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STRETCH TDF - A CODE FOR COMPUTING THERMODYNAMIC FUNCTIONS

By William R. Gage and Charles L. Mader

ABSTRACT

This report is a description of a code for the IBM 7030

computer for computing the ideal gas thermodynamic
function for monoatomic, diatomic, and polyatomic gases
and the thermodynamic functions for solids. The output
of the calculations is designed to be the input to the
STRETCH BKW code.

STRETCH TDF is d translation and integration of the GMX-2 thermodynamic

3
function codes for the 7094 .  For monoatomic, diatomic, and polyatomic gases

STRETCH TDF will calculate the free energy, the enthalpy, and the entropy as

a function of temperature. These functions are then fit to a 4th degree

polynomial by the method of least squares. The integration constant IC in

r asthe equation H'-H' = 8 T- dT + IC is computed from the fit of entropy as a
O  J  BT

function of temperature.  As an option, the moments of inertia can be found

in the polyatomic case.  For one Debye Theta and two Debye Theta solids,

the heat capacity is computed as a function of temperature in addition to

the above quantities. The output from STRETCH TDF is designed for input to

STRETCH BKWl,2 and is similar to that found in previous GMX-2 reports3.

A detailed description of the equations may be found in the appendix.
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INPUT

The following is a list of units for input parameters.

Molecular weight ..... ................ grams/mole

Temperature .......................... OK
2     39

Moments of inertia ... ................ gm-cm x 10

Fundamental frequency ................ 1/cm

Vibrational frequency ................ 1/cm

Anharmonic coefficient ............... 1/cm

Rotational coefficient . .............. 1/cm

Rotational-Vibrational coefficient ... 1/cm

Term value of electronic state ........1/cm

Coordinates for moment of inertia .... A

Debye Theta .. . . . . . . . . . . . . . . . . . . . . . . . .     r.
0V
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INPUT FORMAT FOR STRETCH TDF

1st card - Identification (col 2-80) (Format H+  +)

2nd card - Col 2-5 type of molecule as follows:  (Format Vl*4)
0001 monoatomic gas
0002 diatomic gas
0003 polyatomic gas
0004 1 theta solid
0005 2 theta solid
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INPUT FOR MONOATOMIC GAS

3rd card - (Format EO. 1.11.3)
col 1-18 Molecular weight (grams/mole)

4th card (Format 3EO.1.11.3)
col 1-18 Initial temperature (°K)

col 19-36 Temperature increment (0K)
col 37-54 Final temperature (°K)

Note:  Maximum number of temperatures is 1000.

5th card - (Format EO. 1.11.3, Vl*4)
col 1-18 Go E  Statistical weight of Oth state

col 20-23 N2 - The number of electronic states

(may be 0, maximum of 30)
Note: This is the last card if N2 = 0.

6th and following cards -  (Format 2EO.1.11.3)th
col 1-18 Term value of i electronic state (1/cm)
col 19-36 Statistical weight of i electronic stateth

5
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INPUT FOR DIATOMIC GAS

3rd card - (Format 2EO.1 .11.3)
«     col 1-18 Molecular weight (grams/mole)

col 19-36 Symmetry number

4th card - (Format 3EO.1. 11.3)
col 1-18 Initial temperature (OK)

col 19-36 Temperature increment ('K)
col 37-54 Final temperature (°K)
Note:· No more than 1000 temperatures may be specified.

5th card - (Format 4EO. 1.11.3)
col 1-18 We - Vibrational frequency (1/cm)
col 19-36 WeXe -,Anharmonic coefficient (1/cm)
col 37-54 Be - Rotational coefficient (1/cm)
col 55-72   Ae   - Rotational-Vibrational coefficient (1/cm)

6th card - (Format EO.1. 11.3, Vl*4) th
col 1-18 Go E  Statistical weight of 0 state

col 20-23 N2 - The number of electronic states

(may be 0, maximum of 30)
Note: This is the last card if N2 = 0.

7th and following cards - (Format 2EO. 1.11.3)
col 1-18 Term value of ith electronic state (1/cm)

·th
col 19-36 Statistical weight of 1 electronic state

6
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INPUT FOR POLYATOMIC GAS

4           3rd card
- (Format 2EO. 1.11.3)

Col 1-18 Molecular weight (grams/mole)
col 19-36 Symmetry number

4th card - (Format 3EO.1.11.3)
Col 1-18 Initial temperature (°K)

col 19-36 Temperature increment ('K)
col 37-54 Final temperature (°K)
Note:  No more than 1000 temperatures may be specified.

5th card - (Format 3Vl*4)
col 2-5 L, L=0 for linear molecule, L=1 for non-

linear molecule
Col 7-10 NA, NA = 0 if moments of inertia are read in.

Otherwise, NA is number of atoms in a
molecule for the moment of inertia calculation.

col 12-15 NUM, Number of fundamental frequencies
(may be 0, maximum of 10)

For NA = 0

6th card -      .  (Format 3EO. 1.11.3)                 2     39
col 1-18, 19-36, 37-54  Moments of inertia (gm-cm  x 10  )

(If the molecule is linear, only the 1st moment,

col 1-18, need be entered.)
.

7th card - (Format EO.1.11.3)                th
Col 1-18 Go E  Statistical weight of the 0 state

Note: This is the last card if NUM = 0.

8th and following card  -  (Format 2EO.1.11.3)
Col 1-18 Fundamental frequency  (1/cm)
col 19-36 Degeneracy of fundamental frequency

For NA 4 0 (max 50)

6th and following NA-1 cards  -  (Format 4EO. 1.11.3)
Col 1-18 Atomic weight of atom
col 19-36 X-coordinate of atom (A)
col 37-54 Y-coordinate of atom (A)
col 55-72 Z-coordinate of atom (A)

Next card (Format EO.1.11.3) th
Col 1-18 Go E  Statistical weight of the 0 state

Note: This is the last card if NUM = 0.

Following cards -  (Format 2EO.1. 11.3)
Col 1-18 Fundamental frequency (1/cm)
col 19-36 Degeneracy of fundamental frequency
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INPUT FOR ONE DEBYE THETA SOLID

3rd card - (Format EO. 1.11.3)
col 1-18 Debye theta (°K)

4th card - (Format 2EO.1.11.3)
Col 1-18 Number of atoms per unit cell
col 19-36 Dimension (1, 2, or 3)

5th card - (Format 3EO.1.11.3)
Col 1-18 Initial temperature (°K)
col 19-36 Temperature increment ('K)
col 37-54 Final,temperature (0K)
Note:  No more than 1000 temperatures may

be specified.
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INPUT FOR TWO DEBYE THETA SOLID

3rd card - (Format 2EO.1. 11.3)
Col 1-18 Debye theta transverse (°K)

col 19-36 Debye theta longitudinal ('K)

4th card - (Fonmat EO.1.11.3)
col 1-18 Number of atoms per unit cell

5th card - (Format 3EO.1.11.3)
col 1-18 Initial temperature (°K)

col 19-36 Temperature increment ('K)
col 37-54 Final temperature (°K)

Note: No more than 1000 temperatures may

be specified.

9
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OUTPUT

On Film 1.  The ID card and input parameters.
2.  The 4th degree fits to the thermodynamic

functions.

3.  A listing of the values of the thermodynamic
functions plus the integration constant
for the range of temperatures specified.

4.  The variance of the fit on the entropy and a
listing of values computed from the fit.

5.  Graphs of the thermodynamic functions.

Off Line Print - 1, 2, and 3 above.

On  Line Print - (Sw 34 on, 37 off) - 1, 2, and 3 above.
(Sw 34 on, 37 on)  - Just the ID card.
(Sw 34 off) - Nothing.

Sw 34 and 37 must Ue set before reading in
the data for the case to be listed.

10



The following are seven cases illustrating
the input and film output of STRETCH TDF.

Page

Case one Monoatomic S Sulfur ..............................   12

Case two Diatomic PO Phosphorus Oxide ... .................. 20

Case three Linear Polyatomic AlFO ... ...........................   28

Case four Non-Linear Polyatomic CF4   Carbon tetrafluoride ....   36

Case five Polyatomic with Moment of Inertia Li20
.............  44

Case six One Debye Theta Solid B Boron .... . . . . . . . . . . .     52

Case seven Two Debye Theta Solid BN  Boron Nitride .............  61
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GMX-2 LOADING FORM FOR STRETCH
PROGRAMMER: DROBLEM: TZ)/r DATE: PAGE OF

fx. xX 'fEEE :EX.XX 't'EEE fx.xx +'EEE :Ex.xx REE
(fi,f/ A...1-6,.

1 1               1 4       11                      15     19                    |33    3                     51                            59    73

/f/t: /1'tif 1/9 77f/47Fi    i   i   AS         i   i       i   1   1   1    0   i   i   i    i  i   i.sic46 F«,il       I   i   i   i    r   iii   i    i    '   i    i           iCIA 516    diA44   1   I   l    i    ll    i           1   1       1   1   1   1    1,1   1

Iqcjc'  /    I  I   hil   ill          H      ill   l   i  i   i   i   Ill   j  i          i  i      ill  l   i   l  i  l   i   i   l  i   i         i i lilli Ill lilli 11 11111112

t 4  2146'161 1 1 1 1 i i 9-rle'/ 1111111111111 11 lili 1llllllli ll lilli lili 1 11 1 11 11111. 115

till' 1 I ii I li  l l I  '61012+1/1.l i ll I 1.11 ' 11 '019°14·11 111111111 .0 tri·s 111111111  lil  i     11   lili  M I
Fj. +00° C°03

1 1     1 1 1 1  1 1 1 1 1 1 1 1 1       1 1     1 1 1 1  1 1 1 1 1  1 1 1  1       1 1    1 1 1 1  151  11 1.1 1 1 1 1 1 1 1 1 1 1 11 1 1111111111 li
+3 96 9 , 0  ,5 .2  '  31

·. t- 000                                                              6
11,1 1 1,1 1'l l'1 1 11111111111 11 lilI 111111111 11  lillill'llili 11 1iIIll1

+5·736 t-0 02+1 4-COC111[1111 lilli 11       11.111111    1   lili            11        1111    111111    :11           11        111111111111    1           11        1111    1 7 1 1

+9 239 ,°03+5 +00                                       2
l i l i  1 1   1 1 1   11   1   1 1 1 1 lilillllllllll 1 1 0  1 1    1 1 1 1 1 1 1 1 1 1 1 1 111111111 l il i   I 1  1111111
1111111111111 11 1111111111111 11 li li 11111111 i   11  lili lilli lil i

11 lili Ill

111111111111 2 11 1111111111111   11 lilI 111111111   1,  lili lilli Iii I il lili'll

111:11111 lili   11 111111111111: 11 lili lili lilli 11 1111111'llili 11 1111111
»

7 1111111111111   11 1111111111111 11 1111111111111 11 1- Ill--1 .+  1  lillill        1   1     lillill

1111111111111   11 1111111111111   11  lilill'111111 11 Iltilillillil il lililll

-1111111111111 1% 1 l' 111111111:   11 1111111'll Il l  11  lill i 1 Ill l il I 11 lilli ll

11111111 lilli 11 11111111 Ill li 11 lilI 111111111 11 1111111111111 11 lilli ll

1111111111111 11 1111111111111 11 lilli Ill lilli 11 lili i lillill 1 1 1 1111111

1111111111111  11 1111111111111 11  lili lili lili , 11  1111111111111 11 lilli ll

lillilll lilli 11 1111111111111 It lilill'111 Ill 11 1111111111111 11 1111%t 1

lllillllll 111 11 11 'lilli lilli 11  lilill'll' 111   11  lilillili lili i 1 11!1111

lilli lilli '11   11 111111'llillI 11 1111111111 Ill  11  11'llilli lili Il lili//11

1111111111111 11 l i l l i l l ' Il l 11  11 1111111111111  11  1 Ill 111111111  11 1 11 11 : 1

-lilli 'Illilli   1 1 11111111 lilli 1 % ; 1 11 l i l l I 1 H 1  11  l i l i l l i l I l i l i  1 1
1111 111

1I111lllIl III 11 1111111'Ill 11  11 lili lilli lili Il  111111'litili li lili 111
I lili 111111111 11 1111111111111 11 1111111111111  11  1111111111111  11 1111111

1 lilI'/ / ' /- ' 1 / 111/1,1 /.t 1 11 11 ''  11  1/'11''/I -  -.
GHX-2-F-48
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W>NOA TON iC S SULFUR CASE ONE

./ECULAR 'T 60 E W.08 A TONIC

3.206'0000000•001 5.00000000000*000

Tte. VALI£ 1/C. STAT WT
3.96 000000000•002 3.00000000000•000
5.,3600000000*002 1.00000000000•000
9.21900000000•003 5.00000000000.000

FO-/0/1 = -3.20658/60548•001 -1.27095526502-002T 4.4327181/531-011€T*2 -1.*65B204FA32-1,101*3 4.92952*3/2.1-'14 T.4

'-Me = -2.3/19701 36,9-0,13 5.55964933146-0037 -3.119„762/1 Ft-00/1*2 14·opt B644529 1-1111 1*3 -6.029491 43944-'·151#1

SO   3 . P 5 36 "elli it•00 1 1.25604911165-002 T -4.44106000037 -FOG Te.2 7./916339/AP2-01OT*3 -5.0/03,24,009-0141*4

TE* (OEG K) FO-MO/1 (C/M/C) MO (KC/M) SO (Cm/0)               IC
5.000/0000•02 -3.4'813107+01 1.60146243•00 4.01195188•01 1.11154091•03
4.00000000•02 -3.63279922+01 2.16241677+00 4.17341841•01 1.33256662*03
5.00000000•02 -3.7536851/+01 2./1181853+00 4.29604948+01 1.41656167+03
*.00000000•02 -3.85253762*01 3.25038572•00 4.39426857*01 '1.55637115+03
7.00000000•02 -3.93592914*01 3.7804974 8 +00 4.47600021+01 1.5%.510/OP•03

8.00000000•02 -4.00791423*01 4.30420722+00 4.54594013*01 1.5744P027*03
9.0000OIl00•02 -4.07116159*01 4.82307501*00 4.60705882•01 1.53468126*03

1.00000000*03 -4.12751590•01 5.33925022*00 4.66134092*01 1.474451 Pt•03

1.10000000+03 -4.1,B30218•01 5.85059042*00 4.71017404•01 1.40128233•03
1.20000000•03 -4.22450245•01 6.36075922+00 4.754565/2*01 1.32155246+03
1.30000000•03 -4.26686314•01 6.8692964F+00 4.79527116*01 1.24064997•03
1.40000(100•03 -4.30596700+01 7.37666467*00 4.83287162*01 1.16306575•03
1.50000000*03 -4.34227260+01 7.8832770,•Do 4.86782449*01 1.09247072•03
1.60000000*03 -4.37615171+DI 8.38951292+00 4.90049627+01 1.03177963+03
1.70000000•03 -4.40790720•01 8.89572406+00 4.93118509•01 9.83206415*02
1.80000000•03 -4.43778994+01 9.40223650*00 4.96013641•01 9.48314390.02
1.90000000•03 -4.46600971•01 9.90934939+00 4.98755441+01 9.28063917+02
2.00000000•03 -4.49274370.01 1.04173330*01 5.01361035+01 9.22859111•02
2.10000000•03 -4.518142Pt+01 1.09264269+01 5.03 844 APP+01 9.32594626+02
2.20000000•03 -4.54233669•01 1.14368380+01 5.06219300+01 9.56,03064+02
2.30000000•03 -4.56543722+01 1.19487437+01 5.08494781+01 9.94203193+02
2.40000000•03 -4 .SP 754 I PO*01 1.24622847•01 5.10680367+01 1.04374901*03

2.50000000+03 -4.60873559•01 1.29715741-01 5.12783855*01 1.10361952•03

2.60000000*03 -4.62909344*01 1.34946946*01 5.14912015+01 1.17206915•03
2.10000000•03 -4.64868143*01 1.40137021+01 5.16770744•01 1.24677856•03
2.80000000•03 -4.66755822+01 1.45346277.01 5.18665206*01 1.325505'3*03
2.90000000•03 -4.685 77599+01 1.50574807•01 5.20499941+01 1.40583725•03
3.00000000•03 -4.70338145*01 1.55822505*01 5.22278980*01 1.4P529959*03

3.10000000•03 -4. 72041644 +A 1.61089/00•01 5.24005P,0•01 1.561/1037*03
3.20000000•03 -/.7369/867•01 1.66374176*01 5.25683797•01 1.63172949+03

3.30000000•03 -4.75292210•01 1.71617195401 5.27315611*01 1.69391021+03

3.40000000•03 -4.76845778•01 1.76997523•01 5.2P903873•0/ 1.74574907•03

3.50000OOD•03 -4.78355349+01 L 82334443•01 5.30450904•01 1.7P524065•03

3.60000000•03 -4.,9823419•01 1.876P7'78.01 5.3195 PPOS•01 1.0106 99•*03

3./0000000*03 -4.8125249P•Fl 1.93054908•01 5.33/29500•01 1.82042060•03

3.80000000•03 -4.8264453/•01 1.984367/5401 5.34064741*01 1.P 1352106•/3

3.90000000•03 -4.84/01554*01 2.0383/907*01 5.36266146•01 1.7891951 P•03

/•ttoroo,00•03 -4.853253*P•01 2.09239419+01 5.37633203•01 1.,471*191*03

4 . "-1FFI,i.,.0•03 -4./661/510*01 2.1465P427•01 5.3P973292•01 1.*P/63515.03

-13-



4
4.20000000•03 -4.8/8,9„,•01 2.20088052•01 5.4028/694•01 1.6113/258•03
4.30000000•03 -4.89113363*01 2.25527431*01 5.41561602*01 1.5191255/•03
4.40000000•03 -4.90319652*01 2.309/571"01 5.42814133•01 1.4146FBOS•03
4.50000000•63 -4.91499863•01 2.364320RF•01 5.4/040332•01 1.29P945/2*03
4.60000000-03 -4.92655150•01 2.41895/42•91 5.45241181•01 1.17592493*03
4.700000.10•03 -4.93,86560•01 2.41365913*01 5.4641 605•01 1.049P4172*03
4.Ptl 00 0000 -03 -4.94 895089•01 2.52 B41861+01 5.4157047/*01 9.25'5065**07
4.90000000•03 -4.959B1g6F•0t 2.533228 6•01 5.40700621•01 8.09593613•02
5.0000(11100.05 -4.9 04/194*01 2.63808235•01 5.49POBB21*01 1.OB248540•02
..10000.00•03 -4.98092397•01 2.59297442•01 5.50895Pt/•01 6.2957Pl P,•02
..20000000*03 -4.99118135*01 2.74789138•01 5.51962315*01 5.5.%47P736•02

5.'0000000•03 -5.00125099•01 2.80204595•01 5.530009PS+01 5.F692P 700•02
5.40000000•03 -5.01113914•01 2.85/Bl 461+01 5.54036461•01 6.24037059•02
5.500110000•03 -5.02085400*01 2.91279B40•01 5.55045371+01 7.36092373*02
5.6000Nt1110*03 -9.03039958*01 2.961/9229•01 5.56036279•01 9.26611125*02
/.'0000000•03 -5.039'B312*01 3.02279182*01 5.57009747+01 1.21030636•03
5.80000000.03 -5.04900917•01 3.07 79273•01 5.57966309•01 1.60353621*03
5.90(100000•03 -5.OSPOR321•01 3.13279104.01 5.50906474+01 2.12355215*03
6.00000000•03 -5.06101014•01 3.187'8306*Ot 5.59 830731•01 2.78934996•03

-14-



4
ENT Gre i   F 1 1

VARIANCE
3.45952964951-002

TE* (CE& K)            Sri             SO FACN FIT

3.00000000•02 4.011951 88*01 4.09254709*01

4.00000000•02 4.1/341841*01 4.18986091•01

5.00000000*02 4.29604948*01 4.23006580•01

6.00000000+02 4.39426857*01 4.36357467*01

' .00000000.02 4.4.600021*01 4.44078P52+01

B.00000000+02 4.54594013•01 4.51209611*01

9.00000000*02 4.60105882•01 4.5/787402+01

1.00000000*03 4.66/34092*01 4.6384866/•01

1.10000000•03 4.71017404•01 4.69428633*01

1.20000000•03 4./5456512+01 4.74561307*01

1.30000000*03 4.79527/16+01 4.79279482*01

1.40000000*08 4.B32B7162•01 4.93614732•81

1.50000000/03 4.86182449•01 4.81597414*01

1.60000000•03 4.90049627*01 4.91256669*01

1./0000000•03 4.93118509*01 4.94620423+01

1.80000000•03 4.96013641+01 4.97.15381•01

1.90000000•03 4.9PF55441+01 5.00567034*01

2.00000000+03 5.01361035*CH 5.03199655*01

2.10000000•03 5.03844888*01 5.05636301*01

2.20000000+03 5.06219300+01 5.07898812*01

2.30000000•03 5.08494/81+01 5.10007809 +01

2.•0000000*03 5.10680367•01 5.11982699+01

2.50000000•03 5.12183855*01 5.13841672*01

2.60000000*03 5.14812015*01 5.1560/697+01

2.70000000•03 5.16170.44.01 5.17278532+01

2.80000000*03 5.18665206*01 5.18886714+01

2.90000000•03 5.20499947+01 5.20439564+01

3.00000000*03 5.22278980•01 5.21949187+01

3.1 0000000•03 5.24005870+01 5.23426470+01

3.20000000+03 5.25683'97+01 5.2488:085+01

3.30000000+03 5.27315611+01 5.26321485+01

3.40000000*03 5.28903873•01 5.2/754906+01

3.50000000*03 5.30450904*01 5.29187369•01

3.60000000*03 5.31958806+01 5.30623678•01

3.70000000•03 5.33429500*01 5.32067417*01

3.FO000000*03 5.34864741*01 5.33520957*01

3.90000000•03 5.36266146•01 5.34965450+01

4.00000000•03 5.37635203•01 5.36460831*01

4.to000000*03 5.38973292*01 5.37945820+01

4.20000000*03 5.40281694*01 5.39437918+01

4.30000000*03 5.41561602*01 5.40933409+01

4.40000000+03 5.42814133•01 5.42427363*01

4.50000000*03 5.44040332*01 5.43913629•01

4.60000000•03 5.45241181+01 5.45384843*01

4.70000000-03 5.46417605+01 5.46832421*01

4.88/00000*03 5.47570477*01 5.48246565+01

4.9 000000.03 5.48'00621•01 5.49616257•01

5.08000000•03 5.498OP#21+01 5.50929264•01

5.10000000•03 5.50895811•01 5.52/72/36+01

5.20000000•03 5.51962315*01 5.53330206•01

5.30000000•03 5.5300P985•01 5.54387590•01

5.4000,0000 -t-,3 5.54036467+81 5.55321187*01

5.5/F/f, 0•03 5.550453/1-01 5.5613/SPO+01

-15-



4

5.lool l,000-0 3 5./60'62'9•01 5.561/8533•01

%.,0000000.0 ' 9.5.009141•01 5.5.249994-01

5.$0000000.0, 5.5/966309*01 5.SF523097•01

3.90000000*03 5.5)9064/4*ill 5.5/5/4/55*01

0  . t; /1 0/1 11 0 0 /1 + 0 3 5.59830/31•01 5.5/380266/31

-16-



4
". ...

20.850

25.82*

22.79+

19.11+

16.14+

13.11+

to.68.

7.66.

4.63+

1.60                +              0              +              4              4              +              4              4              +              4

300 Plo 1440 20/0 2580 3150 3720 4290 4860 5430 6000

"•NCATOMIC S SULFUR CASE ONE

ENTMALPY(KC/M) VS TEMPERATUREADEG K)
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4
-34./8

-,4.,/+                                                                 1

-37.96+

-39.55+

-41.14+

-42.73+

-44.31 +

-45.90+

-47.49*

-49.OP*

-50.61*          4          4          4          4          +          4         4          4          4
300 870 1440 2010 2580 3150 3720 4290 4860 5430 6000

MONOATOMIC S SULFUR CASE ONE

FREE  ENERGY(C/N/0)  VS  TEMPERATURE (DEG  K)
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4
55.90.

54.40*

52.81*

91.22+

49.64*

48.05*

46.46+

44.88+

43.29+

41.71+

40.12                    +                  4                  4                  4                  4                  4                  4                  4                  •                  •

300 B,0 1440 2010 2580 3150 3720 4290 48*0 5430 6000

MONOATOMIC S SULFUR CASE ONE.

ENTROP¥(C/M/01  VS  TEMPERATURE (0EG  K)

\
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GMX-2 LOADING FORM FOR STRETCH
PROGRAMMER: PROBLEM:    72) F DATE : PAGE OF

fx.xx 'fEEE :EX.XX '+'EEE :Ex.xx + EEE :EX.XX fEEE      L:.4.,t
 1     5                 69   731                                                               15              19                                                             33             3 7

1
1                      1                                             1

11)1»17-94/«1 pd.lillI 1 1    1 1'1 1'1 1'1  'P'/91(t
s

P'/910 4)16/  5   Ar x/44   i I i i 1 CIA  514     1·*411111     111                 11           l     i     l    i      1/1     1

| fr,-9                                                              3
t M rrI l i j i i   I z      1 1    1 1 1 1 1 1 1 1 1 1 1 1 1      1 1    l i l i 1 1 1 1 1 1 1 1 1 --1- 1- +.lilli    lilli             1 1 lilI11                       Ill
' 1. 6 9 7 :Si ;      j 'r.101/ 1/1.1 1 1 1 1 1 1 1 1 1 1 '°190 l i l i l 1 1 1 l i l l I    11   l i l l i l l l l i l l I    '1 1 1 1 1 191 1
+-C. to o n+ / . +eCa+6
1111111111111 11 111;111'jilll 11    1 1.1 1111111111 0516-13  1 1 1 1 1 1 1 1'l i l i      1 1    l i l I  ly' 1

+or°+7·639 - Cli /
11.1 .13   i   1   i   i   1    i   1   1   1   - c l r l 3   1   1   1  1   161   1t<  . rl .31<161 yl lillI +riristi·1512111111111           1 1       l i l I'l l'1 1 1 1 1

 0.211.lilli 111111 9 r lolo lolic'/111111111   11 lilI 111111111 1 1     1 1 1 1 1:1 1 1 1  1 1 1      1 1    1 1 1 1  16:11

+ r?i  · 1.2  315             1        1              f- r  r 4  11-1 .1 , e (0                                        71111111!11 11  lilI :11111111 11 lillI'll: 1 %1 1   :1  lili Ill

1111111111111  11 1111111111111 li 11 1 111'llill   1 1  11 51 :1 M i l i t' 11 1111111

11lll1l1i1ili Il lllllllllll1t Il 1111111111111 11 1111161111111 11 1111111

1111 111111 11  1 1 1 111111'lilli   11  1 1 11 1111111'l  11  111:11111 112 1 11 lililli

6 1111111111111   11 1111111111111   11  lilli'1111111  11  11'llill'lili  11 1111111
111;11;1111lI   ll lllllllllll1l It lili 111111111 11 11..1.-1.+  I l l  11   1 1   1        1 1 lillI'l

Ill'll'lll'll'   11
11111111:lilI it  1111 'lilli iii 1%  1111111111111 11 1lll1ll

111111111  1111   11 1 11'll'll'llt 11 lilI lillit 11 1 1 1  lill i l 111 111 :   11  l ili 111

11111111111111 11 11111111 Illil 1! lili lilli ' 11 1 11 lillill'lili: 11 1111111

lillill'11111  11 11111111111 'l 11 1111111111111 11 lillilllilli 1 11 1111111-

11111111 8 111   1 1 1 1111'ZI:11 11   11 lilII'll'lll, 11  lili Ill' 11111 11 1111111

lilliI'llilli   11 11111111111'z 11 111111111111: 11 1111111111111 11 1111111

Illlilli lilli 11 1111111'll'll 11 1111!11111111 11  lillil;Ililli 11 1111111

1111111111111 11 'll'llil Hill 11 lilI lilli 111 1 12  lillialllilli  1 1 1111111

I
1111111111111 11 1 111111111111 11 11'llilliI'll  li  lilli lili lili  11 lili Ill

11111111 li lli   11 l i l li 11111111 1 1 lilli lili lili 11   111 11!11 lili  1
1

Illl'll

1111111111111 11 I l l'1 1 1 1  1   1 1 1 1 1 l i l l i  l i l i  l i l i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l i l i l l i l l. . .

lili ll'111111 11 1111111111111 11 lili lilli lili  11  lili lilli'111  11 lilI'll
1 lilI     1   1   It 1 1''t          11  11         /,1  11''/1,/  'I '/i//-

GIX-2-1-48



4
, lal;. 1 C .r, p<,50-,GUS .'.ICE CASE    TIC,

/riE(ULAR .1 5 I i ME T R y NO. CIATC•ic

4 ..4 ' .1 1· tt Ill .10..0 1 1.0 011 0 0000 00 11 + 0 110

4 E wE *E B E AE

1.250 4000000•003 6 . 5 2 ill; 6 Flit; 11 (7 ° - 1;00 1 .629110000(100-001 5 . 5 t,l,/;,10000(;/.-00 5

60 E
2 . 1-·l,11/10/51 '0000*1101;

TE«•• VALLE 1/CM STAT WT

2. I /81.10000000+002 2. 00000000000*000

Fll-,0/ r = -4.1 F,53409226+001 -1.18434348953-0021 5.91'502791.11A1-1.11.,ST*2 -1.1,11435169991-009.7*3 ..4,1,114,53, ,-11/1/I

4-NO = -1.140/244*395-001 7./57145'A€39-003T 5.19512183835-0071*2 - 8 . 9 2 1 1.11 K,3 P G 2 - 1,1 1 7 * 3 5./37112'Ar'aff-,·191+4

Sl, I 4.8 96 144 / 4 922 *lilot 1.PRE,1189769-0021 -6.19986382930-0061*2 1.04349052900-0091*3 -6.6136559440/-31 T/4

TEMP (CEG K) FO-441/T (Cm/01 .0 /KC..) SO (CAL/O)               IC

3.00000000/02 -4.56539453*01 2.26031271+00 5.31883210*01 1.51663157*113

4.011000000+02 -4.78248166+01 3.02520041*00 5.53878171+01 1.F6078039+03

5.00000000*02 -4.95177988+01 3.80833141+00 5.7/344616•01 1.91920415•03

6.00000000•02 -5.09124953+01 4.611 PSB90*00 5.85989268+01 2.01/05402•03

1.00000000•02 -5.21029926•01 5.43315585+00 5.98646438+01 2.04914009•03

8.00000000*02 -5.31443024+01 6.268 B l 026•00 6.09P03152+01 2.04399018•03

9.00000000+02 -5.40713666+01 7.11583053+00 6.19778449*01 2.00511864+03

1.00000000•03 -5.490782 76*01 7.97185529+00 6.28796B29*01 1.94129970•03

1.10000000-03 -5.56704842+01 8.83508209•00 6.37023770+01 1.86055964*03

1.20000000•03 -5.63717399•01 9.70414508+00 6.44585215•01 1.7)011800*03

1.30000000•03 -5.70210384+01 1 .05 7 BOO 55 *01 6.51579657+01 1.67634144*03

1.40000000*03 -5.76257521•01 1.14558664+01 6.58085138+01 1.58472220*03

1.50000000•03 -5.81917561*01 1.23371181•01 6.64164968+01 1.49987BPO+03

1.60000000•03 -5.8723Pt,1+01 1.32212526*01 6.69870999•01 1.42557392+03

1.70000000+03 -5.92258549+01 1.41079102+01 6.75246255+01 1.364/44P3+03

1. AL,000000+03 -5.97011393*01 1.4996/157•01 6.80326513+01 1.31954279*03

1.90000000.03 -6.01524260+01 1.588760OA•01 6.85143212+01 1.29137PPS•03

2.00 00000*03 -6.05/20609+01 1.67801824•01 6.89721521*01 1.2P097423*03

2./0000000•03 -6.099205/P•01 1./6/43536*01 6.94084167*01 1.2884139P•Fl

2.20000000•03 -6.13841596*Of 1.85699757+01 6.9825057/*01 1.31320302•03

2.30000000•03 -6.17598850•01 1.94669325•01 P.022376FF•01 1.354 32396*03

2.40000000•03 -6.21205654•01 2.03651263•01 7.060603d,+01 1.41029621•03

2.51000000•03 -6.24673152•01 2.12644740*01 7.09731648*01 1./7923603"3

2.60000000•03 -6.28013555•01 2.21649050•01 7.132631 89"' 1 1.55P91735*03

2.70000000•03 -6.31234335•01 2.306635 84•Of 7.16665292+01 1.6/SP3313•03

2.P.0.00.0.03 -6.34344391•01 2.396R/Plf•01 7.19947153•01 1.74025714•03

2.90000000•03 -6.37351176•01 2.4872/29P,01 7.2311/141*01 1.83630*OP+03

3.l"00000•03 -6..0261414.01 2.5/763627•01 7.26102623•01 1.93200200.03

3.1/000000•03 .6.430)'IP"01 2.668/4459*01 7.2915/367-01 2.02433,P'*03

3.200"""03 -6.45516019•01 2.75P 734PP•01 P.32 0261 Pa•01 2.11032510•/3

3.,00000'"113 -6.IP,70941•01 2.P49/0446*01 7.3/016531•01 2.1/703*99*/3

-6.51050549*01 2.940/5095•01 7.315255/7-01 2.251 P91/3.03

-21-



4

' . '1 6/ l ll 0 0 0 I t * -6.5,5,9051*01 3.03097224+01 1.40159253•01 2.30222759*03

,.. t"· 1.-, O 1-· It l-' 11 - 11 , -6.56000310.01 3.12'B6644*01 1.42713822*01      2.33586940*03

1., 1.O 11 11 0 0 0 + O '1 -6.5St///83• 0 1 3.212BilfS•01 7.45211177•01 2.35093533+03

' . B 111.1/:l.111.10 * 0 S -6.60695052•01 3.30306697•01 7.4,63 A920•01 2.34595330•03

i   ·  9/1 1-· /1 1111/1/1  */; I 4.62954849+01 3.3949/045•01 7.500053/3*01 2.31992366•03

4. ot''I, Ot,Fl'I · Ill , -6.641600Aj.01 3.48614103.01 1.52313609•01 2.2'238241•03

4.10000000 ill, -6.61313362•01 3.5/737/63.01 1.5/566475•01 2.203*6402•05

4.2110000011/0 I -6.6941'112*01 3.66FS,924•01 1.56/66611•01 2.11396$21*03

4  .  1 111.0 il ./.0 • l, 11 -6.1 14 73589•1'1 3.76004493•01 7.58916495•01 2.00541591"5

4.400 110 111'0 -11 I -6./3484902*01 3.851.73P'.01 7.610/P,99-01 1.PPO12037•03

4.5 11 +1110 0 0 0 * 0 3 -0.,5453019•01 3.9429*532•01 7.630/4 4 11•01 1.14124656*05

4. 6 t'll 000110 + 1- 5 -6. N 3797P3+01 4.0345155/-01 7.650)6109*01 1.5428754,0,3

4.PO 00 0 000 + 0 3 -6./9266921*01 6.12613298+01 7.6/0569PS"11 1.44006 745*1·3

4 . P 00000013 -0 3 - .81116054•01 4.217R0798•01 7.689P 7054•01 1.2BP92577•03

4.900000110•03 -6.82928'05*01 4.30954302•01 7./0870565*01 /.14665913•03

5 .11 13 Ill' O 21(; 11/0 3 -6.34706308•01 4.40133761*01 7.72733060•01 1.021*4 PS'*03

5.1 l.01100/10.0 S -6. 4450212 -01 4.49319130*01 7.74552002*01 9.2350*AP3+02   
5.20000100•03 -6.AP/61£92•01 4.58510367•01 7.76336163•01 P.6313,331.02

9. 30000.100•03 -6.89)41951•01 4.67/01432*01 7./POP)636•01 P.52815054*02

5.400011000+03 -6.91492124*01 4.769102P9•01 1./944/%24/4-01 9.06230632•02

9.500001'00*03 -6.93113289•01 4.*3511)905+01 7.B149BS45+01 1.03P56365•03

5.60000000•03 -6.94706464*01 4.95333248+01 1.8315PP30*01 1.26654•16+03

5. 7 000000 1.7 -03 -6.96272616+01 5.04553290+01 7.84 190737+01 1.GORS,617•03             /

...l<.1011011.03 -6.9/3 12661*01 5.13779004•01 7.86395248*01 2.OP/50110*03

5.911000000 + 0 3 -6.993274It•01 5.23010364*01 7.87973295*01 2.71626124•03

6  . / '0 0/1 0 l; 13 ,; *0 3 -F.11081 71'13*01 5.32247347•01 7.59525765+01 3.52736329*03

-22-



4
ENT Gr/, FIT

vARIANCE
4.5<JO40/2104-002

TE Mp (CEG K )             SO              SO FAm FIT
3.00000000•02 5.31883210+01 5.40915520*01
4.00000000•02 5.538,817/•01 5.55818312•01
4.00000000•02 5./1344616+01 5.69718738•01
6.1100000011.02 5.85989268+01 5.82612266•01
1.00000000+02 5.98646438*01 5.94732774+01
8.00000000•02 6.09803152•01 6.05952554•01
9.00000000•02 6.1918449+01 6.16382313•01
1.00000000•03 6.28796829+01 6.26071/66+01
1.10000000•03 6.37023770•01 6.39066645•01
1.20000000*05 6.445P5215*01 6.43414692*01
1.30000000*03 6.5157965/•01 6.51159664+01
1.40000000*03 6.58085'38•01 6.58344328•01
1.50000000•03 6.64164968+01 6.65009866•01
1.60000000•03 6.69870999+01 6.11195872+01
t .,0000000•03 6.75246255*01 6.76940352*01

1.80000000.03 6.80326813•01 6.82279726•01
1.90000000•03 6.85/43212+01 6.87248825+01

2.00000000+03 6.8972152/+01 6.91880896*01,
2.10000000*03 6.94084/67*01 6.96207594*01
2.20000000•03 6.93250577+01 7.00258991*01
2.30000000•03 1.02237687+01 7.04063569,+01

2.40000000+03 7.06060347+01 7.07648224*01

2.50000000*03 7.09731648•01 7.11038265*01

2.60000000+03 7.13263189•01 7.14257413+01
2.70000000*03 7.16665292+0/ 1.17327800+01

2.80000000•03 7.199471 $3*01 7.20269915+01

2.90000000+03 7.23117141•01 7.2310289/+01
3.00000000•03 7.26182623+01 7.25043937+01
3.10000000•03 7.29150367+01 7.28508880+01
3.20000000•03 7.32026484+01 7.31111923•01

3.30000000*03 7.34816531+01 7.33665678+01

3.40000000•03 7.37525577•01 7.3618/166*01

3.50000000+03 7.40158258•01 7.38667823+01

3.60000000+03 7.42718822*01 7.41133499*01

3.70000000+03 7.4521117"OI 7.43584/53+01

3.80000000.03 7.47638920+01 7.46025360•01

3.90000000•03 1.50005373*01 7.48459306*81

4.00000000+03 1.52313609*01 7.50881791+01

4.10000000+03 7.54566475•01 7.53310726401

4.20000000*03 7.5676661 7.0/ 7.55726436+01

4.30000000•03 7.58916495*01 7.58131659+01

4.40000000•03 7.6/0/6399+01 7.60521545*01

4.50000000•03 7.63074471+01 7.62889656•01

4.60000000•03 7.65086709-01 7.65227968*01

4./0000000.03 7.67056985*Of 7.67526870+01

4.80000000+03 7.68987054*01 7.69775163+01

4.90000000*03 7.10878563•01 7.7/960060*01

5.00000000•03 7.72733060*01 7.74067187*01

5.10000000•03 7.74552002*01 7.76080585*0|

5.20000000*03 7.16336763*01 7.71982705*Fl

5.30000000•03 7./8088636•01 7.79754411•Of

5.40000000•03 1.79#OP#44+01 7.8/37•902•01

5.5 0 Ft,/ Ili.10 +03 7.8149Pj/5-01 1.82822106*01

-23-



4

h

3. 4 ':|,£111'...On.t; 3 '.831588"1•01 '.840,/PB'lot
.. 'll,00000•03 1.14790137•01 7.85098841•01
5  .  A .t-· O i l t- 0 0•t l 4 F. H j95245*01 1.85 5,5 P 96*111

/.9 ",0,7,;I.,7 •/7 3 1.8,9,3295•01 7.8*314 392•01
I. t:'..t....:.1 5 1.09125169*01 1.8656444•01

-24-



4
93.22.

4 .13*

43.03*

,P.94*

32.84*

27.74*

22.65+

11.55+

12.45*

7.36*

2.26                    +                  4                 4                 +                 0                 +                 I                                     *                 I
300 870 1440 2010 2560 3150 3/20 4290 4860 5.30 6000

CIATONIC PO PMOSPMORUS OXIDE CASE T 6
ENTMALPY(KC/M)  VS  TEMPERATURE (DEG  K)
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4
4...S

4/104                                           1          1          1

-50.S.*

-92.08*

-SS.43*

-57.0,+

-60.31.

-62.79*

-65.20*

-67.64*

-,0.00*                          4                           4                          4                          4                          4                          +           .  - - - .4 --+        --     -
300 0,0 1440 20 0 2580 3150 3720 4290 4860 5430 6000

D i A TON i C PO PHOSPHORUS 011 1DE CASE TWO
FREE  ENERGY (C /*1/0)   VS  TEMPERATURE (DEG  M
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4
1              1

'6.,0.                                             1                                  +

'3.80*

71.22*

68.65*

66.07*

63.49*

60.92*

58.34*

55.76*

33.19                  +
300 870 1440 2010 2580 3150 3720 4290 4860 5.30 .000

CIATOMIC PO PMOSPMORUS OXIDE CASE TWO
ENTROPY((/M/0) vS TEMPERATURE(DEG K)

-27-



GMX-2 LOADING FORM FOR STRETCH
PROGRAMMER: DROBLEM: 72)F DATE: PAGE OF

fx. XX 't'EEE :Ex.xx 't'EEE fx.xx *'EEE :Ex.xx :t EE (6.4 Air.
1

|3  317  51 5 5    69 731 15        19
1

Z&*i'FIA'/el  1/14,1 Llyr'917-ied·,IFI      1   1/41Z 1/Cid(1   1 1 l i l l i 11  lili lilli ! 111 AA 514  1»11/e'64  11  '  11        11     11  l  i l l i  I

IMF'.1    i   ;    I    I    I         I                   i    I        i    i    i         i    r         j     i   r         I    I             i   i              1    1         i    i            1    i    i   i z 1 1    l i l l i l l'l l i l i      1 1    l i l i  eli
fIC.1 .  /  9   s'r      i   i   i   i   i i

t- 001 t/ +COO
1 1    1 1.1 l i l l I l i l l i       1 1    l i l i  1 1 1 1 1 1 1 1; 1 1 1 1 1 1 1 1 1 1 1  1 1 1  1      1 1    l i l i  131  1

'1.1.1  l i l l I  l i l l I  'cfpl,1.1  1   1 1 1 1 1 1 1 1   'clol  117      u    i  j   'rls_  l i l l I'l l  l i l l I
1

l i l I  ly' 1

 C r c& 1cit: C C  101903 1 1 1 1 1 1 1 1 1 i l i l l I   'l l i l I l i l l i 3 1 1 1 11  lilli lili 1 1; 1 1 1    l i l i  1.51  1
+ 1  599

11. 1. 11.1 l i l I'l l  + 019/ 1111111111111 1 1    l i l i  'l l'l l'l l     1 1    l i l l i I'l l l i l i     1 1   l i l i  161 1

1-0 r.c                                                                                                                7t'/1. 1 1 1 1!I l i l l I 11 1 111111111111  11  11 11 iliziltll  It  111111111 lili  11 lillill
+-9              +OOQ+I . 1-0/  C

1 1.1 1 1 1 1 1 1 1 1 1 1 1 1 1111!11111111 11- 11 1111111111 11 1llllilllll:l i     l i l i l s i l

+7. 5 f 0 02 */
    0'r' C     lilI     il    i   1    11    1   1    1             1   1          1111    1         1   1    1     11   1     1             11        1    111     1911Ilit';1111111 1

1 1.lillillilli
+5. tecit.2. to c O

1 It i; 1 1 11 1 1 .1 1   11 131 1/Ir' 1111 I 111111111 11 lillillillill 11  1111111111111
llli1llllllll  Il 11111lliZII11 11 1111111111111 '4 lillit'lllili 11 1111111-

5-I l l'l l'l l'  1 1 1       1 1     l i l l i l l l l i l l i 11 lilill'llilli It 1 1· -H   l   i  ll   i   I   i  1   1         1 1 1 i lilli
Il i ll 'l l l' 1 1 1   H ' li ll i 1 1 111 11   1; 1 Z 1% i lill ' 11 1  11  1111 1 111 1 1 19 1 11 lili Ill

-1111111111111 1 1 2  1 1 11 1,  9 1 1:   1 1 lili a IiI lillI  11  lilli'111 1 11 1 1111111111
11111111 lilli IIiIIIIIIIIIIIII  II IIIIIIIIIIIII II lilli:lili 21 1 11 1111111

11111111 lilli 11:ill'lli lilli Il li li I ll' ll Il l 11 lili ll Il l l il i 11 lililll

 lllllllllllll 1111111111111111  11 Ililll'll'll, 11 lili lillI lilI  1 1 . 11 10 1 1 1

Ill'll'lllili  1 1.111111'll'111 li  lili lili lilli II i 11111 I ll l i ll i 11 I 111  11

ili ll H l il i 11   11 1111111 ' Ill li 11 1111111'llili  11 :lilli jill lili 11 lillill
11111111'g iIi 11 1111111111111 11  1111 i i lili H &   11 lillI 'll'l ill ' 11 1 lillit'

1111' i t 11' I i i   1 1 1111111111111   11 l i li l ill i 1111 i:  111111'll'Ill  11 1 111111

1111111111111 11 11111'lllilli 1% lilliI'llilll :1 .1111111111111   1,  5111111

Ill'lllilli 111   1 1 :11,1'.i i it,   11 1111111111111 11  1111 121111 11 1  11 lillill

1111111111111 1
1 1111111111111 11 lili l illi ll' 1  11  lilI lilli t 111  11 l ill i ll

lilI         1 1   l i l l I        1   1  11     -11-I' 'I,    1
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4

INEAG ",LIAT/·I'C ALF/ CASE TIGEE

--·'/(ULAG .T S, I••E  T R,    A*-•. • Ir,L 'r A Tri i C
*. 19.1101.,111'10.001 1.001,000000/0•000

INEGTIA A 10*39 INERTIA 8 10*39 INERTIA C 10*39 LINEAR

1.940 "0'·t.,0000 -0,11 27 . 0,; 1; 0000; 1,0;,; 1,•t,14; 0  . 111; /,/; t- C;,;,.;,;,.11; • o e·i 

6 0 E

1 • .1'117001-·000010*000

vie FREG 1/C  0 CEGENERACI
9.00000000000•002 1 .000000001100•000

1.901100000000*002 1.0000000/1000.000
5.0000 0000000•00 2 2.00000000 000•000

F,t-..../ z -4.22468429540•001 -2.32752415291-0021 6.99/62690364-00GT*2 -1.131 535•07 14-01;91/. 3 7.01*139935+B-0141,4

I-/0 4 -1.63324172517•000 1 .26252 710,83-002 T 9.P/1240/3742-0071*2 -1 .P•363664706-01'OT*3 1.2325360PS,5-0141,4

50 =  4.890,0/40 1 / 06*001 3.06732734511-002T -9.95B29426012-006 T#2 1.66013/32241-0/91*3 -1.04 54 1 42 P /1.-9 -0151+4

TED•P (CEG K) FO-K/T (C/-C) K; IKC/M) SO (C///C)               Ic

3.00000000*02 -4.78255338•01 2.46764/38•00 5.60510251•01 1.25671 727•03

4.00000000+02 -5.03031682•01 3.60931 781•00 5.93264627•01 1.54932492+03

5.00000000•02 -5.23928157-01 4.85553740+00 6.21038905•01 1.776/3/67*03

6.00000000•02 -5.42154223•01 6.16870932*00 6.44966045*01 1.92665244+03

7.00000000•02 -5.5P367246*01 F.52586502+00 6.65879603•01 2.00314997*03

e.00000000+02 -5.72985992+01 8.912971 P2+00 6.84398140+01 2.0/4032Pt•03

9.00000000*02 -5.86302619+01 1.03212024•01 7.00982645+01 1.970/3014*03

1.00000000•03 -5 .9P 5 3252 F•01 1.17448060+01 7.15980586+01 L P P556222•03

1.10000000+03 -6.09840468*01 1.31799067•01 7.29657802+01 1.71063943•03

1.20000000•03 -6.20355P52•01 1.462381/2-0/ 7.42220925•01 1.63/26915•03

1.30000000•03 -6.301)2336-01 1.6OF•5958*01 7.53 833072•01 1.49564674•03

1.40000000•03 -6.39404497•01 1./5308533+01 7.64624078•01 1.35469644•03

1.500OFFOO•03 -6.48092143•01 1.89915323•01 7.74702364*01 1.2220/.P..3

1.60000000•03 -6.56303673*01 2.04558324•01 7.P*I52625•01 1.103P/466*03

1.10000000•03 -6.64 OP P 390 -01 2.1923133B•01 7.9304/001•01 1.0052331P"3

1.80000000•03 -6.71'P)341•01 2.33929500•01 8.01449174-01 9.29807034+02

1.90000000•03 -6.78539656•01 2.AP648934-01 P.09407515*01 P.P.12,12"02

2.00000000•03 -6.85273612*01 2.633865IB•Fl P.16966871*0' 8.57620296•02

2.10000000.03 -6.917/F468+01 2.78139,10*0! 8.24164949*01 8.62686360*02

2.20"00000•03 -6.9,P95120•01 2.92906421•01 P.31034402•01 8.947916 4•02

2.300000110*03 -7.0382,636•01 3.0/SP4915-01 8.376/36PS•01 9.52556664•02

2.4000FDOO•03 -7.09533679•01 3.224,3,41•01 0.4389773P•01 1.033PS'14*03

2.,(.000000•03 -1.15029PGPIP' 3.3727167/*01 0.49930539•01 1.135PP351•03

2.50000000,03 -7.2033105/•01 3.59'/GP'"1 8.55/45551*01 1.25530'13•03

2.,Or.0000.03 -7.254505)"01 3.66BgoP77"1 P.6133§09/*01 1.3PP30,25•03

2.Bl,t.,0 0./..• i,3 -/.30400453•01 3.Pt,tri 94"1 8.66/25629•01 1.5307/3/3•03

2,9//00:'r/•03 -/.35191537•01 3.965359/6401 8.7192Pri#•el      1.6,praP/3-03

3.i 'i,C"iii:r."'.13 -1.39033*P**01 4.11366454•01 0.76955Pjp•01 1.P25,2295•03

3.1 G,-ret- ..•11 3 -7./•335*'65*01 4.26201,20.01 8.PIP20293+01      1.95903952•'3

-7./P'llf254•/1 4.41.41262•.1 0.90531*49•·21 2.10333P29•03

-29-



5.,it"l't"tio•t; 3 -F./2952 3 39•01 4.55)B4672•01 8.9/099209•01 2.224/87FF•03

1.40000000*03 -1.5/080984•01 4./0/31611*01      8.95 551460•01 2.3269P#21•03

-,.61/9P'503•01 4.85,81/98*01 8.9/P 36159•01 2.44/5153+03

,.•..:. 0 0. 0 • e., -'.6,010,12•01 5.0043194/-01 9.08020420•01 2.46314013•03

s. "lit'0000•.' s -'·68)22986•01 5.15290-B23"1 9.050901/6*01 2.49102BPS•03

,. B 1.... '10 1.11.1.t-, 3 -'.'254'1296*01 5.30149214*01 9.120532*F•01 2.4P,52296•03

i . 9 4,<.3 0 00 0 r •O 3     - 1 .1616,25 3•01 5.45009926*01 9.159133PP•01 2.45155510*03

4   .  '.1 tl 13 1. ' t. · l · 11 11  + 0 3 -/.19/OPI,0.01 5.59P,273/*01 9.196F633F-01 2.30228533•03

4.1/'..0.-':...03 -/.83166945•01 5.,4/37640+01 9.2334685/-01 2.2/VAO/10*03

4.2,·folior.0-03 -7.$654/5Pl•,11 5.89*04343•01 9.2092936/•01 2.14521/54•03

4 . I 00 0 01-till -,1 5 -1.89352919•01 6.0447/F6P-01 9.3042F981•01 1.2/Po/,56•03

4 . 4 lt * ·  1 C, 00 9 + 13 3 -,.93OBSRO2•01 6.19342199•01 9.33P46529*01 1./P995211•05

-'.4252/60•01 6.34214320.01 9.57'PASPS•01 1.515403P-(·3

4 ..,-, '10/1,1. /·t- 3 -,.9935156/+01 T./90)1255*01 9.40451492•01 1.34977/1/0/3

* . 'Ifi,011'10.0, -B.023Pl912•01 6.63961500+01 9.43656371-01 1.114391/2-03

4.$01'00000*05     - A.055/S3801 •01 6.FAB36972•01 9.46FPP110*01 P.ROPOP„5•02

-B.OP281420•01 6.93113600•01 9.49855624•01      b.6011 PO95•02

4.11143062*01 7.08591314*01 9.52P61325•01 4.65270145"2

5.1 tz,le'll' 1.,11 *11 5
- 4.13950033•01 1.23470050+91 9.55 00„06•01 3.1 / 13930/•02

5.2.,0- t;!1000•11 3 -P.107' 6,22•01 7.33349750•01 9.SP69705P•01 2.14630193•02

4.14412610+01 1.53230360•01 9.61531545•01 1.94111959•02

-).22070278•01 F.6811'B'P•01 9.64313209*01 2.120*P624*02

5. 5 00,1 0 .1 0 0 If· 5              - B .246 8 1414•01 7.82994/09•01 9.6/043919•01 4.72439390•02

5.5 '.; 00*;r.-„,;•O, 4 .2 7 2 4 W 1 B • 01 7.91/2,715 P•01 9.691256)2*01 P.1957P974•02

5. 1001;0000•03 4.297,0410•01 P.12760930+01 9.723600£B•01 1.34282/94*05

5  .  A 0 0 0 0,·0 0 + 0 3 4.32251232•01 8.2 HS,5405*01 9.7/94"716•01 2.07337902•03

-P.34691/59*31 8.42530529+01 9.11493243•01 3.04515 41•03

-P.37092396*01 P.51416277+01 9.19995109+01 4.29.92139•03

-30-
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4
ENTGr/, FIT

VAGIANCE
9.45231$36825-002

TE IP (CEL Kt           SO            SO FE/* Fl T

3.0 0 l- 00000 + 0 2 5.60510251+01 5./2504526+01

4.011000000*02 5.93264627•01 5.96002950+01
5.l10000000•02 6.21030905*01 6/19487867•01

6.00000 000.02 6.44966045•01 6.40641594*91

' . 0 1.1,113 0 00 B I O 2 6.65 8/96,13+01 6.60367941"1
B .0 l,000 000•02 6.$4 39B 1 40*01 6.18132207+01

9. 11 000 000 11 •02 F.00982645+01 6.95 P211 84*01

1.00000000•03 7.159/20586*111 /.11713153*01

1 . 1 11 1.-, t-, l'OfIt• 0 3 F.2965/802•01 7.26483886*01

1.20000000.03 I.42220925+01 1.40206643+81

1.30000000•03 7.53833072•01 /.52952193•01

t./.000000.0, 7.64624/18•01 7.54/ PR /6 FIt'·t

1.50000000+03 F.74%02364*01 1.75782107•01

1.60000000•03 7.84152625•01 7.85995442+01

1. '0000000+03 1.93048001.01 7.95489498*01

1. BA,00000+05 B·014491,4-01 8.0432245/*01

1.90'100000.03 8.09/0/515•01 8.12550050•01

2.00000000 -03      8.1 69668/1 Ill 8.20225458•01

2.10000000•03 8.24164949*01 8.27399363+01

2.20000000•03 8.31034402•01 8.34119941*01

2.3/000000•03 8.3/603685•01 8.40432855+01

2.400000011+03 B.4389138*01 8.46381262*01

2.500!10000•03 8.49938539*01 8.52005808+01

2.6000000"003 8.55745551•01 8.57344631+01

2.'0000000*03 P.61335090.01 8.62433361•01

2.B0000000•03 8.66.25629*01 8.673051/7+01

2.90000000•03 8.71928046"1 8.11990510+01

3.00000000.03 8.76955837+01 8.76517642+01

3.10000000.03 8.81820293*01 8.80912105+01

3.20000000+03 8.86531649*01 8.85/96985*01

3.3.000000•03 8.91099209•01 8.89392855+01

3./0000000*03 8.95531460-0/ 8.93517,81+01

5.50000000•03 8.99836159+01 8.97587321*01

3.60000000*03 9.04020420•01 9.01614523*01

3.,0000000•03 9.08090776*01 9.05609925+01

3./0000000•03 9.12053247+01 9.09581551*01

3.90000000+03 9.15913388+01 9.13534940•01

4.00000000•03 9.19676337*01 9./7473OP/+01

4.10000000*03 9.23346857•01 9.21396500•01

4.20000000•03 9.26929367*01 9.25303173•01

4.30000800•03 9.30427951•01 9.29138591*01

4.40000000*03 9.33846529•01 9.33045731•01

4.50000000*03 9.37:APS)5+01 9.36865058•01

4.600BOOPO+03 9.4045/492•01 9.40634532*01

4.,0000000+03 9.43656377*01 9.44339601*01

4.80000000*03 9.46,88 70+01 9.47963205•01

4.90000(00*/3 9.49855624•01 9.51485715•Fl

5.FOr00000•03 9.52861325•fl 9.SIP/5233•01

5.10000000•03 9.55*77/06•01 9.58136992•01

5.200/0/00•03 9.58697058"1 9.6121395/•01

5.3000'000•03 9.61531545 +01 9.640P6521•01

5. 4 0000 '.  t...0 ' 9.ba313209•01 9.66'22513•/1

9.6,0439,9•01 9.69qUP,•01

-31-



4

5.600/10000-03 9.69,25182•01 9.Fli44133•01
5.7/10 00000-03 9.,23600*P•01 9. /2 B52869*01

5.BOOODOO/•03 9.14948116•01 9.741I1545•Ill
4.*0000000•OS 9./749524;*01 9.15055504•01
6.10000 11 0 0 il .0 3 9.19995109•01 9.15451575*01

-32-



4
89.14•

1I.4 l*

69.09*

60.,6.

52.43*

44.10*

35.18+

27.45*

19.12*

10.80•

2.41                          •                       4                       4                                               4                      +                      0.•                       •                       •

300 8,0 1440 2010 2580 3150 3720 4290 4860 5430 6000

LINEAR POLVATO//C ALFO CASE THREE

ENTMALPNKC/04) VS TEMPERATURE (DEG KI

-33-

LI.



4
-4'.83

-51.410

-SS.00*

-50.59*

-62.18*

-65."+

-69.36+

-72.94+

-76.93+

40.12+

83.71*                4                4                4                +                4        -       +
300 870 1440 2010 2580 3150 3120 4290 .060 5430 6000

LINEAR POLY*TO//C ALFO CASE TMREE
FREE  ENERG¥(C/M/0)  VS  TEMPERATURE COEG  K)

-34-



4
es.00*

93.00*                                ;                                1

e9.§1.

 5.41.

81.22*

1.03*

72.83*

68.64+

UJ.                                                                                                                                                       --            -           -

60.25*                                                                                     -       -   -

56.05                    •                  •                 4                 +                 +                 l.4 ... ... .
300 870 '440 20/0 2580 3150 3720 4290 .060 5430 6000

LINEAR POLVATONIC ALFO CASE THREE

ENTROP¥ IC/M/01  VS  TEMPERATURE (DEG  KI

-35-



GMX-2 LOADING FORM FOR STRETCH
PROGRAMMER: PROBLEM: 7-2),c DATE: PAGE OF

*X.XX 'fEEE <X.XX 't'EEE fX.XX t'EEE :EX.XX -EEE  'r/."r
1                                                               15              19                                                            |33 3 7  1 5     69 73

1 1                      1                                             1
41441    'LIZ-Pit'AIR'    1/141. 2,4 714"Ii.5(          j     C F yj        ICIA'*20111'i     7-Ifi7.i,el /,1/ i'404<ARizi q,£  ICA 514 1'914'1/911  lilli        1   1     l i l i   l i l i

ilcio A  l i  i  i  i  l i  i        i  i    i  i  l i  i  l i  i  i l  i  i  i. l i 1111111111111 1 1    1 1 1 1!l i l l i  I l l      1 1    l i l i  1.211

+0 C I
t   S; '  1 S I C 1/ 1 1111111 '01(1 1 tll.18 IIIIIIIII II l i l i    l i l l i    I l l l I l IIIIIIIIIIIII 1 1-    l i l i  131  1
, g. , t 0 -3l i l  i  1  1 1  1  1  1  1  1  1   +r 1012 1, .j  i     ,     i    1  1  1  1   + (101.2 1 4.i i      i i,  i  i  i  i 1 1  l i l l i l l'1 1 1 1 1   1 1  lilli>{ 1
mCm/I  16 Cmci  f.iefy   j i j i L I i I j;j i j z z 11 lilI lilli.lili 11 lilli lili lili   11  itill„S I

44 1*:4911 i i l i i i 'cioi, 1 /1·1914 1/1 IIIIII I l l l i l l i l l l i l l i 1 1     l i l i  l i l l I  1 1 1  1       1 1    1 1 1 1  161  11-oo  J  +./.  939 / +00 /

.+ 1  .
1 1.1 1   11   1   11   l   il   i    '01010    11   1   1   11   1   1   I l i   lI           1   1       1   1   11    1   1 1 1   1   l   il   i          1  1        1  1   1 1   1   lill    i   1   1   1          11       1   111   1 7 1   1

+9. 9 +0 02 E.2 · + 000
1 131.'Si 1 1 1 1 1 1 1 1 1 Il1;;1lliI11I 1 1    1 1    1  1 1 1 1 1 1 1 1 1       1 1     1 1 1 1 1   1 1    1 1 1  1       ;i    l i l i  18.11

4-6 3 +002 +.3.1 1.1 1'l i l l i  1 1 1 1 1    1 1 1 1 1 1 1 1  l i l l I  + 012'10  1 1 1 1  1 1 1 1 1!1 1 1      1 1    1 1 1'1 1 1 1 1  l i l i      1 1    lillI.91  1
'191.16'13'1.211111111   +0'Cl, .5/1.1  1 1 1 1'1 1 1 1 1   1 -0210   i ;  z,1 3    s I       Il     ||  | | | | | | | | | | |       ||||||/IC'  1
+/.977 1-000
lll;llllll Ill f 0   t;  3     31.1   1  1  1  1  1   1 1  1 1 1 11 1111111111111 1 1        Ilillill   '    11'1          11       1111/14   1

i 1111111'll Ill  11 1111111111111   11  lili '11111111  11  111111'll lil i  11 lili Ill
1111111111111   11 : 11 lill i Mi ll   11  1111111111111 11 1111111111111 11 lili ill

Ill lillI 11 Ill   11 11'lll'l lil lI   11 lilI 'llilill Z  11  lill I Illil il i Il lilli 11

.11111111 lilli 11  I 1111111 111 1 Z   11  li li 1 lilli it 1 11 lilli :lili il 1 11 itlIlII

.lillill'11111  11 111111'llilli 1  lilill'llilli 11 lillilllilli 1 11 Illilli
lillI lillI 111  1 1 1 11111111111:  11 11 1 1 11111111' 11  1111111111111 11 1111111
1111111111111 11 lili lili lilli  !1 lili 11 1%111 1 ZI lillI 11111111  11 1111111

lillill'lilli 11 1111111111111  11 1111111111111 11 IIlllXIII1lIl 11 1111111
1111111111111 11 11111'lllilli 11 111111111111%  11  1111111111111 11 1llIXlI

Ill lilli ll 111   11 11111111 Ill l:   11 lili '11111111  11  lili llili 1111  11 lill ill

lillill Ililli   11 111111'llilli 11 ;llll!lllllll 11  1111111111111  11 1111'll
1111111111111 11 Ill'lll'Ill 11  11 lili lilli'111  11  lili lilli lili  11 1111111
lilill'111111 11 1111111111111 11 11111;1111111 If  lili lilli lili 11 lillill

1 '1'll'' , 1, .1 1,11,111'.1'.  'I '1''I''ll.,1   11  '.1,1,1.''I,   ., .'','',
GMX-2-1-48



4
4.. 4   ,  1 ..f . /   ./ .  4 A ,// 1 C (F 4 CAGer·N TETRAF,V-,GICE C A SE   Fr.UG

- ." v... ..1 S•IME Te• w... POL¥ATC•IC
1 .te·,ino,"'int,•r·o,

1..FITI. I 10.19 INERTIA 8 10*39 INERTIA C tO•39 NON-LINEAR
1.4,9 1 0,·"OG'.".0,·1 1.499100001100*001 1.4,9100000 11,10 1101

60 E
1.t'..00,100110..ll,7,

vie FREG 1/CM CEGENERAC¥
4. 54 411(1000000*0112 2.00000000000+000
K . '11110011/10,100*1102 3.00000000000+000
9 . OF 211(1000000•002 1.00000000000*000
1 . 2 / 9.91..1 110 Itt. 3 3.0110001100 000*000

F'J·-P•1 /T = -4.4461"1115P**0llt -3.081/1/19,30-0021 8.064 15214 94 0-006 T *2 - 1.1 AR 02,094 8 7 -009 T• 3 6.8'R95PI.996-0141-

.-./. - 3.44 312 952601 +1,011 1.8/8174 71 789-002 T 2.856554 16351-006 T*2 -5.03006344509-0107*3 3.IP305926619-0141*4

0 = 5.1 JA24'IP /515•211.11 4.59248573PPO-002T -1.35129300103-0051*2 2.1035P• 03 l N -009 T*3 -1.243492652yl-0131*4

TE,AP ICEG K) Fo-Ho/1 (C/./0, MO (KC/M) SO HAR)               H
3. 0110,10(1011•02 -5.2303262/*01 3.07235585•00 6.25444489*01 1.23/51247•03
4 .11000000 0/02 -5.54503386+01 4.67827529•00 6.F 1460269*01 1.5/402#24•03
5.0000011 .10+02 -5.82064703*111 6.5156764/000 7.12378232•01 1.81065003•03
6.1101'0110(10•02 -6.068 86851+01 8.52357343•00 '.48946408.01 2.01486 Pl 7-03
 . t; 0000000•02 -6.29567962•01 1.06555708+01 7.81 790403•01 2.14557403*03
0.091'111000+02 -6.5048062P+01 1.28184363+01 8.11461082•01 2.20175179•03
9.0000 pO 00 • 02 -6.69APP/19•01 1.51687963*01 8.39430901*01 2./P929356*03
1.00,10011.0.03 -6.87993920•01 1/5101655*01 8.63095575-01 2.11814 P22•03
1. i llce.0000+03 -7.04957367*01 1.98907129+01 8.85782575+01 2.00026695*03
1.20000000.03 -7.20911305•01 2.230207//•01 9.06FG/951+01 1.%4923822•03
1 .3 (111110(111{1+113 -7.35966193•01 2.4/377752*01 9.26256772*01 1.67441424•03
1.4 111'00000•03 -/.50215457•01 2.719313'P•01 9.44452134+01 1.49036571*03
1 . 5 1!1110 ptl (1 - il 3 -1.63v38893+01 2.96645401*01 9.61502547+01 1.30655224•03
1 .6 C O op 000 * 0 3 -7.76605209•01 3.21492229•01 9.77537852•01 1.13213400•03
1.'00°00(10.03 -7.888/3972+01 3.46449686*01 9.9266/906•01 9.74877095•02
1.P0000(100•03 -P.00597152•01 3.71500454*01 1.00698629•02 P./1/2/654*02
1.90000000•03 -8.11820339•01 3.96630549+01 1.02057326•02 7.35/92673•02
2.1100%000•03 -8.225P3732*01 4.2/82422+01 1.03349PO/*02 6.62440350•02
2. 1 0,100000•03 -0.329229IP•01 4.47085364-01 1.045P207••02 6.23301 tOp•02

2.2111-,011(100•03 -P.42P69601•01 4.72393080+01 1.05 7593Pt+02 6.19373344•02
2.,Ortic,000•03 -8.524522•P•01 4.9vv45350•01 1.OSPA6327+07 6.50503766• M
2.413Or·po".7 0•03 -P.616960,51•01 5.23136782•01 1.07966971•02 7. t 54P t 4 P 7*P2

2.5 01,000 (10•03 -P.70623953•01 5.,P562814•01 1.090049OP-02 8.1213/836•02
2./4-lf'fll 0!..Ill, -m. 19256605•01 5.74019561•01 1.10003336.02 9.3 N 504 55•02
p . , Al li i, P i-, f, 0.'.13 -P.BL 1 2719•0 1 5.99503696*01 1.10965112*02 1.OP/65062*93
2. Pit! 00.500• 13 -0.95709299+01 6.25012352•01 1. 1 1 P92800* t- 2 1.25833303•03
I .901.11,1,-1-,0.+03 -9.03561 Pa/+01 6.5054304P•01 1.12 "'07.3..7 1.44.56753*03
' ·  '   .F/.: t  !1 .. ti i -9.11IP•515*01 6./6093624.0/ 1.1365490*•02 1.64101222•03
3 .  1  • .C·1 1' : ( . , : • t: 3                     -9.  1  P s 9!1 2 P / •0 1 7.01*62193"1 1.14493293•02 1.042.2'P'..3
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4

S . 21/.FOO 0 0 -0 5 -9.25/9111/3*01 1.2124/097•01 1.153055/9-02 2.0,4179309•03

j.,0000000•l 3 -9.3219,839•01 F.52846FFS•(,1 1.16093326*02 2.23/42034•03

3.4 <t..00110 - tl, -9.39620/00*01 './0460230+01 1.16857959•02 2.4/4072*P•03

5 . IIi 00000 1- * 1-· 5 -9.46269006•01 A.040PS03 *01 1.1 toOFPP•02 2.5/5079/9•03

5.6 0 0000/10•03 -9.5275/413*01 8.29123250•01 1.18323009•02 2./1205/3".05

3· I l; Of'/1 *1€. 0. I; 3 -9.,90,595/•01 8.553)0963*01 1.19025 150•02 2.B200.22P9•03

j,821.#"../. -9.65250102•01 B.51028359•01 1.19.0996 F•02 2.89451450•03

5.9'10 0 0 1-, O OIl 3 -9.112PORO'*r" 9.06594,02*01 1.203"",2•02 2.931/0910•03

4 'll' 11.0 Ill' 11-l• 3 -9./Fl /45 59•01 9.5236932 1-01 1.21.26'."F.02 2.92"54062•05

4.li00011OO•03 -9.8293/569•01 9.38051635•01 1.2166.P,0.02 2.PA291 PSI•03

4.20000000•03 -9.085/495/-01 9.Bj,41084•01 1.222,9902•02 2./9334670•03

4. 5 11 0100110•15 -9.940926OP+01 1.0094 3,18+02 1.22PB4544•02 2.66004160•03

4 .44(100llet-,ill, -9.99/95300*01 1.0351394/•02 1.23475427*02 2.4"40316/*(13

4.500001'110•03 -1 . l;04,8 FF1•02 1.06/84155•02 1.2/053161•02 2.26/P/592.03

..sortinpoo•o, -1.0099/425•02 1.08656105•02 1.24*18315•02 2.015*P295*03

4. 70.00000•05 -1.01505900*02 1.1122'962+02 1.251/1424•02 1.73242994+03

4 .Bl' 00 l././1 ../1 3 -1.02004593-02 1.1300/294•02 1.257129P/•02 1.4259/P/74•03

4.91'000000-05 -1.0,2493B69•02 1.163/30/5.02 1.26243*p6*02 1.105229P9•03

5. t. , l, 00 1. 0: 0.0 3 -1.029'407 I.02 1.18946272*02 1.26763332•02 7 . B 1 2 1 1 P OS • 0 2

5. 10 0011000•03 -1.034455/6•02 1.21519861•02 1.2/272971*02 4.6,029915.02

5.2000(1111le•03 -1.039085"7•02 1.24093035•02 1.27772FPE•02 1.F)9FOA23*02

5.30000000•05 -1.04363496*02 1 .2666 P l 55 -02 1.2P263147•02 -6.83 547Bj•01

5.4 00000110•03 -1.04810552•02 1.29242807•02 1.2814 4405*02 -2.51996 SPP•02

5.50000<470-03 -1.05250021•02 1.3181,74..2 1.29216PP9+02 -3.50337466•02

5.60000000•03 -1.056P2156•02 1.34393038*02 1.29680913•02 -3.3PIP3115*02

5.,0000000•03 -1.0610'197*02 1.369685PS•02 1.30136774•02 -1.8153PG23•02

5.50000000+03 -1.06525374•02 1.39544399+02 1.30584753*02 1.3249#P 15*02

5.90000000•03 -1.06936902*02 1.42120467•02 1.31/2511 7.02 6.55820234*02

6.00000000•03 -1.07341991•02 1.44696777•02 1.3145P 120•02 1.41951574"3

6.10000000•03 -1.07,40PJP•02 1.4/273311*02 1.31854004•02 2.46386,26*03

6.211000000•03 -1.4/336 52+02 1.49850075*02 1.3230299P•02 3.P32569P3*03

6.30011.1100.03 -1 .OP 52055 5 +02 i . 5 24 2 F 04 1 •02 1.32715322*02 5.572P0661•03
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4
ENT Gre' FIT

viGIANCE
1.521 ' 129 ' 14 5-001

TE" ICEG •,           SO            SO F RC•• FIT
5.00000000.02 6.25444489+01 6.39/46418*01
4.00000000•02 6"/460269+01 6.769267 B9•01
5.000110000•02 7.123,8232+01 7.11873311*01
6.00000000.02 F.ag946400•01 7.44698769•01
I .00/100000*02 i.81 '90403•01 F./5512963•01
A.00000000•02 8.11461082*01 8.04422/10*01
9.00000000.02 A. 38•30901•01 8.3153lk43*01
1.00000000•03 8.63095575•01 8.56941209•01
1.10000000•03 8.85702515•01 8.80748671•01
1.20000000.03 9.06,61951•01 9.03049110+01
1.30000000.03 9.262567 12•lit 9.23934410•01
1.40000000•03 9.44452134•01 9.43493507*01
1.50000000*03 9.61502547*01 9.61 P12302+01
1.60000000.03 9./7537852•01 9.789/3/46*01
1.70000000+03 9.92667906+01 9.95057794+01
1.80000000•03 1.00698629+02 1.01014142*02
1.90000000•05 1.02057326*02 1.02429861*02
2.00000000*03 1.03349804*02 1.03760037*02
2.10000000•03 1.04592074•02 1.05011473*02
2.20000000*03 1.05759381+02 1.06190670*02
2.30000000*03 1.06886327+02 1.07303836*02
2.40000000+03 1.0/966971•02 1.08356875*02
2.50000000+03 1.09004908*02 i.09355397+02
2.60000000+113 1.10003336+02 1.10304711•02
2.70000000•03 1.109651 12•02 1.11209828+02
2.80000000•03 1./1892800+02 1.12075462*02
2.90000000*03 1.12788703+02 1.12906027•02
3.00000000*03 1.13654906•02 1.13705639*02
3.10000000+03 1.14493293+02 1.14478115+02
3.20000000*03 1.15305579•02 1.15226975*02
3.30000000+03 1.16093326+02 1.15955439*02
3.40000000•03 1.16857959+02 1.16666429•02
3.50000000+03 1.17600787*02 1.17362570*02
3.60000000*03 1.18323009•02 1.18046/87+02
3.70000000•03 1.19025730•02 1.18719306•02
3.80000000+03 1.197(19967•02 1.19383657*02
3.90000000•03 1.20316662*02 /.20040669+02
4.00000000*03 1.2/026637*02 1.206914 13•02
4.10000000•03 1.21660850+02 1.2/336904•02
4.20000000•03 1.222/9902*02 1.2/977496+02
4.30000000*83 1.22*484544*02 1.226/3485•02
4.40000000•03 1.234/5421•02 1.23244 809*02

4.50000000•03 1.24053161+02 1.23871107•02
4.60000000*03 1.24618315•02 1.24491721*02
4. /0000000*Pj 1.25171424•02 1.25105693•02
4.80000000-03 1.25112981•02 1.25/11761•02
4.90000000•Fj 1.26243476*02 1.26308389*02
5.00000000•03 1.26/63332+02 1.26093701•02
5.10000000•03 1.212„971•02 1.21465568•02
5.200000OP•03 1.2172786-02 1.2*321523•02
5.30000000•03 1.28263141•02 1.2855PP25*02
5.40000000.93 1.2/M/405•02 1.29074426•02
5.5001101,10.03 1.29216839•02 1.2956/982•02
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4
5 ./0/7/1 0 11 0 * 0 3 1 .296Bl191 3.0/ 1.3002*850*02
5.'11.0..000.03 1. 301 36"4•112 1.3045608/•112
5 ·" '   00 0 0, OIl..1 3 1.305*.4/53.02 1.30*48454*02
I.980 110000-0 5 1. 31 02511 F * <12 1.311994 H *02
*· t' 00 11 11 0 [-l- I t' 3 1.51458120*02 1.31504122•02
s. 1 01-, 011011 0 + 0 3 1.3'AR'004•02 1.3175/450*02
# . 2 .1 0 Ill 600 • 0 3 1.32302993•02 1.3195 3965•4
6. '*100tllt.t' I. , 1.32 P /5 ;22*19 1.32'lp,92 I + 1,7
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4
52.43•

SF.49*

22.56*

1.62*

92.69*

77.75*

62.81+

47.PAI

32.94*

18.01.

3.07
300 900 1500 2100 2700 3300 3900 4500 5100 5/Or 63K

NON LINEAR POLVATONIC CF4 CARBON TETRAFLUORIDE CASE POUR

ENTMALPY(KCRI VS TEMPERATURE(CEG KI
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4
-52.30

-51.92*

-63.55*

-69.1/+

-74.19*

-PO.41*

46.03•

-91.66*

-97.28*

-2.90*

-8.52*
300 900 1500 2/80 2700 3300 3900 4500 5100 5700 6300

NON LINEAR POLVATOMfc CF 4 CARBON TETRAFLUOR|OE CASE FOUR

FREE  ENERGYIC/M/D)  vs  TEMPERATUME (DEG  K)
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4
32.,2.

25.,0*

18.68+

11.66.

4.65*

97.63+

90.61+

83.60*

F6.58+

69.56*

6 2.5 4                         .                       +                      +                      +                      +                      +                      .                      +                       I                       I

300 900 1500 2100 2700 3300 3900 4500 5100 5700 6300

NON LINEAR POLVATONIC CF4 CARBON TETRAFLUORIDE CASE FOUR

ENTROP¥(C/M/C)  VS  TEMPERATURE (DEG  KI
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GMX-2 LOADING FORM FOR STRETCH
PROGRAMMER: PROBLEM: 7-OF DATE: PAGE OF

1*XXX 'fEEE fx.XX '+'EEE :Ex.xx 'i'EEE fX.XX fEEE («i 4 ·Z /.

1    1 5 19    |3  3  51 5     59 73
1

1

/'11 L 1 Pi 1 7141 '7  21 9 ii.R 7 4 1,14-4< M 7j Idll 9-fit RrTF;4   9¢· 41  7'16t  7Tf tbi    i    1    4 #ri.2 4 ARs'Zi    '«i   1 4 1 1 1 1 1 1             1 1        l i l i    A l l

IcloIC I.31  1  1  1  1  1  I  1  1        I  I     i  l  l  l  i  i  l  i  i l  i  i  l        l i     Illl   i  l i l i l i l  l        I l      l  j  i l  i  i l  i  i   l  i  i i lilill I
+2 9%9
1 ·  1 1   1    +0 0 /'A.e   zr e     +Ono 1  1 t;    2 1$J:       j       i t i   i x H & l i l i  121  1
+3.|| ' ' '1' 'l i l l I +0412 1/1.1 1 1 1 i l          / 0 12 11·it Z iii  i:   '413 lili 1 lilI l i l I I t   1 1 1 1;M t

c c c 1 r 3  co°&i l i l l  1-le'rl  l i l i        1 1     1 1 1 1 1%1 2  1 1 1 Z i 1 1 l i l i l i l l i.l i l i 1 1 l i l l i  l i l i  1  1 1  1       1 1    l i l i  131  1
0"id.I· 1 9 *i    i    11    '    '    1    1    I

+ cf ol/ 74617;    1   i    0-
U leI 0 91/1.11 7 7         i j i +°icic '15'11 l i l l i l i l i + 01(10  3 <1 161 1

4474111   11111 1

4001+0 foffli,1            ··,•044'pr ,  ,,  ,     1016'10 1 111171 1
1 1   1  1.1  l i l l i  l i l l i

-El f.  1 91*i 1-coct/·667 11 'to °+ 1 0 77 . 0 01010  1 1 1 1  16 1
1 11 lilli 11 11111111111 1 I              I     I        1   i   1        1    1        1    k 01 0  O  4101•;   1    Z    J   2   Z   1    I    *   Z    i

+1/1.1    11    1   l    i    l    I    1    1    1     0  01010     11    1    1111    1111    11             11         l    i    l   i     1    1    11    l    i    l   l    I             1   1          11    11    1    1    1   e    j     I    t   1 i 1 1   1 1 1 1  1911

.+;/ .1.2 7   1   1;1   1  'ef'13 1,1 1 1 1 1 1 1 1 1 1 1 1 11 1111111111111 :1     1 1 1 1  l i l l i  l i l i      1 1    lili44  1.
+ 000

'11'1'M 111       ic<21.1.11111111111 +Clolo IIIIIIIIIIIII 11          11    11    1    1    11    1     1    11    1             1    1        1    1    11/1 /1    1

.L '1/ .   S   1 j   ;   +0921,1.11111111111  +°1°1°  1 1 1 1 1 1 1 1 1 1 1 1 1    11  -1-1+4 I l l i i      ,    ; ;   i i i 11-211
4-

, lillill' 11111   11 11111 11111111   11 1111 11 'llilli 11 1111111111111 il lili Ill

lilli Ill lilli  1 1 5 1 111 1 ' 11:   11  Z 111 1 111111 Z   11  11'l l ' ll i l il I 11 Illilli

1111111111111 11  lilliI'llilli   11 lili lili lilli   11'lilli'1111111   1 1  lillill

lilli lilli'11 11 1111111111111 li lili lili lilli  1 1 1111111111111 11 1111111

lillill'lilli   11 1111111'Ill 11  :1  1111111111111 11 lili lillill: 1  1 1 1111111

1111111111111 11 1111'lllili I: 11  11 , i lili   1 1   11  lill i 1 li l i '11  11 l i lI % 11

'lll1lllllllll 11 111111'l lilli  11 lili ll'11111 1  11  11'ilillI 1111 1; 1111111

1111111111111 11 1111'lillilli 11 lili 111111111 11 lilI l iti I t It t 11 1111111

111111'l li lli   11 l il li 11111111   11 11111 lili I'l l 11  1 111 1 1111 1 Iii  1 1 lllll1l

111111111 ' Il l  11 111111 ' l li l li  11 Il l 1 1 lil i 1111  11  1 11 ; 1111 1 1 11 1  11 11 li l l i

:1;11111111111 11 :11111111 lilli   11  1111 11111'll i 11  lilI 111111111  11 lilI 111

1111111111111 11 1111111111111 11 liliI'll'lll'  11  lili lilli'111  11 lillill
'.' lilli 1, ''1  , 1:, '' 1'',1 1,/ '.  , , 1,/ 1//11/1 '  /1-      1
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4

.'·L, ATT·, Ic  *,1 TA  „·.ENT  r;  INEG T I A c.,PUTEC L 12/ CASE F I vE

4"ECULAG WT SIMIE TAI NO. FOLIATC/IC

t  .  .  A B O O 0111·01,1 + 1.1 0 1 2.11 0000(100#.%0

1 NERTIA A 10*39 INERTIA 8 10*39 INERTIA C 10*39 MN-LINEAE

1. 0 1/JA140962*000                6.4041325514 11+1100 8.41651 3961112.000

Gll E
1.00000%00110-000

918 FeEG 1/C/ CEGENERACY
1.27000000000•003 1.00000000000*000
,./11{700000700•002 1.00000000000+000
1.SIOBOOO.000*003 1.0000000.000.000

FI.,-MO/ T = -4 .   72 P 3298  95 •001 -2.07475486176-0021 6.30371786461.1-11(·,GT*2 -1.0324/45P552-009T#3 6.46"'Agp3/*11-0·141*4

4-/0 = -8.65792933211-001 9.813/3121211-0031 1.66662210926-1.ir,ET*2 -2.99960546100-0/01*3 1.9501146135911-0141*/

St; = 5.06278443591•001 2.53405665693-002T  -7.PO964080719-006 T*2 1.26)20910184-009Tel -7.126653,94'1,2-0141*4

TEMP <CEG K) FO-/0/T (C/4/C) MO (KC/M) SO Ic/M/01               ic

3.00000000•02 -4.$5090074•01 2.45720190•00 5.66996804*01 1.4498%).50.03

4.00000000.02 -5.09023236*01 3.38887987+00 5.93745233+01 1.611 14070•03

5.00000000*02 -5.282/1461•01 4.39756163+00 6.16222814•01 1.82331954+03

6.00000000.02 -5.44598774+01 5.47459367•00 6.35842002•01 1.91950366+03

1.00000000•02 -5.58903551•01 6.60800295+00 6.53303593*01 1.96757295+03

P.(10000000•02 -5.71702992•01 7.78644113+00 6.69033506*01 1.97/1 783P•03

9.00000000*02 -5.83323832*01 9.00045950+00 6.8332 R9 38*01 1.9463223P• 03

1.00000000•03 -5.93987888+01 1.02426122•01 6.96414010•01 1.89053 1 5 P* 0,3

1.10000000•03 -6.03854377+01 1.15071532+01 7.OF 464 860•01 1.81462941"3

1.20000000•03 -6.13042615*01 1.27896700+01 1.19623198•01 1.72544520•03

1.30000000•03 -6.21645065•01 1.40PS,637-01 7.30004786+01 1.629569/7-03

1.400000 0•03 -6.29735292*01 1.53957976*01 7.39705275+01 1.53297961+03

1.50000000•03 -6.3/373073•01 1.67/410//+01 7.48804/60.01 1.44092323•03

1.60000000-03 -6.44607817•01 ·1.80418642*01 7.5736946'*01 1.35785647•03

1.70DOOO00•03 -6.51480943•01 1.93759647•01 7.65457207+01 1.2P74 1460*03

1.800000110•03 -6.58027592+01 2.07159613*01 7.13116266*01 1.23241170+03

1.90000000*03 -6.642778/1-01 2.206/0017*0/ 7./03/P•12*01 1.19'PSM47*03

2.00000000•03 -6.F02578 30•01 2.34103/69*01 7.87309765*01 1.175995/6+03

2./0000000*03 -6./5990132•Oj 2.47635391*01 7.93911747*01 1.17633793*03

2.20000000•03 -6.8/4946/5-0/ 2.61199170*01 P.00221P43*01 1.19572276•03

2.30000000•03 -6.86'P//11-/1 2.14192966•01 8.06264214•01 1.23336899*03

2.arooomon•e, -8.91PPP715*01 2.89411567•01 8.120$0202*01 1.,P,4,6'..1'3

2.50000000•03 -6.96PO/6vS•01 3.020526/2+01 8.1762P744+01 1.35759102*03

2.60000COO•03 -7.0155P 326•01 3.15113PO2+Fl 8.22986712•01 1.4/0.691PI.3

2./00000110•03 -1.06151057-01 3.2939202/•01 8.28149199*01 1·.5327401.*03

2.Piloroof"03 -7.10598366+01 3.43.PFP9/lot 8.3312975/•01 1.632/la•5*03

2.900001-00•/3 -7.14907"3•01 3.56797413*01 8.379/0594•01 1. 13*P3536•03

3.000"'Or'•03 -7.190P6OPS*01 3.70519904*01 0.42592747•01 I.P.1/014•03

S.  1  " 0./.....", -1.231/3195*01 3.P42543Pj"1 P.47096222•01 1.9/434265-05

3.,f. It'...!-3 -'.2,0052*5•!11 3.9.999535*01 8.5146/120•01 2.041/1,28"3

6
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-----------------......-----
C.O I C.C C O C.C.C.C.C.I C.C.C.C C.C.C,C.C.C.C.C.C.C.C.............................
. . - - - * . . : - * -I- - . . . . . . - - - -9. . .
- - - - - - . : . . . ( . - - ( . - * . - . -I: . -I- . -9. - - . . . . - - . . . - . . . . . . - . . . . .
r. : . : . .r. . . . : .I- . . . . - - * - . . . .
* . . - - - - * - - . -S. ( -I- . . - . - . . . . .g---...r.---.-=.:-r.-........
. . . . . .C- . * -4. -r. -0' .I-C- .C. . .
-W. - - - - . -9. . . . - - : . - ( . . . - - : . .
- - . . . . . . . . - - - - - - -I- - - - . - - . . .

----------------------------
. . .C. . . . : . . . . . . . . . . . . . . . . . 12 C. · C.·C, C.C.............................
. ( . - - . - - - - - - . : -I. . . . - -r. . . . .r-. - * - . . . . . . . . - - - . .r. - . . . * - - . .
. . . -I. - - . - - . . .9. - - -9. ( . - . . . - * - -
.------.9.-...-.....-I.-....
...-----..(-I.(-*.(.-I..-I).
. . - . . - - . . . . - . . . . . . . . . - -I-I/ * -
- . - - -r. -r. - - - - . -I- -I- - . . - - - .
/0//---=..9//( 0----IN".I---m
* *a g* * * *g i e g a l '7 - m m e e l l m m m m l e

C.C. . .C. . . . . . . . . . . .C. . .C. . . . .C C. .C*.................*........+
. . . . -9. - . -I. - - -r. ( . - . * - . . -9- *. . . . . . . . - - - - . . . . . . . . . . . ( - . . -
. . - -I. - - - . . . ( . . . - .9- - . . . . . . .

.......-I.I.--*r---9. .I------                                                                                             Li- - . - . . .r. - = - . -I.I. -I-I- - * . - -
-r. : . . . . . . . . , - -9. / . -I: . - * . -I:-r.-.....r.---.......-r.----
-.--...9.-..-.(--.*-I.-...-I
. . . . . . .r- - - - - - . * . * . . . - - - - - - -

C.C.C. . . . . . . . . . C. . .S C. . . . . . . . . . . . . . . .C.............*.......*......
I.-9-----r....Ir.-I......r--I
. . . . . - * .I- . - - * - .I- .l i l I. 9...-
. - / .0.9. -l/ . -0- / - - - - - -N * / - / . -. . . - - . . . . . . . . .r- * . - - * . -9. . . . .-...-.--Ir.».(-I...-.-I.-...
. . . . . . . -I- - - -g. . . - - -I- - - . -9. . .. . . - - . - - * - . -9. -r. - - * . - - * .4. . . .
- - - . . .r. * . . . - - . . . . . . . . . . : = :S t
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:C,C.C.C.C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
/ /C. / ,C·C· 'Z. '0 ·D C, 'S. /S C· / 'Z. 'S ,# C· 0 0/ . /S C.S/ / .
C.C. S C. . .C· . '2- 'C   C·C,C. .S C C C.C,C·S C· ' - ·C C S·
l l c. . . . . . . .C: .C·C l o c c s=C S= :C,C· : ·C
• -C. .  0  ..'Z.  C.C. ·  Z.  .C C.C. . . .C·C·C. . . .C.
S . ,2 C'L C. ·C. .C.C· .C' -C. . . . . . . . .C,C *I·
I.C.C. . . . . . . . . .c·C.C. .0.C c. . .C· =C. . .C·C·-.-*-....i-........9.-.-.....=9.
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4
E N T Gre p   FIT

VAGIANCE
4.64130923354-002

TE.p •CEL •,           SO            SO FR™ FIT
3.0 00 0 0000 -0 2 5.66996804•01 5./5601511*01

4.00000000*02 5.93/45233*01 5.95936800•01

5.00000000•02 6.16222814•01              6.14993270•01

6.00000000*02 6.35842002•01 6.32*44517*01

'.00000000.02 6.53303593•01 6.49556251+01

*.GO(100000.02 6.69033506*01 6.65/92292•01
9.00000000*02 6.83328938•01 6.798/4513*01

1.00000000*03 6.96414010•01 6.93483138+01

1. 10000000 +03 7.OB*64*60•01 1.06256145+11

1.20000000.03 7.19623198•01 7.18189863+01

1.30000/00•03 7.30004/86*01 7.2933P611+01

1.40000000/0 3 7.39/052/5-01 7.39755064*01

1.50000000•03 1.48804460+111 7.49489646 +01

1.60000000.03 7.57 36946 P +01 7.58591135+01

1.10000000•03 7.6545,207+01 1.6/106358•01

1.80000000*03 7.13116266•01 7.75('825P+01

1.90000000•03 1.803$8412+01 7.82555887+01

2.00000000•03 7.87309/55•01 7.89574410*01

2./0000000+03 7.93911747+111 1.9611 5 105•01                                                                                            
     -

2.20000000.03 B.00221843•01 8.02395361+01

2.30000000•03 8.06264214*01 8.08270679+01

2.40000000•03 8.12060202*01 8.13834672+01

2.5/000000*03 8.17628744*01 8.19119066+01

2.60000000.03 8.22986712•01 8.24153697+01

2.70000000•03 8.28149199•01 8.28966516+01

2.e0000000*03 8.33129757*01 8.33583583+01

2.90000000•03 8.37940594+01 8.38029072•01

3.00000000•03 8.4259274"01 8.42325268*01

3.I 0000000•03 8.47096222*01 8.46492569+01

3.20000000+03 8.51460120•01 8.50549485•01

3.30000000+03 8.55692740*01 8.54512636*01

3.40000000*03 B.598016'0*01 8.58396757+01

3.90000000•03 8.63793864•01 8.62214692+01

3.60000000+03 8.67675712•01 8.65971/00+01

3. 0000000•03 8.71453097+01 8.69693950*01

3.50000000*03 8.75131450+01 8.73371524+01

3.90000080•03 8.78/15789+01 8.,1015416*01

4.00000000•03 8.82210765+01 8.8062903/00/

4.10000000+03 8.85620695*01 8.84213887+01

4.20000000+03 8.88949591•01 8.87769614*01

4.30000000•03 8.9220119/*01 8.91293954•01

4.40000000+03 8.95378981•01 8.94'82760•01

4.50000000*03 8.98456219•01 8.98229998+01

4.60000000•03 9.01525950•01 9.0/627/47+01

4.10000000+03 9.04501031•01 9.04966197•01

4. P0000000+03 9.07414140*01 9.08233648•01

4.90000 00+03 9.10267194-01 9.11/165/6-01

5.00000000+03 9.13064359+01 9.14499326*01

5.10000000•03 9.15806064•01 9.17/647/7.0/

5.20000000•03 9.1 8495"11•01 9.20293438*01

5.30000000•03 9.21133183•01 9.22964352•01

5.400000<-'403 9.23722455•01 9.25454433"1

5.5 00/01-·en• t- 3 9.2626/599•01 9.2173P 766•01

-47-



4
5...000000•03 9.28/6/294*01 9.29/90552•01
S./0000000•03 9.31214130*01 9.315/1090•01
/.80000000•03 9.33624616•01 9.33079825*01
5.90000000•113 9.35994184•01 9.34254271•01
6.00000000* 0 3 9.38324198*01 9.35070090•01

4...
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1                               I

M.90*

43.30*

55.69+

48.09*

40.4 +

32.88*

25.27+

17.6/+

/0.06+

2.4 6                              4                           +                          4                          +                          0                          +                          0                          +                          4                          4

300 BPO 1440 2010 2580 3150 3/20 4290 4860 5430 6000

POLIATOMIC WiTM MOMENT CF INERTIA COMPUTED L120 CASE FIVE

ENTMALPY(KC/MI  VS  TEMPERATURE (OEG  K)

4
-49-

'2:



4
-48.,1

-St.73*

-,4.96*

-5/.1/0

-61.40+

-64.63*

-67.Ps.

-

-11.08+

-U.30*

-77.52*

-BO.  1 5*                               Ittt.+                        - .4                          0

300 1440 2010 2580 3150 3720 4290 .860 5/30 6000
B,0

POLVATOMIC WITH MOMENT OF INERTIA COMPUTED L12O CASE FIVE

FREE  ENERGY(C/DI/0)   VS  TEMPERATURE IDEG  K)

-50-



4
93.03*

90.12+

06.41*

82.69+

18.98+

75.27+

11.550

67.Pal

64.13+

60.41+

'6 . '1 1                  +
300 070 1440 20/0 2580 3150 3720 4290 4860 5430 6000

POL YATOMIC  WITM  MOMENT W  INERTIA COMPUTED L 120 CASE FIVE

ENTROPY(C/M/D> VS TEMPERATURE(DEG K)

-51-



GMX-2 LOADING FORM FOR STRETCH

PROGRAMMER: DROBLEM:     72) B DATE: PAGE OF

fx.XX f,EEE *X.XX '+'EEE :Ex.xx +'EEE :tx.XX  'E E E

11                                                                                          11                                                                                                                  1/9  ./.(.42.
1

15     19                     33    3              
       51     5                     59    73

1

1                                                   
                                                    

                                                    
                                                    

                   1                                
                                                    

                                                    
                                                    

                                                    
                                                    

                                                    
                                                    

                                                    
   1

(11 /li'f 14,181 *El 1
71H  4

TA
Ifid:1 I.r  4    Ii'R'    1 1 1     1*1*0/4    I

1 i i i l l i i l i j i i 9'A.fiE  i#Zix. 1 1 1 1 1 1 1 Il lili Ill1

Icicic l' i    i   i    i    i    i    i    li              H        i    i    i    i    f    i    i    i    i   i    i    i   z             i   i         i    i    s   i     j    i   i   i    i    a    i   i i 1 1     l i l l i  J l i i  i i i  I       i  1     l i l l  A  I

+1,16 te O R
11111111 lilli Ir IIIIIIII lillI 1 1 l i l I I i'l l i l l i 1 1 I l l'l l'l l  l i l i      1 1    l i l i  131  1

41, to  15 10   +14.1     11111111111111 1 1  1 1  1 1 1 1 1   + 01010   l i l I  l i l l I 
 l i l I       1 1     l i l l I  l i l l I  1 1  1

      1 1    l i l I  191  1

+R '00346. 2003
+0 01+/

rl. 1 1 1 1 I l l i l l l I l 1
l i l l i l i  l i l l i       1 1     l i l i  1 1 1 1 1.1 1% !       1 1     l i l i  l i l l I  i  t q 1 11  lilli.511

lllllllllll1l   ll lllllllllllll 11 lilI lll11lll1 11 11111:1111111 11 lillI'l

-lilli'1111111   11 1 111111111111  11  lili
'11111111  11  lillitttl gili  11 lillill

1111111111111   11 1111111111111  11  11 1111!11111 11 lilli #111 lili 11 lilli ll

1111111111111 11 lilli 1111111 1 11 li li l ill i I ll I 11 lili lilli lili 11 Illilli

1111111111111  11 1111111111111   11  11111111111!1
11 lill i 1111 l il i  11  lili I ll

& .1111111111 Ill   11 1111111111111 11 1111111111111 11  Ililli 111 1 11 2 il 1111111

N
1 11'll'llillil 11 1111111111111 11  lili ;11111111 11 ·1-·1·+4   1   1   1  Ill!   1   1          1

1 Illl'll

lilli 11111111   11  /' 111111111111   11  1111 111111111 11 lilli lilli'11  11 lillill

11'll'llili 1 1 11 1111111111111  11 lili '11111111  11  1111111111
11 1  11 lili ' ll

1111111111111 11  1111111111111   1! lilI 111111111 11 lilli:lili 111 11 11 lilli

lilli Ill lilli  11 111111'llilli !1 1111 lili lilli 11 1111111111111 11 lilI Ill

111111]Ililli  11 111111'llillI 11 lilli :1111 il
, 11  lilI.111111111  11 lilli 1 1

lilli 11111111   11 111111'll'll:   11  lili llilll 
il.% 11 lili lillit'll 11 1111111

1111111111111 11 1111111111111 1 1   .l i l i   I l i l l i  1 1   1       1.1   
   I l i i   i  :5 1  1  1  l i

i .1 1   151

1111111111111 11 lllllllllllll 11 'll' 11;11111 i  11  lilli lili lili 11 1111111

111 lilli li lli  11 1 1111111 lil ll  11 lili l li
li 1 Il l  11  lill i lili 111 1  1

2 lllllll

1111111111111 11 111111:I lillI ll lllllllllllll 11  111:lilli 1 11 1 11 lillill

1111111111111 11 1111111111111   11 lilil'1111111  11  lilli lill
I'll 11 lilI 'll

1111111111111 11 1 1111111111!1 11  l i li ' 11111111   11  l i lI 111 t t i H
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4
NE CER,/ r•E T A   S/•,  I C 8 606 CN CASE St*

CEBV TE* Cl.ENSION NUMBEA C,F AT/*IS/CELL

1.2 9000,- l·.1 11,14. 11,1 3 3.00000009•11110*000 ,.000110011(000.000

F 0 -*/i , / I 1. 1•14/99$ 1 31•000 -5.3416 5814208-0051 1. 095,:,ABAg /5 9 -/06 1-2 -1.352,0 345 092-0 lOT * 3 5./Plpf'·P,Pa'·-t·151ea

A-I'· i -t./1 4941$424*'111'-, 4.2B/GFS,1625-0,·-·JT 7.2646035259%-0071*2 -1.35PlAP2P915-0101*5 9.OBSP595Pl 21-0151*/

Sl : -1.,2*1 *51 3/Bitt-·11  1. l,P527371 1 33-0021 -3.301;55121950-000 1*2 5.29400511539-1110'*3 -3.251123P15,81-0141*4

(V I 2.5 1 4 9 0 1 20 259 -'100 4.951,5/180£5-003T -2.34648 5594 62-006 T#2 4.50006063153-0101*3 -3.1413/1'Al/P-"141*4

TE./ (CEG KI FO-% /T Ic m/C,  •C, (KC/ ) Sll AC///0) CV (C/../0,           ic

5. l'.000000.02 -4.28697/61-01 3.01991283-lit 1.43533411*00 2.85301476•00 -1.3012•AS„•02

4.00/000110/02 -B·DOP41564-01 6.39575859-01 2.3997B 121+00 3. 82 72 8*P'+00 .-9.7.116995•01

5.00000000•02        . -1.21434694*00 1.05560338*00 3.32555370•00 4.44645466+00 -4.99/55/17"1

*.00000000+112 -1.63805816•00 1.52155533+00 4.1739P372+00 4.P4440742*00 -6.09'P,1/5-00

/.1-·0000000•02 -2.05611355•Or 2.0201093P•00 4.9419P409*00 5.i0955340+00 2.49551734*01

B. 00.11001.10..2 -2.46099431*90 2.54076251•00 5.63694751•00 5.292P242P+00 4.03*71457*01

9.00000000•02 -2.84950059*00 3.07694886•Or      6.26833266•00 5.42395158+00 4.051435/1•01

1.00000000•03 -3.22064127*00 3.62441 118+00 6.84505245+00 5.52061310*00 2.73135135+01

1.10000000•03 -3.5/454265*00 4.18029069*00 7.37480691*00 5.59372•12*00 3.6/,P5216"0

1.2,-/,00000•113 -3.91187790•00 4.74260609•00 7.86404964•00 5.65026090•00 -2.71226616*01

1 . 30000000•(13 -4.23356622•00 5.30994544-00 8.31)13964+00 5.69482666+00 -6 . 3 P 3 P' P61 ' 01

i .a"r,0000•03 -4.54061341*00 5.BP12„SP•00 8.74152597+00 5.730546/1-00 -1.0199676P•02

t.soooPO in• 03 -4.83402807+00 6.455 P3310•00 9.137916PO•00 5.75959705•00 -1.39 7P 1 25 6•02

1.60000£100.03 -5.11477902•00 7.03302686+00 9.51042081*00 5.78352972•00 -1.75106/P2•02

1. 7 00000OIl. 03 -5.3337/524•00 7.61240636+00 9.86166134+00 5.8/347234•00 -2.06239225•02

1.PO'.00000•03 -5.64185810+00 8.19361639•00 1.01938672•01 5.82025021•00 -2.31 P/2435•02

1.9001'0000+03 -5.PRVAR'37*00 P.7 7637436+00 1.050094*B+01 5./3452205*00 -2.50/*Pepo•02

2.000001100•03 -6.12FjOP77*00 9.360/5273•00 1.08085351*01 5.)46/3Bl 2+00 -2.62/46501•02

2.10000000•03 -6.35802813•On 9.9456662P+00 1.10940597+01 5.8572P022•00 -2.6641916•02

2.20000000•03 -6.57954639"0 1.0531862P•01 1./3667567•01 5.86643968"0 -2.627365/*02

2.3000/000•03 -6.79339962+00 1.1/189/59"1 1.1627 Fl/9-01 5.17444732•00 -2.514*3526•02

2./0000000-03 -7.00001456,•00 1.170672"+01 1.1 Pl/P770.01 5.PPI#P790*00 -2.330Pl 309•02

2.50000000•03 -7.20002528*00 1.22951 P62*01 1.21!P099)*01 5.PP/71063*00 -2.082*772•02

2.60000000•03 -1.39365322•00 1.28842390*01 1.23/9129/401 5.39323713•nO -1.,7007 006•02

2.10000000•03 -7.5P133523+00 1.34731,IjP+01 1.25716366*01 5.09P16777/00 -1.42710575*/7

2.80000000•03 -7.,63*laRP•00 1.40638553+01 1.27P62203•01 5.9025B367*00 -1.0•27P245+02

2.90000000•03 -7.94020797*00 1.46543157•81 1.29934203-0 1 5.90655515"0 -6.357330/5401

3.00000000•03 -8.11200529*00 1.52451534•01 1.31937231+01 5.91013942*00 -2.19/15966•01

3.1000 000•03 -8.27907502*00 1.58363323*01 1.33*,75693*01 5.91330513*00 1 .916*9 PS".1

3.20000000•Dj 4.44 166496•00 1.64278206•01 1.35753589•01 5.91633353•00 5.8/774592•01

3.30000000•03 -3.600004•3*00 1.7/195903*01 1.3757•560•01 5.919019Pt•00 9.46031691•01

3.•0000000•03 -P.7543'601•00 1.761,61*P..1 1.39341933•01 5.92147409•00 1.262•3517"2

3.50000000•03 -P.9047670P*00 1.8203PiP'•01 1.4105/752.01 5.92372230.00 1.52176•52.Ip

3.60/00000•03 -9.05157119-0/ 1.81963551•01 1.4272,PIC·+01 5.9257 PGPS•00 1.71290419•02

3.100000/•03 -9·194)3929•On 1.93P90301•01 1.443516 17 -0 1 5.92,6Py'P•00 1.P2615*'/P•02

3.pre,0000•03 -9.334PPOP2•00 1.99P1Ppr'.01 1.45932/23•01 5.929•4024*00 1.P5355)'2*-2

3.9 OIl 00 000 * 03 -9.4/109/72•00 2.05.49133•01 1.47473136*01 5.9310*004•00 1.7 )917/1 1 +22

4. c.r.r,00 000*03 -9.60547029*00 2.11680959*01 1.*P974943"1 5.93756199•/0 1 .62 9• 0 9 3.-•r 2

•.1,00,010•03 -9.73633/Of•00 2.1 16 1 4226•01 1.50440021*01 5.93395513*" 1. 3/334,10•:·p

4.2 'CO or, r • O 3 -9.86442!124400 2.2354PP36•01 1 .51 B//11 6.01 5.93525037•Or 1.'73.23,0.02

-9.9pg)31PS+Or 2.29/P/697•01 1.53266)53•01 5.936•5666•00 5.P3750'05•:-'

-53-



4
4. Il'·01;001 0 • 0 , -1.01126009*(11 2.35421 123•01 1.54631746•01 5.93 F58196•4 6.4459605'*1.1.

I./0000000•03 -1.112530690•01 2.41359836*01 1.55966209+01 5.93$/&3335•03 -5.22061296•01

4 .6 t- 11'000 00* 11 3 -1.035/0920•01 2.4129B967•01 t.5P27t 565•0l 5.93961/16*00 -1.15PFP110•'.2

4.' 000 1.. 13 0. 0 S -1.04668402•01 2.53239050•01 1.50549051-01 5.94053905•00 -1.P2415214•"2

. .Mr· 1.11 1.3 P .t /1. (1 5 -1.0,803990•01 2.59100026*01 1.59I99828•01 5.94140412•00 -2.49119100•02

4. 107.i-,r.1-,1.1.0 3 -1.0691 3490*01 2.65121041*01 1 .61024 9 PA •01 5.94221693•00 -3.130160%5•02

5.1 ·000 "00 11 .O 3 -1.080/2666•01 2.F!064444•01 1.62225554*01 5.9429P /60*Or. -3.1022PVP"02
5 . 1 11 1,0 11 l.0 0 It- 3 -1.090BF240•01 2.7 00//89•01 1.63402493•01 5.943/01/6*Or. -4.16539915"2
5.20000/100•01 -1.101.2898*'11 2.82 95 1 B 34•01 1.64556712*01 5.94430109•00 -4.4/0*515*•02

% . ".O 0/0 r..113 -1. I t 1 F .29...1 2.BRI96538+01 1.656/9071*01 5.94502233•00 -4.5*2/092*•02

9.400(tooot,• 1, 3 -1.12200034+01 2.9484156/*01 1.660003FV•01 5.9456/P37•Or -4.8,992P 19.02

5.i /11,0001,O•03 -1./3202716•01 3.OOFF ' F P4 -01 1.61B91404•01 5.946201,4.Or -3.P5304605•02

5.00000000•03 -1.141 PBP95*01 3.06,34260+01 1.SA962/10•el 5.9467/474•(·0 -2.9059'040.02

$. i.,1000110•03 -1.15159102•01 3.12681264•01 1.10015464*01 5.94/25 94 P *Or' -1.45446*/3•02

5. Plir.i.·ti-,il·O*0 3 -1.16113A/4.01 3.1 PG'.".•It 1./1/49P39+01 5.941/4/0/•00 5.930535*5*01

5.900Oe/,00• 0 5 -1.17053604+01 3.245/6/52•01 1.72066613*01 5.9/k'/111*00 3.33*P•51*•02

6. (.0. I A.r . 9 ' -1.1797PB42*01 3.305251 PE•Itt 1.7306*373•01 5.9•P*5259•00 *·P/5**r·PR.(.2

-54-
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4
ENT Gro y F l T

VARIANCE
5.40409940242-00 3

TEM p #CEG KI             SO             SO FRC•I FIT
5.000110000*02 1.435334PF•Oil 1.64318364*00
4.000000011•('2 2.39978121*00 2.52143753*00
5.00000000•02 3.32555370•00 3.340/55 t B•00

6.00000000.02 4.1.398372•00 4.10096179*00
'.00000000.02 4.94198409*00 4.82880456*17;

B.00000000*02 5.63694751•00 5.50295260+110
9.00000000+02 6.26833266•lit; 6 .1 3 3 99 W 1 0 0,;

1.00000000-0 3 6.B4505245•00 6./2445085•00
1.10000000•03 r.37480691*00              7.2767/913*00

1.20000000•03 1.86404964*00 7.79324881 +00

t. 30000000•03 P.3181396..110 8.2.6228Al+00
1.40000000•05 8./4152597*00 8.72789004 +00
1.50000000•03 9.13791680*00            9.15035532*00
1.60000001'*03 9.51042081+00 9.5456694/*00
1.10000000*03 9.86166134•00 9.91519924*00
1.*43.0000.03 1.019386/2*01 1.02626334+01
1.90000000•03 1.05089448•01 1.05879825*01

2.00000000+03 1.08085351*01 1.08935793*01
2.10000000•03 1.10940597*01 1.11810784•01

2.20000000•03 1.13667567+01 1.14520563•01

2.30000000•03 1./6277/09.01 1.170801/5*01
2..0000000.03 1.18778770•01 1.19503645+01

2.50000000•03 1.2,180998.01 1.21804577•01

2.60000000•03 i.23/91291•01 1.23995556*01
2./0000000•03 1.25716366+01 1.26088444*01

2.80000000•03 1.27862203*01 1.28094325*01

2.90000000+03 1.29934203*01 1.30023502•01

3.00000000+03 1.31937231+01 1.31885496+01
3.10000000•03 1.33B/5693*01 1.33689049*01
3.20000000•03 1.35153589•01 1.35442124*01

3.30000000•03 1.37574560*01 1.37151900•01

3.40000000*03 1.39341933*01 1.38824779+01

3.5000 000+03 1.41058752.01 1.40466380*01

3.60000000+03 1.42727810+01 1.42081544•01

3.70000000*03 1.443516/7*01              1.43674330*01

3.80000000*03 1.45932723+01 1.45248016*01

3.900'On00+03 1.4.4.3136+01 1.46805101+01

4.00000000+03 1.48974943*01 1.4 8347304*01

4.10000000+03 1.50440021•01 1.49815562•01

4.20000000•03 1.51070116*01 1.51390032•01

4.30000000•03 1.53266853•01 1.52890091•01

4.40000000•03 1.54631746-01 1.54374335+01

4.50000000*03 1.55966209•01 1.558405$1•81

4.60000000*03 1.57271565*01 1.572*5BSS•/1

4. 10000000•03 1.58549051•01 1.58706441•01

4.F 0000000•03 1.59799820*01 1.60 gl704*01

4.90000000•03 1.61024980+01 1.614545PP•!11

5.00000000•03 1.62225554•01 1.62770769*01

5. 1 0000000•113 1.63402493+01 1.68039458*01

5.200.0000•03 1.64556712•0l 1.65253009+91

5.300000("03 1.656 89071*01 1.66402996•01

5.400rpror•113 1.66BOO379•01 1.67480210.It

5.,00!10,2,1,1•/3 1. 6,P91 - t'*•111            1.*AS /4663•01
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1./09628'OIl-1 1.59/,550'.111
1.'001 54 64*01 1./0111452*111

4  .  0 11 1.1 0 '.1 t.· 1:• ': 3 1./1049*39•/1 1.,08490 P 0"· 1

1. /2,1666 1/•l,1              1. /1 3 9/ 1911•01
1. , 50·50 5,5 *01              1.FtRot 3 03•01
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". i.'.1.

29.,P.
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......
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1.....

13.„.*

1 1   .13*

...4.

3.58*

n.  5 0
300 8,0 1440 2010 2580 3150 3720 4290 .Plo 54 30 .000

CNE CEBIF THETA SAL/0 6 BRIAN ( SE SIx

ENT-•1.0.1•( /•' vS IE•OER•TUFE ,CIG •1
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.....                                 1                                           1          1I l l   I
-- „*     ---„-

-2. 0*

-3.04*

-4.9,0

-6.it+

-"25*

-8.390                                                   -

..52*

-10.66*

                 4                4               +                4                +
300 8,0 2440 20/0 2500 SI50 37.0 42*0 .060 S430 .000

ONE   DEBVE    TME TA   SOL 10        B BORON CASE SiX
FREE  ENERGYIC/l/0)  VS  TEMPERATURE (DEG  *1
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17.St*

1                   1

14.13*

12.55+

to.96+

9.37*

7.,S.

6.20*

4.61*

3.02*

1.44                  4                4                4               + 4 -+ ---4 .

300 8/0 2440 2010 2580 3150 3720 ./00 40§0 5430 6000

ONE   DEBrE   TMETA SOLID 8 80#001 CASE St)1

ENTROPY IC/l/0,  VS  TEMPERATURE (DEG  KI
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5.-*

9.64*                                                                1

5.33+

5.02+

4.710

4.40+

4.09*

3.78+

3.47*

3.16

2.09        4       +       4       4       4       4       4     '- 4 .300 070 141 0 20 0 2580 3190 3720 420 apGO 5430 6000

ONE   DEB VE    TME TA   SOLID 8 BORON CASE Six
HEAT  CAPACITY(C/0,/01  VS  TEMPERATURE {DEG  K)
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GMX-2 LOADING FORM FOR STRETCH
PROGRAMMER: PROBLEM: /DF DATE: PAGE OF

fx. xx idE E E :Ex.xx
 t'EEE t.XX

't'EEE  fx.xx REE.  )1 */ 410.
1  1  5 5    59 7315 19    33 3

4611    RE IRI 8/ i IT#1474       24,1' 14    1 1    1,81/k    1 1    »14 044   1/1.-217,r'PIA    1 1 1 1 1 1 1 irf}  S le-1   ISIE' vir'/4'   1    1   1   1 1 1 1    l i l I  1/1  1
Cces
111 1111 1 11 11 1   11 I li l i 1 11 Il l 11   11  11 11 I ll 11 1 11 3   11  lill i Ill l i ll i 1 .1 1 1 1  1,11

ti·jilisi  i i l i l l i l i  +Gicio ill.0/i  i i i l l i l i i  +6193  l i l i'1 1 1 1 1 1 1 1       11     lili  l i l l i l i l i 1 1    l i l i  131  1

44.    ,                 /0 jc,c     i             j   e             ,                         Z Z  : 2 : ; i H e Z 2 H ;   1 2           1 t
+3 + 6 C 14/ + 0 c 2 46
1 1,1 1 1 1 1 1 1 1 1 1 1 1 1 1 1'1 1   I   t   1   lili 1 1 1 1    l i l i  l i l l i.l i l i  tii 3 l i l i | | | | | %|i| 11  It 111511

11 11'lll'llilli 11 lilI 111111111 11  li ll i li 111 j i l 11 1111111
lilli 111 li ll i. 11 1111111111111 11 lili ll'll I ll '  11  li li lillI 11: 1  11 lill i ll

11 11111111111  11 1111111111111  11 11 lilli lilli 11 lllllllllllll ;I 1111111
Illllllllllll ll 1111111111111 It lilill'111111 11  1111'll'llili   XI  1 i lilli
lili j 1111'll' 11 1111111111111 11  5 , 11 9 1  111 111 1 1111'ill'1111  11  1:11111

2 Illilll'll Ill  11 1111111111111  11 1111111111111 11 lilli:1111111 it 1111111-
lilli lillilll 11 11'll'Illilli 11  li li 1 Ill li ll i Il 1111.1..1  l i l i  !1  1       1 1 l i l I  1.1 1

11111111111111 11 1111111111111 it lili 111111111 11 111 1111111111  11 lillill

Vill'11111111  11 1111111111111  11 1111 1111111'i  11  1111111'llili 11 1111111
'1111111111111 11  1111111111111   11 lili 111111111 11 lilli :lili 21 1 11 1111111
lilli Ill lilli  11 111111'llilli 1! lili lili lili : 11 lilli zi 1 11 11 1 11 illllll
lllllllllilll  ll lllllllllllll 1 lilill'll'11 1 11 lili Ill'lilli 11 lillill

-1111111111111 11 1111111111111 1 l i l i 1 1 ; i 11 H 1 11 1111111111111  11 1111111
1111111111111 il I'll'll' Ill 11  1 1 li li I'll'l l' 1  11  till lilli lli t 11 1111111
111 H lillilll 11 1111111111111 11  lilill'll'll:  11  lillI lilix 111 11 1111111
lilli'lllilli 11 Illlilli lilli   11 lili 111111111   1111111111111  11 1111111
1111111111111 11 111111 11 lilit 11 li ll i lill i ll 1  11  1111 1 lili Ill   11 1111111
1111'll'lilli 11 11111111 lilli     1  1111 111111111   11  lili'11111111   11  lili 111.1
1111111111111 11 1111111111111 11 lill i lili l il i  11  Ill 1 l ilil l 111  11 l ill i l l
1 1 lilli"//'  '  '' 1/I'l'.1 1/1,/11'/1,  /1       1    1

GMX-2-F-48



4

1 er. CEB ·rE TIE TA St:,LIC BN Br,AC•4 NITAICE CASE SEvEN

CES,E TE" 'TRAN' CEB¥E lEIf ILONG) Cl.ENsic•N NUMBER C,F /.T/*IS/CELL

I. '5 1-·,-·11001.1 (1000 + l'•112 2.10 1100001;0011*Ot,3 2.000 / 4'r'(/.f'/'/' Ill/% 2.00000000000•0(4

F O- 44 1 0 1.„101'45511+01, -9.89012342950-111",37 1.96340324142- 1.-,"61*2  -2.4"115546Al' -1.11 111*3 1./225*2152•'-!'1,1'.

.- .O I ... i·,9 11 Pl. 11 i 9.B• ltl ·11 F.30404460644-003T 1.940421 /GP91-0061*2 -3.5597414P409-Ott.·7*3 2.352*,61"92,1-,·1.1'.

W : - 1 .5,942 15 F /2 P-000 1.9590002 1233-002 T -5.641931,5049-006 T *2 8.10696310502-0101*3 -5.27755261904-01/144

(v . 5.3 7 JAOR25260+111.10 1.0910094 nfl 3 -002 T -4 .995 5204 01 05 -006 Te 2 9.54,194,49P,-010Tel -*.45,15,1.5,2-01/1.4

TE••P (CEG K) FO-#/T IC/M/C) E (KC/M SO (C/M/C, CV ,<,M/C)            1(

3. i. l' tlil 0 000 + 0 2 -1.35168046*110 6.62108006-01 3.55870715+00 5.11209/33*00 -1.23110653•02

4 . o l..;O 0 11 l-· (-1 . ll 2 -2.11599941•00 1.25494401*PO 5.25335944*00 6.68082763•00 -p./9339696•01

5.01-000000•02 -2.90764 837•00 1.9MPO210+00 6.87925256+00 7.8,79,016*00 -3.25629419+01

6.0,19-00000•02 -3.697'41 754"" 2.82010695+00 F.39191999*00 B.76265624*00 2.14129113*01

'.Ort-011000.02 -4.4 072P35*00 3./3053434*00 9./0006311 +00 9.412PR460*00 7.033/439P•01

B. lo.OIl..O*op -5.21PS*OPS•00 4.69710032•00 1.10900163•01 9.8969941 ,/00 9.95926926•01

9.001.-·0001.10•02 -5.93/PPI26•00 5.10557206*00 1.22774058•01 1.025 7 7 /9P• 01 1.071 j.*5j•02

1.00000.00.03 -6.62734011*00 6.745B27AA+00 1.33731680+01 1.05353645+01 9.SP12 99,•01

1. 1 !-·t-·tlrooo•o, -/.2P 729537•00 7.81059840*00 1.43 P7P394•01 1.07513159*01 7.02393350•01

1.2/000.00.03 -7.9IP 169 32•00 8.8945 86 1 4 "" 1.53309249+01 1.09219795*01 3.09104033•01

1.3,;I.'00000•03 -8.523155/1 +00 9.993)7059+00 1 .62 1074 P 5 +01 1.1058P235+01 -1.73196163•01

1 . 40)10 0 0 lip + 113 -9.10200359•On 1.110549)7"1 1.70345027+01 1.11700114•01 -7.05954119•01

1.50000000•03 -9.656 Pga 05 •00 1.22272/61+01 1.FROP)/15•01 1.12614453"1 -1.252)•POS•02

t.*0000000*03 -1.01 P93715*01 1.335/2749+01 1.85376683*01 1.13374519•01 -1.7Pt 17319"2

1.,000"On", -1.01009072+01 1.44943021•01 1.92269672*01 1.1401213•01 -2.26265650*07

t..01.00....03 -1.1192PP/6.01 1.56372059+01 1.9AP.21 P2•01 1.14553,21+01 -2.673PB/51"2

1.90000000•03 -1.16665/83+01 1.678 510Pt *01 2.05008458•01 1.15015!P 9•01 -2.9964)567•02

2.00000000•03 -1.21231*12+01 1.79372953•01 2 .1 091 P 31 P -01 1.15/12536"1 -3.21/OP568+02

2.10000000-03 -1.25631926*01 1.90931P21+01 2.16557841•Ol t./5756790•01 -3.32719467•02

2.2/000000•03 -1.29P94094*01 2.02522 B42+01 2.21949931+01 1.160569 7•01 -3.32795 P09•02

2.30000000•03 -1.34009591-01 2.14/4/974+01 2.27114797*01 1.16320OP,+01 -3.20495956+02

2.40000000•03 -1.37992913•01 2.25/ASP21•01 2.3207033)+01 1.165520Al•01 -2.97737251•02

2.50000000•03 -1.41 PSiP,3-01 2.3//5/509•01 2.36832476•01 1.16757600*01 -2.64 PS 1614 *07

2.60000000*03 -1.45593660•01 2.491365PP+01 2.41415424•01 1.1694049 P- 0 1 -2.22974456•02

2.70000000•03 -1.49224.96•01 2.60838961•01 2.45931919•01 1.1710395P+01 -1.,34915PO.02

2.P0000000•03 -1.52751690+01 2.7255GP20+01 2.50093412•01 1.1/250623"1 -1.IP,44529+02

2.90000000•03 -1.56179€P3+01 2.842PP600•01 2.54210235+01 1./73P2707*/1 -5.04547550•01

3.0"000000*03 -1.59514090*01 2.9603293P•01 2.58191736•01 3.1,502069+01 3.31715411•re

3.10000000•03 -1.62759142"1 3.07 7PP642+01 2.62046401+01 1.176102PG•01 6.52 1 P9621•01

3.20000000•03 -1.65921/19 -"t 3.1955466P•01 2.65'P/953*01 1.1770Pf97*01 1.2515•P•9•07

3.3"00000•03 -1.690023Pl,01 3.31330093*01 2.69405439 -01 1.177904/P+01 1.P103393/+02

3.40<,0000/•03 -1.72001397•01 3.43114102•01 2.77923309•01 1.1,000520•01 2.3/P191GP•02

3.50000/00•03 -1.74939770*01 3.549059FO•01 2.763/1476+01 1.17955764"1 2.125,6512*02

3.*C///0000•03 -1.„P02062*01 3.66/05052•01 2.796653 76-0 1 1./9.2.9/3*01 3.0452•366"2

3.70000000•03 -1.P"599810,01 3.70510771+01 2.02 900/1 P •01 t./POPP6"flo! 3.250P31 Pl•02

3.Poonveor•O, -1.P3333549+01 3.9/32261"01 2.4/50025•01 1.tpla)400*01 3.37925211•02

3.90000000•03 -1.86006)26"1 4.02140!04*01 2.P91/96/3*01 1./P'.1,04..1 3.27446*9402

4.FOOPOOOT•/3 -1.PP*22210./.1 4.13962P 34•01 2.921/2921•01 1.1P2571PF•01 3.0670,205•'2

4.1 %IFF/.,..3 -1.91'P2143.01 4.25/90421*01 2.95/3N65•01 1./P29PIPP•01 2.7/7//599•07

4.2, Or.,:i.-/r·03 -1.936/PP 71.01 4.37622523•01 2.9/PP4109•01 1.IP342519"1 2.221 P/655"2

-1.9+1445.0.01 4./945PP26•01 3."66904"01 1.IP3PjrP"fl 1.5PP,!520•:2

,ib
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4

4.4"...110,·'1•'.13   -1.98551164•111    4.6129904 A -1.-11 3.03 391 85/ wit 1./S/20932•01 8.29/59950*01
-2.009 1;641•01 4.'3142930•01 3.06/53514•01 1.18456312•01 -3.,P41,5,2.00
-2. 0 3224 161•(11 4.8a9911235*111 3.OB657421•01 1.104P9429*01 -9.//3/55/4-1·1

-2.0549521+•!11 4.96840741*01 3.11206/15•01 1.1 B52(.*3*01 -1.9'.'592.9,•i.2

4.  I I'lit' t..0 10. 0 5 -2.0 P r 2 % 12•01 5. 4 694266*01 3.1 3 FOI 5 84 *1,1 1.19589612+01 -2.99999959402
4. 9 ./. <..).'Ill ' -2.0991145A•01 5.20550611 *Pl 3. 1 61462"*01 1.10516999",1 -3.91405392•fp

-2.12,16,it 93•01 5.32409612•01 3.1 P542115*1,1 1.10602,1.01 -4.P566%159•'·2
-2.1.1,11  .01 5.44271116+01 3.20 A91004•01 1.1862'053.01 -5.5/16,"·1·+' 2

-2.16245/t-·4*1,1 5.561349//•01 3.23194/3P+01 1.lp€49957*/1 4.0 1436 309•02
..,  1.... 1,1. t..;  I i, -2.102P50'.11.1-1,1 5.SPOF1005•01 3.25/55012*01 1.'PE715PS•01 '-6.24995566•02

-2.2029 0234•"1 5.19Pf·9255+01 3.216/3/30•111 1.IP+92031+01 -6.01300"*•02
#..0...0,1....03 -2.2226251'•01 5.91/39a54+r1 3.29551505•01 1.'P/113'P•.1 -5.25/51 P93/1-2

-2.242!129 05•01 6.03611.96.01 3.319906/3-01 t./P/29103•.01 -3.BA•62233•02
".   '  11 <..,1. tl t. I t. 3 -2.261124/P *01 6.1 54 AS H 3-01 3.34092293+01 1.lf,47019*01 -1.704 P7PPO+02
5.BO lot"ll..0•03 -2.2.9919PA•01 6.21360)33•01 3.36151656•01 1.1315356P•01 1.36462815•fg
... tl '.'110 0 0 ... 3 -2.298/2559•01 6.39238029*01 3.3A l P 794•01 1.10179230*01 5.•99123/5•02
6.0 01...'//,0.03 --2.315#499P+01 6.51116,03•01 3."184"9*01 1.1 P794120+01 1.OP*9/566•03
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ENTROPY FIT

VARIANCE
1.0,11694104,-002

TE 0 •DEG K)           SO            SO FROM FIT
3.00000000•02 3.55870.15•00 3.82204252+00
4.00000000•02 5.25335944*00 5.41762170*00
5.00000000•02 6.87925256*00 6.9203/912•00
6.00000000•02 8.39191999•00 8.33500496+00
1.00000000•02 9.BOOM 31 1 +00 9.66606278•00
8.00000000.02 1.10900163•01 1.09179895*01
9.00000000•02 1.2214058•01 1.20950952•01
1.00000000•03 1.33731680*01 1.32015636•01
1.10000000•03 1.43878394+01 1.42414515+01
1.20000000•03 1.53309249+01 1.52186891+01
1.30000000*03 1.62107485•01 1.61370801+01
1.40000000•03 1.10345027•01 1.70003014+01
1.50000000•03 1.78083715•01 1.78119031*01
1.60000000•03 1.85316683+01 1.85753089*01
1.70000000.03 1.922696.2.01 1.92938158+01
1.BO000000+03 1.98802/82*01 1.99705939+01
1.90000000+03 2.05008458•01 2.(16086869+01
2.00000000*03 2.10918318*01 2.12110117•01
2.20000000•03 2.16557841•01 2.17803587+01
2.20000000•03 2.21949931•01 2.23193914+01
2.30000000+03 2.27114.97.01 2.28306468+01

2.40000000*03 2.32070338+01 2.33165351+01
2.50000000•03 2.36832476+01 2.37793402•01
2.60000000+03 2.41415424*01 2.42212188*01
2.70000000•03 2.45831919+01 2.46442013•01
2.80000000+03 2.50093412+01 2.50501915*01
2.90000000•03 2.54210235+01 2.54409662+01
3.00000000•03 2.5819/736+01 2.58181758+01
3.10000000*03 2.62046401+01 2.61833440+01
3.20000000+03 2.65181953+01 2.65378678+01
3.30000000*03 2.69405439*01 2.68830175*01
3.40000000*03 2.72923309+01 2.72199368+01
3.50000000+03 2.76341476•01 2.15496428+01
3.60000000.03 2.79665376•01 2.78130258•01
3.70000000.03 2.82 9000 tB+01 2.81908495+01
3.80000000•03 2.86050025*01 2.85037510+01
3.90000000.03 2.89/19673•01 2.88/22406•01

4.00000000•03 2.92112921•01 2.9/167021•01
4.10000000+03 2.95033465+01 2.94173925•01
4.20000000*03 2.97884709*01 2.97144421•01
4.30000000•03 3.00669849/01 3.0007$549•01

4.40000000*03 3.03391857*01 3.029/5077+01

I.inonnOOO+03 3.06053514*01 3.OSP 31511*Of

4.60000000.03 3.08657421+01 3.08644088+01

4.70000000.03 3.11206015•01 3.11407178•81

4.30000000*03 3.13901584*01 3.1481628'•01

4.90000000*03 3.16146217•01 3.16762051+01

5.00000000*03 3.18542115*01 3.19336242•01

5.fOOFFOOO•03 3.20891004-01 3.21828764•01

5.20000000•03 3.23194138*81 3.24220256•01

5.30000000•03 3.25455012•01 3.26522088*01

5.40000000•83 3.2 673430+01 3 .2P 6 96364•01

5.50000000•03 3.29851505*01 3.30735924*01
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4

5.60000000•03 3.3/990673*01 3 .32 624 3 JA*01

5.'0000000•03 3.34092293.01 3.34343911*01
5.80000000•03 3.5615/656•01 3.35/75681 +01
5.90000000•03 3.3010791*8+01 3.37199420*01
6.00000000•03 3.40184449*01 3.30293633.01
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4

.,./1•

'B.6,/

52.22*

45.78+

39.33•

32.P**

26.44+

2..00+

13.55*

'./1.
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                       Appendix

MONOATOMIC GAS

4
The theory of the calculation is described by Rossini .

Translation contribution

'F

-1 = -(3/2)RlnMw - (5/2)RlnT + 7.28295
T

H

Tr = (5/2)R

Electronic contribution

hcT
i

Ui = -iE-
-U

Qe  =  go  +      gie    i

F

Te = -RlnQe

1 _  L  r -Ui 

-   e  ti Uigie   )T Q I

Fo-Ho F    F
0 = _1 +e
T T T

Ho.Ho = Ht + He
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4                                DIATOMIC 'AS
5

The method of calculation is that of Pennington and Kobe ,

6
using the units and symbolism of Herzberg .

Wo  =  We -· 2WeXe

Do = 4(Be)3/(We)2

X  = WeXe/We

Bo n Be - (1/2)Ae

2
s  = 2Dok/(Bo ch)

r =50 +    
F
ro+to hcBo
T v  (3/2)RlnMw-Rln  -iI      -  Rlnd  - 7. 28295

H
ro+to

= (7/2)R
T

Vibration contribution

hcWo
UO = -kT

F             -Uo)

Tv=   -Rln     -    e           1

H    RU
-V-   0
T     U

e 0-1

Electronic contribution

hcT
i

Ui --ET
-U.

Qe  z  go  +   Egie
1

i
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4
Te = RlnQe

He R     -UA
T. -  8-    Bi'ie       /

Pennington and Kobe corrections

10=
1     U

e 0-1

UO
uoe0-

2-(Un  
 e       -1 ,1

2U
00=

4   ( Uo  )2

(e  -1 

(2.012.  e

U

0 0_eUo  0=5    / U  \31 0•

< e -9

F

TE =  R(ST +  r01 + X04)

H

Tc.= R(sT + r02 + X05)

0  0
F -H FF FF

0  = -(7/2)RlnT - TE
- ----ro+to e v

T                          T     T    T

Ho-Ho =H+H +H +H
0 V ro+to   c    e
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POLYATOMIC GAS

               The harmonic-oscillator rigid
 rotator approximation isused to compute the thermodynamic functions7.

Vibration contribution

h cv.
U =1
i    kT

F /    -U.\
1I

i'- R E dilnt'-e /
L -

-Ui

d.U.e
  11

H =RT L
V             -U.i          11-e

Translation contribution

F                                                      //2Tr \ (3/2) k(5/2) 1
Et    =    -     (5/2)RlnT    -     (3/2)RlnMw    -    Rln     N- 

1 + RlnP
h3   

Ht = (5/2)RT

Rotation contribution

Non-Linear

F -

Ck  ) 3

TE  =  -  (3/2)RlnT  -   ].n  (IALBIC)  + Rlna   -  ln    Tr 1 hz  1  +  3_  +  (3/2)R-

Hr = (3/2)RT

Linear

F
r k

- = - RlnT - Rln - - RlnIA + RlnaT                hc

H  = RTr

Fo-Ho   Fr   Fv   Ft
T -T  T  T

Ho.Ho =H +H +H
or v t
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MOMENT OF INERTIA

                      The moments of inertia are calculated by the method ofJ. 0. Hirschfelder8.

The moments of inertia are the eigenvalues of the

symmetric matrix:

A    -D    -E

-D     B    -F

-E    -F     C

where

Mw=Emi
i

A  =Imi (yi + zi) - £1w ( E miyi)2 -   ( E mizi)2
i                            i                    i

8  - E mi (xi + zi) -  w ( E mixi)2 -  w ( E mizi)2
41

C  = Emi (xi + yi) -  w ( E mixi)2 -  w (I miyi)2
i                          i                   i

D  = E mixiyi -  w ( E mixi)  ( E miyi)

E   = I mixizi -  w ( E mixi)  ( E mizi)
i                  i           i

F   = I miyizi  -  w (  E miyi)  (  E mizi)
1

The moments of inertia are then multiplied by 1.66035 x 10-1

to get the proper mass units for use in the polyatomic

thermodynamic function code.

4
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4
ONE DEBYE THETA SOLID

The formulas for the Debye approximation are given by

9            10
Menzel  and Trasov  .  The Debye integral is done numerically

using Simpson's Rule and 1000 intervals.

e
x=T

-X  Mt-  x dx
D (x)   =    M    /          x -

X J e -1
0

Fo-Ho

T ' = SR[Mln(1-e-x) + (2-M)D(x)]

Ho-H  = 3SRTD (x)

C.  =  'SR     M+1)D (.)   -  5--1e -1 

-
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4
TWO DEBYE THETA SOLID

The theory of the calculation is described by Krumhansl

11
and Brooks

M=2,2 dimensional

X t=     et
T
e
.t

xE= T
_x 'M
r-   dx

D(x) = !'iij   x---dt
x      ex-1

0-

Fo-Ho
,          -Kt\\                                                            C           -X   \-

T ' = SR 1 <(1-M)D(xt) - Mln <1-e     t (1-M)D(x£) - Biln  1-e Z 

Ho-H  = 2SRT <21 D(xt) + D(x£) 

- MK 1Mx

Cv  =  2SR    21  (Mil)D (xt)

-

+    (M+1)D  (x£)     -

--  t,  .
1X                                              X        I
1 1

e -1
e    -1 -1

4
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F

4

GENERAL

In all cases the entropy is calculated from the equation.

SO = Ho-Ho - Fo-Ho
T       T'

The integration constant is calculated from the fit on

S' as follows:

f  asIC = Ho-Ho -i T -d T
0  J   aT

So is fit to So =A t B T+ CT2 + DT3 + ET5,  then

0   BT2   2CT3   3   4   4   5 

IC - H'-Ho - 2  + •3    + 4 DT  + T ET _ 
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NOMENCLATURE

4 * Molecular weight in grams/mole

T      Temperature in 'K

a      Symmetry number

-27
h      Plank's constant (6.62377 x 10 erg sec)

10
c      Speed of light (2.997902 x 10 cm/sec)

-16
k      Boltzmann's constant  (1.380257 x 10 erg/deg)

R      Gas constant (1.98719 cal/deg mole)

th
T      Term value of i electronic state (1/cm)
i

th

gi     Statistical weight of
i electronic state

We Vibrational frequency (1/cm)

WeXe Anharmonic coefficient (1/cm)

Be Rotational coefficient (1/cm)

Ae     Rotational-Vibrational coefficient (1/cm)

V. Fundamental frequency (1/cm)
1

di     Degeneracy of fundamental frequency
2     39

IA,  IB' IC Moments of Inertia (gm-cm x 10  )

th
mi     Atomic weight of i   atom (amu)

th

Xi' Yi, zi
Cartesian coordinates of i   atom (A)

N Avogadro's number  .0238 x 1023 (gm-mole)-1 

P      One atmosphere of pressure

M      Dimension (1, 2, or 3)

S      Number of atoms per cell

0      Debye temperature (°K)

et     Debye temperature transverse (0K)

0      Debye temperature longitudinal ('K)1                                                                                                    4
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4
0  0

F -Ho    Free energy function (cal/mole/0K)

T

Ho-Ho Enthalpy (cal/mole)0

0
S        Entropy (cal/mole/0K)

C        Heat Capacity (cal/mole/'K)V
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