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ABSTRACT

A program is in progress at this Laboratory to measure var
ious thermophysical properties of sodium, potassium, cesium, and 
their vapors. Experimental values are presented for the pressure- 
volume-temperature properties of sodium vapor and the density of 
sodium liquid. Two equations of state are advanced for sodium, 
and properties of the saturated and superheated vapor are derived 
from these equations by a thermodynamic treatment, which is pre
sented in outline form. Enthalpy, entropy, specific volume, and 
specific heat and compositional Information (weightfraction of 
dimer, weight fraction of tetramer, and average molecular weight) 
are tabulated for some 800 selected vapor states in the tempera
ture range from 1625' to 2575'F, and in the pressure range from 
0.2 to 26 atm. Similar tables for poU-isium, which were previously 
reported in the Twelfth Progress Report, were computed from a 
saturated liquid base. These tables have been recomputed using 
properties of the monomeric gas as a base, and are published In 
this report.

PROBLEM STATUS

This Is an interim report on the problem; work is continuing.

AUTHORIZATION

NRL Problem COS-15 
NASA Contract Number NASA C-76320

Manuscript submitted June 4, 1964.
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HIGH TEMPERATURE PROPERTIES OF SODIUM, 
POTASSIUM, AND CESIUM

FOURTEENTH PROGRESS REPORT FOR PERIOD 
I JANUARY TO 31 MARCH 1964

INTRODUCTION

The National Aeronautics and Space Administration Is sponsoring a property meas
urement program in order to evaluate working fluids for generating electrical power in 
space vehicles. As an Integral part of the program, this Latwratory is engaged in the 
measurement of several thermophysical nroperties of sodium to 2500‘^F, potassium to 
2300 °F, and cesium to 2300 °F.

SUMMARY OF EXPERIMENTAL PROGRAM

Properties being determined experimentally for the three alkali metals sodium, 
potassium, and cesium, include vapor pressure, specific volume of liquid, specific heat 
of liquid (except for cesium), surface tension of liquid (except for sodium), and specific 
volume of saturated and superheated vapors (pressure-volume-temperature, or PVT, 
studies). Additional thermodynamic properties. Including latent heat of vaporization, 
enthalpy, entropy, and specific heat of the vapor, are being calculated from the measured 
properties.

The thermodynamic properties of potassium, as obtained from a comprehensive 
thermodynamic treatment of the vapor and liquid properties, were presented in Ref. 1.
For that reporting, each property was computed alor.g constant temperature lines using 
properties of the saturated liquid as a starting point. It is now believed that an alternate 
base, the monomeric gas, is preferable. Therefore, the enthalpy, entropy, specific volume, 
and svecific heat of potassium were recomputed with this new base and are published in 
this report. Saturation properties are presented in Table 11 and superheat properties in 
Table 12 for selected temperatures (1400" to 2525°F at 25-degree intervals), from the 
saturation pressure at each temperature to 1 atm at intervals of 1 atm, and from 1 atm 
to 0.2 atm at intervals of 0.2 atm.

The PVT daU for sodium have also been reduced thermodynamically to yield addi
tional properties, and an outline of the thermodynamic steps and of the experimental 
measurements used in the treatment is presented. Two equations of state were derived, 
and properties were computed from these equations using, first, the saturated liquid and, 
finally, the monomeric gas as the base. As in the case of poUssium, the latter base for 
sodium was believed to give more accurate properties. Therefore, all equations and 
properties in this report are based on the monomeric gas. Enthalpy, entropy, specific 
volume, and specific heat of sodium are presented in Table 9, and compositional informa
tion 'weight fraction of dimer, weight fraction of tetramer, and average molecular weight) 
are presented in Table 10. Properties in both tables are Ubulated for selected tempera
tures (1625to 2575 F at 25-degree Intervals) from the saturation pressure at each tem
perature to 1 atm at Intervals of 1 atm, and from 1 atm to 0.2 atm at Intervals of 0.2 atm.

Six PVT experiments for cesium to temperatures of 2550 "F have been completed.
Five additional experiments are required to complete the experimental phase, and these
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are expected to be completed In six weeks. The remaining measurements on the current 
proposal, the density of liquid cesium and the surface tension of liquid potassium and 
cesium, are scheduled for the last quarter of this fiscal year.

SATURATED VAPOR PRESSURE OF SODIUM

Saturation pressures of sodium for the full temperature range (0.34 atm at 1437 F 
to 23.8 atm at 2539*F) were measured with a special PVT experiment using a large excess 
of sodium, and results are grouped in the first section of Table 1. Pressures measured 
in the course of eight PVT experiments are grouped together in the second section of the 
table. As previously reported, it was found that saturation pressures observed for each 
experiment near the intersection of the saturation and superheat curves were always 
below corresponding values on the trie saturation curve. This lowering of the vapor 
pressure may be satisfactorily explained by several phenomena, such as adsorption, 
capillarity, and saturation-superheat effects, and observed pressures in these ranges 
have not been included in the table.

The vapor pressure data were fitted for the full temperature range (normal boiling 
point to 2539 *F) with one three-term equation. A few measurements of vapor pressure 
below the normal boiling point were made (Table 1), but these were believed to be of lower 
precision and were not used in determining the coefficients of the vapor pressure equation. 
The least-squares method with no weighting of the data (1) was used to derive coefficients
for the three vapor pressure equations.*

log p = 6.83770 - 9980.94 . 0.61344 log T 
T

(1)

log p = 7.11285 - 10,063.7 . 0.68464 log T (2)

log p = 7.00980 - 10,035.1.0.65769 log T (3)

Equation (1) was derived from a treatment using all the observed vapor pressures above 
the normal boiling point Equation (2) was derived from twenty points selected at equal 
intervals from a smoothed plot of log p versus l/T for all the data. Equation (3) was 
derived from the daU of the vapor pressure experiment in the first section of Table 1.
The average deviation of all the observed vapor pressure data in Table 1, from corre
sponding values computed from any one of the three equations, is ±0.37%. The three 
equations are effectively equivalent, but other thermodynamic quantities in this report 
are based on Eq. (1). The normal boUing point, as obUined from Eq. (1), is 1618.6 F 
(881.4*C) and from Eqs. (2) and (3) is 1619.0 F (881.7*C).

PRESSURE-VOLUME-TEMPERATURE 
MEASUREMENTS OF SODIUM

PVT data for the vapor states of sodium between 1758*F (1.86 atm) and 2588*F 
(25.15 atm) have been obtained. The Cb-l%Zr apparatus, the method, and the measure
ment parameters were covered in Ref. 2. Final PVT date for nine experiments are 
presented in Table 2. For each experimental determination, in both the saturation and 
superheat regions, pressure and temperature were directly observed, and the specific 
volume was calculated from the weight of sodium added to the known volume. Equilibrium 
for each measurement condition was established, and multiple readings of temperature

*A list of nomenclature and the unite used appears at the end of the text.
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Table 1
Saturated Vapor Pressures of Sodium

Temperature Pressur. Temperature Pressure
(°n (abs atm) (“F) (abs atm)

Vapor Pressure Experiment

1693.3 1.4283 2304.8 13.077
1800.7 2.3197 2223.9 10.363
1910.1 3.587 2152.5 8.329
2009.2 5.172 2053.0 6.023
2116.7 7.442 1947.0 4.131
2183.3 9.155 1837.3 2.7035
2262.4 11.582 1722.1 1.6399
2331.4 14.063 1628.1 1.0472
2413.1 17.466 1593.6 0.8737
2470.1 20.164 1557.7 0.7172
2539.2 23.821 1513.1 0.5512
2511.6 22.297 1478.7 0.4464
2443.4 18.851 1437.0 0.3362
2381.1 16.065

Null Point EIxperiments

1690.0 1.4242
1769.2 2.0325 1640.5 1.1187
1851.4 2.8729 1772.4 2.0645
1947.4 4.113 1872.0 3.1138
1810.4 2.4081 1976.7 4.607
1661.5 1.2391 2075.5 6.505
1692.9 1.4249 2189.7 9.347
1635.8 1.08C7 2299.8 12.916
1709.2 1.5365 2149.2 8.237
1651.5 1.1697 2017.0 5.318
1634.4 1.0744 1906.7 3.562
1645.5 1.1500 I 1738.4 1.7835
1758.2 1.9291 1 1636.9 1.1085
1854.1 2.8933 1688.4 1.4017
1958.3 4.301 1633.4 1.0772
2062.0 6.212 1695.8 1.4630
2168.6 8.764 1825.3 2.5681
2135.3 3.854 1760.5 1.9522
2020.6 4.032 1696.9 1.4671
1905.0 4.229 1629.1 1.0629
1716.4 4.596 1636.9 1.0860
1765.5 1.9700 1863.9 2.9831
1873.6 3.1056 1610.4 2.4102 '
1988.7 4.799 1678.0 1.3371
1937.6 3.994 1648.4 1.1622
1813.7 2.4412 1779.6 2.1366
1700.7 1.4820 1880.6 3.2288
1623.7 1.0221 1998.7 4.986
1639.2 1.0853 1937.0 3.996
1760.3 1.9223 1728.4 1.7052
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Table 2
Presaure-Volume-Teinperaturc Measurements Superheat Region

Temperature
CF)

Pressure 
(abs atm)

Specific Volume 
(cu ft/lb)

Temperaturecn Pressure 
(abs atm)

Specific Volume 
(cu ft/lb)

Experiment 3

2126.7 6.623 10.709
2231.4 7.033 10.720
2324.3 7.375 10.731
2414.3 7.701 10.741
2508.6 8.025 10.751
2472.8 7.909 10.747
2376.9 7.568 10.737
2287.8 7.236 10.727
2185.9 6.860 10.715
2113.3 6.579 10.707
2095.5 6.478 10.705
2099.3 8.497 10.706
2102.9 6.514 10.706

Experiment 4

1807.3 1.9237 33.317
1959.8 2.1162 33.369
2110.5 2.2999 33.421
2333.5 2.5442 33.498
2445.5 2.6613 33.536
2537.2 2.7552 33.568
2397.9 2.6089 33.520
2258.1 2.4605 33.472
2157.4 2.3510 33.437
2059.3 2.2394 33.403
2019.4 2.1931 33.390
1891.2 2.0427 33.345
1825.2 1.9604 33.323
1767.4 1.8849 33.303
1758.2 1.8631 33.300

Experiment 18

2051.1 4.992 13.871
2172.0 5.326 13.888
2273.6 5.612 13.903
2387.1 5.921 13.919
2521.8 6.268 13.938
2479.6 6.162 13.932

Ejqieriment 19

1971.9 3.4737 19.697
2099.4 3.7241 19.723
2193.0 3.9194 19.742
2306.9 4.1270 19.765
2417.5 4.3161 19.787
2520.7 4.4905 19.808
2472.4 4.4121 19.799
2373.2 4.2474 19.778
2248.6 4.0289 19.753
2141.7 3.8174 19.731
2038.8 3.8023 19.710
1942.4 3.4145 19.891
1910.2 3.3472 ___ l&ffiUl___

Experiment 23

2317.9 9.709 7.8143
2382.2 10.027 7.8195
2449.4 10.368 7.8249
2514.0 10.677 7.8301
2486.4 10.549 7.8279
2419.5 10.216 7.8225
2353.8 9.886 .-7.8172
2284.2 9.536 7.8116
2238.1 9.304 7.8079
2204.6 9.123 7.8052

Experiment 23

2399.9 13.250 5.7697
2517.3 14.053 5.7766
2536.1 14.175 5.7778
2491.4 13.884 5.7751
2456.3 13.623 5.7730
2417.4 13.367 5.7707
2373.2 13.078 5.7681
2341.9 12.860 5.7662
2306.2 12.547 5.7641

Experiment 7

2571.6 24.837 3.0463
2572.3 24.850 3.0501
2576.5 24.935 3.0503
2579.0 24.983 3.0504
2581.9 23.044 3.0504
2582.6 25.034 3.0505
2586.4 25.123 3.0503
2588.0 25.146 3.0506
2379.9 25.014 3.0504

Experiment 25

2439.6 17.259 4.3527
2479.2 17.632 4.3544
2524.5 18.020 4.3565
2511.9 17.917 4.3559
2491.8 17.745 4.3550
2468.2 17.540 4.3540
2452.1 17.403 4.3532
2433.5 17.209 4.3524

Experiment 17

2534.4 21.023 3.6525
2516.1 20.832 3.6519
2506.6 20.723 3.6515
2502.7 20.676 3.6514
2496.6 20.604 3.6511
2495.7 30.589 3.6511
2490.5 20.506 3.6509
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and pressure were made at 5 to 10 minute Intervals until successive readings showed a 
temperature drift rate of 0.04®C/min or less and a temperature difference across the 
apparatus of 0.5°C or less. For each PVT experiment (except for number 18), measure
ments were made over a minimum of one full cycle from the normal boiling point to 
2525 °F, and equilibrium pressures generally were reproduced to better than *0.1 psi 
before, during, and after cycling.

Two experiments, 1 and 5, for which preliminary data were reported in Ref. 2, have 
not been included in this report, and have been given no weight in the thermodynamic 
analysis. Experiment 1 was made before a proper filling technique was developed and 
the chamber at the conclusion of the experiment was found to contain approximately 0.6 
psi of argon. Experiment 5 was grossly in error by what appeared to be a weight error. 
Both experiments were repeated.

In the course of the ten experiments (including the saturation experiment), sodium 
samples from four independent distillations were used. Sodium introduced to the still pot 
was a pure grade of E. I. duPcnt de Nemours & Co. A spectrographic analysis of a typi
cal sodium fraction used in the PVT capsules is presented in Table 3. Metal impurities 
were present in such low concentrations that the observed va»x)r pressures should not 
have been affected significantly.

Table 3
petrographic Analysis of Distilled Sodium

Metal
Analyses

(parts per million 
by weight)

K 1 ♦ 10
Rb Not Eietected
Li Not Detected
Cs Not Detected

THERMODYNAMIC REDUCTION OF 
PVT DATA FOR SODIUM

It was shown in Ref. 1 that enthalpy, entropy, and specific heat may be reduced from 
the PVT daU by the use of either of two methods - the virial or the equilibrium constant. 
For the analysis and reduction of the sodium data, both methods were used. The virial 
equation of state,with coefficients through the fourth virial, was reduced from the raw 
data and used to compute enthalpies, entropies, specific volumes, and specific heats. The 
alternative equation of stote, consisting of the perfect gas equation and the equilibrium 
constants of the association reactions, was used as a check to compute the same proper
ties and, in addition, to compute for the saturated and superheated vapor other properties 
which required for their computation a knowledge of molecular composition. For the 
equilibrium constant method {1), it is assumed that all species behave as perfect gases. 
All experimental measurements and all thermodynamic equations pertinent to each treat
ment are presented in outline form.

The properties of sodium by both the virial and the equilibrium constant method were 
computed along constant-temperature lines. The starting point for a particular property 
could have been the absolute value of that property for either the saturated liquid or for 
the monomeric gas at one atmosphere. For comparison, the properties were computed 
using both bases. In the temperature range of the liquid specific heat measurements
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(1625° to 2200* F), absolute enthalpies based on the monomeric gas properties by Evans, 
et al. (3) were IS to 15 Btu/lb (approximately 0.6%) higher than corresponding values 
based on the saturated liquid properties; entropies by the monomeric gas base were 0.003 
to 0.004 Btu/lb- °F (approximately 0.2%) lower than those by the liquid base. As explained 
in a previous section, the specific heat of the vapor, because of the shorter computation 
path, would be expected to be more accurate when based on the monomeric gas; therefore, 
all tabular data and all thermodynamic equations presented in this report are based on 
the monomeric gas.

Before equilibrium constants could be reduced from the raw data, a determination of 
the polymeric species present in equilibrium sodium vapor was required. It was noted 
in a previous report (1) that the potassium data, when analyzed by the method of MacDougall 
(4), did not offer good differentiation between the trimer and higher molecular species, 
and it was assumed then that only dimer and trimer were present. On the other hand, 
the sodium data, when treated by the method of MacDougall, gave rather positive evidence 
for the existence of dimer and tetramer species with no trimer. The analysis and reduc
tion of the sodium data was made with the assumption that only dimer and tetramer species 
were present with the monomer.

The confidence level assigned to the identification of the higher molecular specie 
(trimer or tetramer) will be covered more completely in a future report. It should be 
recognized, however, that the assumptions made regarding gas imperfections could have 
influenced the identification of the higher molecular weight specie, its properties, and its 
reported concentration in the metal vapor. The same assumptions could also have influ
enced, to a smaller degree, the properties and the reported concentration of the dimer. 
Since all the alkali metals would be expected to exhibit the same type of association, it 
is believed that a more positive identification of the higher specie can be made upon 
reduction of the cesium data.

DENSITY OF THE CONDENSED SODIUM PHASE

The final densities of liquid sodium as measured at NHL (5) are presented in Table 4. 
The recommended density ecpiation for sodium (Eq. 4) was obtained by fitting the best

curve to the high temperature data in Table * and 
to the lower temperature data of Novikov (6), 
Nishibayashi (7). Rinck (8), MSA (9), Hagen (10), 
and NHL (11).

Table 4
Density of Liquid Sodium
Temp.

(*F)
Density 

(Ib/cu ft)
1576.8 46.815
1873.4 44.056
2093.5 42.383
2268.9 40.828
2491.2 39.161

= 59.621 - 8.2544 * 10"*t .

Tlie seven independent sets of measurements 
used to derive Eq. (4) are summarized in 
Table 5. For each investigation, the tempera
ture range, the general method, and the average 
deviation are presented. In general, the dila- 
tomotric measurements show good internal 
consistency over the full temperature range, 
and it is believed that Eq. (4) will give density 

values which are accurate to ^.2% between the melting point and 1100*F and to 
i0.4% between 1100* and 2500*F.
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Table 5
Summary of Density Measurements for Liquid Sodium

Investigator t

NRL (11)
MSA (9)
Rinck (0) 
Hagen (lU) 
NRL (Table 4)

Novikov (A)» 
(6) (B)*

Method
Temp.
Range
CF)

Dilatometric
Buoyancy
Buoyancy
Dilatometric
Dilatometric
(Pycnometers)
Buoyancy
Buoyancy

Nishibayashi (7) i Buoyancy

mp to 503 
937 to 1314 
804 to 1183 
mp to 336 
1577 to 2491

248 to 505 
275 to 1324
486 to 1580

Average Deviation of 
All Observed Values 
From those Calculated 

with Eq. (4)
(%)

t0.08
4^0.74
-0.15
♦0.05
*0.20

40.14
-0.71
*1.09

*(A) with steel sinker. (B) with tungsten sinker. 
tNumbers in parentheses refer to the references.

SPECinC VOLUME OF SATURATED SODIUM VAPOR

Specific volumes of several saturated vapor states (Table 6) were directly observed over 
the temperature range from 1750 ° to 2555° F. The measurements were made in the course 
of the PVT studies, and each point represents an intersection of the saturated and super
heated vapor curves for one of the nine PVT experiments. For the low-weight and low- 
pressure experiments (particularly experiments 4, 18, and 19). it was found that superheat 
pressures observed near the intersection of the saturated and superheated vapor curves 
were always slightly depressed. This slight lowering of the vapor pressure for experi
ments with low-weight additions of alkali metal may be satisfactorily explained by one 
or more of several phenomena, including adsorption and capillarity effects. It is believed

Table 6
Specific Volume of Saturated Sodium Vapor

Experiment
Number

Temperature
CF)

Specific Volume 
(cu ft/lb)

4 1750.1 33.30
19 1888.3 19.68
18 1988.8 13.86

3 2071.8 10.70
1

20 2177.6 7.803 1
23 2289.0 ' 5.763
25 2402.3 4.351
17 2474.4 3.650

7 2555.1 3.050
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that ttie virial equation (Eqs. 13 through 16) will give more reliable saturation volumes 
than those observed at intersection points. Even so, corresponding values computed from 
the virial equation show an average deviation of only ±0.57% from the observed values.

ENTHALPY AND ENTROPY OF CONDENSED SODIUM

When comparison calculations were made using the properties of the saturated liquid 
as a starting point, the absolute enthalpies and entropies of the liquid (relative to the solid 
at 0*R) were computed with

= 0.3893S7T - 0.552955 » iO“^T* ♦ 0.113726 « 10"’T* - 29.023 (5)

= 0.896497 lo* T - 1.10557 * 10"*T ♦ 0.170408 « 10"^T* - 1.792026 . (6)

These equations were derived directly from the work of Ginnings et al. (12) and are based 
on their specific heats for the solid and liquid over the temperature range 32° to 1650 °F. 
The absolute enthalpy and entropy of solid sodium at 32 °F was taken from the work of 
Evans et al. (3). Specific heat of liquid sodium was also measured at NRL (2) for the 
temperature range from 600” to 2138”F. The NRL results overlap and extend the NBS 
range, but fit their specific heat equation with an average deviation of only ±1.5%. There
fore, the upper measured limit of Eqs. (5) and (6) becomes 2150° F, and thermodynamic 
calculations to 2575°F with the liquid base requires a 400°F extrapolation of the data.

ENTHALPY AND ENTROPY OF MONOMERIC 
SODIUM VAPOR

Equaticms for the enthalpies and entropies of monomeric sodium vapor as a function 
of temperature were derived directly from the work oi Evans et al. (3) and were based on 
their standard enthalpies and entropies for the monomeric gas over the temperature 
range from 0° to 3100°R. These equations for the monomeric gas at one atmosphere 
(relative to the solid at 0”R) are

(h«)“ = 2028.35 ♦ 0.21598T ♦ 12.172 

= 0.23859 ♦ 0.21598 In T .

(7)

(8)

SPECIFIC HEAT AT CONSTANT PRESSURE 
OF MONOMERIC SODIUM VAPOR

The temperature equation for the specific heat at constant pressure of monomeric 
sodium vapor was also derived from the work of Evans et al., and was based on tlieir 
computed qiecific heats over the temperature range from 0° to 3200°R. This relation 
for the monomeric gas at one atmosphere is

(c«)» = 0.21598 ♦ 6.054 . (j

ENTHALPY AND ENTROPY OF VAPORIZATION

Heats of vaporization were calculated with Eq. (11). This equation was derived by 
differentiation of Eq. (1) to give (Op/aT)^ and a substitution of the differential into the 
Cliqieyron equation (Eq. 10).
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Ah, = T (v« - v\)

Ah, =J p.
23,982 • 0.61344 (v« - v'J) .

The entropy of vaporization at each saturated sUte was obtained with

Ah„

9

(10)

(11)

(12)

VmiAL EQUATION OF STATE FOR SODIUM

The virial equation of state for sodium with coefficients through the fourth virial is

where

CY . 1 + B ^ XL ♦ JL
RT y y2 y3

loR |B| = - 4.3447 + + log j

B less than 0

10,857
loR C = - 0.51542 + 

loR |D| = + 0.0720 +

T

13,500

(13)

(14)

(15)

(16)

D less than 0 .

The coefficients for the volume expansion form (Eq. 13) of the virial equation were derived 
graphically by a method somewhat analogous to that described by Liley (13) for the 
pressure expansion form, and a complete description of the method will be included in 
a future report for potassium. The observed specific volume data in Table 2 were fitted 
by Eqs. 13 through 16 with an average deviation of tO.34%. As in the case of the potas
sium data (1), this deviation is of a magnitude predicted by combined random and syste
matic errors in the null-point measurements.

SPECinC VOLUME OF SATURATED AND SUPERHEATED 
VAPOR OF SODIUM FROM VIRIAL EQUATION

The specific volumes of saturated and superheated vapor of sodium, for all satura
tion and superheat sUtes in Tables 7 and 9, were computed from the virial equation of 
state.

ENTHALPY OF SATURATED AND SUPERHEATED 
VAPOR FROM VIRIAL EQUATION

Enthalpy values in Tables 7 and 9 were computed along isotherms in the superheat 
region with the monomeric gas state at one atmosphere as a base. The general working 
equation in terms of the virial coefficients and their derivatives is

hf = (h«)» + ^ 1 B . t(2)1 1
♦ — • - * [” - T felll.V L W/J (17)
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ENTROPY OF SATURATED AND SUPERHEATED 
VAPOR FROM VIRIAL EQUATION

Entropy values for all vapor states (Tables 7 and 9) were calculated along Isotherms 
In the superheat region with the entropy of the monomeric gas at one atmosphere as a 
starting point. The general eqjatlon in virial form is

....... i ^. 1 a . ^i (S). ^. i(S)}. (..)

SPECinC HEAT AT CONSTANT PRESSURE OF SATURATED 
AND SUPERHEATED VAPOR FROM VIRIAL EQUATION

Specific heats of saturated and superheated vapors (Table 9) were computed along 
Isotherms with the monomeric gas value for each temperature as a starting point. The 
general equation in virial form is

(si. ■ (*;)• • ^ •'
V v> v*J

• p
VN.

(19)

ENTHALPY AND ENTROPY OF THE CONDENSED PHASE

The enthalpy (or entropy) of the saturated liquid at each temperature was obtained by 
subtracting the enthalpy (or entropy) of vaporization from that quantity for the saturated 
vapor.

EQUILIBRIUM CONSTANTS AND A SECOND 
EQUATION OF STATE FOR SODIUM

The method used to identify the association reactions in sodium vapor has been dis
cussed. Dimers and tetramers were the only hlgher-molecular-welght species which 
appeared to be present in the vapor for the temperature and pressure range of the meas
urements. The dau permitted reliable determinations of in the temperature range 
from 2275* to 2575 "F and of k, in the temperature range from 1775° to 2575 °F. For the 
two associatlao reactions, equilibrium constants were fitted with the linear equations

ioi k, » - 4.Mass ♦ 

lot k^ - • 9.9M23 *

(20)

(21)

The temperature equations for the two equilibrium constants, when combined wMn the 
gas equation, constitute another equation of state for sodium. The observed specific 

volumes in Table 2 may be calculated from the three equations with an average deviation 
of tO.26%. This equation of state, therefore, is equivalent to the virial form and has been 
used to coaaputo other thermodynamic properUes.
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ENTHALPIES OF THE DIMER AND TETRAMER 
REACTIONS m SODIUM VAPOR

Enthalpies of the two reactions were obtained by substituting differentials from Eqs. 
(20) and (21) Into the van’t Hoff relation

(22)d In k = ^ .
^ rr*

The standard enthalpy values, so obtained, are
2k C kj - 32,860 Btu/lb aole
tk k^ : 64,915 Btu,ab «>!• .

EQUILIBRIUM COMPOSITION OF SATURATED 
AND SUPERHEATED SODIUM VAPOR

The relative amounts of dimer and tetramer in the equilibrium vapor and its average 
molecular weight at each pressure and temperature state (Tables 8 and 10) were computed 
by a modification of the method of Ritter and Simons (14). The application of this method 
required a knowledge of the average molecular weight of the vapor and the two equilibrium 
constants. The equilibrium constants were obtained from Eqs. (20) and (21). The average 
molecular weight of the vapor at a given state was computed from the three equations

4 = S ♦ 3k. »jk,pJ (23)

L. -

-■ n; M, ♦ Ny2M,) (25)

ENTHALPY OF SATURATED AND SUPERHEATED SODIUM 
VAPOR (EQUILIBRIUM CONSTANT METHOD)

As with the virlal method, the enthalpy of the vapor was computed along isotherms 
with the enthalpy of the monomeric gas at each temperature as a starting point. The gen
eral relation fur the absolute enthalpy is

hf = (h«)» ♦ . (26)
Since all species are assumed to be ideal, any change In enthalpy with change In pres

sure along a constant temperature line must result from the association reactions. The 
enthalpy change contributed by each specie in moving from zero to some finite concentra
tion was evaluated analytically by the functions in Eq. (26). The reaction enthalpies are 
those for the association reactions, andlt was assumed that ..hj = ju, i,h = /•h?/4¥ 
for the full temperature range.

Enthalpy values were computed for all the superheat states In Table 9 as a check on 
the accuracy of the virial equation and as a guarantee of Internal consistency. Enthalpy 
changes along constant temperature lines as computed by this method were In good agree
ment with those computed with the virial equation. For example, the maximum enthalpy 
changes (from p, to 0.2 atm) for temperatures In the range 1800* to 2575 *F. as computed 
by the equilibrium constant method, were an average of 3.0T lower than corresponding 
changes computed with the virial equation.

ENTROPY OF SATURATED AND SUPERHEATED SODIUM 
VAPOR (EQUILIBRIUM CONSTANT METHOD)

The general entropy equation along a constant temperature line is

If =
Ah,»lli . ' . R In R(N, In N, ♦ In In N.) (27)
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The reactive terms are those for the corresponding enthalpies divided by the absolute 
temperature. The term used for mixing is that for a mixture of perfect gases being 
formed from their pure phases at constant temperature and pressure.

Entropy values were computed for all the states in Table 9 using Eq. (27), and were 
in good agreement with those computed by the vlrlal method. For example, the maximum 
entropy changes (from saturation pressure to 0.2 atm) in the temperature range from 
1800” to 2575* F, as computed with equilibrium constants, were an average of 4.89^ lower 
than corresponding changes obtained with the virlal equation.

ENTHALPY OF VAPORIZATION OF THE MONOMERIC,
DIMERIC, AND TETRAMERIC SPECIES OF SODIUM

The enthalpies of vaporization of the monomeric, dimeric, and tetrameric species of 
sodium, from 1625' to 2575°F, are presented in Table 6 and were computed with the 
equations

Ah, =Ah, +Ah.

Ah, =Ah, +Ah..

(28)

(29)

(30)

THERMODYNAMIC REDUCTION OF PVT DATA FOR POTASSIUM

The properties of potassium as presented in the Twelfth Progress Report (1) were 
computed using the saturated liquid properties as a base. It was shown in that report 
that the same properties could also te computed using the monomeric gas properties at 
one atmosphere as a base. A choice of one base over the other results in a small shift 
in the absolute property values. For example, if the monomeric gas base (properties 
by Evans (3)) were chosen for potassium instead of the liquid base, the absolute enthalpies 
would be increased by 15 to 21 Btu/lb (approximately 1.2 to 1.7%), and the absolute 
entropies would be increased by 0.006 to 0.008 Btu/lb- °F (ai^roximately 0.5 to 0.8%). 
Desi^ calculations put prime emphasis on the change in a given property when moving 
from one state to another rather than the absolute value; therefore, the choice of base is 
of minor Importance in the case of both enthalpy and entropy. However, specific heats 
of the vapor would be expected to be more accurate if they were computed from the 
monomeric gas, since the path would be independent of vaporization quantities and would 
not require an extrapolation of the specific heat of the liquid above its measured range.

Because of the Increased reliability of the specific heat of the vapor, the monomeric 
gas has been chosen as the base for all the thermodynamic properties included in this 
report. Enthalpy, entropy, specific volume, and specific heat of potassium were recom
puted with the new base, and have been published in this report as Tables 11 and 12. 
Prq;>erties are presented for selected temperatures (1400 ' to 2525 °F at 25-degree inter
vals) from saturation pressure at a given temperature to 1 atm at intervals of 1 atm, and 
from 1 atm to 0.2 atm at intervals of 0.2 atm.

ENTHALPY, ENTROPY, AND SPECinC HEAT AT CONSTANT 
PRESSURE OF MONOMERIC POTASSIUM VAPOR

Properties of potassium vapor as based on the monomeric gas were computed with 
the same method and from the same outline as that presented for the sodium reduction
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using the virial coefficients and the potassium properties in the Twelfth Progress Report (1). 
The working equations for the monomeric gas properties have not been previously reported. 
Equations for these quantities as a function of temperature were derived directly from the 
work of Evans et al. (3) and were based on their computed properties for the monomeric 
gas over the temperature range from 0° to 3300 *R. The general working equations are

(h*)“ = 998.95 ♦ 0.12700T + 24.836 e-3«-37S/T 

(s«)» = 0.18075 + 0.12700 in T + 0.7617

= 0.12700 ♦ 2.888 e*M>»70/T ,

(31)

(32)

(33)
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NOMENCLATURE AND UNITS 

second virial coefficient, cu ft/mole 

third virial coefficient (cu ft)^/(mole)* 

fourth virial coefficient (cu ft) V(mole)3 

specific neat at constant pressure Btu/lb-'F 

density, Ib/cu ft 

enthalpy per unit mass, Btu/lb 

enthalpy change per mole, Btu/lb-mole 

enthalpy change per unit mass, Btu/lb

enthalpy change for the formation of a unit mass of dimer from monomer 

enthalpy change for the formation of a unit mass of tetramer from monomer 

enthalpy change upon vaporization of a unit mass of equilibrium vapor

B

C

D

d

h

AH

Ah

Ahj

Ah^ 

Ah^ 

Ah.. '

enthalpy change upon vaporization of a unit mass of monomer, 
' dimer, and tetramer, respectively

any unit conversion 

equilibrium constant

apparent equilibrium consUnt assuming only diatomic and monatomic species
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M molecular weight 

N mole fraction

p absolute presaure, atm

I gas constant

■ entropy per unit mass, Btu/lb-*F

T absolute temperature, ‘R

t temperature, °F

V molAl volume (normally per formula weight of monomer), cu ft/lb-mole

V specific volume, cu ft/lb

■ weight fraction

t compressibility factor

Subscripts

■ quantity for equillbrk m molecular mixture

t quantity at any state i

p constant pressure change

• quantity at saturation

I constant temperature change

t quantity for monatomic specie

a quantity for diatomic specie

4 quantity for quadratomlc specie

Superscripts

, quantity In gas state

4 quantity In liquid state

• standard state, 1 atm for gas

apparent quantity, when assuming only diatomic and monatomic species
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NAVAl RiSIAICH LABORATORY

TABLE 9
thermodynamic properties of sodium VAPDR (continued) 

(Monomer Gat Base)
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7.9/02

0.9209

9.7240

11.2/04

13.3437

10.2402

20.4910

27.9V31

42.7009

00.9099

109.0130

149.0031

219.90/4

440.0001

9.9039

0.0/09

0.7014

7.4439

0,4019

9,9024

11.1110

13,1417

10.0401

20.3040

27.0009

42.24/0

00.0444

107.9991

144.4/33

217,9193

430.4924

9.9409

9,9/94

0.90/3

7.3400

0,2/40

9.4397

10.9900

12.9//0

19,0334

20.1304

27.3400

41,7434

09.1020

.00429

.09039

.90921

.92273

.93093

.99100

.90729

.90330

.90000

.90990

.99329

.99403

.01999

.02707

.03091

.04030

.09077

.00770

.07949

.09194

.90910

.91910

.93393

.94044

.94900

.90293

.90990

.90949

.99294

.99040

.02299

.03103

.04090

.09149

.00201

.07493

.00720

.90090

.91939

.93079

.94494

.94392

.90143

.90929

.90099

.99290

.99020

.02930

.02949

.03944

.04400

.09720

.04939

.00242

.09442

.91140

.92734

.94427

.04209

.00000

2477.40 
2403.03 
2911.27

2920.72

2940.12 
2900.44

'0.00

2.94

2017.02

2021.92

2020.09

2030.01

2300.12 
2307.14

2400.93

2421.94

2439.12

2449.73

2449.49

2402.30

2900.29

2919.40

2939.99

2940.01

2902.97

2409.99

2410.09 
2019.42

2020.10

2024.97

2309.00

2390.31

2400.00

2422.90

2437.24

2493.24

2470.49

2409.02

2900.01

2929.01

2991.96 
2979.10 
2999.36

2004.30 
2009.27 
2014.20 
2019.3. 
2303.94 
2303.00 
2390.14 
2409.73

2424.97 
2440.77

2490.30 
2477.44

2497.91 
2919.76 
2942.09 
2967.23 
2992.43

1.72071 
1.74403 
1.70307 
1,70400 
1,00090 
1,03961 
1,00077 
1,94704 
1.94702 
1.99379 
2,03014 
2.09130 
1,09092 
1,00409 
1.07407 
1,00492 
1,09601 
1,70991 
1,72444 
1,74071 
1,79914 
1,70037 
1,00949 
1.03092 
1,07004 
1,94469 
1,96930 
1.99101 
2,02004 
2,00934 
1,00002 
1.40991 
1,00039 
1.09220 
1.70941 
1,72004 
1,73049 
1.79907 
1,77699 
1,00190 
1.03333 
1.07923 
1.94230 
1.90309 
1,90939 
2,02992 
2,00/30 
1.00479 
1.00492 
1.47972 
1,40761 
1,70079 
1,71990 
1.73204 
1,79006 
1.77290 
1,79030 
1.03003 
1.07233 
1.93909

.4729

.4992

.4334

.4070

.3761

.3412

.3029 

.2606 

.2919 
• 2431 
.2341 
.229] 
.4901 
.9012 
.9039 
.9043 
.9014 
.4946 
.4032 
.4*67 
.4490 
.4101 
.3061 
.3493 
.30.4 
.2637 
.2944 
.2490 
.2394

.2296

.9007

.9092

.9003

.9000

.9034

.4937

.4704

.4971

.42*0

.3967

.3901

.3147

.2671

.29 71

.2470

.2360

.2269

.9043

.9044

.9109

.9132

.9113

.9039

.4901

.4696

.4422

.4000

.3676

.3216

.2707
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TABLE 9
Thermodynamic properties of sodium vapor (continueo) 

(Monomer Gas Base)

2279. 
2279. 
2279. 
2279. 
2290. 
2290. 
229C. 
2290. 
2290. 
2290. 
2290. 
2290. 
2290. 
2290. 
2290. 
2290. 
2290. 
2290. 
2290. 
2290. 
2229. 
2229. 
2229. 
2229. 
2229. 
2229. 
2229. 
2229. 
2229, 
2229. 
2229, 
2229, 
2229, 
22»9. 
2229. 
2200. 
2200. 
2200. 
2200. 
2200, 
2200. 
2200. 
2200. 
2200. 
2200. 
2200. 
2200. 
2200, 
2200, 
2179, 
21 79, 
2179. 
2179. 
2179. 
2179, 
21 79, 
2179. 
2179. 
2179. 
2179.

.•COO 

.6C00 

.4C00 
,2ccn 

U.l7«« 
11. CC 00 
lO.OCCC

•.oroo
i.OLOC

7.CCG0

«.occc
9.CC0C

4. rtoo
5. CfOO 
2.0COO 
l.OCOO

.•COO

.6C0n

.«roo

.2CC0

I0.39e9

lO.OCOO

«.CfC»'

s.ccoo
7.cccn
6.0C00

9.0C00

4.OC00

s.oroo
2.0C00

1.0000

.toCOfl

.6CUC

.4C0C

.2000

9.6«09

9.0C0O

i.ccoo
?.croo

oc
9.COOP 
4.ct00 
I.CCOO 
2.0C0C 
l.OOOO

.•too

.6CC0 

.4CG0 

.2000 
•.•339 
•.ocon 
7.CC00 
6.ocon 
9.CPU0 
4.0CUO 
3.ocon 
2.0C00 
i.ccuo 
.•roo
.6CwO

109.9V24 
143.0/92 
219.4990 
432,*104 

•.3/94 
•.4939 
/.2330 
•.1441 
9.2942 

10.7»/9 
12,7919 
19.4142 
19.4/70 
27.0049 
41.3197 
•4.3147 

109.4292 
141.4V04 
213.3941 
424.9434 

4,4144 
/.1194

4.0140

9.1920

10.4234

12,4039

19.3944

19.4124

24.4/34

40.4434

43.4414

104,7931 
140.2/49 
211.3321 
424.9114 

/.3012 
7.4902 
9.00 79 
10.4990 
12.4139 
19.1/34 
19.3443 
24.3334 
40.3447 
42.9637 

103.4/97 
134.4440 
209.2404 
4^0.4949 

7.4241 
4.4624 
10.2932 
12.2214 
14.9446 
19.0/27 
29.9494 
39.4449 
41,4400 

102.9926 
13/.4932

.94447

.94431

.99214

.99604

.42404

.42990

.44047

.49141

.46407

.47739

.49172

.90720

.92377

.94142

.96004

.97942

.94343

.94744

.99174

.99944

.43049

.43447

.44423

.49499

.47204

.44679

.90279

.91994

.93434

.99793

.97491

.94274

.94700

.99130

.99943

.43321

.44097

.49297

.46662

.44163

.49407

.91992

.93914

.99944

.97731

.94177

.94^27

.99041

.99939

.43949

.44724

.44094

.47429

.49313

.91143

.93164

.99320

.97602

.96073

.94949

2997.43 
2403.07

2404.34

2413.49 
2341.10

2343.34

2394.49 
2411.70

2424.09

2449.94

2469.94

2444.49

2909.41

2933.94

2999.09

2949.41

2991.29

2994.41 
2402.36

2607.96

2374.99 
2343.92

2394.44

2419.10

2433.30

2493.31 
2479.19

2494.79

2924.00 
2990.77

2974.49

2944.46

2990.44

2994.34 
2402.29 
2374.02

2349.96

2401.96 
2420.33 
2440.76 
2463.26

2447.79

2914.14

2942.24

2971.46

2977.99 
2944.09

2990.24 
2994.91

2373.41 
2344.66

2407.12

2427.49

2491.01

2474.41

2903.97

2933.47

2944.70

2971.13 
2977.62

1.94070 
1,94713 
2.02379 
2,04924 
1,44903 
1.67103 
1,44244 
1,49404 
1. /1043 
1,72749 
1,74449 
1.74444 
1,79490 
1,42441 
1.44939 
1,93739 
1,99430 
1,94443 
2,02194 
2,04319 
1,47339 
1.47404 
1,49123 
1,70403 
1,72279 
1,74199 

744.4 
79099 
42304 

1,44624 
1,93474 
1,99944 
1,94249 
2,01933 
2,04103 
1,47774 
1,44432 
1, 70111 
1,71793 
1.73724 
1,79973 
1./4443 
1,41937 
1,44307 
1.93219 
1,99333 
1.94009 
2,01709 
2.07449 
1,44227 
1,49404 
1.71294 
1,73240 
1,79911 
1,74219 
1.41992 
1,49974 
1.92949 
1,99079 
1,97/49

.2401 

.2493 
• 2343 
.2272 
.9044 
.9103 
.9144 
.9141 
.9134 
.9014 
.4424 
.4991 
.4201 
.3774 
.3290 
.2747 
.2433 
,2917 
.2400 
.2240 
.9142 
.9177 
.9232 
.9220 
.9131 
.4994 
.4444 
.4329 
.3447 
.3371 
,2791 
.2444 
.2944 
.2417 
.2249 
.9203 
.9241 
.9293 
.9234 
.9044 
.4427 
.4449 
.4009 
.3494 
.2434 
.2706 
.2973 
.2437 
.2299 
.9272 
.9346 
.9339 
.9213 
.4971 
.4409 
.4132 
.3993 
.2490 
.2744 
.2409
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TABLE 9

THERMODYNAMIC PRO'ERTIES 0- SODIUM VAPOR (continued) 
(Monomer Gas Base)

2175. 
21/5. 
2150. 
2150. 
215C. 
2150. 
2150. 
2150. 
2150. 
2150. 
2150. 
2150. 
2150. 
2150. 
2150. 
2125. 
2125. 
2125. 
2125. 
2125. 
2125. 
2125. 
2125. 
2125. 
2125. 
2125. 
2125. 
2100. 
2100. 
2100. 
2l0n. 
2100. 
2100. 
210C. 
2100. 
2190. 
21u0. 
2100. 
21 JO. 
20/5. 
pn/S. 
2075. 
2<’75. 
2075. 
2175. 
2i'7i. 
2075. 
2075. 
2075. 
2075. 
2C50. 
2C50. 
2050. 
2050. 
2050. 
2050. 
2f'50. 
2C50. 
?(‘50. 
2050.

.4(.00

.2000

e.2«>5f

e.ot'O"
/.0"00

a.onon
5.0 ■: 0 n 
4.00tC

j.oooo

2. t"on

1.0 0 0 c 
.8000 
.Mior 
.4rof' 
.pror

7.fJ55

7.0000

8.0000 
5.0J0O 
4.0uOH

3.0000

2.0000 
l.OOuO

.8 '.on 

.6:!00 

.4000 

. 2 0 0 0
/.0424

/.O'^OO

e.oicn
5. OOoC 
4 . OC uO
3. COCO 
2.0000 
l.onoo
.8' tO
.61 or
.4..0G

.2.-0C

6.4845

ft.onon
5.OC0O

4. CC00

3.0000

2.0nun

i.oior
.8000

.6t00

.4000

.2000

5.5804

5.0C00

4.0000

3.0000 
2.0000. 
l.iiOOO

.8001' 

.6000 

.40 00. 

.2100

20/,1833 
416.3V12 

8.4043 
8.7185 
10.12/0 
12.0285 
14.7208 
18.7V/4 
25.6412 
39.3V/5 
80.7V02 
101.5033 
136.0320 
205.0V95 
412.3213 

9.0356 
9.9605 
11.8339

14.4904 
18.5184 
25.28/6 
38.9043 
/9.8V38

100.40/2 
134.6040 
203.0088 
408.2444 

9.7285 
9.7945 
11.6384 
14.25/7 
18.2355 
24.9290 
38.4049 
/8.9901 
99.3038 

133.1685 
200.9104 
404.1597

10.4904 
11.4425 
14.0228 
1/.9488 
24.5649 
37.8986 
/8.0/86 
98.1924

131.7249

198.8037

400.0666

11.3299

13.7863

17.6584

24.1952

37.3851

77.1587

97.0/22

130.2/23

196.6879

395.9642

.99020

.99512

.03003

.04142

.85519

.07066

.88794

.90707

.92799

.95057

.97464

.97961

.90464

,98971

.99483

.84037

.84927

.86486

.88250

.90225

.92405

.94775

.97315

.97041

.90373

.90910

.99452

.04266

.84327

.85888

.87681

.89715

.91984

.94472

.97154

.97711

.98274

.90044

.99419

.04492

.85275

.87087

.89175

.91535

.94146

.96900

.97570

.98160

.98772

.99383

.84717

.06471

.80607

.91055

.93796

.96792

.97418

.98052

.90694

.99344

2584.16

2590.75

2370.77

2375.25

2393.67

2414.70

2430.40

2464.70 
2493.47

2524.46

2557.41 
2564.20

2571.06

2577.98

2584.96 
2368.12 
2380.04 
2*01.21

2425.41

2452.61

2482.62

2515.18

2549.96 
2557.15

2564.42 
2571.74 
2579.14

2365.47

2366.29

2387.45

2412.06 
2440.10

2471.39 
2505.61 
2542.36

2549.98 
2557.67

2565.44 
2573.28

2362.02

2373.46 
2398.35

2427.18 
2459.76 
2495.72 
2534.58 
2542.65 
2550.81

2559.06

2567.39

2360.19

2384.30

2413.02 
2447.70 
2485.49

2526.60 
2535.17 
2543.84

2552.60

2561.45

2,01474

2,07671

1,68680

1,69097

1,70781

1,72737

1,75030

1.77768

1,81152

1,85632

1,92667

1.94811

1,97515

2,01239

2,07450

1.69161

1,70257

1.72217

1,74530

1,77303

1,80/34

1,85275

1,92380

1.94540

1,97259

2.00999

2,07226

1,69646

1.69722

1.71682

1,74011

1,76816

1,60298

1,84903

1.92084

1,94260

1,96997

2.00/54

2.06998

1,701*4

1.71133 
1.73472 
1,76309 
1,79841 
1,84514 
1,91779

1,93973

1,96/28

2,00503

2,06767

1.70655

1.72915

1,75780

1,79363

1.84109

1,91463

1.93676

1,96451

2.00247

2.06532

.2459 

.2310 

.5347 

.5376 

.5418 

.5337 

.5119 

.4760 

.4268 

.3656 

.2946 

.2794 

.2639 

.2482 

.2322 

.5427 

.5481 

.5452 

.5267 

.4919 

.4414 

.3769 

.3008 

.2844 

.2678 

.2508 

.2335 

.5512 

.5518 

.5554 

.5414 

.5084 

.4570 

.3891 

.3076 

.2900 

.2720 

.2536 

.2349 
,5602 
,5636 
.5555 
.5255 
.4737 
.4023 
.3150 
.2960 
.2766 
.2567 
.2365 
.5696 
.5686 
.5428 
.4914 
.4168 
.3232 

. .3027 
.2817 
.2602 
.2383

I
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7A31.E S

thermodynamic properties of sodium vapor (continued)
(Monomer Gas 3ase)

pfjPS.
25. 

?fi25. 
2'125. 
p:)25. 
2 '25.

21 25. 
21125. 
2025. 
2 0 U C . 
2000. 
2f 00. 
2 C 0 0 . 
2000 . 
2OU0. 
2000. 
2 0 0 .
2 r. 0 0.

2'Uf . 
1975.

3 975. 
:v/5. 
1975. 
19/5. 
■'9/5. 
19/5. 
19/5. 
30/5. 
1950. 
I95n. 
3 950. 
1950. 
I'J'jO.

1950. 
1950. 
-.95(1. 
1950. 
1925. 
: 925. 
1925. 
3 925. 
1925. 
3925. 
3 925. 
3 925.
1 OOP. 
3 900 . 
iVUO. 
:,9on. 
19.! n.
1 3U0. 
19 0 n. 
1900. 
' '5. 
3 ^ / 5 . 
38/5. 
l"/^.
10/5.
35/5.

5.4»94
5 . C C C 0 
4.0000
4.0000
2.0000 
1. C t U 0

• 6000 
.61 00 
. 41 0 0 
.i' u" 

5.0'97 
5 . C /' C C

. 0 r 0 o 
, 01.1> 0, 
, 0 r 0 p
I Pt'OO
. e L 0 p
> 6' u 0
, 41 CP 
.poor
,550'-'
• OOOC 
, 0 ■: 0 0 
, O' Lo 0
.COUP 
, 61 UO 
,61 00
• 4C0O 
.2(00 
,1/91 
, 01 0 "

3.0 f C P
2.0' O'-
1.0! t 

. 6' i. 

.6( O'O 

.41 00

.2t C’O 
3.8057
3.0 0 u P 
2.0(00
1.0 ( O' o 

. 61 0
• 61 O' 
.4(00 
. 21 0 0 

3.‘566 
3.0(0" 
2.CU uP 
1.0(00 

.61 OP 

. 6 (■ 0 

.‘I C:.

.21 or
3.1365
3.0 ( 0 r 
2.0':co
1.0 '■ u ,1 

.61 0 0 

.eroo,

12.2567 
13.5466 
1/.3645 
23.6197 
36,6639 
76.2294 
95.9426 

126.6100 
194.5622 
391.8517 
13.2616 
13.3105 
1/.06/4 
23.4363 
36,3343 
/5.2900 
94,6025 

12/.33/0 
192.4256 
387.7281 
14.4181 
16.76/5 
23.0507 
35./958 
74.3396 
93.6510 

125,6523 
190.2//0 
383,5923 
15.6604 
16.4655 
22.65/2 
35,24/6

/3.3//I

92.46/1 
124.3549 
166.1153 
3/9.44J0 
1/.0656 
22,25/9 
34,6696 
72.4014 
91,3096 

122.6433 
185.9390 
3/5.2/90 
16.6534 
21,6532 
34.1212 
/I,4114 
90.11/0 
121.3162 
163.7469 
3/1.0986 
20.4066 
21,4439 
33.5416 
/0.4U55 
66.9080 
119.7/21

.84941

.85835

.88006

.90544

.93418

.96586

.97253

.97927

.96610

.99301

.85165

.85164

.87362

.89999

.93012

.96368

.97074

.97791

.98518

.99255

.85389

.66728

.89420

.92575

.96126

.96680

.97643

.96418

.99204

.85616

.86049

.68806

.92103

.95868

.96668

.9/482

.98310

.99149

.85844

.88155

.91595

.95585

.96436

.97307

.98191

.99089

.66076

.67469

.91049

.95277

.96187

.97116

.98062

.99023

.86311

.66/50

.90460

.94940

.95913

.96906

2357.60 
2369.93

2400.04

2435.18 
2474.87 
2518.41 
2527.51

2536.73

2546.05

2555.47

2355.04

2355.31 
2385.81 
2422.16 
2463.85 
2509.99

2519.66

2529.47 
2539.40

2549.44 
2352.54

2371.18

2406.67

2452.39

2501.30

2511.60

2522.05

2532.64 
2543.36 
2350.09

2356.15

2394.64

2440.44

2492.32

2503.30

2514.45 
2525.75 
2537.21 
2347.70

2360.06

2427.98 
2483.03

2494.74

2506.64 
2518.73

2530.99

2345.39 
2364.97 
2414.95

2473.39 
2485.89 
2498.62 
2511.56 
2524.69

2343.15

2349.34

2401.32

2463.35 
2476.72

2490.35

1,71182 
1,72340 
1,75227 
1,78861 
1,83684 
1,91135 
1,93370 
1,96166 
1,99965 
2,06292 
1,71723 
1,71/49 
1.74652 
1,78336 
1,83238 
1,90794 
1,93052 
1,95873 
1.99716 
2,06048 
1.72262 
1,74054 
1,77764 
1,82769 
1,90439 
1,92723 
1.95569 
1,99439 
2,05600 
1,72857 
1,73434 
1,77204 
1,82276 
1,90068 
1,92360 
1,95256 
1,99155 
2,05546 
1,73451 
1,76597 
1,81/56 
1,69681 
1,92023 
1,94930 
1,96862 
2,05266 
1.74064 
1,75960 
1,81207 
1,89274 
1,91650 
1,94592 
,98560 
.05021 
,74696 
,75294 
.60626 
.68647 

1.91259 
1.94240

1,

2.

1.

1,

1.

1.

.5792

.5601

.5603

.5102

.4324

.3322

.3100

.2673

.2640

.2402

.5891

.5892

.5773

.5300

.4495

.3421

.3161

.2935

.2682

.2423

.5992

.5935

.5506

.4679

.3531

.3271

.3003

.2728

.2447

.6094

.6081

.5718

.4879

.3651

.3370

.3079

.2780

.2473

.6196

.5934

.5095

.3765

.3460

.3163

.2637

.2502

.6297

.6148

.5326

.3932

.3601

.3257

.2901

.2535

.6397

.6354

.5576

.4096

.3737

.3361
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TABLE 9

THERMODYNAMIC PROPERTIES OF SODIUM VAPOR (continueo; 
(Monomer Gas Base)

lM/9. 
1«T5. 
1H50. 
1H5P. 
1H5P. 
1 «50. 
IHSO. 
185n. 
: 850, 
: «25. 
1825. 
1825. 
1825. 
1 825. 
1825. 
1825. 
1800. 
1 8J0. 
1800. 
18Jll. 
.8 jO. 
18JU. 
1800. 
it;5. 
1 ;75. 
1775. 
1775. 
1 7 75. 
1 7/5. 
l7 '5. 
1750. 
1750. 
1 780. 
1750. 
1 750.
178(3.
1725. 
3 725. 
1725. 
-725.
• 725. 
1725. 
1700. 
1 700. 
i/.jO. 
;• 7 0 0. 
1700.
• 700. 
1*75. 
1575. 
’ *75.
*75. 

'*75. 
-.*75. 
1*50. 
:*5o. 
-58P. 
1*50. 
1*50 . 
: *80. 
■> *25. 
1*25. 
' *28. 
: *25.
• *25. 
: *25.

.4C0C 

.2000 
2.67B2 
2.ur 0* 
1.0(oo

.Bl'UO 

.6000 

.41 u* 

.2i.C(,' 
2.5f25 
i.oron 
X . 01 0 0

.erco

.6(iC0 

.40 0" 

.2( uO 
2.3(81 
2.0001. 
l.Ot 00 
.eujf 
.6'-on 
.4i'uri

2.074"
2.01 iio 
X.()ror. 

.80C0 

.600" 

. 4 i. u ') 

.2.0 0 
1.859'' 
1. C 0 0 (. 

.800* 

.60ul 

. 4"u0 

.2' 0" 
1.662" 
l.(.i-U0 
.8' 0" 
.6' 0" 
. 4 " u " 
.200" 

1.4H18 
1.0'U" 

.b"UO 

.6.1)" 

.4.?u" 

.2'.U"| 
l.i'7* 
l.toCl'' 

.e-C" 

.6.(,’ 

. * 0 0 - 

.gl'u' 
1.1682 
l.U'O'' 

.8- y 

.elm- 

.4! u* 

.2100 
1.M2 7 
I.OOCO 

.«"0" 

.6! OP 

.4.,C'- 

.2 - 0 :•

181,5371

366.9U01

22,3718

32.9505

69.3824

87,6809

118.2091

179.3079

362,6816

24.5799

32.3477

68.3403

86.4338

116,6253

177.0571

398.4409

27,0672

31.7333

67.2/77

85,1648

115.0184

174.7823

354.1/54

29,8/61

31.1077

66,1924

83.8716

113.3861

172.4808

349.8824

33.0565

65.0825

82.5518

111,7254

170.1498

345.5587

36.6675

63.9458

81.2027

110.0334

167,7856

341.2006

40.7/88

62,7800

79,8214

108.3064

165.3845

336.8038

45.4/32

61.5829

/8.4046

106.5407

162.9420

332,3638

50,8495

60.3523

76.9490

104.7319

160.4531

327.8/49

57.0256

59.0864

75.4512

102.8/53

157.9121

323.3310

.97920

.98951

.86550

.89828

.94573

.95613

.96677

.97764

.98872

.86793

.69150

.94172

.95284

.96425

.97593

.98786

.87042

.88424

.93734

.94924

.96149

.97405

.98690

.87295

.87651

.93253

.94528

.95844

.97198

.98584

.87554

.92727

.94093

.95509

.96969

.98468

.87818

.92150

.93615

.95139

.96716

.98338

.88088

.91517

.93087

.94730

.96435

.98195

.88364

.90824

.92506

.94277

.96124

.98035

.88645

.90064

.91865

.93775

.95777

.97857

.88932

.89232

.91157

.93217

.95391

.97658

2504.22

2518.31 
2340.99

2387.06

2452.89

2467.19 
2481.80

2496.69 
2511.83

2338.92 
2372.11

2441.95

2457.27

2472.95

2488.95 
2505.25

2336.93

2356.45

2430.48

2446.90

2463.75 
2480.98

2498.54

2335.03

2340.06 
2418.42

2436.04

2454.17 
2472.74

2491.70

2333.22

2405.71

2424.63 
2444.15

2464.20

2484.71

2331.50

2392.28

2412.60 
2433.65 
2455.33

2477.54 
2329.87

2378.05 
2399.89

2422.61

2446.06

2470.18

2328.32

2362.94

2386.40

2410.94

2436.40 
2462.60 
2326.67 
2346.86

2372.06 
2398.59

2426.23

2454.76

2325.49

2329.72

2356.76

2385.45

2415.51

2446.64

1,98247

2.04749

1.75350

1,60012

1,68396

1,90649

1,93672

1,97923

2,04470

1,76024

1,79361

1,87920

1,90417

1,93486

1,97586

2,04183

1,76722

1,78672

1,87415

1,89961

1,93081

1,97235

2,03668

1,77443

1,77943

1,66878

1,89477

1,92655

1,96669

2,03584

1,78188

1,66306

1.88964

1,92204

1,96484

2.03269

1.78959

1.85695

1.88416

1.91726

1,96080

2.02943

1,79/55

1,85040

1,67831

1,91218

1,95655

2,02604

1,80579

1,84336

1,87203

1,90674

1.95204

2.02251

1,81430

1.63578

1,86527

1,90092

1.94724

2.01882

1.82311

1,82761

1.55797

1.89466

1.94213

2.01494

.2972 

.2571 

.6496 

.5841 

.4277 

.3687 

.3478 

.3052 

.2612 

.6591 

.6119 

.4478 

.4055 

.3606 

.3141 

.2657 

.6684 

.6408 

.4702 

.4242 

.3753 

.3241 

.2708 

.6772 

.6703 

.4949 

.4450 

.3916 

.3353 

.2766 

.6856 

.5223 

.4683 

.4099 

.3479 

.2831 

.6935 

.5527 

.4944 

.4305 

.3622 

.2904 

.7007 

.5663 

.5234 

.4537 

.3783 

.2967 

.7073 

.6232 

.5559 

.4798 

.3966 

.3061 

.7132 

.6637 

.5922 

.5092 

.4173 

.3189 

.7183 

. 7077 

.6325 

.5424 

.4409 

.3312
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TABLE 10

MOLECULAR COMPOSITION OF SODIUM VAPOR

2575.

2575.

2575.

2575.

2575.

2575.

2575.

2575.

2575.

2575.

2575.

2575.

2575.

2575.

2575.

2575.

2575.

2575.

2575.

2575.

2575.

2575.

2575.

2575.

2575.

2575.

2575.

2575.

2575.

2575.

2550.

2550.

2550.

2550.

2550.

2550.

2550.

2550.

2550.

2550.

2550.

2550.

2550.

2550.

2550.

2550.

2550.

2550.

2550.

2550.

2550.

2550.

25.0636

25.0000

24.0000

23.0000

22.0000 
21.0000 
20.0000

19.0000

18.0000

17.0000

16.0000

15.0000

14.0000

13.0000

12.0000 
11.0000 
10.0000

9.0000

8.0000

7.0000

6.0000

5.0000

4.0000

3.0000

2.0000 
1.0000

.8000

.6000

.4000

.2000

24.4105

24.0000

23.0000

22.0000 
21.0000 
20.0000

19.0000 
l8.P00n

17.0000

16.0000

15.0000

14.0000

13.0000

12.0000 
11.0000 
10.0000

9.0000

8.0000

7.0000

6.0000

5.0000

4.0000

.288363

.285666

.282187

.278298

,2739/3

.269180

.263890

.258072

.251694

.244725

.237131

.228882

.219943

.210283

.199868

.188663

.176635

.163745

.149954

.135217

.119484

.102698

.084790

.065679

.045263

.023421

.018869

.014252

.009569

.004019

.209030

.287618

.283004

.279705

.275048

.269082

.2641/2

.257804

.250983

.243433

.235190

.226242

.216520

.206019

.1946/7

.182462

.169332

.155244

.140147

.123986

.106697

.008203

.095/49 

.090194 

.083/96 

.077455 

.071194 

.065037 

.059012 

.053145 

.047465 

.042000 

.036779 

.031831 

.027183 

.022860 

.018887 

.015283 

.012065 

.009244 

.006826 

.004810 

.003188 

.001943 

.001049 

.000467 

.000146 

.000019 

.000010 

.000004 

.000001 

.000000 

.090250 

.087566 

.081061 

.074623 

.068277 

.062051 

.055974 

.050075 

.044384 

.038934 

.033755 

.028877 

.024329 

.020137 

.016324 

.012911 

.009910 

.007332 

.0051^7 

.003438 

.002100 

.001136

29.3235

29.1186

28.8795

28.6385

28.3958

28.1520

27.9072

27.6617

27.4160

27.1703

26.9249

26.6800

26.4360

26.1928

25.9508

25.7097

25.4697

25.2304

24.9915

24.7526

24.5129

24.2715

24.0273

23.7790

23.5248

23.2626

23.2089

23.1549

23.1004

23.0453

29.1824

29.0820

28.8359

28.5879

28.3381

28.0870

27.8349

27.5822

27.3291

27.0760

26.8233

26.5710

26.3195

26.0688

25.8191

25.5702

25.3219

25.0740

24.8258

24.5768

24.3259

24.0719
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table 10 , .
MOLECULAR COMROSITIOR OF SODIUM VAPOR (continued)

p xa Mg

2550.

?550.

2550.

2550.

2550.

2550.

2550.

2525.

2525.

2525.

2525.

2525.

2525.

2525.

2525.

2525.

2525.

2525.

2525.

2525.

2525.

2525.

2525.

2525.

2525.

2525.

2525.

2525.

2525.

2525.

2525.

2525.

2525.

2525.

2525.

2500.

2500.

2500.

2500.

2500.

2500.

2500.

2500.

2500.

2500.

2500.

2500.

2500.

2500.

2500.

2500.

2500.

2500.

2500.

2500.

2500.

2500.

2500.

2500.

2500.

3.0000

2.0000 
1.0000

.nOOO

.6000

.4000

.2000

23.0156

23.0000

22.0000 
21.0000 
20.0000

19.0000

18.0000

17.0000

16.0000

15.0000

14.0000

13.0000

12.0000 
11.0000 
10.0000

9.0000

8.0000

7.0000

6.0000 
5.0000

4.0000

3.0000

2.0000 
1.0000

.8000

.6000

.4000

.2000

21.6779

21.0000

20.0000

19.0000

18.0000

17.0000

16.0000

15.0000

14.0000

13.0000

12.0000 
11.0000 
10.0000

9.0000

8.0000

7.0000

6.0000

5.0000

4.0000

3.0000

2.0000 
1.0000

.8000

.6000

.4000

.068412

.047213

.024467

.019717

.014898

.010006

.005041

.289548

.289489

.285470

.280964

.275936

.270351

.264169

.257353

.249863

.241660

.232702

.222950

.212360

.200891

.188498

.175135

.160752

.145293

.128697

.110892

.091792

.071295

.049275

.0255/6

.020618

.015583

.010470

.005276

.289915

.286917

.282045

.276600

.270542

.263828

.256417

.248262

.239320

.229545

.216890

.207307

.194747

.181158

.166483

.150662

.133625

.115291

.095567

.074336

.051457

.026753

.021574

.016312

.010964

.000507

.000159

.000021

.000011

.000005

.000001

.000000

.084898

,084794

.078183

.071650

.065224

.058936

.052815

.046896

.041211

.035794

.030677

.025894

.021473

.017441

.013820

.010629

.007880

.005575

.003710

.002271

.001231

.000551

.000173

.000023

.000012

.000005

.000002

.000000

.079701

.075156

.068532

.062033

.055690

.049538

.043614

.037952

.032590

.027561

.022900

.018677

.014799

.011405

.008472

.006007

.004007

.002458

.001336

.000599

.000189

.030025

.000013

.000006

.000002

23.8134

23.5485

23.2749

23.2189

23.1624

23.1054

23.0479

29.0439

29.0400

28.7866

28.5311

28.2738

28.0151

27.7553

27.4948

27.2339

26.9731

26.7124

26.4523

26.1928

25.9340

25.6759

25.4182

25.1608

24.9030

24.6442

24.3833

24.1190

23.8498

23.5737

23.2880

23.2295

23.1704

23.1108

23.0506

28.9083

28.7310

28.4676

28.2023

27.9354

27.6675

27.3988

27.1297

26.8605

26.5914

26.3226

26.0547

25.7870

25.5196

25.2523

24.9845

24.7154

24.4440

24.1689

23.8884

23.6003

23.3019

23.2407

23.1789

23.1166
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TABLE 10

MOLECULAR COMPOSITIOR OF SODIUM VAPOR (continued)

a

2500.

2475.

2475.

2475.

2475.

2475.

2475.

2475.

2475.

2475.

2475.

2475.

2475.

2475.

2475.

24 75.
2475.

2475.

2475.

2475.

2475.

2475.

2475.

2475.

2475.

2475.

2450.

2450.

2450.

2450.

2450.

2450.

2450.

2450.

2450.

2450.

2450.

2450.

2450.

2450.

2450.

2450.

2450.

2450.

2450.

2450.

2450.

2450.

2450.

2450.

2425.

2425.

2425.

2425.

2425.

2425.

2425.

2425.

2425.

2425.

.2000

20.3962

20.0000

19.0000

15.0000

17.0000

16.0000

15.0000

14.0000

13.0000

12.0000 
11.0000 
10.0000

9.0000

e.oooo
7.0000

6.0000

5.0000

4.0000

3.0000

2.0000 
1.0000

.8000

.6000

.4000

.2000

19.1693

19.0000

18.0000

17.0000

16.0000

15.0000

14.0000

13.0000

12.0000 
11.0000 
10.0000

9.0000

8.0000

7.0000

6.0000

5.0000

4.0000

3.0000

2.0000 
1.0000

.8000

.6000

.4000

.2000

17.9961

17.0000

16.0000

15.0000

14.0000

13.0000

12.0000 
11.0000 
10.0000

9.0000

.005527

.290127

.288197

.282909

.276993

.270401

.263087

.255001

.246093

.236313

.225610

.213928

.201213

.187407

.172446

.156263

.138780

.119907

.099538

,077545

.053766

.028003

.022591

.017087

.011489

.005794

.290180

.289270

.283514

.277064

.269866

.261869

.253016

.243252

.232518

.220754

.207898

.193886

.1/8647

.162105

.144172

.124749

.103717

.080932

.056212

.029332

.023673

.017913

.012049

.006079

.2900/2

.283806

.276747

.268360

.260084

.250356

.239612

.227785

.214806

.200601

.000000 

.074666 

.071975 

.065266 

.058701 

.052315 

.046147 

.040235 

.034619 

.029337 

.024426 

.019920 

.015851 

.012243 

.009114 

.006477 

.004330 

.002663 

.001451 

.000652 

.000206 

.000028 

.000014 

.000006 

.000002 

.000000 

.069800 

.068637 

.061850 

.055228 

.048814 

.042647 

.036770 

.031225 

.026054 

.021294 

.016982 

.013146 

.009809 

.006987 

.004682 

.002887 

.001577 

.000711 

.000226 

.000030 

.000016 

.000007 

.000002 

.000000 

.065111 

.058281 

.051618 

.045192 

.039048 

.033232 

.027790 

.022765 

.018197 

.014120

23.0535

28.7755

28.6684

28.3966

28.1228

27.8474

27.5708

27.2933

27.0154

26.7373

26.4592

26.1814

25.9038

25.6264

25.3487

25.0704

24.7905

24.5081

24.2216

23.9293

23.6287

23.3168

23.2527

23.1880

23.1227

23.0566

28.6456

28.5983

28.3176

28.0347

27.7502

27.4643

27.1774

26.8901

26.6024

26.3146

26.0267

25.7388

25.4504

25.1610

24.8699

24.5759

24.2775

23.9727

23.6588

23.3325

23.2655

23.1977

23.1292

23.0599

28.5187

28.2296

27.9371

27.6427

27.3469

27.0501

26.7525

26.4544

26.1560

25.8571
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TABLE 10
MOLECULAR COMROSITIOH OF SODIUM VAPOR (continued)

2420.

2420.

2420.

2420.

2420.

2420.

2420.

2420.

2420.

2420.

2420.

2420.

2400.

2400.

2400.

2400.

2400.

2400.

2400.

2400.

2400.

2400.

2400.

2400.

2400.

2400.

2400.

2400.

2400.

2400.

2400.

2400.

2400.

23/9.

2379.

2379.

2379.

2379.

2379.

2379.

2379.

2379.

2379.

2379.

2379.

2379.

2379.

2379.

2379.

2379.

2379.

2379.

2379.

2390.

2390.

2390.

2390.

2390.

2390.

2390.

A.0000

7.0000

A. 0000

9.0000

4.0000

3.0000

2.0000 
1.0000

.nooo

.6000

.4000

.2000

16.0792

16.0000

19.0900

14.0000

13.0000

12.0000 
11.0000 
10.0000

9.0000

B. OOOO

7.0000

6.0000

9.0000

4.0000

3.0000

2.0000 
1.0000

.0000

.6000

.4000

.2000

19.8099

19.0000

14.0000

13.0000

12.0000 
11.0000 
10.0000

9.0000 
B.OOOO

7.0000

6.0000

9.0000

4.0000

3.0000

2.0000 
1.0000

.0000 

.6000 

.4000 

.2000 
14.7096

14.0000

13.0000

12.0000 
11.0000 
10.0000

9.0000

.109093

.160199

.149011

.129029

.100119

.004900

.090004

.030746

.024024

.010792

.012646

.006304

.209000

.203719

.279969

.267209

.297621

.246090

.239021

.221937

.207999

.191709

.174942

.199706

.139197

.112744

.000206

.061992

.032291

.026091

.019730

.013204

.006700

.209364

.203179

.274623

.269041

.294347

.242499

.229291

.214791

.190741

.101194

.161069

.140749

.117616

.092276

.064467

.033094

.027399

.020731

.013969

.007096

.200763

.202070

.272607

.2619/7

.290097

.236069

.222191

.010961 

.007941 

.009066 

.003132 

.001716 

.000776 

.000247 

.000033 

.000017 

.000007 

.000002 

.000000 

.060602 

.094962 

.047073 

.041497 

.039364 

.029642 

.024339 

.019902 

.019170 

.011376 

.000143 

.009406 

.003401 

.001060 

.000047 

.000271 

.000037 

.000019 

.000008 

.000002 

.000000 

.096270 

.090696 

.044003 

.037624 

.031612 

.026022 

.020903 

.016301 

.012297 

.000790 

.009943 

.003699 

.002036 

.000927 

.000297 

.000040 

.000021 

.000009 

.000003 

.000000 

.092143 

.046600 

.040010 

.033709 

.027019 

.022406 

.017921

29.9979

T9.2967

24.9930

24.6477

24.3367

24.0187

23.6907

23.3493

23.2790

23.20M0

23.1361

23.0634

20.3940

20.1317

27.0209

27.9240

27.2176

26.9099

26.6013

26.2919

29.9017

29.6709

29.3977

29.0429

24.7236

24.3994

24.0679

23.7248

23.3673

23.2939

23.2190

23.1436

23.0672

28.2739

28.0230

27.7090

27.3929

27.0749

26.7999

26.4349

26.1130

29.7096

29.4643

29.1362

24.0041

24.4660

24.1194

23.7610

23.3064

23.3090

23.2300

23.1919

23.0712

20.1961

27.9021

27.9762

27.2478

26.9174

26.9091

26.2911
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_____ TABLE 10
MOLECULAR COMPOSITIOR OF SODIUM VAPOR (continutd)

?3<50.

}»390.

2350.

2350.

2350.

2350.

2350.

2350.

2350.

2350.

2350.

2350.

2325.

2325.

2325.

2325.

2325.

2325.

2325.

2325.

2325.

2325.

2325.

2325.

2325.

2325.

2325.

2325.

2325.

2325.

2300.

2300.

2300.

2300.

2300.

2300.

2300.

2300.

2300.

2300,

2300.

2300.

2300.

2300.

2300.

230C.

230C.

2275.

2275.

2275.

2275.

2275.

2275.

2275.

2275.

2275.

2275.

2275.

2275.

2275.

B.OOOO

7.0000

6.0000

5.0000

4.0000

3.0000

2.0000 
1.0000

.8000

.6000

.4000

.2000

13.8J43

13.0000

12.0000 
11.0000 
10.0000

9.0000 
B.OOOO

7.0000

6.0000

5.0000

4.0000

3.0000

2.0000 
1.0000

.8000

.6000

.4000

.2000

12.8903

12.0000

11.0000

10.0000

9.0000

8.0000

7.0000

6.0000

5.0000

4.0000

3.0000

2.0000 
1.0000

.8000

.6000

.4000

.2000

12.0122

12.0000

11.0000

10.0000

9.0000

8.0000

7.0000

6.0000

5.0000

4.0000

3.0000

2.0000 
l.ooon

.205954

.188038

.168307

.146605

.122744

.096494

.067560

.035564

.028755

.021800

.014693

.007428

.287995

.280311

.269774

.257929

.244667

.229876

.213432

.195202

.175032

.152749

.128142

.100951

.070844

.037387

.030246

.022943

.015472

.007826

.287062

.277729

.265949

.252684

.237806

.221178

.202650

.182053

.159189

.133823

.105663

.074331

.039334

.031839

.024166

.016306

.008254

.285964

.285830

.274150

.260914

.245980

.22919*

.210390

.189378

.165937

.139802

.110644

.078036

.041413

.013210 

.009509 

.006443 

.004018 

.002221 

.001014 

.000326 

.000.44 

.000023 

.000010 

.000003 

.000000 

.048199 

.042551 

.035936 

.029737 

.024016 

.016033 

.014240 

.010202 

.006988 

.004372 

.002425 

.001111 

.000359 

.000049 

.000026 

.000011 

.000003 

.000000 

.044448 

.038299 

.031781 

.025741 

.020245 

.015355 

.011121 

.007583 

.004760 

.002650 

.001219 

.000395 

.000054 

.000028 

.000012 

.000004 

.000000 

.040669 

.040802 

.033957 

.027586 

.021763 

.016458 

.012032 

.006232 

.005186 

.002898 

.001339 

.000436 

.000060

25.9152

25.5769

25.2354

24.8892

24.5365

24.1745

23.7996

23.4066

23.3256

23.2433

23.1600

23.0755

28.0414

27.7678

27.4289

27.0872

26.7431

26.3966

26.0477

25.6959

25.3403

24.9795

24.6114

24.2332

23.8407

23.4286

23.3433

23.2568

23.1691

23.0801

27.9296

27.6183

27.2653

26.9090

26.5498

26.1874

25.8215

25.4513

25.0752

24.6910

24.2956

23.8846

23.4520

23.3622

23.2712

23.1788

23.0851

27.8209

27.8164

27.4519

27.0833

26.7110

26.3347

25.9543

25.5687

25.1766

24.7755

24.3620

23.9314

23.4770
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TABLE 10
MOLECULAR COMPOSITIOH OF SODIUM VAPOR (continued)

??75.

2275.

2275.

2275.

2250.

2250,

2250.

2250.

2250.

2250.

2250.

2250.

2250.

2250.

2250.

2250.

2250.

2250.

2250.

2250.

2225.

2225.

2225.

2225.

2225.

2225.

2225.

2225.

2225.

2225.

2225.

2225.

2225.

2225.

2225.

2200.

2200.

2200.

2200.

2200.

2200.

2200.

2200.

2200.

2200.

2200.

2200.

2200.

2200.

2175.

2175.

2175.

2175.

2175.

2175.

2175.

2175.

2175.

2175,

2175.

.8000

.6000

.4000

.2000

11.1789

11.0000

10.0000

9.0000 
B.OOOO

7.0000

6.0000

5.0000

4.0000

3.0000

2.0000 
1.0000

.8000

.6000

.4D00

.2000

10.3888

10.0000

9.0000

8.0000

7.0000

6.0000

5.0000

4.0000

3.0000

2.0000 
1.0000

.8000

.6000

.4000

.2000

9.6408

9.0000 
B.OOOO

7.0000

6.0000

5.0000

4.0000

3.0000

2.0000 
1.0000

.8000

.6000

.4000

.2000

8.9335

B.OOOO

7.nooo
6.0000

5.0000

4.0000

3.0000

2.0000 
1.0000

.8000

.6000

.033543

.025475

.017201

.008713

.284702

.282522

.269350

.254393

.237481

.218426

.197015

.173003

.146093

.115911

.081974

.043637

.035368

.026879

.018162

.009206

.283279

.277985

.263042

.246037

.226760

.204973

.180401

.152709

.121479

.086162

.046016

.037322

.028385

.019*.94

.009737

.201696

.271920

.254861

.235395

.213258

.188140

.159667

.127366

.090615

.048562

.039418

.030003

.020304

.010308

.279956

.263946

.244331

.221875

.196232

.166981

.133590

.095352

.051291

.041666

.03174^

.000031 

.000014 

.000004 

.000001 

.037522 

.036270 

.029557 

.023393 

.017858 

.013C21 

.008940 

.005654 

.003172 

.001471 

.000482 

.000067 

.000035 

.000015 

.000005 

.000001 

.034346 

.031659 

.025141 

.019259 

.014094 

.009713 

.006166 

.003474 

.001619 

.000532 

.000074 

.000039 

.000017 

.000005 

.000001 

.031359 

.027015 

.020769 

.015256 

.010556 

.006729 

.003608 

.001783 

.000589 

.000083 

.000043 

.000019 

.000006 

.000001 

.028558 

.022395 

.016516 

.011475 

.007347 

.004177 

.001965 

.000653 

.000092 

.000049 

.000021

a

23.3825

23.2867

23.1893

23.0904

27.7150

27.6474

27.2663

26.8805

26.4900

26.0945

25.6930

25.2841

24.8653

24.4328

23.9814

23.5038

23.4043

23.3033

23.2006

23.0961

27.6120

27.4583

27.0588

26.6537

26.2426

25.8246

25.3982

24.9607

24.5082

24.0348

23.5325

23.4277

23.3211

23.2127

23.1023

27.5119

27.2462

26.8261

26.3990

25.9639

25.5192

25.0622

24.5886

24.0920

23.5634

23.4528

23.3403

*3.2257

23.1089

27.4144

27.0077

26.5640

26.1112

25.6476

25.1701

24.6743

24.1532

23.5966

23.4798

23.3609
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TA3< E 10
MOLECULAR COMPOSITION OF SODIUM VAPOR (continued)

2175.

2175.

2150.

21S0.

2150.

2150.

2150.

2150.

2150.

2150.

2150.

215'l.

2150.

2150.

2150.

2125.

2125.

2125.

2125.

2125.

2125.

2125.

2125.

2125.

2125.

2125.

2125.

2100.

2100.

2100.

2100.

2100.

2100.

2100.

2100.

2100.

2100.

2100.

2100.

2075.

2075.

2075.

2075.

2075.

2075.

2075.

2075.

2075.

2075.

2075.

2050.

2050.

2050*.

2050.

2050.

2050.

2050.

2050.

2050.

2050.

.4000 

. 2000 
8.2655 
8.0000

7.0000

6.0000 
5. IIOOO
4.0000

3.0000

2.0000 
1.0000

.8000

.6000

.4000

.2000

7.6356

7.0000

6.0000

5.0000

4.0000

3.0000

2.0000 
1.0000

.8000

.6000

.4000

.2000

7.0424

7.0000

6.0000

5.0000

4.0000

3.0000

2.0000 
1.0000

.8000

.6000

.4000

.2000

6.4845

6.0000

5.0000

4.0000

3.0000

2.0000 
1.0000

.8000

.6000

.4000

.2000

5.9606

5.0000

4.0000

3.0000

2.0000 
1.0000

.8000

.6000

.4000

.2000

.021499

.010925

.278061

.273288

.253566

.230828

.204684

.174665

.140169

.100393

.054216

.044081

.033610

.022787

.011590

.276016

.263098

.240119

.213507

.182734

.147121

.105757

.057354

.046676

.035623

.024176

.012310

.273823

.272919

.249749

.222707

.191200

.154464

.111465

.060722

.049466

.037793

.025676

.013088

.271486

.259716

.232289

.200077

.162219

.117541

.064340

.052470

.040132

.027297

.013932

.269009

.242257

.209376

.170404

.124007

.066220

.055705

.042658

.029052

.014847

.000006 

.000001 

.025938 

.024143 

.017078 

.012475 

.000024 

.004584 

.002169 

.000725 

.000103 

.000054 

.000024 

.000007 

.000001 

.023494 

.019351 

.013564 

.008766 

.005034 

.002395 

.000806 

.000116 

.000061 

.000026 

.000000 

.000001 

.021223 

.020940 

.014748 

.009580 

.005531 

.002647 

.000097 

.000129 

.000060 

.000030 

.000009 

.000001 

.019118 

.016034 

.010470 

.006000 

.002920 

.000999 

.000145 

.000077 

.000034 

.000010 

.000001 

.017172 

.011445 

.006685 

.003241 

.001114 

.000164 

.000087 

.000038 

.000012 

.000002

23.2397

23.1161

27.3195

27.1988

26.7383

26.2672

25.7837

25.2849

24.7658

24.2187

23.6323

23.5089

23.3832

23.2549

23.1238

27.2271

26.9221

26.4321

25.9282

25.4071 
24.8634

24.2888 
23.6707 
23.5403

23.4072 
23.2712 
23.1322 
27.1371 
27.1159 
26.6066 
26.0815 
25.5371 
24.9677 
24.3641

23.7120

23.5741

23.4331

23.2889 
23.1413 
27.0494 
26.7910 
26.2440 
25.6754 
25.0790 
24.4447 
23.7566 
23.6106 
23.4612 
23.3081 
23.1511 
26.9638 
26.4163 
25.8226 
25.1980 
24.5313 
23.8048 
23.6500 
23.4915 
23.3289 
23.1618
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TABLE 10

MOLECULAR COMPOSITIOR OF SODIUM VAPOR (continued)

2029.

2029.

2029.

2029.

2029.

2029.

2029.

2029.

2029.

2029.

2000.

2000.

2000.

2000.

2000.

2000.

2000.

2000.

2000.

2000.

1979.

1979.

3979.

1979.

1979.

1979.

1979.

1979.

1979.

1990.

1990.

1990.

1990.

1990.

1990.

1990.

1990.

1990.

1929.

1929.

1929.

1929.

1929.

1929.

1929.

1929.

1900.

1900.

1900.

1900.

1900.

1900.

1900.

1900.

1R79.

1R79.

1879.

1879.

1879.

1879.

p Xa X*

9.4694 .266397 .019300

9.0000 .292612 .012910

4.0000 .219107 .007394

3.0000 .179036 .003990

2.0000 .130888 .001244

1.0000 .072409 .000184

.8000 .099191 .000098

.6000 .049387 .000043

.4000 .030992 .000013

.2000 .019841 .000002

9.0097 .263692 .013733

9.0300 .263393 .013673

4.0000 .229278 .008091

3.0000 .188139 .003979

2.0000 .138208 .001390

1.0000 .076906 .000208

.8000 .062991 .000111

.6000 .048337 .000049

.4000 .033013 .000019

.2000 .016922 .000002

4.9800 .260780 .012226

4.0000 .239896 .008902

3.0000 .197717 .004412

2.0000 .149993 .001999

1.0000 .081746 .000239

.8000 .067009 .000126

.6000 .091930 .000099

.4000 .039290 .000017

.2000 .018100 .000002

4.1791 .297783 .010890

4.0000 .290969 .009799

3.0000 .207798 .004894

2.0000 .1942/0 .001741

1.0000 .086996 .000267

.8000 .071389 .000143

.6000 .094989 .000063

.4000 .037681 .000020

.2000 .019384 .000003

3.0097 .294667 .009999

3.0000 .218391 .009431

2.0000 .163063 .001992

1.0000 .092967 .000302

.8000 .076122 .000162

.6000 .098737 .000072

.4000 .040329 .000022

.2000 .020789 .000003

3.4986 .291439 .008464

3.0000 .229910 .006028

2.0000 .172401 .002109

1.0000 .098610 .000344

.8000 .081236 .000189

.6000 .062803 .000082

.4000 .043204 .000026

.2000 .022318 .000003

3.1369 .248091 .007438

3.0000 .241162 .006691
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1.0000 .109120 .000391

.8000 .086769 .000211

.6000 .067219 .000094
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24.1887
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23.4979
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24.0364
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MOLECULAR CONPOSITtON OF SODIUM VAPOR (continued)
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24.5709 
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23.3699 
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25.7121

25.6422

25.1960

24.7156

24.1943

23.6230



Jl Jl -a '» O «» O >H O «• 9 <JI i9 Sll O Ml O <JI > OI O -Jl

• ••••••••••••••••••••••■•••«••»••••■■•••*•••••

'MAMA »A* »»AA* MAAMAM 0«>M»A9 mAAMAAA'MA M'mAAM lAvJM

oooooooooooooooooooooooooooooooooooooooooooooo
MMMMMMMMMMMMMMMMMMMMMMMIOfUMMMMMfMMMMMIMMWCMCMCrfMCrfCrfOICM
AAA**A*AAAAAUIAAAAAAA>4'M'M'M'sl>iAA09AAAAAAOOOOO*^»«»«»«M
»«MAUI»AAONIU\^AAA^MA\ff>riAOMAU->rfAMUA»AOMAAAOUA'WAMA»A^
AMOWMeAAfUAOAOAOA^S4WOAO«09UIO«»-»OA^^»»A>.4AAOIMM>>«OUM»-»A

(M•»MAAM'^<Ml^O»*^>A•MA^AfUA^Jln)A>JA^>OA'^VllA^>•-•OAA'MAMtAAW^}f^}•^
^AN4A9«*9*(,rtAOAAOA*A33OAAAMAM'MafS)»MA»**A*0>'MO04>AMa
0»0*A»AAMUIMAAWAVil^H*A09A*^0M(>0M90A0AM>i0l-*'sl0AM0MAAf«
'MOAM9ACM(MO^H»AM>iAt-**'MAO^>4*O9>AAAA<^0«M>JAAAOAM*^AA'M9W9

A»MMAAAAOOM^MM0«0«**AMI»>J'M9AAA99l^MMMb«AAA\fl»>J'MAAAO*-*

AA•^AA»^AA*a'MAM»^AA'MAAAAMI'M»»^A^)0*-•A•-»^»AAA^CMAAA*^A*A■MM

MMMM^»***OO0AAAA'MM'M»AAA*AA<««CMIMfMM»*»^9OAAAAAM'MA»AA*W
AAOAM'W<MAMIMA^AUAMIMAMAC««AvIIM'».jMA*OAM'>4<MAUIO»»«AM's.^>A*^AA

0»*»*»*OA'MA<i«0•A^>«AWOMAK>A>«AO«MA>i\ll*fMO«AUOAfMAA^^>M'M^)0«^>
AMAM*fMA»AAIUAAA*AAAA»«AMOO^Ci«AAMA>lAMAA»OAAAAfMAM>«0

•"••-•MMMMMMMMMMfMMM'MMMMMMMtOMfMMMroMIOMMMfOMMMMMMMMMMMM AAOOOOOOOOOM»«»«»*»*»*M»*»«»«IU^MMMfS)fS>MIM0«€MCM«M0«MCM* * A A A A A A A AAO^MAAA-MAAO»*MO«AA»MAAO»'‘fS)WAA>JAAOMWA»'>JAO«-»(MAA»>«AO • *■••••••••••••••••••••«••••••■»•••••••••••••• MAAAAO»*»«»«»*»«^»«»«»*M*^**»«M^»MWAA'MA^AAAMAAW9>OMMOUAAAOO

A>AAMOAO«AAAAAWA^}AAfMA'MOfMAA'MAe»*fMMWAAAA*MAAO»*CMAAAfMA

A A A A A A AMCMMMWAOiMMMtMWCMAAWWMMMMMMMMMfMMMfMMMMMMMMM VJ AACM^^»*OAAAM'MAAAAA<M(««M*-»»«OOAAAAAM'sIAA»AAAAAMO<MIMPM»^»*

^»^»«»aC>00000000000000000000000000009000AAAAAAAOA M»*OOAAAAA'M'MAAAAAAAAAC«MOiMMMM»l^H»»«»^MOOOOOAACAAAAA9 A<MAWAO«AA9AMAA9MCM9<>WOMA»<*A>0«»«A*AM9'»‘>AMOA>AWMO‘»MA • Ateg«A9M’MAAI»«MCri»OA(-*AAAAAAO AAC*«AA AK>*-*OO^PMA9 ArWAOA9W>J

*oM

<

3*

</>>

z z o3 *0

iif*i JO O -M A ^ v» m t/> CD
A O 4j -n
•—•D

O

>m

A«0iV«08V1 HDIVISI8 1VAVNdc



NAVAl RfSfARCH LABORATORY

TABLE 12

THERMODYNAMIC PROPERTIES OF POTASSIUM VAPOR 
(Monomer Gas Bate)

t P v« r h9 l9

29?5a 39.6462 1.1610 .79923 12S0.02 *9»« *1 .2927
2929a 39.0000 1.2099 .79970 12*2.05 .96710 .2910
2929. 34.0000 1.2966 .76647 129*.16 .96927 .2464
2929. 33.0000 1.3090 .77310 12*6.2. .99146 .2460
2929. 32.0000 1.3960 .77960 1261.*3 .99373 .2437
2929. 31.0000 1.4133 .76602 126*.*2 .99604 .2414
2929. 30.0000 1.4722 .79236 12*2.6. .99640 .2392
2929. 29.0000 1.9391 .79669 1220.29 1.00063 .2369
2929. 26.0000 1.6029 .60496 122J.** 1.00332 .2346
2929. 27.0000 1.6746 .61129 1222.1* 1.00969 .2329
2929. 26.0000 1.7926 .01793 1260.39 1.00693 .2297
2929. 29.0000 1.0366 .02362 1263.6* 1.01126 .2271
2929. 24.0000 1.9260 .63013 126*.9* 1.01406 .2249
2929. 23.0000 2.0272 .63646 1290.30 1.01700 .2217
2929. 22.0000 2.1399 .64267 1293.66 1.02003 .2166
2929. 21.0000 2.2943 .64931 12*2.10 1.02316 .2197
2929. 20.0000 2.3691 .69960 1300.52 1.02649 .2126
2929. 19.0000 2.9299 .66239 130..02 1.02966 .2093
2929. 10.0000 2.6909 .66697 1302.63 6.03343 .2099
2929. 17.0000 2.6711 .67969 1311.22 1.03717 .2023
2929. 16.0000 3.0741 .06240 1314.66 1.04110 .1966
2929. 19.0000 3.3043 .66922 1316.5. 1.04923 • 1949
2929. 14.0000 3.9676 .69612 1322.2* 1.04961 .1909
2929. 13.0000 3.6722 .90309 1326.03 1.09426 .1669
2929. 12.0000 4.2279 .91013 1329.03 1.09922 • 1626
2929. 11.0000 4.6479 .91729 1333.62 1.06499 .1769
2929. 10.0000 9.1926 .92443 1332.55 1.07030 • 1742
2929. 9.0000 9.7703 .93170 1361.42 1*07696 • 1696
2929. 6.0000 6.9427 .93903 13*5.42 1.06390 • 1693
2929. 7.00C0 7.9362 .94643 1349.40 1.09123 • 1667
2929. 6.0000 6.6617 .99390 1353.41 1.10002 • 1961
2929. 9.0000 10.7160 .96143 1352.46 1.11029 • 1914
2929. 4.0000 13.9033 .96903 13*1.53 1.12299 • 1466
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■ :.E i:

thermodynamic >R0?; .iES -GVASSIUM VAAOR (continu. d) 
(MonoT^• Ca;

*?*».
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12.0000 
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20.0000 
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10.0000 
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11.0000 
10.0000
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1.0000
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20.0000 
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10.0000

10.1407

27.4142

94.1010

00.2101

02.4020
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1271.31

1274.00 
1277.93
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1100.12

1109.00

1111.01

1317.40 
1121.12

1324.21

1129.10 
1331.17 
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.99010 
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Vi:.E '2

THERk::ynAM1C PSC?iKT;EE potassium vapor (continued) 
(Mo.-ior.i; • Oai ipse)
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.90971 

.91752 

.92541 

.93339 

.94145 

.94960 

.95762 

.96612 

.97449 

.96293 

.99143 

.99314 

.99465 

.99657 

.99625 

.77556 

.77699 

.76364

1297.16

1300.94

1304.77

1306.65 
1312.57

1316.55

1320.56

1324.63 
1326.73

1332.66 
1337.07 
1341.29 
1345.54

1349.63

1354.15

1356.50

1362.67

1367.27

1366.16 
1369.04

1369.92

1370.61

1246.63

1249.27

1252.59

1255.93

1259.31 
1262.72

1266.16

1269.66 
1273.24

1276.64

1260.50 
1264.21

1267.97 
1291.79

1295.66

1299.59

1303.57

1307.61

1311.69 
1315.63 
1320.01 
1324.23

1326.50

1332.62 
1337.17 
1341.55

1345.97 
1350.43 
1354.91 
1359.42 
1363.96

1364.67 
1365.76

1366.69

1367.60

1245.61

1246.31 
1249.71

1.02969 
1.03369 
1.03769 
1.04169 
1.04633 
1.05105 
1.05609 
1.06149 
1■06732 

0736» 
1.06066 
1.06649 
1.09736 
1.10767 
1.12006 
1.13574 
1.15741 
1.19370 
1.20525 
1.22006 
1.24090 
1.27633 
.99037 
.99217 
.99465 
.99720 
.99963 

1.00253 
1.00533 
1.00622 
1.01121 
1.01431 
1.01754 
1.02090 
1.02440 
1.02606 
1.03169 
1.03591 
1.04015 
1.04464 
1.04939 
1.05447 
1.05991 
1.06576 
1.07216 
1.07923 
1.06706 
1.09599 
1.10635 
1.11679 
1.13451 
1.15623 
1.19256 
1.20413 
1.21697 
1.23979 
1.27523 
.99196 
.99249 
.99505

.2130 

.2092 

.2053 

.2012 

.1970 
• 1626 
.1601 
.1635 
.1766 
.1739 
.1690 
.1640 
.1509 
.1537 
.1405 
.1432 
.1379 
.1326 
.1315

• 1304 
.1294 
.1263

• 2527 
.2510 
.2460 
.2466 
.2442 
.2416 
.2392 
.2365 
.2336 
.2306 
.2274 
.2241 
.2205 
.2166 
.2129 
.2069 
.2049 
.2002 
.1957

• 1910 
.1662 
.1613 
.1762

• 1710 
.1656 
.1604 
.1 .50 
.1495 
.1440 
.1364 
.1326 
.1317 
.1306 
.1294 
.1263 
.2534 
.2529 
.2507
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T/13LE 12

THERMODYHAMIC properties of potassium vapor (conlinuftf) 
(Monorvr Gas Base)

2429

2429

2429

2429

2429

2429

2429

2429

2429

2«29

2429

2429

2429

2429

2429

2429

2429

2429

2429

2429

2429

2429

2429

2429

2429

2429

2429

2429

2429

2429

2429

2400

2400

2400

2400

2400

2400

2400

2400

2400

2400

2400

2400

2400

2400

2400

2400

2400

2400

2400

2400

2400

2400

2400

2400

2400

2400

2400

2400

2400

27.0000

20.0000

29.0000 
24.000C

22.0000 
22.0000 
21.0000 
20.0000

19.0000

10.0000

17.0000

10.0000

19.0000

14.0000

12.0000 
12.0000 
11.0000 
10.0000

9.0000 
O.OdOO

7.0000

4.0000

9.0000

4.0000

2.0000 
2.0000 
1.0000

• 0000
• 4000
• 4000 
.2000

27.7249

27.0000

24.0000

29.0000

24.0000

22.0000 
22.0000 
21.0000 
20.0000

19.0000

10.0000

17.0000

14.0000

19.0000

14.0000

12.0000 
12.0000 
11.0000 
10.0000

9.0000 
0.0000

7.0000

4.0000

9.0000

4.0000

2.0000 
2.0000 
1.0000

.0000

9774

4924

7222

0200

9141

0202

1244

2402

2999

9949

7200

9224

1499

2994

4921

0241

4410

9292

9294

2714

2219

9121

2090

9979

4090

4419

2942

0440

2109

2020

0042

9029

9920

4240

'047

/924

0077

9907

1027

2202

2441

9194

4914

0091

1090

2944

4479

9072

2092

0724

4424

2020

1942

4224

2017

0499

9104

2174

9104

2494

.7904 

.7974 

.0042 

.0111 

.0100 

.0249 

.0220 

.0290 

.0442 

.0929 

.0400 

.0402 

.0790 

.0024 

.09^1 

.0990 

.9049 
9149 
9221 
.9319 
.9294 
. 1400 
.9949 
.9490 
.9724 
.9029 
9911 
.9929 
.9944 
.9944 
.9902 
. 7000 
.7090 
.7920 
.7909 
.0099 
.0129 
.0200 
.0272 
.0244 
.0410 
.0492 
.0947 
.0443 
.0720 
.0799 
.0070 
.0999 
.9040 
.9122 
.920 7 
.9291 
.9377 
.9442 
.9991 
.9439 
.9720 
.9010 
.9900 
.9927

1292.19

1294.42

1240.19 
1243.72

1247.34 
1271.02

1274.74

1270.99

1202.41

1204.32

1290.29

1294.32

1290.41

1202.94

1204.74 
1211.01

1219.32

1219.47 
1224.07

1220.91

1332.00

1337.92

1242.00 
1244.40

1291.30

1399.99

1340.43

1241.97

1242.91

1342.49

1344.39

1244.39

1244.09

1290.42

1294.01

1297.44

1241.34

1249.09

1240.91

1272.79

1274.74

1200.79

1204.02

1200.94

1293.14

1297.42

1201.74 
1204.12

1210.99 
1219.04

1219.97

1224.14 
1220.70

1233.49

1230.14 
1242.90

1347.47

1292.47

1297.20 
1390.27

.99770 
1 00043 
1.00324 
1.00414 
1.00917 
1.01221 
1.01994 
1.01099 
1.02240 
1.02417 
1.03003 
1.03410 
1.03037 
1.04209 
1.04749 
1.09200 
1.09029 
1.04421 
1.07049 
1.07774 
1.00944

1.09440

1.10901

1.11749

1.12324

1.19903

1.19142

1.20299

1.21704

1.23047

1.27412

.99390

.99992

.99027

1.00111

1.00404

1.00700

1.01024

1.01392

1.01494

1.02090

1.02423

1.02013

1.03223

1.03494

1.04110

1.04994

1.09110

1.09443

1.04299

1.06909

1.07422

1.00417

1.09310

1.10344

1.11617

1.13200

1.19392

1.19024

1.20104

.2404 

.2440 

.2439 

.2400 

.2279 

.2249 

.2317 

.2203 

.2247 

.2209 

.2140 

.2127 

.2003 

.2037 

.1990 

.1941 

.1091 

.1039 

.1704 

.1732 

.1477 

.1421 

.1944 

.1904 

.1440 

.1290 

.1231 

.1219 

.1307 

.1299 

.1204 

.2943 

.2927 

.2904 

.2479 

.2492 

.2424 

.2394 

.2341 
,2227 
.2290 
.2291 
.2210 
.2147 
.2122 
.2074 
.2029 
.1974 
.1922 
. 1047 
.1012 
.1799 
.1497 
.1420 
.1979 
.1910 
.4497 
.1294 
.1234 
.1221
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table *2
ThEPmODYNAMIC PRCPEPTIES of potassium vapor (continutcj) 

(Monomer Gas Base)

2400.

2400.

2400.

237$.

2379.

2179.

2379.

2379.

2379.

2379.

2379.

2379.

2379,

2379.

2379.

2379.

2379.

2379.

2379.

2379.

2379,

2379.

2379.

2379,

2379.

2379,

2379.

2379.

2379.

2379.

2379.

2379.

2379.

2379.

2390.

2390.

2390.

2390.

2390.

2390.

2390.

2390.

2390.

2390.

2390.

2390.

2390.

2390.

2390.

2390.

2390.

2390.

2390.

2390.

2190.

2390.

2390.

2390.

2390.

2390.

.0000

.4000

.2000

20.2420

20.0000

29.0000

24.0000

23.0000

22.0000 
21.0000 
20.0000

19.0000

10.0000

17.0000

10.0000

19.0000 
I4.x>aoo 
13.9?«0

12.0000 
11.0000 
lo.Aooo
9.0000 
0.0000

7.0000

а. 0000

9.0000

4.0000

3.0000

2.0000 
1.0000

.0000

.6000

.4000

.2000

24.9097

24.0000

23.0000

22.0000 
21.0000 
20.0000

19.0000

10.0000

17.0000

10.0000

19.0000

14.0000

13.0000

12.0000 
11.0000 
10.0000

9.0000 
0.0000

7.0000

б. 0000

9.0000

4.0000

3.0000

2.0000 
1.0000

.0000

00.9213 
133.0299 
266.9300 

1.9791 
1.6011 
1.6001 
1.7690 
1.0991 
1.9610 
2.0729 
2.1961 
2.3329 
2.4044 
2.6940 
2.0463 
3.0640 
3.3133 
3.6014 
3.9300 
4.3364 
4.0191 
9.4007 
6.1339 
7.0769 
0.3346 
10.0970 
12.7419 
17.1914 
29.9729 
92.4399 
69.6742 
07.7316 
131.0467 
264.1920 

1.6607 
1.7301 
1.0303 
1.9311 
2.0417 
2.1636 
2.7906 
2.4409 
2.6173 
2.0071 
3.0227 
3.2696 
3.9949 
3.0004 
4.2030 
4.7973 
9.3370 
6.0630 
6.9903 
0.2492 
9.9919 

12.6133 
16.9030 
29.7270 
91.9610 
69.0709

.99492

.99634

.99017

.70426

.70633

.79343

.00096

.00773

.01496

.02227

.02967

.03716

.04479

.09249

.06026

.06019

.07623

.00439

.09266

.90109

.90996

.91017

.92609

.93972

.94464

.99366

.96277

.97196

.90123

.99090

.99246

.99434

.99622

.99011

.70036

. 79497

.00220

.00966

.01712

.02467

.03232

.04000

.04797

.09997

.06410

.07239

.00074

.00929

.09700

.90664

.91991

.92490

.93361

.94202

.99213

.96193

.97103

.90061

,99027

.99221

1399.24

1360.21

1361.19

1243.09 
1244.11 
1247.79 
1291.46

1299.22

1299.09

1262.99

1266.92

1270.96

1279.07

1279.24 
1203.49

1207.01

1292.19 
1296.63 
1301.14

1309.71

1310.33

1319.01 
1319.74 
1324.91

1329.33

1334.19

1339.09 
1344.0?

1340.90

1393.97

1394.97

1399.97

1396.97

1397.90

1241.72

1249.19

1240.99

1292.09

1296.07

1260.93

1269.06 
1269.27

1273.99

1277.91 
1202.39

1206.09 
1291.43

1296.07 
1300.70

1309.99 
1310.30 
1319.26

1320.19 
1329.16

1330.10 
1339.24

1340.34 
1149.47 
1390.62 
1391.66

1.21670

1.23799

1.27301

.99923

.99609

.99091

1.00107

1.00494

1.00012

1.01143

1.01400

1.01047

1.02223

1.02617

1.03031

1.03466

1.03926

1.04419

1.04939

1.09493

1.06094

1.06740

1.07467

1.00267

1.09174

1^10224

1.11404

1.13072

1.19299

1.10900

1.20060

1.21999

1.23641

1.27100

.99692

.99964

1.00273

1.00994

1.00920

1.01279

1.01630

1.02010

1.02419

1.02033

1.03273

1.03737

1.04230

1.04799

1.09310

1.09929

1.06904

1.07300

1.00114

1.09026

1.10002

1.11347

1.12941

1.19134

1.10790

1.19990

.1309

.1296

.1204

.2999

.2940

.2924

.2490

.2470

.2440

.2400

.2373

.2336

.2296

.2294

.2209

.2163

.2114

.2062

.2009

.1994

.1090

.1040

.1700

.1719

.1697

.1994

.1931

.1467

.1402

.1337

.1324

.1311

.1290

.1209

.2960

.2949

.2910

.2400

.2496

.2421

.2304

.2343

.2300

.2294

.2206

.2199

.2102

.2047

.1909

.1930

.1069

.1006

.1742

,1077

.1011

.1944

.1477

.1409

.1340

.1326
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2350.

2390.

2390.

2329.

2329.

2329.

2329.

2329.

2329.

2329.

2329.

2329.

2329.

2329.

2329.

2329.

2329.

2329.

2329.

2329.

2329.

2329.

2329.

2329.

2329.

2329.

2329.

2329.

2329.

2329.

2329.

2300.

2300.

2300.

2300.

2300.

2300.

2300.

2300.

2300.

2300.

2300.

2300.

2300.

2300.

2300.

2300.

2300.

2300.

2300.

2300.

2300.

2300.

2300.

2300.

2300.

2300.

2300,

2279.

2279.

•£3LE >2

thermodynamic PRC?£'.t:ES C,- potassium vapor (cominutc) 
(Monooe- Sas Esse)

.*000

.4000

.2000

23.5757

23.0000

22.0000 
21.0000 
20.0000

19.0000

10.0000

17.0000

16.0000

15.0000

14.0000

13.0000

12.0000 
11.0000 
10.0000

9.0000

t.oooo
7.0000

6.0000

5.0000

4.0000

3.0000

2.0000 
1.0000

.0000

.6000

.4000

.2000

22.2099

22.0000

21.0000

20.0000

19.0000

10.0000

17.0000

16.0000

15.0000

14.0000

13.0000

12.0000 
11.0000 
10.0000

9.0000 
0.0000

7.0000

6.0000

5.0000

4.0000

3.0000

2.0000 
1.0000

• 0000 
• 6000 
.4000 
.2000 

21.0517 
21.0000

•6.9413

130.6674

1

1

1

2

2

2

2

2

2

2

3

3

3

4

4

5

5

6 
• 
9

12 
16 
25 
51 
64 
• 6 

129 
259 

1 
1 
1 
2 
2 
2 
2 
2 
2 
3 
3

3

4

4

5

5

6 
• 
9

12

16

25

51

63

05

120

257

7470

0013

9009 
0102 
1300 
2643 
4131 
5797 
7676

9010 
2254 
5000 
0302 
2292 
*990 
2740 
9935 
9195 
1552 
0063 
4042

• 157 
4010

4014

4022

1505

4075

4991

0410

• 704 
9705 
0977 
2290 
3769 
5417 
727s 
930f 
1006 
4606 
7076 
1740 
6402 
2090 
9227

• 402 
0646 
7000 
3545 
6470 
2344 
0013

• 054 
3591 
3070 
1514

1.9400

1.9465

.99415

.99610

.99005

.79234

.79663

.00415

.01176

.01946

.02720

.03522

.04320

.05140

.05902

.06030

.07691

.0056*

.09455

.90357

.91272

.9220C

.93139

.94090

.95051

.96023

.97005

.97995

.90994

.99194

.99395

.99597

.99790

.79621

.79044

.00619

.01405

.02203

.03014

.03039

.04679

.05534

.06405

.07290

.00190

.09105

.99035

.90979

.91936

.92906

.93000

.94002

.95006

.96901

.97926

.90959

.99166

.99374

.99503

.99791

.79999

.00040

1152.69

1353.73

1354.76

1240.30

1242.63 
1246.61

1250.67

1254.01

1259.04 
1263.35

1267.74 
1272.22

1276.70

1201.41 
1206.12 
1290.91

1295.76 
1300.60

1305.67

1310.71

1315.00 
1320.95 
1326.13 
1331.37

1336.63 
1341.94 
1347.27

1340.34

1349.41

1350.40 
1351.55

1239.02 
1240.20

1244.34 
1240.57

1252.09

1257.30

1261.01

1266.40

1271.09

1275.66

1200.71

1205.64

1290.65 
1295.73 
1300.07

1306.00

1311.35

1316.67

1322.04 
1327.45

1332.90 
1330.39

1343.90

1345.01 
1346.12 
1347-23 
;340.34

1237.66 
1237.00

1.21439 
1.>3526 
1.27-74 
.99065 

1.00045 
l.OC V > 
1.0070. 
1.03057 
1.01423 
1.01006 
1.02200 
1.02629 
1.03074 
1,03543 
1.04041 
1.04571 
1.05139 
1.05751 
1.06416 
1.07146 
1.07957 
1.00075 
1.09930 
1.11209 
1.12009 
1.15000 
1.10670 
1.19032 
1.21321 
1.23410 
1.26959 
1.00042 
1.00130 
1.00477 
1.00031 
1.01201 
1.01500 
1.01993 
1.02419 
1.02060 
1.03342 
1.03045 
1.04301 
1.04954 
1.05572 
1.06243 
1.06979 
1.07797 
1.00721 
1.09790 
1.11067 
1.12674 
1.14000 
1.10549 
1.19712 
1.21203 
1.23292 
1.26043 
1.00224 
1.00242

.1313 

.1299 

.1205 

.2502 

.2567 

.2530 

.2506 

.2472 

.2434 

.2393 

.2349 

.2302 

.2252 

.2200 

.2144 

.2007 

.2027 

.1964 

.1900 

.1035 

.17*7 

.16*9 

.1*29 

.1559 

.1407 

.1416 

.1344 

.1329 

.1315 

.1300 

.1206 

.2590 

.2509 

.2550 

.2524 

.2406 

.2445 

.2400 

.2352 

.2301 

.2247 

.2109 

.2129 

.2066 

.2001 

.1934 

.1065 

.17*4 

.1722 

.1649 

.1574 
• 1499 
.1423 
.1347 
.1332 
.1317 
.1302 
.1206 
.2613 
.2612
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•table 12

thermodynamic properties of potassium vapor (contlnutO)
(Mc-nofT'er Gfis Base)

2279.

2279.

2279.

2279.

2279.

2279.

2279.

2279.

2279.

2279.

2279.

2279.

2279.

2279.

2279.

2279.

2279.

2279.

2279.

2279.

2279.

2279.

2279.

2279.

2290.

2290.

2290.

2290.

2290.

2290.

2290.

2290.

2290.

2290.

2290.

2290.

2290.

2290.

2290.

2290.

2290.

2290.

2?90.

2290,

2290.

2290.

2290.

2290,

2229.

2229.

2229.

2229.

2229.

2229.

2229.

2229.

2229.

2229.

2229.

2U9.

20.0000

19.0000

10.0000

17.0000

10.0000

19.0000

14.0000

13.0000

12.0000 
11.0000 
10.0000

9.0000 
0.0000

7.0000 
0.0000

9.0000

4.0000

3.0000

2.0000 
1.0000

.6000

.6000

.4000

.2000

19.6609

19.0000

16.0000

17.0000

16.0000

19.0000

14.0000

13.0000

12.0000 
11.0000 
10.0000

9.0000

6.0000

7.0000

6.0000

9.0000

4.0000

3.0000

2.0000 
1.0000

.6000

.6000

.4000

.2000

16.7194

16.0000

17.0000

16.0000

19.0000

14.0000

13.0000

12.0000 
11.0000 
10.6000

9.0000

9.0000

2.0643 
2.1949 
2.3403 
2.9033 
2.6673 
2.6963 
3.1397 
3.4127 
3.^369 
4.1199 
4.9609 
9.1491 
9.6913 
6.7603 
7.9739 
9.6731 
12.2241 
16.4776 
24.9672 
90.9209 
63.2679 
64.9671 
127.1299 
294.6031 

2.0476 
2.1996 
2.3034 
2.4646 
2.6469 
2.6932 
3.0902 
3.3643 
3.6646 
4.0649 
4.9209 
9.0796 
9.7793 
6.6796 
7.6617 
9.9696 

12.0931 
16.3076 
24.7393 
90.0391 
62.6697 
63.7744 
129.9441 
292.4941 

2.1629 
2.2661 
2.4294 
2.6092 
2.6097 
3.0441

3.3193 
3.6326 
4.0664 
4.4604 
9.0136 
9.7066

.60641

.61696

.62464

.63329

.64169

.69069

.69999

.66669

.67799

.66736

.69696

.90670

.91696

.92660

.93679

.94703

,99742

.96792

.97693

.96922

.99137

.99392

.99966

.99764

.60371

.61066

.61932

.62799

.63676

.64974

.69491

.66427

.67360

.66391

.69339

.90344

.91369

.92401

.93491

.94914

.99990

.96676

.97776

.96663

.99106

.99329

.99992

.99776

.60737

.61397

.62236

.63139

.64060

.69001

.69962

.66943

.67944

.66964

.90001

.91096

1242.19

1246.61 
1291.1? 
1299.74 
1260.46 
1269.27

1270.16

1279.16 
1260.26

1269.43

1290.66 
1296.00

1301.36 
1306.63

1312.34

1317.69

1323.90 
1329.14

1334.62

1340.93

1341.66

1342.62 
1343.97 
1349.12 
1236.30

1240.19

1244.60

1249.93

1294.37 
1299.32

1264.37 
1269.92 
1274,77 
1260.10

1269.92 
1291.02

1296.60 
1302.24

1307.94

1313.69

1319.90

1329.34

1331.23

1337.19

1336.34

1339.92

1340.71

1341.90

1234.99

1236.34

1243.16

1246.19

1293.23

1296.43 
1263.73

1269.19

1274.66 
1260.26

1269.99

1291.72

1.00999

1.00972

1.01363

1.01773

1.02203

1.02696

1.03136

1.03644

1.04169

1.04764

1.09366

1.06069

1.06606

1.07632

1.06963

1.09639

1.10923

1.12937

1.14790

1.16426

1.19990

1.21063

1.23174

1.26726

1.C0412

1.C0737

1.01131

1.01949

1.01960

1.02436

1.02922

1.01436

1.03963

1.04966

1.09199

1.09603

1.06632

1.07463

1.06402

1.09469

1.10777

1.12396

1.14616

1.16302

1.19466

1.20962

1.23094

1.26606

1.00604

1.00691

1.01309

1.01749

1.02212

1.02702

1.03221

1.03779

1.04366

1.69004

1.09694

1.06491

.2976

.2941

.2900

,2499

.2406

.2393

.2297

.2237

,2174

.2109

.2041

.1970

.1697

.1623

.1747

.1669

.1991

.1911

.1432

.1391

.1339

.1319

.1303

.1267

.2630

.2996

.2997

.2911

.2462

.2406

.2390

.2266

.2223

.2194

.2063

.2009

.1932

.1693

.1773

.1691

.1609

.1929

.1441

.1396

.1339

.1322

.1309

.1266

.2646

.2616

.2971

.2921

.2466

.2406

.2343

.2279

.2203

.2126

.2090

.1069
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TABLE 12

thermodynamic properties op potassium vapor (contim.t(S) 
(MOHOwpr Gat Base)

2225.

2225.

2225.

2225.

2225.

2225.

2225.

2225.

2225.

2225.

2225.

2200.

2200.

2200.

2200.

2200.

2200.

2200.

2200.

2200.

2200.

2200.

2200.

2200,

2200.

2200.

2200,

2200,

2200,

2200,

2200,

2200,

2200.

2J75.

2175.

2175.

2175.

2175.

2175.

2175.

2175.

2175.

2175.

2175.

2175.

2175.

2175.

2175.

2175.

2175.

2175.

2175,

2175.

2175.

2150.

2150.

2150.

2150.

2150.

2150.

7.0000 
0.0000

5.0000

4.0000

3.0000

2.0000 
1.0000

.0000

.0000

.4000

.2000

17.015*

17.0000

10.0000

15.0000

14.0000

13.0000

12.0000 
11.0000 
le.oooo
*.0000

0.0000

7.0000 
0.0000

5.0000

4.0000

3.0000

2.0000 
1.0000

.0000

.0000

.4000

.2000

10.5012

10.0000

15.0000

14.0000

13.0000

12.0000 
11.0000 
10.0000

*.0000

0.0000

7.0000 
*.0000

5.0000

4.0000

3.0000

2.0000 
1.0000

.0000

.*000

.4000

.2000

15.5504

15.0000

14.0000

13.0000

12.0000 
11.0000

*.5*0*

7.70*2 
*.4574 

11.**15 
1*.13** 
24.4*0* 
40.5570 
*2.0*00 
02.*00* 

124.7*1* 
250.1044 

2.20*7 
2.3*50 
2.5*35 
2.7*57 
2.0*75 
3.2*50 
3.57*0 
3.0510 
4.3*02 
4.*471 
5.6333 
0.51*7 
7.*05* 
0.34*5 
11.02*0 
15.**54 
24.2412 
40.0740 
*1.4*12 
02.10*7 

123.57*3 
247.753* 

2.4202 
2.5214 
2.7212 
2.0503 
3.2157 
3.52*3 
3.0*44 
4.3373 
4.07*0 
5.55*1 
*.4340 
7.001* 
0.2307 
11.0*57 
15.7*31 
23.0*10 
40.5*03 
*0.0*07 
•1.3*17 

-.22.3*42 
245.402* 

2.5*43 
2.07*1 
2.002* 
3.1*50 
3.4722 
3.03*4

.02127

.03214

.04315

.05430

.0*55*

.07**4

.*0043

.0*073

.0*304

.0*53*

.0*7*0

.01100

.01*57

.02570

.03521

.04407

.05475

.00404

.0751*

.00500

.0**3*

.00730

.0103*

.02**4

.04105

.052*0

.0*420

.07*00

.007**

.0*03* 

.**27* 

.0*51* 

.0*75* 

.014*0 

.01**1 

.02*57 

.03*47 

.04**2 

.0*001 

.070*4 

.00150 

.0*250 

.0030* 

.01534 

.*2700 

.*3002 
■05001 
.0*2*3 
.07517 
.**754 
.**002 
.0*251 
.0*500 
.0*750 
.OIOIO 
.023*5 
.03301 
.04423 
.054*3 
.0*5*0

12*7.5*

1301.47

1300.44

1315.45 
1321.52 
1327.02

1333.75

1334.00

1330.22

1337.45 
1330.*0 
1233.*1 
123*.*0 
1241.77 
124*.**

1252.34

1257.01 
12*3.3* 
12*0.0* 
1274.00 
12*0.77

1200.75 
12*2.00 
12«*.*.< 
1305.12 
1311.3* 
1317.05 
1323.*0

1330.35

1331.02 
1332.40 
1334.10

1335.46

1232.2*

1235.23 
1240.5* 
1246.0*

1251.73

1257.50 
1263.30 
12*0.3* 
1275.4* 
12*1.67 
12*7.05 
12*4.31

1300.73 
1307.21

1313.74 
1320.32

1326.03 
1320.25

1320.50 
1330.01

1332.24 
1230.00

1234.03 
123*.** 
1245.** 
1251.45 
1257.53

1.072*0 
1.0*23* 
1.0*327 
1.10*27 
1.1225* 
1.14404 
1.1*17* 
1.1*343 
1.2003* 
1.22*33 
1.2*400 
1.00*03 
1.010*0 
1.01510 
1.01*70 
1.02474 
1.03000 
1.0355* 
1.0415* 
1.04002 
1.05501 
1.0*205 
1.07112 
1.000*0 
1.0*105 
1.10473 
1.12111 
1.14340 
1.10040 
1.1*21* 
1.20715 
1.22*11 
1.2*300 
1.0100* 
1.012*3 
1.01737 
1.02230 
1.02770 
1.0333* 
1.03*42 
1.045*4 
1.05301 
1.0*073 
1.00*2* 
1.070*1 
1.0**** 
1.10317 
1.11*03 
1.14210 
1.17*1* 
1.1*0*0 
1.2050* 
1.226*7 
1.2*246 
1.0121* 
1.014*6 
1.01**4 
1.02532 
1.0310* 
1.0371*

.100*

.1002

.1715

.1*20

.153*

.14*0

.13*0

.13*3

.1325

.1307

.120*

.2**2

.2*34

.2503

.2520

.2**6

.2401

.2330

.22*5

.2177

.20*4

.200*

.1*22

.1032

.1741

.1640

.155*

.14*0

.13*0

.1347

.1320

.130*

.12*0

.2*70

.2*4*

.2**2

.2530

.2**2

.230*

.2311

.222*

.2142

.2053

.1**0

.10*5

,170*

.1*70

.1*71

.1471

.1371

.1351

.1331

.1311

.12*1

.2**3

.2**1

.2**0

.2520

.2452

.2371
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AdLE '2

Thl^KOOY^AMlC 5R:-VT;ES of •“'OTASSIUM vapor (continutc) 
(vor.i Gas Zate)

2190.

2190.

2190.

2190.

2190.

2190.

2190.

2190.

2190.

2190.

2190.

2190.

2190.

2190.

*:?9.

2129.

2129.

2129.

2129.

2129.

2129.

2129.

2129.

2129.

2129.

2129.

2129.

2129.

2129.

2129.

2129.

2129.

2129.

2100.

2100.

2100.

2100.

2100.

2100.

2100.

2100.

2100.

2100.

2100.

2100.

2l0i;.

2100.

2100.

2100.

2100.

2100.

2079.

2079.

2079.

2079.

2079.

2079.

2079.

2079.

2079.

10.0000

0.0000

0.0000

7.0000 
0.0000

9.0000

4.0000

2.0000 
2.0000 
1.0000

.8000

.6000

.4000

.2000

14.9824

14.0000

i2.oo:o

12.0000 
11.0000 
10.0000

f .0080 
8.0000

7.0000

6.0000

9.0000

4.0000

3.0000

2.0000 
1.0000

.8000

.6000

.4000

.200C

13.6977

13.0000

12.0000 
11.0000 
10.0000

9.0000

8.0000

7.0000

6.0000

9.0000

4.0000

3.0000

2.0000 
1.0000

.8000

.6000

.4000

.2000

12.7740

12.0000

11.0000

10.0000

9.0000

8.0000

7.0000

6.0000 
9.0000

4.2747

4.8116

9.4842

6.3909

7.9071

9.1281

11.9616

19.6200 
23.7399 
48.1097 
60.2894 
80.9998

121.2092

243.0904

2.7201

2.8943

3.1136

3.4174

3.7776

4.2112

4.7427

9.4089

6.2661

7.4113

9.0166

11.4266

19.4499

23.4879

47.6201 
99.6871 
79.7990

120.0233

240.6972

2.8088

3.0616

3.3618

3.7181

4.1470

4.6728

9.3318

6.1800

7.3146

6.9041

11.2906

19.2708

23.2349

47.1336

99.0838

79.0011

118.8364

230.3431

3.0718

3.3099

3.6977

4.0819

4.6021

9.2942

6.0949

7.2169

6.7909

-
.5

.87709 1263.74 1,04379 .22S4

.88894 1270.06 1.09094 .21M

.90022 1276.48 1.09879 .20*.

.91211 1283.00 1.06740 .2001

.92420 1269.60 1.07712 .1*01

.93647 1296.27 1.08829 .17.0

.94891 1303.01 1.10196 .1*«4

.96149 1309.79 1.11813 .1*0.

.97421 1316.63 1.14069 .1403

.98709 1323.49 1.17788 .1377

.98963 1324.87 1.10961 .139*

.99222 1326.29 1.20462 .1334

.99481 1327.63 1.22962 .1313

.99740 1329.01 1.36123 .12.2

.82176 1229.69 1.01437 .2707

.82786 1233.10 1.01740 .26*9

.83896 1239.09 1.02266 .29*0

.84997 1249.23 1.02866 .2920

.86086 1291.92 1.03488 .2439

.87244 1297.99 1.04196 .2349

.88428 1264.91 1.04860 .2249

.89637 1271.18 1.09671 .2149

.90870 1277.94 1.06949 .204*

.92124 1284.80 1.07927 .1939

.93398 1291.74 1.08699 .1031

.94689 1298,74 1.69992 .1720

.99997 1309.80 1.11699 .1*00

.97319 1312.90 1.13926 .149*

.98694 1320.04 1.17699 .1303

.98922 1321.48 1.16830 .13*1

.99191 1322.91 1.20334 .1330

.99460 1324.34 1.22439 .131*

.99730 1329.78 1.29998 .12*3

.82939 1228.43 1.01662 .2721

.83261 1232.90 1.02029 .2*72

.84392 1238.89 1.02616 .29*2

.89997 1249.39 1.03248 .2904

.66752 1292.01 1.03929 .2409

.87977 1298.81 1.04699 .2309

.89230 1265.74 1.09499 .2203

.90908 1272.77 1.06344 .20.4

.91010 1279.90 1.07337 .1**1

.93133 1287.12 1.08479 .1**9

. 94476 1294.41 1.09823 .174*

.99636 1301.79 1.11902 .1*29

.97211 1309.19 1.13780 .1910

.90600 1316.98 1.17520 .13*0

.98879 1318.07 1.18698 .13**

.99199 1319.96 1.20203 .1342

.99439 1321.09 1.22307 .131*

.99719 1322.94 1.29873 .12*4

.82894 1227.19 1.01899 .2733

.83796 1232.27 1.02360 .2**9

.84997 1239.00 1.02999 .297*

.86232 1249.91 1.03686 .247*

.87500 1292 96 1.04429 .2373

.88798 1260.16 1.09240 .22*2

.90124 1267,47 1.06136 .214*

.91477 1274.90 1.07140 .2*2*

.92893 1282.41 1.08290 .1*03
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table

thermodynamic properties of potassium vapor (conttnutd)
(Mononer G«s Saxe)

tOTB.

»07».

2079.

2079.

2079.

2079.

2079.

2079.

2090.

2090.

2090.

2090.

2090.

2090.

2090.

2090.

2090.

2090.

2090.

2090.

2090.

2090.

2090.

2090.

2029.

2029.

2029.

2029.

2029.

2029.

2029.

2029.

2029.

2029.

2029.

2029.

2029.

2029.

2029.

2029.

2000.

2000.

2000.

2000.

2000.

2000.

2000.

2C00.

2000.

2000.

2000.

2000.

2000.

2000.

2000.

1079.

1079.

1079.

1079.

1079.

4.0000

1.0000 
2.0000 
1.0000

.0000

.0000

.4000

.2000

11.0100

11.0000

10.0000

0.0000

l.OfOO

7.0000 
0.0000

9.0000

4.0000

1.0000 
2.0000 
1.0000

.0000

.0000

.4000

.2000

11.12»0

11.0009

10.0000

0.0000

0.0000

7.0000 
0.0000

9.0000

4.0000

1.0000 
2.0000 
1.0000

.0000

.0000

.4000

.2000

10.1012

10.0000

0.0000

0.0000

7.0000 
0.0000

9.0000

4.0000

1.0000 
2.0000 
1.0000

.0000

.4000

.4000

.2000

0.4144

0.0000

1.0000

7.0000

4.0000

11.1919

19.0044

22.0000

44.4490

90.4704

70.2C22

117.4404

219.0070

1.2704

1.9044

4.0199 
4.9101 
9.1799 
4.0071 
7.1101 
0.4790

11.0192

14.0171

22.7299

44.1972

97.0710

77.4022

114.4901

211.4114

1.4040

I. 9141

J. 0400 
4.4974 
9.0097 
9.0109 
7.0101 
0.9400

10.0790

14.7100

22.4400

49.4471

97.2471

74.4000

119.2400

211.2740

1.7224

1.0007

4.1017

9.0140

9.0200

4.0140 
0.4420

10.7190 
14.9900 
22.2112 
49.1790 
94.4901 
79.7002 

114.0772 
220.0191 

1.0000 
4.1004 
4.0124 
9.7177

4.0141

.04240

.09449

.07004

.00942

.00011

.00124

.00414

.00700

.01299

.04407

.0940?

.04004

.00110

.00717

.01121

.02994

.04000

.09401

.04074

.00401

.00704

.00007

.00101

.00409

.01410

.01701

.09100

.04497

.07091

.00204

.00744

.02217

.01792

.09200

.04049

.00414

.00712

.00040

.00149

.00402

.Ol'^RO

.04401

.09000

.07114

.00021

.00144

.01000

.01470

.09001

.04704

.00144

.00474

.00004

.00117

.00441

.04192

.09204

.04717

.00111

.00010

1200.00

1207.49

1109.19 
till.00

1114.49

1114.20

1117.79 
1110.11

1229.07

1212.44

1210.42

1244.04

1294.42

1242.04 
12.-0.77

1277.40

1209.91

1201.40

1101.92

1100.90

1111.21 
1112.01

1114.49

1114.07

1224.70

1229.72 
1211.11

1240.74

1240.91

1294.44

1244.92

1272.40

1200.04 
1200.27

1207.49

1104.07

1107.79

1100.44 
1111.11 
1112.02

1221.42

1224.44

1214.19

1242.49

1290.72 
1290.11

1247.44

1274.20

1204.00

1201.71

1102.92

1104.20

1104.04

1107.01 
1100.97

1222.40

1227.74 
1214.10

1244.01 
1291.90

1.00490

1.11141

1.11411

1.17104

1.10944

1.20071

1.22170

1.29744

1.02119

1.02710

1.01414

1.04100

1.09011

1.09021

1.04017

1.00100

1.00471

1.11174

1.11470

1.17249

1.10427

1.10010

1.22047

1.29417

1.02101

1.02440

1.01177

1.01042

1.04777

1.09407

1.04724

1.07001

1.00200

1.11007

1.11124

1.17104

1.10200

1.10002

1.21014

1.29407

1.02410

1.02004

1.01401

1.04911

1.09449

1.04900

1.07400

I.COIOI

1.10011

1.11149

1.14040

1.10140

1.10449

1.21770

1.29194

1.02001

1.01411

1.04279

1.09221

1.04202

.1770

.1492

.1929

.1107

.1172

.1147

.1121

.1204

.2749

.2497

.2994

.2441

.2129

.2202

.2079

.1044

.1011

.1474

.1941

.1409

.1170

.1191

.1124

.1207

.2799

.2742

.2414

.2910

.2104

.2291

.2120

.1000

.1044

.1701

.1990

.1414

.1109

.1194

.1120

.1200

,2741

.2721

.2900

.2440

.2110

.2109

.2017

.1009

.1712

,1970

.1424

.1101

.1142

.1111

.1101

.2770

,2407

,2940

.2402

.2240



NAVAl KESEAftCH LABORATORY

TASLE 12

THEftyOOYNAMiC PP0?E3'^:ES PCTASSIJM vapor (contlnutd)
vKC.*C'. ' Gss OcStf}

1975.

1975,

1975.

1975.

1975.

1975.

1975.

1975.

1975.

1950.

1950.

1950.

1950.

1950.

2950.

1950.

1950.

1950.

1950.

1950.

1950.

1950.

1925.

1925.

1925.

1925.

1925.

1925.

1925.

1925.

1925.

1925.

1925.

1925,

1925,

1900.

1900.

1900.

1900.

1900.

1900.

1900.

1900.

1900.

1900.

1900.

1900.

1075.

1075,

1075.

1075,

1075.

1075.

1075.

1075.

1075,

1075.

1075.

1075.

1050.

5.0000

4.0000

3.0000

2.0000 
1.0000

.0000 

.6000 

. 4000 

.2000 
0.9469 
0.0000

7.0000

6.0000

5.0000

4.0000

3.0000

2.0000 
1.0000

.5000 
. 6000 
.4000 
.2000 

0.2932 
0.0000

7.0000

6.0000

5.0000

4.0000

3.0000

2.0000 
1.0000

.0000

.6000,

.4000

.2000

7.6745

7.0000

6.0000

5.0000

4.0000

3.0000

2.0000 
1.0000

.6000

.6000

.4000

.2000

7.0097

7.0000

6.0000

5.0000

4.0000

3.0000

2.0000 
1.0000

.0000

.6000

.4000

.2000

6.5370

0.3242 
10.5920 
14.3776 
21.9519 
44.6030 
56.0495 
74.9942 

112.6040 
226.5547 

4.2614 
4.6490 
5.6452 
6.7100 
0.2041 

10.4490 
14.1947 
21.6911 
44.1667 
55.4365 
74.1666 

111.6694 
224.1929 

4.5697 
4.7640 
5.5511 
6.6042 
6.0624 

10.3036 
14.0101 
21.4266 
43.6926 
54,6257 
73.3013 

110.4930 
221.6293 

4.9061 
5.4554 
6.4966 
7.9569 

•0.1564 
13.6230 
21.1643 
43.1946 
54.2112 
72.5722 

109.2949 
219.4640 

5.2000 
5.3560 
6.3075 
7.6334 

10.0072 
13.6354 
20.6900 
42.6950 
53.5947 
71.7612 

100.0946 
217.0967 

5.6696

.91530

.93100

.94663

.96559

.90272

.96617

.96962

.99307

.99654

.64723

.06201

.07010

.09463

.91154

.92077

.94620

.96401

.96193

.96554

.96915

.99P76

.99630

.05097

.05570

.07253

.66976

.90743

.92545

.94377

.96233

.90109

.90406

.96664

.99242

.99621

.05475

.06657

.00456

.90302

.92109

.94100

.96053

.96019

.96414

.96610

.99206

.99603

.05655

.66020

.07699

.69631

.91607

.93620

.95660

.97922

.96337

.96752

.99167

.99503

.06236

1262

1271

1200

1209

1290

1300

1302 
1304 
1306 
1221

1229

1230 
1247 
1257 
1266

1276 
1205 
1295 
1297 
1299

1301

1303 
1220 
1222 
1232 
1242 
1251 
1261 
12/1 
1201

1291

1293

1295 
1297 
1299 
1219 
1225 
1235 
1246 
1256 
1266

1277 
1260

1290

1292

1294

1296 
1216 
1219 
1229 
1240 
1251 
1262 
1273

1264

1266

1260

1291

1293 
1217

50 
52 
61 
76 
95 
79

63 
47 
32 
37

70

71

09 
21

64 
16 
74 
35 
20 
20

15 
06 
20 
99

40 
00 
.'7

65 
62

66

73

74

76

77 
79 
21 
67 
93

16 
52 
99

51 
07

10 
29

41

52 
16 
10 
64 
37 
26 
24 
29 
37 
59 
61 
03 
24 
13

1.07409

1.00906

1.10654

1.13003

1.16014

1.10006

1.19525

1.21643

1.25223

1.03176

1.04007

1.04971

1.06047

1.07270

1.00705

1.10471

1.12637

1.16666

1.17661

1.19364

1.21505

1.25000

1.03450

1.03720

1.04700

1.05601

1.07043

1.00497

1.10201

1.12667

1.16514

1.17713

1.19240

1.21365

1.24952

1.03749

1.04433

1.05545

1.06607

1.00201

1.10006

1.12492

1.16360

1.17563

1.19094

1.21223

1.24614

1.04049

1.04144

1.05277

1.06560

1.06056

1.09664

1.12312

1.16203

1.17410

1.10945

1.21079

1.24674

1.04359

.2009 
,1927 
,1763 
.1590 
.1434 
.1401 
.1360 
.1335 
.1303 
. 2775 
.2636 
.2400 
.2316 
.2146 
.1973 
.1797 
.1621 
.1445 
.1410 
.1375 
.1340 
.1305 
.2770 
.2732 
.2566 
.2391 
.2209 
.2023 
.1035 
.1645 
.1457 
.1419 
.1302 
.1345 
.1307 
.2700 
.2660 
.2473 
.2270 
. 2070 
.1075 
.1672 
.1470 
.1430 
.1390 
.1350 
.1310 
.2779 
.2762 
.2562 
.2353 
.2136 
.1920 
.1702 
.1405 
,1441 
.1390 
.1356 
.1313 
. 2777



NAVmL «ISIA«CH lABO«ATO«Y

table i2

thermodynamic properties C'^ potassium vapor (cont1nL€d)
(Hor>OfT><*r Gas Sase)

it9e.

It90.

St90p

1990.

1990.

1690.

i*90,

S690.

S990.

ia9o«

1029.

1S29.

l»29.

&S29.

tt29.

a«29.

l«29*

at29.

a«29.

1629.

ia29.

aaoo.

1000.

laoo.

IfOO.

laoo.

aioo.

1600.

isoo.

1900.

1900.

1775.
1775.

1779.

1779.

1779.

1779.

1779.

1779.

1779.

1779.

1790.

1790.

1790.

1750.

1790.

1790.

1790.

1790.

1790,

1729.

1729.

1729.

1729.

1729.

1729.

1729.

1729,

1729.

1700.

a.fooo
9.0000

4.0000

s.oooo
2.0000 
1.0000

.0000

.0000

.4000

.2000

0.01/9

0.0000

9.0000

4.0000

3.0000

2.0000 
1.0000

.0000

.6000

.4000

.2000

9.9207

9.0000

4.0000

3.0000

2.0000 
1.0000

.0000 

.0000 

.4000 

.2000 
9.0c 44 
9.00W0

4.0000

3.0000

2.0000 
1.0000

.0000

,6000

.4000

.2000

4.6300

4.0000

3.0000

2.0000 
1.0000

.0000

.6000

.400b

.2000

4.2399

4.0000

3.0000

2.0000 
1.0000

.0000

.6000

.4000

.2000

3.0996

6

7

9

13

20

42

92

70

106

214

6

6

7

9

13

20

41

92

70

109

212

6

7

9

13

20

41

91

69

104

209

7

7

9

12

19

40

91

60

103

207

7

9

12

19

40

90

67

102

209

0

9

12

19

39

49

66

100

202

9

v9 z h9 s9

.27.1 .07302 12ZS.lt 1.04*** .2660

. 7099 .09329 1234.3* 1.0*302 .2436

.0999 .91390 1249.33 1.07823 .2204

.4449 .93910 1297.33 1.0*379 .1060

.6299 .99693 123*.00 1.12127 .1^34

.1931 .97010 1230.34 1.130*2 .1900

.9761 .90294 1232.*7 1.17294 .1494

.9401 .90690 1239.30 1.137*4 .1400

.0926 .99126 1237.33 r.20*33 .1362

. 7274 .99963 123*.*3 1.24933 .1316

• 1«17 .06623 1213.12 1.04*73 .2773

.142. .06660 1213.33 1.0*701 .2769

.9761 .00701 1223.1* 1.0*032 .2927

. 7022 .90997 1240.23 1.0797* .2277

.2920 .93177 1292.3* 1.0*497 .2023

.3907 .99430 1234.32 1.11*37 .1769

.6009 .97707 1273.37 1.19373 .1910

.3991 .90169 1273.32 1.170*9 .1460

.1326 .90623 1231.77 1.133*1 .1410

.6001 .99001 1284.22 1.20734 .1369

.3997 .99940 1233.«3 1.2433* .1319

.6414 .07011 1219.11 1.09003 .2767

.4430 .00196 1221.79 1.0974* .2627

.9460 .90403 1234.44 1.07324 .2397

.0966 .92019 1247.23 1.0*232 .2003

.0094 .99191 1230.19 1.117*0 .1000

.1022 .97907 1273.09 1.19710 .1937

.7317 .90069 1279.33 1.13*33 .1403

.3147 .90991 1273.21 1.18484 .1429

.4012 .99034 1230.7* 1.20333 .1376

.9016 .99917 1233.33 1.24244 .1323

.1991 .O:400 1214.12 1.09343 .2799

.3000 .07969 1219.04 1.09491 .2739

.3071 .09972 1223.44 1.07097 .2446

.0904 .9‘'4S2 1241.37 1.0**»* .2149

.0093 .94932 1299.93 1.11933 y09i

.6727 .97490 123*.1* 1.19938 . 997

.1099 .97966 1271.*1 1.1*737 . 1499

.4940 .90474 1274.32 1.13324 .1442

.2719 .90902 1277.34 1.20430 .1304

.6040 .99491 1280.09 1.240*7 .1327

.0090 .07791 1213.13 1.093** .2749

.2291 .09419 1222.20 1.03773 .2949

.6971 .92019 1233.91 1.00790 .2222

.9301 .94693 1290.3* 1.11329 .1099

.1602 .97319 1239.27 1.193*1 .1901

.4764 .97094 1233.13 1.139*7 .1910

.6704 .90390 1271.00 1.13131 .1499

.0909 .90926 1273.37 1.20324 .1393

.2290 .99463 1273.73 1.23*47 .1331

i.4937 .00103 1212.19 1.03030 . 2737
.0997 .00021 1219.71 1.034*0 .2694

.4929 .91963 1230.33 1.034*3 .2302

.2476 .94392 1243.03 1.11103 .1991

1.6449 .97169 1231.23 1.191*0 .1606

>.0440 .97734 1234.32 1.1*42* .1930

1.0436 .90300 1247.34 1.17**9 .1470

1.0430 .90066 1270.3? 1.201*9 .1403

F.0420 .99433 1273.3* 1.237*9 .1336

>.2963 .00976 1211.17 1.03433 .2723



NAVAl MSEAACH lABORATOKY

TABLt 12

thermodynamic proper ”£S of potassium vapor (continued)
(Monomer Das Base)

1700.

1700.

1700.

1700.

1700.

1700.

1700.

1079.

1079.

1079.

1079.

1079.

1079.

1079.

1079.

1090.

1090.

1090.

1090.

1090.

1690.

1690.

1690.

1629.

1629.

1629.

1629.

1629.

1629.

1629.

1600.

1600.

1600.

1600.

1600.

1600.

1600.

1979.

1979.

1979.

1979.

1979.

1979.

1979.

1990.

1990.

1990.

1990.

1990.

1990.

1990.

1929.

1929.

1929.

1929.

1929.

1929.

1900.

1900.

1900.

1.0000

2.0000

1.0000

.0000

.6000

.4000

.2000

3.9000

3.0000

2.0000 
1.0000

.0000

.6000

.4000

.2000

3.1024

3.0000

2.0000 
1.0000

.0000

.6000

.4000

.2000

2.0799

2.0000

1.0000

.0000

.6000

.4000

.2000

2.9900

2.0000

1.0000

.0000

.6000

.4000

.2000

2.3394

2.0000

1.0000

.0000

.6000

.4000

.20?0

2.1003

2.0000

1.0000

.0000

.6000

.4000

.2000

1.0003

1.0000

.0000

.6000

.4000

.2000

1.6709

1.0000

.0000

12.2441

10.0614

39.1291

49.2000

66.0132

99.6237

200.4996

10.1009

12.0317

10.6712

30.6019

40.9602

69.1709

90.4004

190.0693

11.0631

11.0147

10.3769

30.0743

47.9240

64.3403

97.1730

199.6700

12.1391

10.0760

37.9419

47.2790

63.4970

99.9400

193.2717

13.3420

17.7716

37.0042

46.6209 
62.6406 
94.7036

190.0679
14.7043
17.4604
36.4606 
49.9609 
61.7944

93.4606 
100.4977

16.2463

17.1422

39.9106

49.2949

60.9330

92.2114

106.0416

17.9969

39.3932

44.6209 
60.0661 
90.9991

103.6107

19.9090

34.7070

43.9393

.91073

.94029

.97006

.97604

.90203

.90002

.99401

.00969

.90941

.93670

.96029

.97463

.90097

.90731

.99366

.09361

.09962

.93204

.96630

.9731C

.97902

.90699

.99320

.09792

.92063

.96429

.97143

.97090

.90972

.99206

.90142

.92404

.96201

.96962

.97722

.90402

.99241

.90930

.91900

.99993

.96764

.97974

.90304

.99192

.90919

.91340

.99601

.9694/

.97412

.90276

.99139

.91296

.99303

.96309

.97239

.90190

.99000

.91674

.99094

.96040

1224.99

1241.13

1297.23

1260.44 
1263.69

1266.09 
1270.04

1210.10

1210.09 
1236.03

1293.11

1296.91

1299.91 
1263.3r 
.266.60

1209.19

1212.92 
1230.79

1240.91

1292.92

1296.12 
1299.’2 
1263.30

1200.19

1229.29

1244.61

1240.49

1292.20

1296.10 
1299.91

1207.19

1219.61

1240.21

1244.30

1240.30

1292.44

1296.49

1206.19

1213.60 
12J9.70

1240.06 
1244.41 
1240.74

1293.06

1209.10

1207.49

1231.06 
1239.^2 
1240.37 
1244.99

1249.60 
1204.03

1226.27

1231.27 
1236.’4

1241.19

1246.11 
1202.94 
1221.33 
1226.69

1.00223

1.10079

1.14994

1.16249

1.17029

1.20002

1.23641

1.06016

1.07939

1.10641

1.14002

1.16062

1.17691

1.19037

1.23409

1.07212

1.07639

1.10392

1.14603

1.19074

1.17472

1.19660

1.23329

1.07619

1.10132

1.14390

1.19600

1.17209

1.19496

1.23164

1.00039

1.09097

1.14106

1.19400

1.17101

1.19319

1.22999

1.00471

1.09960

1.13966

1.19273

1.16907

1.19139

1.22031

1.00917

1.09262

1.13736

1.19090

1.16707

1.10993

1.22660

1.09379

1.13497

1.14039

1.16900

1.10763

1.22409

1.09047

1.13246

1.14603

.2393

.2009

.1634

.1960

.1407

.1414

.1342

.2700

.2493

.2074

.1669

.1909

.1909

.1426

.1340

.2690

.2606

.2147

.1700

.1612

.1926

.:44o

.1394

.2671

.2220

.1730

.1643

.1940

.1499

.1362

.2691

.2319

.1701

.1677

.1973

.1471

.1370

.2629

.2422

.1030

.1719

.1602

.1490

.1379

.2609

.2930

.1004

.1796

.1633

.1910

.1309

.2900

.1949

.1006

.1669

.1934

.1401

.2994

.2014

.1060



NAVAL RESfARCH LABORATORY

’ti.E 12

TMERMOOrNAMIC PRO?i'T!ES CF »0T6SSIUK VAPCR (contirj'o) 
(Mona.~- Sas Base)

s9

1900. .6000 99,1906 .97040 1232.02 1.10200 .1700

1900. .4000 09.6912 .90029 1237.32 1.10307 • 1960
1900. .2000 101.1002 .99016 1242.»♦ 1.22307 .1414

1479. 1.4930 22.2642 .92047 1201.01 1.10334 .2927

1479. 1.0000 34.2132 .94692 1210.20 1.12902 .2092

1479. .0000 43.2407 .99760 1221.«0 1.14300 .1921

1479. .6000 90.3063 .96029 1227.00 1.10004 .1793

1479. .4000 00.4109 ,97007 1233.39 1.18304 .1909

1479. .2000 170.7491 .90949 1239.04 1.22124 .1420

1490. 1.3292 24.0709 .92419 1200.00 1.10834 • 2490
1490. 1.0000 33.6204 .94292 1210.80 1.12703 .2101

1490. .0000 42.9401 .99442 1217.00 1.14100 .1990

1490. .6000 97.4121 .96900 1223.23 1.13833 ,1004

1490. .4000 07.1363 .97’30 1229.37 1.10130 .1622

1490. .2000 176.3006 .90060 1233.49 1.21930 .1444

1429. 1.1719 27.0660 .92770 1199.47 1.11330 .2469

1429. 1.0000 33.0320 .93049 1203.20 1.12411 .2202

1429. .0000 41.0362 .99090 1212.00 1.13839 .2070

1429. .6000 96.9060 .96326 1210.07 1.13391 .1062

1429. *4000 09.0431 .97997 1223.27 1.17939 ,1660

1429. .2000 173.0419 .90702 1231.02 1.21740 .1463

1400. 1.0327 31.3207 ,93139 1190.24 1.11002 • 2430
1400. 1.0000 32.4229 .93399 1199.44 1.12099 .2399

1400. .0000 41.1119 .94699 1200.72 1.13330 .2160

1400. • 6000 99.9090 .96036 1213.93 1.13330 .1920

1400. .4000 04.9370 .97369 ..221.07 1.17715 • 1703
1400. .2000 171.3704 .90607 1220.14 1.21349 .1403



or
►

53
a

vlmu
f ^ ?|5e;z”
= 3 £ » “! I 3 I ^ ^5 i s.

=^’i
“ “■ £ 5 s •’ I - 
3 S •» s D!§« ^ -----'^S 33°-

^1

cz
or
> 5 c?.'’ 5? 5S.

llibi'; g
■ll?|ii= i

imw- -l^g-gi s 
I S s. ^ » •’ I
= a I I S |1 3 cr 3 Q. •--

itnm nim^ §£

nf

•n
o

- S I K ^ ^ ^ ;
i|i?;si| 
“'-fill? ’ ■’ S B iisfl ,
Is ?ES|a«

5!’ ° c Sr I c
«S.5-gg°«-'' ^

"11-^nil i ■s 2.« = ■« O I O

zn

R
o

nmMi IWim rqmp
Mi ^1 111
yi!s.i|i

|:51s5I 
JI|S||S 
I 2 I-:-"!
3-E|2“-- 
1 C .1 - 5 g 3
«s:5 3?sE^ 

?£ ?

0

1•fl o

crS'^oJScSS.

vqmip
l=!!il|i Is^§•5 S SSg I a o *5 -
= 1 ^ 2- 
".1-'*2eS? I N,S €

s Sc €. » a <6

3•c = ■ '^ S g s Q-
e‘7^ w II o , t:

'it^iil!
iS^fSaf
ip2S2i
iumMill! “Sc

C
zo
r>
%
5m
o

ifjJMi liPNi







uz
D

biiilimmIllSili
' ■•till

= = 2 i
S I |s.^

-sl.-lsll
iS'o*'>2rS-cl||ssai^

§:i32S^2|

'Selsds^a

Qs

n^ipa
llit!!ipi 111
I t ^ £ 3

«l5

Q
U
C

u
§

i- U U 0( ^lasti
»5|MP HUtll
ll S£|-o 8L

^.1 l|r
S?*k|£52 ^-Igs a|^l
§||a s aii
5olga. -s
Uililll sliiiljr£t=|f2 .t5.

£-||SS?3S 
5 ° S 8.2 S
aillss^s

Qa
b

o

S ^
!siii„
3 £si£|t 
= " £ a2^= I

L-:£?2i
S|a|i|£

Q
W
C

lijiui
^ StSSaj;5£ 

^ iS-o-0£g.c
g||s2aii

Hil|UlimmiIf* ^ IIP.
£lllSs^a

i aa iP Iimili- T3 O C « _ Eumii
^HiMi
lliMsslosidi

D =|“;1l|
c |.2S«||ajI!S sfspst'

tPNii®.
£i|!s^=|

uEESoShS

Qa
bk

o



BLANK PAGE

t




