR-NCUR-I 22 
J2>NSCUR 23 
LL«MSCUR»1 24 
IF   (NSCUR-ll   9.9,11 2S 
IF   (SRd.lll   10,12,10 24 
MMIlctl 27 
IX>ISR(l,li 28 
T-SR(?.n 29 
|V«ISRI2,1) 30 
CALL   UNSCALE   (X,lli 31 
CALL   UNSCALc   (Y.rv) 32 
SR00TS(1.1I'-V/X 33 
NSCUR-0 34 
CO  TO   13 33 
CALL   ROOTSO   ISR,ISR,NSCUR,MI 36 
CALL   REAL4T   (SR, ISR.M.NSCUR,DELTA,EPSILON,SR0M00,RSR0H0O.NSONRT,MS 37 

lNORr,NSC0.SOCwTSI 38 
IF   IJ2-NSCURi   12.12,13 39 
SRODTSd. J?IO.J 40 
SROOTSII.J2I«SROOTS(1,J2I*ROMOOIJA) 41 
T-ROMOOIJ«l*RbMOO(JAI 42 
IF   (SR00rS(l.J2l-T)   14,21,21 43 
«•S*00TSIl,J2i 44 
WE>>(OM00IJA»*A0MO0IJAI 43 
CAW.   TEST   (A.U,W,WE,NCUR,ROMOD(JAI(EPSILON,KI 44 
IF   (K|   20,20.13 47 
R00TS(l,NCUH)--M/2.0 48 
T>4.0*WE 4« 
U«W*M 30 
T-T-U 31 
IF   IT)   14.16,17 32 
I—T S3 
ü-SORTm 34 
R00TS«l,SCURI-«OOTS(l.NCURI-U/?.0 SS 
R00TS(l.NCUH-l)»-(W-UI/2.O 56 
R00TS(2,NCUR*«0.0 57 
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17 

1« 

19 

20 

21 
22 
23 

1* 
25 

26 

27 
28 

R03TSf2.NCUft-ll*0.0 
CO TO IS 
u-soxmi 
ROOTS(2.NCURI>U/?.0 
HOOTS« ltNClM>l l>ftOOTS(l.NCUft) 
ROOTS« 2 , NCUR- 1) ■ >R00 TS12 • NCUR t 
D(1I>M 
0(?)-HE 
CALL   QIMOIV   «NCUR,».I*,R.0,8> 
JX*NCUR-l 
DO   t«  JY-l.JX 
*(JV.I|>B(JVt 
IAUVtl)-0 
CALL   SCALE   (AUY.lIf lAUY.lll 
CMflNUl 
NCUit>NCUIt-2 
CO  TO  27 
W"-¥ 
CALL   TEST    (A, I A, W.ME .NCUK.ROHOOUAI .EPSILON.K I 
IF   (K)   21,21.IS 
IF   (J2-INSCUK*in   28.22,24 
IF   IJ2-n    20,26,21 
J2-J2-I 
SR0OTStl,J2l*0.0 
CO TO 14 
IF (SR0JTS(l,J2l-SR00TSIl,J2-IM 29.2«t25 
J2-J2-1 
CO TO 13 
J2-J2-I 
CO TO 21 
CONTINUE 
CONTINUE 
RETURN 
END 
SUBROUTINE   TEST   <A,lA.M,0,N,R0HO0,EPSIL0N,K I 
DIMENSION   A(^l,)l,   IA(S1,)I.   BID,    10(11,   TI2). 
Blll-0.0 
IX-0 
IM-O 
IB41I«0 
BI2l-All,ll 
IB(2)*|A(l,n 
DO   2   l-l.N 
X>W*B(2» 
IX-IBI2I 
CALL   SCALE   IX,Ul 
Y-O'BllI 
iv«l»ltl 
CALL    SCALE    (Y.IYI 
CALL  ADD   (x,U,r.lv,/,in 
CALL   SBTRT   (A( !♦ 1,1»,I Al I «1,11,2 . IZ ,BI11,IB«31) 
IF   IN-II    2,2,1 
iltl*ll2l 
IBIII«I(t|2i 
BI2)«RI3I 
IB(2I«IR(3> 
CONTINUE 
KOUNT«! 
CEPSIL-EPSILON 
Tlll-0.OVT(2l«O.O 

em, cisn TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 
TEST 

SB 

40 
41 
42 
43 

47 
48 
4« 
10 
71 
72 n 
74 
7S 
74 
77 
78 
79 
80 
81 

83 
84 
8S 
86 
87 

«0 
91- 

> 1 
i 
I 
8 
% 
b 
7 
I 
9 

10 
11 
12 
I) 
I«. 
IS 
lb 
i r 
id 
19 
2o 
21 
?-' 
2> 
?«. 
2S 
26 
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Nl-N«! TEST   27 
l->.C*MSILOtt TEST   26 
T«I»»0H0O TEST   29 
||||«MMM*« TEST   10 
ll2l->OM00»C(^SIl«K0M00 TEST   il 
00 *  1*1.Nl TEST   il 
19   («II.III   1.*.* T»$T   33 

% C(II>-*«I.IIMC>IAIItll TE.T   3* 
60  TO  S TEST   »i 

« cm-Ail.miouii.ii TEST   3c 
% CALL   UN&CUE   ICIII.ICI TEST   37 

rtn*Titi*eni*ciii TEST   3« 
TI2I«T(2I«EI2I*CIII TEST   it 

4 CONTINUE TEST   *0 
oi'-Tin-Tm TEST   *1 
IF   (01   IM,7.1« TEST   *2 

1   If    IRIJI 1    8.9.9 TEST   *i 
• •l)l>-B(II TEST   ** 
«  If   (IS(»1-7*1   10.10.12 TEST   *S 

10  IF   (IM)I*T«I   12.11.11 TEST   ** 
11   CALL   UNSCALt   IBIll.lBllll TEST   *7 

IF   (OlF-BOII   12.12.17 TEST   *a 
12 »'0 TEST   *9 

IF   (R0UNT-2I   13.1*.16 TEST   »U 
1)   IF   (31    15.14.1) TEST   il 
14   IF    (Ml    It.16.1* TEST   92 
1»  SENSl   LIOHT  2 TEST   »3 

K0UNr«KOUNT»l TEST   *<• 
1*  RETUAN 

• TEST   »i 
17  »•! TEST   5* 

60  TO  1* TEST   %7 
IB   IF   ((6(21-7*1   If.19,12 TEST   )M 
in   IF   (16(21*7*1   12.20.20 TEST   »9 
10 CALL  UNSCALZ   (6(21.16(211 TEST   60 

IF   (1601-741   21.21.12 TEST   *1 
tl   IF   (|FOI«7*l   12.22.22 TEST   *2 
22  CALL   imCALE   (6(31.16(111 TEST   6J 

l-0*6(2l*6(2l TESI   6* 
r-M«6(2l*6(ll TEST   hi 
l*Bm*B(ll TEST   ** 
f*i*r*l TEST   67 
IF   (Tl   23.17.2* TEST   6« 

1J  »•-» TEST   69 
2* OlF-OIFtOIF TEST   70 

IF   (OIF-YI   12.17,17 TEST   71 
INO TEST   72- 
SU6A0UTINC   kUBKES   (A.lA.N.SK. ISA.AOHODI ••«••   l 
OIMEHSIO««   »ISl.JI.   (AIM.11. SRI5I.II.   liaiil.Jl.  Cltllt 11)0.31                    2 
«•»«♦I > 
T*1.0 4 
00   1   fl.M » 
J>N1-I * 
faTMOHOO 7 
CIJi>AIJ.ll«l B 
IC>l«IJ.tl • 
CALL UNSCAi.E   (CIJI.ICI 10 

1  CONTINUE 11 
CIN1I>A(N1.1I 12 
IC-IA(NI.1I 1> 
CALL   UNiCALt   ICINII.ICI 1A 
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IF   ««»-2»   17,17,2 
2 N2-N-2 

DO   1   I-I.N2 
•(1,11-3.0 
6(1.21-0.0 

1 CONTINUE 
1-2 
B(1.2I-C(1) 

4 B(1.)I-CII l-Bll. 
00  5  J-2.N2 

II 

• (J.)l--BU-l.2l -Bu.n 
5 CONTINUE 

IF    IN-(J*m   <t,6 .6 
* 1-1*1 

DO   7  J«1,N2 
B(J.I»-B(J,2i 
B(J,?I-H«J.3I 

7 CONTINUE 
60   10  4 

• IF    IN-*)    19,9,11 
« If   (N-(2*in    12, 10,10 
0 1-1*1 

DO   It   J-l,2 
•(J,l)-B(J.2I 
B(J,2I-B(J.ii 

1 CONTINUE 
CO   TO  4 

2 B(3,)I>-M2,2I 
SR(),n--COI*BII .3) 
ISR1J.l)-0 
SR(2,n-B(2.)l 
ISK(2,1I-0 
SRU.n-oo.n 
iSK(i,n-o 
CALL   SCALE   (S«(l. ii,iSK(i,in 
CALL   SCALE   IS4I2, 1I.IS^I2,1II 

13 

I* 

1« 
16 
17 

IB 

I« 

CALL   SCALE   (SAIJ.1 I,I SRIJ,1 11 
CO   TO   16 
SR(N2,li>CINI-BII,3l 
ISR(N2,1)>0 
SR(N2-I, 11—CINll-BI2,)i 
ISR(N2-1.1I«0 
CALL   SCALE   I SAIN?.11,ISA I N2.11 I 

.CALL   SCALE   iSK(N2-1,11, I SRIN2-1,1M 
IF   (N2-2I    16,16,1« 
00   15  J-3,N2 
R>N2«1-J 
SRi«.n--au.ii 
ISR(K,M-0 
CALL   SCALE   ISRIK,11,tSR(K,111 
CONTINUE 
RETURN 
SRI1.1I-CI1I 
ISR(1,1I*0 
S«(2,1I«-C(2I 
ISR(2,ll-0 
CALL   SCALE   ISR(l,U,ISIIIl,m 
CALL   SCALE   ISRl2,ll,ISR(2,in 
CO   TO   16 
*Rii,n>-ci4» 

IS 
16 
17 
18 
19 
20 
21 
22 
23 
2* 
2S 
26 
27 
28 
2v 
30 
31 
32 
3J 
5* 
35 
16 
37 
38 
39 
*0 
Al 
♦ 2 
♦ J 
A* 
*S 
«6 
A7 
48 
«9 
SO 
si 
Si 
si 

ss 
56 
5? 
58 
59 
60 
6t 
62 
6) 
6A 
65 
66 
67 
68 
69 
70 
71 
72 
71 
7* 
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10 

n 

MI*(l»*Ct9l-Cltl 
liaiitliH 
ISRI2.II-0 
(0 10 to 
INO 
SUBROUTISe   «ICON   IROOTSfAtUtDtNl 
DIMENSION  R00TSt2.»0l(   0IS1I 
l«A 
ll-U 
CALL   UNSCill    II,III 
00  I   I'lil 
0111«0.0 
CONTINUC 
oiN*ii*i.a 
I>1 
Hl'H-l 
If   l«00TS(2,lll   3,7.9 
I-«00ISC1 .ll'HOOIMl.l 1 
U-K00TS(2.I(«MOOrSIZtl» 
T«T»U 
u-2.o»«oofsii,n 
00  9   J'l.HL 
IP   tl»J-U    5.^.4 
oiJi«oij*?i*r*o<Ji 
OUI»D( J1-U»0( J» I I 
CONTINUt 
0(Mi«T*UlNI 
0INI>DINI-U«0IN»1I 
eiN*ii-T*oi>«*n 
|«MI 
If   (N-U    10.7.? 
00 9   J.|,N 
If   IJ*I-UI   9,<»,S 
01 J>*DI J*ll-0IJI ••OTSIlt II 
CONTIMJf 
0(N» 11 ■-01 *«* 1) •ROOTS 11 ,11 
l*l*l 
60   TO  * 
MS«N*I 
oo it  ri'i.NS 
otii i>oiin*i 
CONTINUE 
MfUM 
INO 
SUBROUTINE   QUAOIV    IN.*,I 4 .«,0,8) 
0IME-4SI0N   »151.11,   1*151,11,   *m,   0I2I,   8«*'»» 
■ltl*«(t,tl 
io>ua,ti 
CALL UPSCALE 181 11.181 
If   IN-21 «,«,1 
RA«RI?,t I 
U«*UI2.1t 
CALL   UNSCALE   I AA, I A<I 
• I2HAA-Rltl*0lll 
If   (1-11   A,A,2 
Nf"N-l 
00  1   1*1. rf 
M*«ll-IIOIli 
n««eii-2i*ui2i 
AA-All.tl 

T» 
T4 
77 
70 
7»- 

•••••   t 
I 
1 
4 
I 
* 
7 
• 
4 

10 
It 
12 
19 
14 
I» 
14 
IT 
I« 
t« 
20 
21 
22 
29 
2A n 
26 
IT 
N 
2« 
90 
91 
92 
91 
9A 
95 
94 
97 
98 
94- 

2 
9 
4 
» 
4 
7 
• 
4 

10 
11 
11 
11 
|4 
15 
14 
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. 

IMMAIItll 17 
CALL   UNSCiLt    («».1**1 IB 
Bll|.*«-(XS»YN) 14 

J   CONtlKUt 20 
♦ iN*eiN-n*om 21 

Y»««BIS-?l»OI2l 22 
««-•<N,M 23 
l*««l«IN.II 2* 
CALL   UNSCALt    («*.l««l 2» 
R||)*«A-(«N«rNl 2* 
««■*IN*1,|I 27 

|M«l*l«l«ltll M 
CALL   UNSCALE   (AA.IAAl 29 
m?»»AA-BIN-ll»0«2l 30 
RETURN 11 
MO 32- 
SUd'tOUIINe   UOUBLOC   IX.tJt.Y.IYI •••••   | 
!•*%•• 

'. IF   (II    1.2,) 
1   PRINT   9 AF 
2  y-o.o » 

IV'O * 
CO   TO   A ? 

J   TO«M • 
r>ALOcmMü*ALO';in « 
IVO 10 
CALL   SCALE   IT.Iri 11 

A   RETURN 12 
II 

9  FORMAT   lAAHOTHE   LOG  OF   A   NON-POSITIVE   NUKRER   IS  REOUESTEO) 1A 
END 19- 
SUBROUTINE   OLEXP   II.IK.I.UI •••••   | 
I'EIPIXI X 
IZ-O > 
IF   IIXI    l.B.A • 

1   1 —1« 9 
ll-6*l * 
DO  A   J-l.M 7 
MMOtPllltll • 
IF   ««.1   f,i,* f 

i ii'ti-i 10 
t>6A.O*{ tl 

i   ll-MIJ 12 
<-SORTI/l 1) 
CALL   SCALE   II.lit IA 

A   CONTINUE 19 
S  RETURN 1* 
*   I.6MK 17 

00   7   JM.I IB 
|«l*l 19 
ll>II*II 20 
CALL   SCALE   IZ.UI 21 

1   CONTINUE 22 
CO  10  5 2) 

•   CALL   SCALE   1/.II) t* 
CO   TO   S 29 
Ml M- 
SUBROUTINE   ADO   11. U.V.IT.2 .111 •••••  i 
IF   IX)   3.1.1 2 

1   l-V » 
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U>lv 
I RETURN 
S   IF   (V)   »|4*S 
4 l-X 

IZ«U 
SO TO 2 

»  lOlff-U-lt 
IF   (IOIFM   6.?t7 

• U-1V 
*-Y 
»-X 
IDICF —tOIFF 
60   TO   • . 

7   IA-U 
«•I 
»•Y 

• IF   Jlfc-IOlFFl   4,9.10 

ll-U 
60 TO  2 

10 IF   MOIFF)   11,1),11 
11 00  12   l-ltlOIFf 

•••/64.0 
12 CONTlNUc 
IS CONTINUc 

2«A*B 
12-U 
CALL   SCALE   a.lll 
CO  TO  2 
END 
SUetCUTINE   SSTRf    llt|X(Y,IV,I.IZ) 
«—Y 
CALL   ADO   U.lX.W.IV.J.m 
HETURN 
END 
SUSAOUTI'lE   SCALE   it,It) 

IF m i.ii.i 
1 Y—I 

CO   TO   1 
2 Y>X 
}  IF   U4.0-YI   *.5,5 
A  Y>Y/b<>.b 

U-IX*1 
CO  TO  1 

5 IF   (Y-REC6M   6.7.7 
A  Y-Y»6«..0 

IX-IX-1 
CO   TC   S 

7   IF   U)   S»«.9 
• X—Y 

CO  TO   10 
%  X"Y 

10 »ETU-IN 
11 IX-0 

CO   TO   10 
ENO 
SUBROUTINE   UNSCALE   (X.Ut 
IF   CIX«R<>I   1.2.2 

I   X-O.O 

6 

* 
7 

10 
11 
12 
11 
1* 
15 
16 
i T 
18 
19 
20 
21 
22 
2} 
2<. 
2S 
26 
27 
II 
29 
30 
SI 
II 
Sl- 

• 1 
2 
J 

S- 
• 1 

2 
3 
6 
% 
6 
7 
• 
9 

10 
U 
12 
U 
I* 
lb 
16 
17 
II 
19 
20 
:i 
22- 

» 1 
2 
3 
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IX-O 
CO  TO * 

'  IF   (II-»»«.»   «•«•! 
I X«l.OE«tb) 

U-0 
MINT  T 
CO TO  6 

,   IP   III)   9,6.« 
i X*l*b4.d**lX 

U>0 
I RETURN 

FORMAT   I25HOEXP.   OVERFCOu   IN UNSCALEI 
mm 
SUB^OUTtVE   CMECRl    (V,*C.PPI.FF2,FP5J 
oiKt"tsiON VIM .  »cm 
V(1)«V(M«EXP(P(>1) 
¥l2»«Vt2»«Exi>(-«»Pll 
*V5»EIP«PP?»*I VI »»•C0SIPPJ)*VI«.»«Sir4(PPm 
AV«aEXP|PP2l*IW|4>*C0SIPP)l-V( 3>»SIN|PPm 
ÄV»«f»P4-PP2>»IV(5>»C0SIPPJ»»VlOl»StNIP»*n 
AV6«f JiPI-PP2»»IVI«>»»C0SIPP»»-Vl>»»SlN(PPin 
vni>*v} 

Vltl«AVS 

RETURN 
ENO 
SueaCUTlNE   CMECR2   IV,ACtPPl,PP2,PP1) 
DII'ESSIJ^  wlöl,   «Cl)l 
*yJ.Vin»C0S(PPll»VI2l»SINIPPl) 
*V?--«(ll*SIN(PPll*VI2l«C0&(PPl) 
VIII-AVl 
VI7I-AV2 
*vi»t«piPP2»»iwn»»cosiPP^>*wi*»»siN(ppu» 
A V* «E IP I PP2 I • I v («.) «COS lPP1>-VI3i«$IN(PPtll 
ÄV5«E«pi-pp2»»«wm«cosipPii»yi6)»stNipi>»n 
RVk>EXPI-PP2l«IVI6)*C0S(PP)i-VIM*SIN(PP)ll 
VDt'AV) 

¥15»-AW1» 1 
¥I6)-AV6 
RETURN 
ENO 
SUOROUTIPIE  CHECK«   tv , AC.PPI tPP2 ,PP11 
OMcMSION  VI6>.   AC»»» 
¥in-vm»E*piPPii 
VI2)>V(2l«EXPI-PPll 
AV)>«I1I«C0SIPP2I*VI4»«SINIPP2) 
*VA>-V|}»«S1MPP2»*VI«»*C0SIPP2I 
AV)-VI5I«C0SI>»P)»»VI6»*S1S(PP)I 
AV&>-VIM*SINIPP1I*VI6I*C0SIPP)I 
VIIMAVI 
VI4I-AV« 
Vlfl*iV« 
¥U)«AV6 
RETURN 
ENO 
SUeROUTlNE   CHECKS   IW.AC.PPI,PP2,PP3» 

«P 

IT- 
••••• 1 
CHECK 2 
CHECK 3 
CHECK s 
CHECK 5 
CHECK 6 
CHECK 7 
CHECK b 
CHECK 9 
CHECMO 
CHECKlI 
CHECK12 
CHECKl» 
CHECKl« 
CHECKIS- 
••••• l 

16- 
••••« 
CMKS 
CHK« 
CHK« 
CMK* 
CHK« 
CMK* 
CHK4 
CHK4 
CHK4 
CHKA 
CHK4 
CM»«. 
CHK« !♦- 
• •••• 
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oiMiNSioN vm. »CI»I 
«in.viii'f «^I'PII 
VIII*«lttMS»<-##ll 
vo>>vi)i*eKPiMn 
Vt*l-VI*Mf «PI --.  /I 
«V*«*(M»:0ill»PI 1 .V(M»MNI»Pn 
*v6.-vi*i»MsiP»n«vifci»!.oii>Pn 
VltlMV« 
VHMWi 
MIIM 
INO 
junoouTi-.r  «it»   UOOT.AC .KLIFI 
OlHfNMOl    K0t*l .     I1"IM .   iHMkl 
OINEN&IUS   MOOTII,*!,   «CD* 
COKMON   /KL»/    ICl.ICI.IC1 .IC«.IC%.ICk.lMl.|M2. 

mi,im.i<'..i«s.1»6 
leuivAKNCE nci.icomi i   IIMItllMlIt«   llftl« 
«RITE   19.201 
MRITE   «"».21»    IIROOni.JI .l>l.2I.J-l.*l 
00   I   JM.6 
ICOIJCO 
IINUIM 
IMI4IM 
CONTINUE 
uo 
IC*0 
11-0 
00 *  J>l.* 
IF   UBStKOUfl l.Jll.tT.l. E-121   ROOTII.JI-C.O 
IF    URilKOOTl/.JM.l T. 1. i'\2)  (tnK/.ji-o.j 
IF   IROOTd.JI.EO.O.OI   CO TO  » 
IF   (ROOTIl.Jtl   2,).? 
IC-ICM 
ICOUCI'J 
60  TO  5 
l.«ll«l 
imiiiMj 
«0   TO  5 
IMIMI 
IREIIRI-J 
CONTINUE 
MITE   14.221   IK.II.IC 
IF   llft.EC.2.*N0. IC.EQ.M CO  TO   6 
IF   (III.EQ.2.ANU. IM.EU.«! CO   TO   ' 
IF   IIM.E0.6i   00   TO  t 
IF   nr.EQ.2.«ND. IC.EQ.«I GO   TO   lb 
IF   IIII.EC.4.AN0. lH.fu.2t CO   10   IT 
IF   nK.E0.6l   UO   TO   19 
CO   TO   19 

CM« 
em« 
CNR« 
cm« 
CNR« 
CM*> 
CNR« 
CNR« 
CM*',     1 
CHK*   1 
CMr.i  I 
• •«•• 
RICE 
Ricr 

IN). |N4,IM%.tM6,ini.IRi:F 
MCF 

IREI in 

*  RtlP-l 

ACIll-ABSIROJTII.IIIIl 
*CI2l«*RSIRuJTIl.lClll 
»ci n'»8siH0jii2,ici n 
RETURN     ■ 

1  IIUF-2 

ACII)*«ISIROOT<I.IRlM 

RICE 
RICF 
RICE 
RICE 
RICE   1 
RICE   I 
RICE   1 
RICE   1 
RICE    I 
RICE    I 
RICE    I 
RICE    1 
RICE   I 
RICE   I 
RICE 
RICE 
RICE 
RICE 
RICE 
RICE 
RICE 
RICF 
RICE 
RICE 
RICE 
RICE 
RICE 
RICE 
RICE 
RICE 
RICE 
RICE 
RICE 
RICE 
RILf 
RICE 
RICF 
RICE 
RICE 
RICE 
RICE 
RICE 
RUF 
RICE 
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GO   TO   10 

AC(2I-ABSIR00TI2.|M1M 
IF   UC(2).NL.*nSlftOOT(2( IN2m   CO  TO  6 
•CIllaMSIRCOrittlNIII 
RETURN 

• AC(3l«ABS(RUOT(2tIM2ll 
RETURN 

* RUM1 

•Cfll**tS(tOOTIttlNlll 
IF    UOSIPOOI l?,IMUI.Nf .«BS(R00T(?.IM2I» I 
AC(?l««nS(R00T(2. mw) 
IF    l«eSU00T(2,l^n.NE.ACai.ANO.ABS(R00T(2t IN4II.NE.ACI2II 

1R12 
CO   10   1« 
ACm>AnSIR0OT(2t 1*21 I 
IF   |AnS(A00TI2.ir')ll.E0. ACIlil 
IF   |*0S(R0OT(2.IM3)>.fO. AC(2n 
RCIIt«MSIROOTtItlM*H 
RETURN 
IF   UeSCROOTI 2,|MOI.EO.AC(2n 
ACOI>ABS(RuOr(2tl^l I 
RETURN 
IF   |«rS(K00T(2,|M«n.NE.ACI 1)1 
AC(J)«AeS(RüOTI2tIMSII 

RETURN 
ACI)I«ABS(R^01(2.IM4II 
RETURN 

CO 

10 

II 
12 

I) 
14 

1» 

CO 
CO 

TO 
TO 

II 
1) 

CO  TO   U 

CO   TO   IS 

16  RLIP"* 

AC(ll«ABSIR00T(2f 1*1 )) 
ACm-ABSIRvJT(ltlClll 
AC()l>ABS<RwOT(2tiCni 
RETURN 

1?   RLIP'S 

AC(I)«ABS(R0CT(I«IR1 II 
ACI)l-ABS(RüOTI2,IM2lI 
IF   IABSIR00TIl,lR2)I.EQ.AC(lil   CO   TO   IB 
*CI2I>AASIR00I(1,IR2II 
RETU4N 

1»   AC(?l-ABS(ROOT(l,IR)II 
\9   KLIP*1T76 

RETUtN 

id   FORMAT IIOX.IOH   ROOTS I 
21 FORVAT IIX.EI^.S, 12X.E12.M 
22 FORMAT I lOX,3H|R>|<.,3X,)Hl|>|4,llt)HIC-U/l 

END 
SUBROUTINE FINCLE (EN.VI 

OI*tNSI0N FEND. II . 
01KE\SIO'! OEM).31 . 
00 I I•I.I 
00 I JM.1 
OEMI.JI'O.C 
CONTINUE 
00 2 1*1.) 

VP( 11 
EN(6. Tit VI6I. OUOU(6I. CO.ll 

RICF 
RICF 
RICF 
RICF 
RICF 
RICF 
RICF 
RICF 
RICF 
RICF 
RICF 
RICF 

TORICF 
RICF 
RICF 
RICF 
RICF 
RICF 
RICF 
RICF 
RICF 
RICF 
RICF 
RICF 
RICF 
RICF 
RICF 
RIC^ 
RICF 
RICF 
RICF 
RICF 
RICF 
RICF 
RICF 
RICF 
RICF 
RICF 
RICF 
RICF 
RICF 
RICF 
RICF 
RICF 
RICF 
RICF 
RICF 
RICF 
RICF 
RICF 

50 
>l 
>2 
i) 
5* 

S6 
57 
5B 
•><< 
60 
61 
6? 
63 
6«. 
6S 
6b 
67 
68 
6'< 
70 
71 
7? 
7 J 
74 
f-j 

76 
7 f 
7« 
7^ 
60 
HI 
«^ 
81 

«■> 

86 
87 

e-j 
"»0 
>»i 

9 \ 
9'. 
9'^ 
96 
97 
98 
9W 

RICFIOO- 
••••• 1 

2 
3 
* 
5 
6 
7 
• 
9 
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OENIl.ll-ENIIO.U 
0ENII<2)*CNII*)f)l 
0EN(I,))-EN(I*3.4) 
Cll.l)-EN(l*i,7) 

1 CONTINUE 
MMU   19,'iS   MDENd, J\,J-lt3l«l*l*ll 
CALL   LEQ   (OfN.C,»,l.>,J.DET» 
Vlll*Clltll 
vni-ci2tii 
Vl^l'COtll 
WtlTE   14.101   Vll).V(3).VI4l 
00  >   l-l.» 
00   1   J-l.i 
FEN(l«Jl-0.0 

y CONTINUE 
00  4   1-1.J 
FEN(I«I)>«NII,2) 
FEN(I,2)*CN(I,»I 
FEN(I,)I-EN(I,6I 

4 CONTINUE 
C(l,l»«cNn.7»-ENU,ll«Vm-ENU.J»»VI)»-^N< i.M*vm 
C«2,n-tN«2,T»-ENJ2,U*V«U-EN«2tJI*V(5)-ENI2,*>»yi*l 
Cl5il»«ENIl,n-E'H l,l»*vm-ENn.»l*VI J»-ENH.4I«VC«») 
WHITE   (9,41    (IF€N(t.JI.J>ltll. I«l*>) 
HHITE   (4,61   C(l,ll.C(?.ll •CD.ll 
CALL   LEQ   (FEN,C.3,l,3,).OET) 
V(2)-Cll,n 
VISIKIttli 
V<4I«€IS«1I 
WRITE  (9.111   vi?) .vtsi.vm 
00   &   1-1.6 
OUDUt H -f N( I .n*V(n«EN(I,2l*V(2)*EN(l,3)*V( 3) »ESC I,*»*W(*l*tN(I,5 

lIVVCkl^ENd.bl'Vlbl-ENd.Tt 
5 CONTINUE 

WRITE   (<4.7I    (UUOUdl ,t«lt6l 
RETURN 

4 fORNAT   tU.?SH   fOl   THE   FEN  MATRIX / 101. THC( 111)>E12. S.)X, THC( 
lttllsttt«»«»R*fNCIltll«ftt«%/i 

1  FORMAT   (U.36H   SOLUTICN  CHECK   BV   SUPS I 11 UT I i'<      IS   /|6E12.Sn 
t  FORMAT   (IX,^JH   F£N(I,J)   BT   ROMS   lS/l)clS.r)l 
«  FORMAT   (lX,2CH  OfNil.jl   BV   rfOrfS   IS/(JtlS.m 

10 FOHMAT   ( IX.SHVdl «I:I2.S,2X.$HVI3I<C12.S,2X,SHV(4I)>EI2.SI 
11 FORMAT   (lX.^MVt2l«El2.S,2X,BHV(^l>El2.^,2X,^HV(6l>EI2.Sl 

END 
SUBROUTINE lcQ I A, B. N<:OS .NSOLNS . I A. ID . OET I 
LlNt-AR ECUAdONS ^OLUdO^S  FORTRAN il VERSION 
SOLVE A SYSTEM OF LINEAR EQUATIONS OF THE FORM AX>B BY A MQOIFIEO 
GAUSS ELIMIUATIO'I SCHEME 

NEQS > NUMBcR OF EQUATIONS ANO UNKNOWNS 
NSOLNS • NUMBER OF VECTOR SOLUTDNS OESUEO 
IA • NUMOER OF RO^S OF A AS DEFINeO BY ülMENSION 
IB • NUMBER jf   RO»S Of B AS OEFlNtU BY DIMENSION 
AOET ■ OEIERMINANT OF A, AFTER EXIT MOM LEO 

STATEMENT 
STATEMENT 

ENTRY 
ENTRY 

DIMENSION   AIIA.IAI.   BdB.IBI 
NSI/^.EQS 
NBSI2«NS^LNS 
NORMALIZE EACH ROW BY ITS LARGEST ELEMENT. FORM PARTIAL OETERNT 

»0 
U 
12 
13 
».♦ 
MM 
16 
IT 
18 
19 
20M 
21 
22 
23 
2* 
24 
26 
27 
2« 
29 
30 
31 
32 
IBM 
KM 
If 
36 
37 
38 
MM 
60 
Al 
A2 
63 
66W 
6* 
A6 
*7 
68 
69 
50 
il 
52 
53 
56- 

••••• 1 
2 
3 
6 
5 
6 
7 
8 
9 

10 
11 
12 
13 
I* 
15 
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OCT-l.O 
DO 6 l>t.NSI2 
|IS«illtll 
IF (NSU-ll 17,IT,I 

1 00 J J.?,NSI/ 
if  upsf iflicj-ABSf i»i i, J) n 2.)ti 

2 BIC*«lltJI 
J CONTINUE 

I6-1.0/8IC 
DO   *   J'i.NSIZ 

4 At r,JI-»(I,Jl»fi& 
DO  %   J-l.NflSIZ 

9 »I I,J»'B( I,Jl»e& 
lfff*0IT*M6 

* CCNTINUC 
STAKT   iVSTIM   REDUCTION 
NUMSVS>NSt/-l 
DO   16   I-I.NU*SVS 
SCA'4  FIRST   CJLUMN   OF   CURRENT   STSTEH  FOR   LARSFST   ELEMENT 
CALL   THE   ROM  CONTAINING   THIS  ELEHENT,   RJw   NBGRM 
NN>l*l 
• IO>A(I.M 
NACitw«! 
DO  S  J-NM.NSU 
IF    IARSMBIGI-APSMAU.I I II    7,8,8 

7 RIO-AIJ,|I 
NSC^M-J 

• CONTINUE 
ic-i.u/8i(; 
SMAP  «OW   I    Ml TH  ROM   NACRM  UNLESS   l«NBGRM 
IF   IMBSR4-II   «tK»« 
SWAP   A-f»ATIMX   ROMS 

« DO   10   J-I.N.U 
TE*P>AiNBGaM.J) 
«INRGNW,JI«A<I»J) 

10 AILJI-T'-R 
DET.-OET 
SMAF   B-MATRIX   ROMS 
DO  II   JM.NDSU 
IE^P-SCI^G-»-. J» 
DIN8GRM,JI>B(l,Jt 

11 8(I.JI-r^Mp 
lilN|<ttri   UNHNOMNS  FHON  FIRST   COLUMN  OF   CURRENT   SYSTEM 

17 00  IS K«NN,r.SU 
COMPUTE   »»IVWTAL   MULTIPLIER 
FMULT>-AIK,I i*ar. 
AfRLV FMuLI TJ ALL COLUMNS OF THE CURRENT A-MATRIX ROM 
DO 13 J-'.N.NSK 

1) AIR.JI>R^ULT*'tl,JI*AIK,JI 
APPIV   PMULT   TO   ALL   COLUMNS  OF   MATRIX   8 
DO   U  L'UNOSI/ 

1«  8(R.LI«PMULT«ail,LI*8IK,LI 
IS CONTINUE 
1« CONTINUE 

DO  8ACR   SUBSTITUTION 
MlTN  R-MATRIX   COLUMN   ■   NCOLB 

17 DO 21 N:CLB>I,NBSU 

DO  FOR  ROM   >   NROU 
DO  21   l-UNSU 
IROM.NSI/M-I 

16 
ir 
IB 
19 
20 
21 
2? 
23 
2* 
25 
26 
27 
28 
2<> 
50 
II 
32 

sr. 
36 
37 
38 
3«* 
40 
♦I 
62 
*3 
64 
45 
46 
47 
48 
49 
»0 
51 
5? 
53 
54 
55 
56 
57 
58 
59 
60 
61 
6? 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
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MM 
COMMON   ZV)***/   0».OB,fO 
REAL   NUA.-lUAC.^un.-CIBC.MUNU.K.lOAOltLOAO; fRINTIO 

MRITf    ('».SI    MW.MWA ^RINTliM 
MRITE    l<l.6l    Mtf.ta« RRiNTl<>W 
WRITE    14. ri    MU.WUA f«l<US«* 
WRITE    14.nt    lAU.wPJ MI1T16M 
MRITE    14.9)   FN(k.FNJ(B,EMXA.FMXB rRINTlfU 
MRITE    «4.101   fHt,fft »RINT18W 
MRITE    14,1)   EI40A.ESJB fRI<4Tl4W 

MRITE    14.U    Oi.O^.FQ fRINT?lW 
RETURN niHWi 

rORMiT   Ull.lHGA-EI2.5.}(.tHCB«EID.2X,)HQKtlCEl2.)/l FRINTi^ 
FORMAT    I1JI.24H »LIP-IU                                                            PKINU6 

I NO 

•«UMAER   OF   »REVIOUSLV  COMPUTED   UNKNOWNS   ■   NIS IT 

ARE   WE   031NG   THE   BOTTOM  ROW T4 
IF    (NXSI    IB,20.IB «0 
MO »I 

It   00   14   n.l.NXS «2 
RR-MSI1*1-R «3 

14   TEMRaTEMP*R«KK.NCOLBI*tlNROW,KRI •* 
20  ■(NROW.NCOlBIXBINROW.NCOLBI-TEMM/MNROW.NROWl OS 

HAVE   WE   FINISHED   All   ROWS  FOR   B-HATKU   COLUMN •  NCOLB                                             •* 

SI   CONTINUE •? 

HAVE   ME   JUST   FINISHED  WITH  B-MATRU   COLUMN   NCOLB-NSW •'» 

12   CONTINUE «0 
YES «I 
MOM  FINISH  COHPUTING   THE   DETERMINANT «2 
00  I)   IM.nSU '3 

2)   0ET>0ET*AII .1 I *A 
ME   ARE   Al.   DONE   NOW «S 
MHCW... ** 
RETURN «T 
ENO '8- 
1UBR0UTPI6   PRINT    IXI •••••   I PRINT   2 

■■I 



I 

SURROUTINE   KSLT   (X) 
COMMON   OLTfcMP 
COMMON TEMP.EA.CACiNUAtNUACEB. HC . NUB, Nl)<<C , M* , MR, « . r, 1A , r, Mi. 

lÜA, 1'(.H,L»:H.L*PC" .•|MM).1.»"A.L,A-'fl.K. I«, J| . *( S1) i, r.i ritHMlOltM 
2T0B,BCf lhDJ»,LO*Ol,AM(SJI,L0«02,fNI6tntr*UA,FN«R,f"X*,F^Xu. 
)XtFNGA,> NJO.ACM ) .KLIPtf-LLf •JiLPtM^OI.VI'j) t AL( 1 U I. WM . OWri , OnHM 
«B^OJwn.OUOMrtt •««•u^A.MUiOMUiüüMUiOOÜMUt TAUt Of AUfUPJti4rfA,UtiMA, 
MM 
COMMON /SHEA«/ OA,0«,FO 
REAL   NUA.^UAC • NUB. NIlBC.NUNUiKfLOAOl. LOAD? 
WWA«WW«HI(1| 

OWWA>Oww 
MUA<WU*(MA/2. )*WA*(Hfl/?. |*wn 
OWUAOhU» |HA/?. I «OWA^IHP/?. l*OMH 
FNXA»CA«OwUA» ICA*'4(M/lli*(MMA|-triSI/l U-WJAI »•?!f II 
FNX0«Ch*0WU»<C0*NUH/RI»lrtW)-6I (e> I / ( I,-NUB ) »H T ( 22) 
FNX^FNXA»FNXH 
FMXA.UA'OrfA-KTn?»/« l.-NUA»*6T (IK I 
FMXR»Oh*OxB-PTJl ||/ll***IU9l*Sri|«i 
FMX»FfXA»FMXP«(H4/?.»MB/2,l»FNXA 
OA>|MA/i;. I •TAU*r,A^A*lMA*0><hl 
00■<►<"/I?, )»TAU»r.Af«1»JWrt»0N«l 
F0«OA*C0 
»tTU«N 
END 
SUBKCUTINR   PINCO    (FN.VI 
OIMENSI JN   UUMMV(6) 
DIMENSION   ENIb.n.   RENI6.6).   Clbillt   VI6) 
DO   1    I-I.e. 
00   1   JM.O 
RENIt.J)'cNII«Jl 
C(I.I l-^NII,n 

1 coNriNUt 
CALL   LEQ   (K£N,C.6.1.6.6tncn 
oo 2  i*i.e> 
Vlll'Cilill 

2 CONMNUr 
UO    1    l>l.6 
DUMMY Ill":N(l,ll«C(l.l>«tNII.2l*C(2.ll*^NII.)l«CI).ll*ENII,« 

IU*C.N( t .M*CO.n*c,l(I.M*Clb. ll-eNI 1.7) 
3 CONTINUt 

WRITc    ('!.<> I 
WRI Tf ^I^.S»    (UUMMVd 1.1*1,61 
RETURN 

4 FORMAT   HJH   SOLUTION  CHECK   BY   SUBSTITUTION | 
5 FORMAT    IlX,rtHNHAR(0»«EI2.S.lX,dMHBARI0»'CI?,S.IV.^McrARI 0»«c 

11X.9HNBARI<IV>»«CI2.S.IX. ;HMn*R|«.i|«EI2.S. I X . ^HCHA^I «w | »E I 2. >/ 
CNO 

• •»• »   I 
RSLT 

CA.CB.RSL T 
IQA.f JRSLT 
f NX.r.'lR .L T 
.»B.OW^SL r 
•«UA.bxRSL T 

RSLT 
RSLT 
RSLT 
RSLT 
RSLT 
RSLT 
RSLT 
RSLT 
RSLT 
RSLT 
RSLT 
RSLT 
RSLT 

RSLT 
RSLT 
RSLT 
RSLT 
RSL T 2b- 
• •••4 1 
BNCO 
BNCJ 
BNOO 
BNCO 
BNOO 
BNO) 
BNOO 
BNOO 
BNCO 
BNCO 
BNOO 
BNGO 

l»C(<.,B (CD 
BNOO 
• N&i 
BN&O I '1 
BNCO 1 rirf 
BNOO 
BNCO 
BNOO 

12.*/,* 4^0 
/1      nc* 

BNCO I*" 
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TABLE B.l 

AVERAGE MATERIAL PROPERTIES FOR PG AND ATJ GRAPHITE 

PG ATJ 

E 

V 

v( 

R 

L 

3.1 x 10   psi 2.26 x 10"   nsi 

-0.21 ♦ 0.30 

+ 0.90 + 0.25 

varies v/ith case 30 in. 

40   in. 
• 

40 in. 

1.43 x 10'6 In *v.25 x 10'6 in 

in -    F 

13.1 x 10"6 in 

in -    F 

in - ÜF 

4.25 x 10"6 in 

in - UF 
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CD 

3 

iSd   t.0l » 
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IMt.OI   ■ 
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APPENDIX  C 

DEFINITION OF TERMS 
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Zl = (Ca + Cb^ D {(a17 + a27 + ^i + ^2) " ^ D K; + \^ 

+ [j CbD   + ("RT-!?: ^ ^a^7 * a/17 + TT, + vA) 
^ "b •37      a47      '3      "4- 

h = (Ca + Cb)  {a67 + ^6 " T2 hb (a47 + M^ 

+ T2 hbCb (a37 + a47 + ^ + M^ 

Z3 = (Ca + Cb)  {a57 + "5 " T2 ha  (a47 + M)} 

+ 12 haCb (oi37 + a47 + ^3 + 7r4) 

Z4 - a31Z1  -  (a^D    + a15) Z2 

Z5 = a^D^ - (a31D2 + a32) Z2 (Cl  ) 

CAM 
^l^a^a^b^"^- 

a12--   2 V"Rb, 

^ 

C CKhKh 
'13 ■ Db(ca 

+ V + ^r^- 
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»i« = r ai2 
9 

•  - a b / a  bx 
a  b 

'16 U  R J U, RbJ 

»21 ■ Db (Ca + Cb' + 14 CaCbhb2 

'22 • - (c.
+ cb) | G\ 

»23 = K CaCbhahb 

- 

v,  v 5 A a  - i- r r h (T^ - -K^) + (C + CJ I GDhK a24  12 C.CA %     ^:;  V a  b; 6 c b a b b "a  "b 

»31 " Da ^a + Cb^ k CaCbha2 

«32 = - (Ca + V ! Gcha 

i a33 = a23 

'34 f? CaCbha^ 
v.  v 

i{)-KVc. + cb' (ci 

98 



bll  = a13a23 " ana21 

b12 = a14a23 " alla22 " a21a12 

'13 " a12a22 

'14 = a15a23 " alla24 

'15 = a16a23 " a12a24 

'21 a23a23 " a31a21 

b22 = '  ^a31a22 + a32a21^ 

'23 ' a32a22 

'24 = a23a34 " a31a24 

'25 " a32a24 (C.3  ) 
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g, = b   b     - b   b 
21  14       11 ?4 

gp=bb     +bb     -bb-bb 
c        21  15       22 14        12 24      11 25 

g7=bb       +bb-bb      -bb 
J        22 15 23 14      12 25        13 24 

gA 
s b   b   - b   b 

q        23 16      13 25 
(C.4) 

T(x) = (b   D4 + b    D2    + b    ) Z   - (b    D4 + b    D2 + b    ) Z 
1 21 22 23     4 11 12 13     5 

II(x) ■ Z4 

III(x) = h 

IV(X)   -  l/(Ca ♦  Cb)   (037 +a47  +.3 +rr4) 

Y^) = a47 +n4 

yj(x) = 027 + 1,2 

1 s Caha/2(Ca + V 

(C.5) 
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k2 ' W2(Ca + Cb' 

k3 ■ 1/R (Ca% + Vb'^a + Cb) 

k4 = Cb 

k5 ' k8 = CbVRb 

k6 " Cbhb Z12 

k7 = bb/2 

k9 ■ Cb/Rb' 

* 
" ■ ym$ - (|)2 ] 

[= -92,3 g2^   ^3. n = 1/27 < 2  {-±y - 9 (^)   M) ♦ 27  (-^) 
91 91      91 91 

A     ) -  n/2 + ii2/4 + m3/?7^ 1/3 

B =|- n/2 -  n2/4 + m3/27C 

x1  = A + B -  1/3 (g^g^ 

I 

(C.6) 

(C.7) 

(C.8) 

i 
x2 = +1/2 (A + B) + 1/3 (gg/g^ 

(C.9) 
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X3 =*! (A - B) 

r = U2)
2 + (X3)2 

tane-| = -^3 l^i 

taneo = ^^Z (CIO) 

C2 = r 1/4 cos (9^2) (C.ll) 

C3 - r 1/4 sin (6^2) 

2     3 11/2 
« - ■ n    m 

(C.12) 

C4 = (-n) 
1/3 

■ -1/2 j C4 + 3 (2q) 

C. - - 1/2 i C4 -  3 (2q) 

(C.13) 
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APPENDIX D 

Derivation of Integrated Shear Stress Resultant 
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The required shear stress-strain relation can be developed by 

weighted integration in order to obtain the factor 5/6 that is gen- 

erally accepted for isotropic plates and shells.    The method follows 

that in reference (15).    For convenience, the procedure for cylindrical 

shells is reproduced here. 

Expressions for normal stress distributions with z can be ob- 

tained by replacing the strains in the stress-strain relations  (1) 

by the approximate forms (8) and neglecting (z/R).  in comparison to 

unity in the same terms.    It is to be understood that the following 

hold for each lamina. 

— •   *      w  .   . ^      EoT       vEw 
v     R(]-/) 

x   i-v2 (uo+i+zß) " TT + ^rTr ^-^ 

6=  ~ (vu    + p + vZß  )  - T—7 + Ö- (D.2) 
1-v2 0       R ' V      R(l-vZ) 

Expressions for the stress distributions  in terms of stress 

resultants and couples can be obtained by using equations (11)  in 

(D.l) and (D.2). 

*  4    '^x vE I 2 .  12 z[M    . MTx E       ( I 
--- + ^ih--R-^77^    wdz +^ ^ + i^-R7^2)J_(

2 

«1^ 

NX   NT..        r    r: ,0 j     MT^ / h 
x h       fl-./n       a^n^   M   # "u- hJ     I    A        '" R(l-vt)| 

I "2 

wzdz I - ^-^ ^    v^ , • (D.3) 
R(l-v2) 
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No + 
NTo 

h 
2   -.       1?    z 

wdz + —-- 
•h hJ 

Mfl + ^ 
Ö        I -v 

Rh(l-v  ) I 
h 
2 

h 
2 

wzdz - -,- EaT + _E w 
1Vv'     R(T-v?') 

(DJ) 

The shear stress is related to the normal  stress by the equi- 
* 

librium equations (2).     If the first of these is integrated with respect 

to z,  the following is obtdined. 

^xz "  T2i *{!" ^ ) dz (D.5) 

Using  (D.3)  in (D.5) 

öxz ■ T2i ^-HH^1^^^/- n d? (D.6) 

. 

where 

n -    R        3 

n " T-v    3? 

N 
Tx      12z M 

r+ j- MT 
h x 

EaT - 
vE 

TT+^TR 
>(- 

h 
~j 122 

.   wdz + —JJ— 

f jz 
v'zdz - w 

/* 

Refering to the integrated equilibrium equations  (10) and re- 

placing the normal stress resultants and couples in (D.5) by their 
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equivalents in terms of the shear stress resultant, 

xz 

/-h 

11 - (1 - }■ ■ i pi.,,i« • Qdz    (D.8) 
h 
2 

Performing the indicated integration 

xz i=it-R)2]r#^^)?]-^[ '^ 

■mfoj. fidz (D.9) 

From (D.6) and equations (9), it can readily be shown that 

l   2 

ndz = 0 

(D.10) 

nzdz = 0 

The shear stress distribution (D.9) satisfies shear stress 

boundary conditions and the definition of the shear stress resultant. 

To prove the latter it Is necessary to make use of (D.10) and 
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h 
(2 f 1 

/-h J-h 
2 2 

f(y) dydz = 

h 
2 

■h 

2 

ll 4 z) f(z) dz (D.ll) 

McDonough  (15)  points out that the effect of the last term in 

(D.9)  is to modify the classical quadratic shear stress distribution 

but not the magnitude of the shear stress resultant.    The modification 

is due to the nonlinearity of the normal stress distribution, primarily 

its  distribution with x. 

Proceeding with the weighted integration as in  (15), the shear 

stress-strain relation of the set (1)  is multiplied by the weighting 

[• ■ < ¥] function |l -  ( -c)    \ and then integrated through the thickness of the 

shell  to.yield: 

PM xz dz = (D.12) 

Ihe integral  on the left hand side is evaluated using (D.9) with 

the aid of (D.10) and (D.ll).    The integral on the right hand side 

Is evaluated by using the shear strain given in equation (8).    After 

Integration, rearrangement and simplification, equation  (11A)  results: 

■ 
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p." *|6ch{ai+w1 )+| 
h     r- 

7  2 

' -cr)2 / 

c dz z + W 

h 

-h 
2 

^2 
ndydz (0.13) 
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