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1. INTRODUCTION:

The documentation for this data set was originally on paper, kept in NSSDC's

Data Set Catalogs (DSCs). The paper documentation in the Data Set Catalogs have been
made into digital images, and then collected into a single PDF file for each Data Set
Catalog. The inventory information in these DSCs is current as of July 1, 2004. This
inventory information is now no longer maintained in the DSCs, but is now managed in
the inventory part of the NSSDC information system. The information existing in the
DSCs is now not needed for locating the data files, but we did not remove that inventory
information.

The offline tape datasets have now been migrated from the original magnetic tape to
Archival Information Packages (AIP’s).

A prior restoration may have been done on data sets, if a requestor of this data set has
questions; they should send an inquiry to the request office to see if additional
information exists.



2. ERRATA/CHANGE LOG:

NOTE: Changes are made in a text box, and will show up that way when displayed on
screen with a PDF reader.

When printing, special settings may be required to make the text box appear on the
printed output.

Version Date Person Page Description of Change

01

02



3 LINKS TO RELEVANT INFORMATION IN THE ONLINE NSSDC
INFORMATION SYSTEM:

http://nssdc.gsfc.nasa.gov/nmc/

[NOTE: This link will take you to the main page of the NSSDC Master Catalog. There
you will be able to perform searches to find additional information]

4. CATALOG MATERIALS:
a. Associated Documents To find associated documents you will need to

know the document ID number and then click here.
http://nssdcftp.gsfc.nasa.gov/miscellaneous/documents/

b. Core Catalog Materials


http://nssdc.gsfc.nasa.gov/nmc/
http://nssdcftp.gsfc.nasa.gov/miscellaneous/documents/

REQ. AGENT ACQ. AGENT
DAD JRJ

EXTRATERRESTRIAL SOLAR SPECTRAL IRRADIANCE
MS-12A

This data set is contained on 1 file on a 9-track, 1600 BPI, ASCII
magnetic tape created on the MODCOMP IV computer from card images. The
file consists of solar spectral irradiance data covéring the wavelength
range 300 - 2500 nanometers. This data was originally created at 556
BPI, 7-track BCD on the IBM 7094 computer but was converted to 9-track
ASCII because of the phasing out of 7-track tape drives. The document

number is B-04225-000A. The D and C numbers follow below:

ot ot

. D-04899 c-02555




EXTRATERRESTRIAL SOLAR SPECTRAL IRRADIANCE TAPE FORMAT

RECORDS 1«15

COLUMNS
1 - 76 Alphameric Data for Title Page
77 - 80 Sequence Number (Integer)

RECORDS 16 - 19 BN

COLUMNS
1 - 76 Alphameric Data for Page Headings
77 - 80 Sequence Number (Integer) -

RECORDS 20 - N

COLUMNS
1 -’11 Blank
5 12 - 18 Wave Length, Nanometer (F7.1)
i S 19 - 31 Blank
a 32 - 38 Extraterrestrial Spectral Irradiance,
Watt/Sqmeter - Nanometer (F7.3)
39 - 55 Blank
56 - 62 Percantage of Total Irradiance at
Shorter Wave Length (F7.2)
63 - 76 Blank
77 - 80 Sequence Number (Integer)
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Determination of Extraterrestrial Solar Spectral
Irradiance from a Research Aircraft

John C. Arvesen, Roy N. Griffin, Jr., and B. Douglas Pearson, Jr.

Results are presented of an experiment to determine extraterrestrial solar spectral irradiance at the

earth’s mean solar distance within the 300-2500 nm wavelength region.

Spectroradiometric measure-

ments were performed during eleven research flights on board a NASA CV-990 aircraft at altitudes
between 11.6 km and 12.5 km. Precision of the measurements was better than +19%. Absolute
accuracy of the resultant extraterrestrial solar spectral irradiance is approximately 3% over most of
the measurement range. A listing of results is presented at intervals varying from 0.1 nm throughout
most of the uv-visible Fraunhofer region to 5 nm in the continuum region of the ir. Additionally, a
listing of solar spectral irradiance, smoothed over the detailed Fraunhofer structure, is presented for

engineering use.

1. Introduction

The National Aeronauties and Space Administration
(NASA) has a strong interest in a more accurate deter-
mination of the total and spectral intensity of sunlight
in space. This interest stems from the fact that ab-
sorbed solar radiation constitutes the primary source of
power and heat for spacecraft. In addition, the de-
grading influence of solar uv radiation on materials
used in spacecraft construction requires that this im-
portant spectral region be known to a higher accuracy
than at present. Research currently under way at
NASA in solar physics, terrestrial and atmospheric
physics, and meteorology also requires accurate knowl-
edge of solar spectral irradiance at the top of the earth’s
atmosphere.

The present knowledge of extraterrestrial solar
spectral irradiance has been obtained primarily through
ground-based measurements from various locations
around the world during a period of over fifty years.
In performing these measurements, the observer has
been severely handicapped by atmospheric opacity and
variability due to the presence of smoke, haze, dust,
water vapor, and other constituents found near ground

The authors are with the Ames Research Center, NASA,
Moffett Field, California 94035.
Received 13 January 1969.

level. The extrapolation to outside the atmosphere
involves performing measurements through different
amounts of atmosphere corresponding to different times
of day; thus, variable transmittance significantly affects
the aceuracy of the results.

A way to partially circumvent the problems encoun-
tered in ground-based experiments is to perform meu-
surements from an altitude where atmospheric trans-
parency and constancy allow accurate extrapolation to
extraterrestrial conditions. A platform suitable for
these measurements is the CV-990 jet aircraft (com-
mercial designation: Convair CV-990) owned by
NASA and specially modified for use in astronomical
and space sciences research.!

Recent advancés in spectroradiometry, including the
establishment of a Standard of Spectral Irradiance by
the National Bureau of Standards? and an mproved
understanding of subtle errors in spectral irradiance
measurements,® have made possible significant 1m-
provements in instrumentation with resultant improve-
ments in accuracy. The improved instrumentation.
coupled with the ability to perform measurements from
altitudes where variable components, such as wuter
vapor and aerosol, are reduced to an insignificant level.
gave promise that a significant reduction in the uncer-
tainty of solar spectral irradiance could be achievis
To this end, an experiment was designed and flown on
series of eleven flights in the summer and autumun «
1967 to perform solar spectral irradiance measurement-
as part of a total effort directed toward reducing presen!
uncertainties in total and spectral solar irradiance
This paper presents the most significant results of th..
experiment.
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Fig. 1. Comparison of solar speetral irradiance, Johnson and
Nieolet.

NASA CV-990 jet aircraft shdwing upper and side
observation windows.

Fig. 2.

Il. Present Knowledge of Solar
Spectral Irradiance

The absolute spectral intensity of radiation from the
sun has been obtained primarily through ground-based
measurements. Rocket spectrograph measurements
have been made in uv spectral regions inaccessible to
earth-based observations. However, because of the
lack of adequate spectral standards in the uv below
250 nm, these measurements were performed on a rela-
tive basis and adjusted to ground-based data in a region
of overlap. When a comparison of existing measure-
ments is made, it is apparent that discrepancies, espe-
cially in the uv below 400 nm, exist as large as 20-309,.
In addition, most of the measurements on an absolute
energy scale are integrated over 10-nm bands. While
this resolution is adequate for certain purposes, a
measurement of spectral irradiance on an absolute
scale with greatly improved resolution would be bene-
ficial in many areas.

Several excellent reviews of the present state of
knowledge of solar spectral irradiance in the 200-7000
nm wavelength range are available in the literature.?
In addition to outlining the historical aspects of the
principal measurements, the reviews present a critical
evaluation of the possible uncertainties existing in the
measurements and the analyses based on the measure-
ments. Therefore, only a brief discussion will be pre-
sented herein concerning the principal contributions
that are finding widest acceptance today. These are
the contributions of Johnson® and Nicolet.”

2216 APPLIED OPTICS / Vol. 8, No. 11 / November 1969

In 1954, Johnson published an analysis of available
solar measurements and a listing of extraterrestrial solar
spectral irradiance at the earth’s mean distance from
the sun. This listing has been in wide use to the present
time. The data in different spectral regions are attrib-
utable to different researchers whose instrumentation
and absolute accuracy varied widely. At wavelengths
longer than 600 nm, values based on Moon's
analysis® of previous measurements, primarily those
performed by the Smithsonian Institution, were used.
Moon’s results contain the assumption that the sun
radiates as a 6000-K greybody for all wavelengths
beyond 1250 nm. The measurements of Dunkelman
and Secolnik,!! adjusted upward 99, to agree with the
Smithsonian data at 600 nm and to incorporate a radio-
metric scale change, covered the spectral region down to
318 nm. Rocket spectrograph measurements obtained
by the Naval Research Laboratory!? were used to 220
nm. These short-wavelength data were obtained on a
relative energy scale and were adjusted to the Dunkel-
man and Scolnik data at 318 nm. Further rocket mea-
surements'® with improved instrumentation and calibra-
tion procedures have revised these early data. How-
ever, the subsequent measurements were still adjusted
to the revised Dunkelman and Scolnik data in the 300-
330 nm spectral region.

In 1951, Nicolet derived extraterrestrial solar spectral
irradiance by noting that the intensity at the center of
the disk could be closely approximated by a smooth
7200-K continuum with superimposed Fraunhofer
absorption. He applied corrections for the fruction
attenuated due to Fraunhofer absorption and for the
variation from the center to the limb of the disk.. In
the region below 300 nm, he used early NRL rocket duta
directly.

A major problem associated with Nicolet’s analvsis is

that the continuum cannot be directly located in regions

of intense Fraunhofer absorption. This is particularly
important in the region between 300 nm and 430 nm und
is reflected in a greater uncertainty in this region thun ut
longer wavelengths. A comparison of solar <pectrul

Table |. Flight Parameters

Solar

Flight zenith

date Type of angle, Altitude,

1967 flight deg. km Adr aes
Aug. 3  Afternoon 56.4-72.5 11.7 0 3w 0 6T
Aug.8 Sunset 51.7-80.0 11.6 0 429 1 s
Aug. 10 Sunrise 79.9-60.2 11.6 ot g
Aug. 14 Afternoon 34.3-50.0 11.6 [ <
Aug. 16 Solar transit 27.8-31.0 11.6 I
Aug. 19 Afternoon 28.3-43.4 11.6 (b 252 o Is
Aug. 22 Solar transit 23.5-26.0 11.6 0 1 o7
Oct. 10 Solar transit 33.5-34.3 11.6 (S R
Oct. 12 Solar transit 29.8-30.4 12.0 0o T
Oct. 22 Solar transit 22.7-23.5 12.2 4o 4
Nov.1 Solar transit 53.6-64.0 12.5 T [

s
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Fig. 3. Flight paths during 1967 solar observations.

irradiance as derived by Nicolet and Johnson is shown
in Fig. 1.

Ill. Solar Spectral Irradiance Measurements

The measurements performed from the NASA CV-
990 aircraft circumvented many of the difficulties en-
countered by previous investigators. The excellent
observational conditions at flight altitude allowed the
spectroradiometer system to be used to its full capa-
bilities.

A brief description of the aircraft and the observa-
tional conditions during the experiment will be pre-
sented to illustrate the suitability of high-altitude air-
craft for solar studies. This deseription will be followed
by a discussion of the spectroradiometer system and
the data reduction technique.

A. Aircraft and Observational Conditions

A specially modified four-engine jet aircraft was used
for the experiment. Figure 2 is a photograph of the
aireraft in flight. With an equipment payload of 7000
kg, the aircraft is capable of providing 4 h of stable
observation at 11 km or 2 h at about 12 km at a speed
of approximately 900 km/h. During solar observation,
the aircraft heading is 90° to the solar vector and can
be maintained to within £1° The stability in roll is
within #32°. The overall stability is well within the
+3° required for the measurements.

Flights were made at various times of day to achieve
a wide variation in atmospheric path length so that the
measurements could be extrapolated outside the atmo-
sphere. Latitude and longitude of the observations
were measured at 10-min intervals to an accuraey of 1
min of are. From these data, and tabulated ephemeris
data,'* a continuous determination of solar zenith angle
vs time was computed. All observational data were
related to Universal Time as a reference base. Infor-
mation pertinent to the flights is given in Table L.

The flight paths during observational periods are
shown in Fig. 3. The primary base of operations was
Moffett Field, California, near San Francisco. A
typical data flight profile would include a climbing
outbound leg to the starting point of observations and

. an observation run at constant solar bearing on the

Y

homeward leg. One exception was the final 1 Novem-
ber solar transit flight that originated on the east coast
of the United States and terminated on the west coast.

Figure 4 shows the arrangement within the aireraft of
the spectroradiometer and mirror used in the experi-
ment. Solar observations were made from the left
side of the aircraft through either an upper (65° eleva-
tion) window or a side (14° elevation) window, depend-
ing on the solar zenith angle. The windows were 2.5-
em thick fused-silica flats (Corning 7940) with clear
apertures of 30 em by 36 ¢m and 25 cm by 36 cm for the
upper and side, respectively. Windows were cleaned
prior to takeoff and externally sealed with removable
shutters until observational altitude was achieved.
Warm air from the cabin air conditioner was directed
over the interior of the windows to prevent the conden-
sation of ecabin moisture, since the outside air tempera-
ture is about —50°C. The mirror was a 40-cm diam
aluminized optical flat. An accurate calibration of the
reflectance of the mirror and the transmittance of the
windows as a funetion of wavelength and angle of inci-
dence is extremely important for absolute intensity
measurements. A detailed discussion of the calibration
procedures for the windows and mirror is presented in
Appendix A.

Spectral irradiance measurements were made from
pressure altitudes between 11.6 km and 12.5 km during
eleven data flights. Pressure altitude, rather than
geometric altitude, was used in the data analysis as it is
indicative of the total amount of atmosphere above the
flight level. In general, the atmosphere showed ex-
cellent clarity and stability. The atmospheric trans-
mission values derived from the data clearly bear out
this point. At these altitudes, the observer is above
809, of the permanent gases in the atmosphere and
virtually all variable components, including water
vapor, clouds, smoke, haze, and dust. Measurements
of atmospheric precipitable water vapor above the
flight level indicated a total path length ranging from
8 X 10—* precipitable-cm to 14 X 10~* precipitable-cm.

SOLAR ZENITH ANGLE SOLAR ZENITH ANGLE
0o 45° 45°-90°

Fig. 4. Aft view showing arrangement of spectroradiometer and

mirror within the aircraft for observations through the upper

window (0° < z < 45°) and side window (45° <z < 90°). Inset
shows spectroradiometer location within the aircraft.

November 1969 / Vol. 8, No. 11 / APPLIED OPTICS 2217
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Fig. 5. Standard of spectral irradiance mounted in its holder.
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Fig. 6. - Optical schematic drawing of Cary spectroradiometer
showing rotating integrating sphere for alternate viewing of
reference and solar radiation.

Approximately 4 X 10-* precipitable-em was in the
path of observation within the aircraft. The correc-
tions due to such low amounts of water vapor had
negligible effect on the results. The total CO, content
above flight altitude was approximately 40 atm-cm,
while 0.5 atm-cm was attributable to CO, within the
aircraft. Small corrections to the data were necessary
at the strong absorption bands centered at 1960 nm,
2010 nm, and 2060 nm. The flights were conducted in
the summer and fall when the ozone concentration is
near minimum in its annual cycle. The total ozone
content above an altitude of 11.6 km was derived from
atmospheric transmission measurements to be 0.24
atm-cm, based on the ozone absorption coefficients of
Vigroux. s

B. Spectroradiometer System

The establishment of the Standard of Spectral Irra-
diance in 1963 by the National Bureau of Standards?
provided a common basis for spectral irradiance mea-
surements that can be conveniently and accurately
used. This Standard is a 1000-W lamp consisting of a
coiled tungsten filament (3000 K) enclosed in a l-em
by 7-cm quartz envelope containing a small amount of
halogen gas. The Standard is issued at the present
time through The Eppley Laboratory, Newport,

2218 APPLIED OPTICS / Vol. 8, No. 11 / November 1969

Rhode Island. Figure 5 is a photograph of the lamp in
its holder. A calibration is performed over the 250~
2500 nm wavelength interval at a distance of 50 cm from
the lamp, based on the spectral radiance of a blackbody
computed from Planck’s equation. '\

The spectroradiometer used is a recently developed
instrument whose calibration is based directly on the
Standard of Spectral Irradiance. A schematic drawing
of the instrument is shown in Fig. 6 and a detailed
description is given by Hedelman and Nelson.** The
spectroradiometer is a modification of the Cary Model
14 ratio-recording spectrophotometer. It utilizes a
prism-grating double monochromator, providing 1-
nm,/mm reciprocal dispersion in the uv and 3 nm/mm-
reciprocal dispersion in the near ir. Resolving power is
0.1 nm in the uv and 0.3 nm in the near ir. Stray light
is extremely low, less than 0.60019; throughout much
of its operating range.

The most significant feature of the spectroradiometer
is the incorporation of a 5-cm diam rotating integrating
sphere that alternately views the reference and solar
sources at a frequency of 30 Hz (see Fig. 6). The
interior of the sphere is coated with magnesium oxide to
diffuse the incoming radiation and provide a source of
uniform intensity at the entrance to the monochroma-
tor. This feature eliminates the different geometry
existing between collimated solar radiation and the
divergent radiation from the reference source. This
differs from the widely used practice of reimaging the
source on the entrance slit, which has been determined
to be a primary factor contributing to the inaccuracies
previously associated with spectral irradiance mea-
surements.® The rotating integrating sphere, in addi-
tion to diffusing the incoming radiation, serves as an ‘
optical chopper for the solar and reference beams.

. Thus, the ratio between the two sources is measured
at 30 Hz, and all errors due to detector and amplifier
drift are minimized. The detector-amplification Sys-
tem is capable of measuring the ratio of the mono-
chromatic intensities of the reference and solar sources
to an accuracy of 0.29.

A photograph of the spectroradiometer in operation
during one of the flights is shown in Fig. 7. A spectral

Tig. 7. Photograph of spectroradiometer system in operation
during solar observation.



o .

|
| ‘Il’

H
Amo o -mky

= 330 nm
=809

-
//!"
X
>
°
8]
o >

in SPECTRAL Y T A =320 nm
{RRADIANCE, 2 - 7= 700
n Hx, m
C -
A= 310 nm
T=.445
-t ‘ ¢ : i~ i
0 2 4 & 8 o 2 14

AIR MASS, m
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scan took approximately 2 h to cover the wavelength
range from 290 nm to 2500 nm. A 1P28 photomulti-
plier was used below 700 nm and a lead sulfide cell was
used at longer wavelengths. In addition to a real-time
strip chart display of the data, spectral irradiance,
wavelength, and slitwidth were recorded every 0.1-nm
wavelength interval by a Datex Model SDS-1 digital
data acquisition system and a Teletype Model BRPE
high-speed paper-tape punch. Data were transferred
to magnetic tape on a Honeywell 200 computer and
subsequently analyzed on IBM 7040-7094DCS and
IBM System/360 computers.

C. Data Reduction

The classical Langley methodY was used to extrapo-
late the measurements to extraterrestrial conditions.
This method, in addition to giving the extraterrestrial
spectral irradiance level, yields atmospheric transmis-
sion coefficients from flight altitude to space.

The spectral irradiance at flight altitude, Hxm, is
related to the extraterrestrial spectral irradiance level,
H A0 by

Ham = Hxoe™ ™2 (1)
or

InHxm = InHxo — mkx. )

The absolute air mass m is defined as the path length of
atmosphere between the observer and the sun relative
to the vertical path length at sea level. The atmo-
spheric attenuation coefficient ky indicates the degree
of absorption and scattering above the observational
altitude.

The method of Kasten,®® corrected for flight altitude,
was used to evaluate the variation in relative air mass as
a function of solar zenith angle. Air mass varies as the
secant of the solar zenith angle, z, with higher order
corrections due to atmospheric curvature and refrac-
tion. As shown by Kasten, the greatest contribution
to these corrections results from the lower atmosphere.

-
-

The absolute air mass used in data reduction was ob-
tained by the relationship

m = (P/Py){secz + (P/Py)(ms — secz)], (3)

where m; is the relative air mass at sea level as derived
by Kasten and P/P, is the ratio of the pressure at
altitude to the standard sea level pressure of 760 Torr.
The pressure ratio P/P; was obtained with high preci-
sion from one observation to another by means of the
aircraft altimeter, which has resolution better than 1
part in 2000. At altitudes above 11.6 km the correc-
tion term, P/P, (m; — sec 2), is smaller than 0.5% of
seczfor(°® <z < 78°.

The spectral irradiance at observational altitude,
Hj m, was directly determined from the measured spec-
tral irradiance within the aircraft, H*, s, by accounting
for attenuation at the window and mirror. A further
correction of the data to the earth’s mean distance from
the sun was also made. The result can be expressed as

Hym = (ao?/oxta)H *\m. 4)

The values of window transmittance 7n and mirror
reflectance pn were measured at their respective angles
of incidence by methods described in Appendix A. The
solar radius vector a; was obtained from Ref. 14 for the
particular date of the measurement.

Table Il. Atmospheric Transmittance from Space to 11.6 km
(Zenith Direction)

Wavelength, Wavelength,
nm Transmittance nm Transmittance
208 0.036 650 0.960
299 0.055 700 0.972
300 0.083 757 0.976
302 0.134 761 0.913
304 0.195 768 0.980
306 0.285 800 0.980
308 0.371 900 0.988
310 0.445 1000-1930 - 0.99+
315 0.595 1940 0.972
320 0.700 1950 0.935
325 0.763 1960 0.920
330 0.809 1970 0.988
335 0.822 1980 0.99+
340 0.840 1990 0.99+
350 0.864 2000 0.889
360 0.879 2010 0.887
380 0.891 2020 0.982
400 0.897 2030 0.99+
450 0.925 2040 0.99+
500 0.940 2050 0.966
550 0.948 2060 0.920
573 0.932 2070 0.959
600 0.932 20802500 0.99+
625 0.942

November 1969 / Vol. 8, No. 11 / APPLIED OPTICS 2219
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Fig. 9. Atmospheric transmittance to space from an altitude

of 11.6 km: (a) uv region, (b) visible, near ir region.

Equation (2) shows the linear relationship that exists
between the natural logarithm of spectral irradiance and
air mass. Extrapolations to zero air mass were per-
formed by a least-squares linear fit to the data at
selected wavelengths from 300 nm to 2500 nm. Figure
8 illustrates the extrapolation procedure used. Data
from each flight at several wavelengths in the Hartley-
Huggins ozone bands are plotted to show the rapidly
decreasing transmittance in the uv due to ozone ab-
sorption in the upper atmosphere. The variability of
the ozone from flight to flight, although small, results in
significantly more scatter in the data below 340 nm
than at longer wavelengths. The ordinate intercept
vields the natural logarithm of extraterrestrial solar
spectral irradiance at the earth’s mean distance from
the sun, and the negative of the slope yields the atmo-
spheric attenuation coefficient, k.

Vertical atmospheric transmittance values from
space to an altitude of 11.6 km (m = 0.204) were de-
rived from the measured values of k, by the relationship

am = e ™A, (5)

These values are tabulated in Table II and plotted in
Figs. 9(a) and 9(b) for the uv and visible-near ir re-
gions, respectively.

Atmospheric transmittance was found to be above
0.99 for essentially all wavelengths longer than 1000 nm
and greater than 0.90 for wavelengths longer than 410
nm. The average deviation of the experimental
atmospheric transmittance values from a smoothed
curve varies from 0.02 in the ozone absorption region
below 340 nm to less than 0.005 at longer wavelengths.
The Chappuis ozone band between 550 nm and 600 nm,

2220 APPLIED OPTICS / Vol. 8, No. 11 / November 1969

resulting in a decrease in atmospheric transmittance of
less than 29, is readily seen in the measurements. The
only atmospheric absorption detected, other than ozore,
was O; at 760 nm and CO, at 1960 nm, 2010 um, and
2060 nm. Water vapor absorption at 1380 nm was not
detected due to the presence of absorption by the
fused-silica window within the same wavelength region.
As shown in Fig. 9(a), ozone absorption becomes
apparent for wavelengths shorter than 340 nm and
virtually complete at wavelengths shorter than 295 nm.
The practical limit of meaningful measurements is 300
nm.

The advantage of performing measurements from an
aireraft or other high-altitude platform is obvious when
a comparison is made with the transmittance to sea
level. Such a comparison is made in Figs. 9(a) and
9(b) between the experimental atmospheric transmit-
tance values from 11.6 km altitude to space and the
values from sea level to space predicted by the AFCRL
Atmospheric Attenuation Model.'* For example, at
340 nm the transmittance to space from 11.6 km is
0.84 compared with a maximum of 0.33 from sea Jevel.
The high atmospheric transparency at all wavelengths
beyond the primary ozone absorption region enables
extrapolation to zero air mass to be performed with a
high degree of accuracy.

IV. Experimental Results

The resultant extraterrestrial spectral irradiance in
the 300-2500 nm wavelength interval, obtained from ex-
trapolation of all measurements to zero air mass, is pre-
sented in both tabular and graphical form in Appendix
B. The wavelength interval in Table VII, which is
somewhat representative of the spectral resolution of
the data, varies from 0.1 nm over most of the uv and
visible to 5 nm in the smooth continuum region of the
ir. This relatively high resolution allows identification
of the major Fraunhofer lines through the use of the
Rowland Table.® The identities of selected mujor
absorption lines are indicated in the spectrum.

Most applications of solar spectral irradiance do not
require resolution as high as that presented in Appendix
B. For that reason, the percentage of total irradiznce
at wavelengths shorter than the printout wavelength 13
included in the listing to provide a simple mcthod of
calculating the total irradiance or average spectral
irradiance within an arbitrary wavelength interval

A listing of extraterrestrial solar spectral irradiance,
smoothed over relatively wide wavelength interv:ils,
will be presented for engineering use and the uncertuaim-
ties in the spectral irradiance values will be discus=ed in
the following sections.

A. Solar Spectral Irradiance Listing for
Engineering Use

The engineering technology presently being applid
to space research does not, in general, require the reii-
tively high resolution given in Appendix B. In muny
instances it is desirable to use values of solar spectral

¢
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irradiance that have been smoothed over the detailed
Fraunhofer structure. Such a listing is provided in
Table III as a solar spectral irradiance listing proposed
for engineering use.

The values of spectral irradiance in Table III corre-
sponding to wavelengths shorter than 1000 nm have
been integrated over a 10-nm interval centered at the
respective wavelength. At longer wavelengths, the
data have been integrated over the printout interval.
Integration was performed numerically at 0.l1-nm
increments. A listing of the percentage P, of the total
solar irradiance at wavelengths shorter than the print-
out wavelength is also provided.

Table IV.

In the 300-2500 nm wavelength region, the results
are from the present experiment. Below 300 nm, the
most recent NRL rocket spectrograph measurements,
reported by Tousey,!3 are used. These data, obtained
originally on a relative scale, have been normalized to
the present experiment in the overlap region 300-400
nm. Beyond 2500 nm, a 5800-K greybody approxima-
tion is believed to be an adequate representation of the
solar continuum.

The total irradiance, calculated from the integral of
the spectral irradiance, is 1390 W/m? (1.99 cal/cm’-
min). This number represents the total solar irradi-
ance incident on a surface in space oriented normal to
the sun at the earth’s mean distance.

B. Uncertainty Limits of the Results

The measurements presented in this paper are based
on the standard of spectral irradiance maintained by
the National Bureau of Standards. The maximum
uncertainty existing in the standard varies from approx-
imately 5% at 300 nm to 3% in the visible and ir.?
Total irradiance could possibly be more accurate since
integration over a number of spectral data points tends
to cancel the random component of error. The degree
of systematic error is not known, although, as dis-
cussed later, results indicate that it probably does not
exceed 2%,.

The precision of the measurements is better than 1.
The absolute accuracy of the resultant extraterrestrial
solar spectral irradiance can be determined from the
individual accuracies of each factor affecting the mea-
surement. The uncertainty in the measurement of a
quantity £(X) whose value is a function of n indepen-
dent variables Xy, X, ..., X», each with an uncertaint»
AXy, AX,, ..., AX,, can be obtained by

% .\ a 2 (aé «)’?’
—_— — AN,
[(axl “"’“) + (3X2 Ax ) et x|

6

AF =

Equations (1), (4), and (5) may be combined to express
the extraterrestrial spectral irradiance Hy o in terms of

Uncertainty Limits
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Fig: 11. Spectral variation of absorption coefficient of the nega-
tive hydrogen ion (H™).

the measured spectral irradiance H*,,, atmospheric
transmittance 7., distance from the sun @, mirror
reflectance p\, and window transmittance ry:

aozH*)\,m

Hyp = .
TAMPRTA

%

The fractional uncertainty in H, o can now be expressed
in terms of the fractional uncertainties in the individual
factors:

AHxp AH*\ m\? Aram\? 24809 \?
Hno [(H"x.m) + ( n.m) +( ao )
()]
2y 128
Table IV lists the individual uncertainties and the total
uncertainty in H, o at various wavelengths from 300 nm
to 2500 nm. The uncertainty associated with distance
from the sun is small enough to be neglected with respect
to the others and was not included in the table.

The largest total uncertainty occurs in the region of
high ozone absorption below 320 nm. The uncertainty
quickly decreases at longer wavelengths as the atmo-
spheric transmittance increases and remains approxi-

mately 39, throughout the entire visible and ir. The
primary uncertainty at wavelengths longer than 320
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nm is due to uncertainty in the Standard of Spectral
Irradiance.

V. Comparison With Previous Studies Q

A comparison between the values of spectral irradi-
ance listed in Table III and Johnson’s values® is shown
in Fig. 10. In general, the results are relatively close
considering the diverse data used by Johnson in his
analysis. The primary region of discrepancy is in the
uv where the results of the present experiment indicate
a uniform 119 lower irradiance between 300 nm and
400 nm. There are regions of slight discrepancy in the
visible and near ir and a broad region between 1300 nm
and 1900 nm where the continuum is significantly
higher than Johnson’s level.

In the ir at wavelengths beyond 1250 nm, Johnson
accepted the assumption that the sun radiated as a
6000-K greybody. This means that the spectral
absorptance of the solar atmosphere is assumed to be
independent of wavelength. This is not the case, and,
in fact, as shown in Fig. 11, the absorptance of the solar
atmosphere has a minimum in the same ir region as the
results from the present experiment indicate higher
irradiance.®

The lower intensity level in the spectral region below
600 nm is in good agreement with recently published

—— PRESENT EXPERIMENT

6~ { ---~ NICOLET (REF. 8} .

SPECTRAL IRRADIANCE, W/m? ~nm

i 2 : i k

¢ . ’
200 600 1000 1400 1800 22C0
WAVELENGTH, nm

Fig. 12. Comparison of solar spectral irradiance, present ex-
periment and Nicolet.

* The data in Fig. 11 were obtained from Refs. 21 and 22 a:i
represent known spectral variations in the opacity of the <«.inr
atmosphere. Most of the continuum absorption is due 1o the
negative ion of hydrogen (H ™), which absorbs energy through
either “‘bound-free’’ transitions or “free-free” transitions which
are functions of wavelength. The minimum in the total absorp-
tion coefficient between 1300 nm and 1900 nm means that the
radiation is emanating from a higher temperature region deeper
within the solar atmosphere. Beyond 2500 nm, the freeire
absorption coefficient continues to rise, with the result that 'he
effective greybody temperature of the sun decreases at I oure
wavelengths. The exact relationship between the absorption
coefficient and the effective solar temperature in the ir 1« 1=
known, however, since the effect is small, the assumpnon
made in the present experiment that a 5800-K solar 'emijwr
ature is an adequate representation at wavelengths longer "ha:

2500 nm. G’
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results of measurements between 310 nm and 530 nm by
Stair and Ellis obtained at the Mauna Loa Observatory,
Hawaii.”® Using Johnson’s values of spectral irradi-
ance at wavelengths longer than 530 nm, they con-
cluded that the total irradiance is approximately 29
less than Johnson’s value of 1395 W/m?. However, the
results of the present experiment indicate that the
higher level of spectral irradiance in the ir would nearly
compensate for the lower level in the uv and visible,
with the result that the value of total irradiance should
be virtually the same as Johnson’s value.

The spectral irradiance values of Nicolet are com-
pared with those of the present experiment in Fig. 12.
There is general agreement in the visible and ir, except
in the 500-600 nm region, where Nicolet’s values appear
to be an average of 3%, higher than the present results.
The primary region of discrepancy is in the uv. The
difficulty of determining the true level of Fraunhofer
absorption in this region, a necessary factor in Nicolet’s
method, is felt to be the probable cause of the discrep-
ancy.

The results of Labs and Neckel,?* obtained at the
Jungfraujoch Scientific Station, Switzerland (altitude
3.6 km), are shown in Fig. 13. Their data are the
results of measurements of the spectral radiance at the
center of the solar disk in the 330-1250 nm wavelength
region adjusted for center-limb variations and line
blanketing to obtain mean spectral radiance. In the
uv below 330 nm, they adjusted the data given by
Tousey!? and, in the ir, used the normalized continuum

from solar models with corrections for the ratio of mean
to central intensity and line blanketing. The agree-
ment with results from the present experiment is very
close except in the region below 500 nm where the
results of Labs and Neckel average about 5% lower.
Possible explanations for this discrepancy include
inaccuracies in the evaluation of the higher degree of
atmospheric attenuation experienced in their observa-
tions and inaccuracies in the determination of the
center-limb variations and line blanketing coefficients.
The value of total irradiance obtained by Labs and
Neckel is 1366 W/m?,

Researchers from the NASA Goddard Space F light
Center (GSFC), participating with independent instru-
mentation during seven of the CV-990 flights, have
published values® of extraterrestrial solar spectral
irradiance obtained from weighted averages of measure-
ments from four instruments: (1) Perkin-Elmer model
112 monochromator; (2) modified Eppley filter radiom-
eter; (3) Carl Leiss monochromator, and (4) Block
model P-4 polarization interferometer. The measure-
ments obtained with the latter two instruments were on
a relative basis due to calibration difficulties. A com-
parison between the GSFC results and the results from
the present experiment is presented in Fig. 14. The
agreement is close, except in the spectral region between
500 nm and 800 nm, where the GSFC results indicate
considerably lower speectral irradiance. The reason for
this discrepancy is not clear at the ‘present time, al-
though, as shown in Ref. 25, the differences between the
individual GSFC instruments in this spectral region are
of this magnitude. The value of total irradiance ob-
tained by GSFC is 1351 W/m?.

The value of total irradiance obtained from the pre. -
ent experiment, 1390 W/m? can be compared to a
recently published value of 1360 W/m? based on tle
International Pyrheliometric Scale. This value is the
result of a total radiometer experiment by Jet Propul-
sion Laboratory and Eppley Laboratory aboard the
X-15 aircraft.*® The relatively close agreement be-
tween the two total irradiance values, which are based
on completely different radiometric standards, indicates

Fig. 15. Apparatus for measuring transmittance of fused silica
windows.
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Table V. Transmittance of 2.5-cm Fused Silica as a Function of Wavelength and Angle of incidence {Unpolarized Radiaticn)

Angle of incidence

Angle of incidence

Wavelength, Wavelength,

nm 0° 20° 30° nm 0° 20° 30°

290 0.860 0.856 0.850 1410 0.873 0.8869 0.859
295 0.864 0.860 0.855 1420 0.898 0.896 0.890
300 0.877 0.873 0.869 1430 0.916 0.915 0.912
320 0.910 0.909 0.906 1500 0.942 0.941 0.940
350 0.926 0.925 0.923 1600 0.943 0.943 0.943
400 0.937 0.937 0.937 1700 0.940 0.940 0.940
450 0.939 0.939 0.939 1800 0.936 0.936 0.935
500 0.939 0.939 0.939 1900 0.937 0.937 0.937
550 0.940 0.940 0.940 2000 0.937 0.937 0.937
600 0.941 0.941 0.941 2100 0.929 0.929 0.927
700 0.942 0.942 0.942 2140 0.898 0.895 0.889
800 0.942 0.942 0.942 2160 0.833 0.826 0.809
900 0.942 0.942 0.942 2180 0.753 0.744 0.715
1000 0.943 0.943 0.943 2200 0.398 0.362 0.275
1100 0.944 0.944 0.944 2220 0.292 0.249 0.145
1200 0.944 0.944 0.944 2250 0.423 0.389 0.306
1300 0.938 0.938 0.938 2270 0.535 0.508 0.443
1340 0.925 0.924 0.923 2300 0.710 0.695 0.658
1350 0.920 0.919 0.917 2350 0.827 0.820 0.802
1360 0.912 0.911 0.907 2400 0.828 0.821 0.803
1370 0.862 0.857 0.845 2420 0.781 0.771 0.745
1380 0.740 0.727 0.696 2450 0.714 0.699 0.663
1383 0.705 0.690 0.653 2470 0.680 0.663 0.621
1390 0.730 0.716 0.683 2480 0.593 0.570 0.514
1400 0.816 0.808 0.789 2500 0.514 0.486 0.417

that the systematic error in the values of extraterrestrial
solar spectral irradiance is probably no greater than 297.

The actual degree of systematic error in the measure-
ments will be resolved when a measurement of total
solar irradiance is performed in space by an absolute
radiometer such as described in Ref. 27. This radiom-
eter, the JPL Standard Total-Radiation Absolute
Radiometer, is capable of better than 1.09, absolute
aceuracy. A direct total irradiance measurement ob-
tained in space by such an instrument would justify a
revision of the spectral irradiance data contained in this
report if a significant discrepancy is found.

VI. Concluding Remarks

The NASA CV-990 aircraft afforded an excellent
high-altitude platform from which to perform measure-
ments of absolute solar spectral irradiance. Observa-
tional conditions such as stability of the aircraft and
constancy of the atmosphere allowed measurements to
be made with good resolution and high precision. At
altitudes greater than 11.6 km, the aircraft is above 809,
of the atmosphere and virtually all dust and water
vapor. Therefore, the amount of atmospheric scatter-
ing was greatly reduced and the variability in atmo-
spheric transmittance was virtually eliminated.

The primary purpose of the experiment was to reduce
the uncertainties in the present knowledge of extra-
terrestrial solar spectral irradiance at the earth’s mean
distance from the sun. The measurements covered a
spectral region encompassing over 95%, of the total
energy emitted by the sun, using a single instrument of

2224 APPLIED OPTICS / Vol 8, No. 11 j November 1969

high precision. The results of the measurements are
directly traceable to the NBS Standard of Spectral
Irradiance and possess an absolute aceuracy, over most
of the wavelength range, of approximately 39, and
resolution to 0.1 nm. These measurements, integrated
over relatively wide spectral intervals, form the basis
for a solar spectral irradiance table (Table IIT) pro-
posed for engineering use.

The solar spectral irradiance data in Table VII, cover-
ing the 300-2500 nm spectral interval with resolution
to 0.1 nm, are available to any organization that has
need for such information. The data may be obtained
as a listing on either cards or tape from National Space
Science Data Center, Code 601, Goddard Space Flight
Center, Greenbelt, Maryland 20771.

Fig. 16. Apparatus for measuring mirror reflectance.
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Fig. 17. Spectral reflectance of flight mirror.

Table VI. Reflectance of Front-Surface Aluminum Mirror as a
Function of Wavelength and Angle of incidence
(Unpolarized Radiation)

Angle of incidence

Wavelength,
nm 0° 35° 45° 55°
300 0.898 0.897 0.896 0.894
350 0.909 0.907 0.904 0.898
400 0.914 0.912 0.910 0.904
450 0.918 0.916 0.914 0.909
500 0.917 0.916 0.914 0.908
550 0.915 0.915 0.913 0.907
600 0.905 0.904 0.901 0.894
650 0.900 0.898 0.895 0.889
700 0.891 0.889 0.886 0.878
750 0.879 0.877 0.873 0.865
800 0.863 0.861 0.857 0.848
825 0.856 0.854 0.850 0.841
850 0.867 0.865 0.861 0.852
900 0.892 0.890 0.886 0.878
950 0.918 0.917 0.914 0.907
1000 0.933 0.932 0.930 0.926
1100 0.948 0.947 0.945 0.941
1200 0.957 0.956 0.954 0.950
1500 0.968 0.967 0.966 0.963
2000 0.972 0.971 0.970 0.967
2500 0.974 0.973 0.972 0.970

Appendix A. Determination of Transmittance of
Windows and Reflectance of Mirror

An accurate determination of the transmittance of
the fused silica windows and the reflectance of the mirror
used in the measurements is highly important since an
error in these values is a direct error in the measured
value of solar spectral irradiance. Direct solar radiation
at 11.6 km was found to be natural or unpolarized within
detection limits of £0.2%. This determination was
made by rotating a polarizer while the solar vector was
at normal incidence to the upper aircraft window. At
the maximum solar incidence angle of 31°, the degree of
polarization of the solar radiation transmitted through
the window was 2%, as expected by Fresnel reflection

considerations. Reflectance from the aluminized turn-
ing mirror, for unpolarized radiation would thus be in
error only 0.159%, at its maximum incidence angle of
55°. It is, therefore, sufficient to use transmittance
and reflectance coefficients for unpolarized radiation in

analysis of the data.

A. Measurement of Window Transmittance

The spectral transmittance of the fused silica window
was determined by two independent procedures. The
first utilized a Carl Leiss double-prism monochromator
in conjunction with a 20-cm diam magnesium oxide
integrating sphere and a Brower model 129 phase-lock
amplifier. A collimated beam of light was directed
through an aperture in the sphere (see Fig. 15) and
measurements were made with the window in and out
of the light beam at each wavelength setting of the
monochromator. Since the entire beam always entered
the sphere, it was not necessary to correct for the differ-
ences in optical path length with the window inserted or
removed. The lamp exhibited a 129, polarization,
which resulted in a negligible error (0.19, for 30° inci-
dence) in the measured transmittance.
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Fig. 18. [Extraterrestrial solar spectral irradiance at the earth's
mean distance from the sun (Table VII).
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Table VII. Extraterrestrial Solar Spectral Irradiance at the Earth's Mean Distancerrom the Sun (300-2500 nm)

X, M. Py, N Hy, Pa. \. Hye P X, M Py X, My, Pi. A, R, Pys % LN Prs
an wnd .am % am s/t oo % am Wt am % i ot o % om w/m?.am % am Wit o % am wimd m % ‘
300,01 0.545 | 1.1% 340.0| 1.089 | 3.s7 360,01 1.160 | 4.93 380,01 1.108 | 6.56 390.0 1 1,341 | T.32 400,01 1.692 | 8.1% 410.0 | 1,490 | .48
3004 0.50% | 1.16 340,21 1.185 | 3.48 360.2) 1,109 | «.9% 38041 1.164 | 6.57 396,11 1.29% | 7.33 $00.1 | t.793 | 8.20 1001} Lae7L | 9.47
300,81 0.548 | 1.18 360,41 1,175 | 3.50 36044 | 1044 | 4,98 380,21 1,216 | 6.58 390,21 1.263 | 7,34 400,21 1.844% | 8.22 ©10.2 1 1.478 | 9.48
301,21 0.616 § 1,19 340,61 14167 | 3.57 360,61 0.979 | 4.97 380.31 1,260 | 6.58 390,31 1.233 | 71.34 ©00.31 1.897 | 8.2} 410.3 | 1,486 [ 9.50
301,61 0,769 | 1.21 340.81 1,078 | 3.5% 360.8] 0.960 | 4.99 380,41 1,306 | 6.59 390.4 | 1,189 | 7,38 0.6l 1.939 | 8.24 “10.6 | 1,540 { 9.51
$02.0] 0.576 | 1,23 341.0] 1,013 | 3,55 361,01 0,971 | 5.00 380451 1.348 | 6.60 390.5( 1.116 | 7.36 400,51 L.781 | 8.26 410.5 | 1.813 1 9,82
J0Z.6 | 0.48% | 1.25 34102 ] 1,028 1 .56 361.2] 0.981 | 5.01 380.8 1.387 | 6.81 390.6 | 1,031 | 7,37 400.6 | 1.504 | 8.27 “10.6 | 1.687 | 9.53
162.81 0.541 | 1,26 341,41 L. 086 | 3.58 I61.6 ) 0,941 | 5.03 380.7( 1.606 | 6.62 190,71 1.009 | 7.38 400.7 | 1.426 | 8,28 *10.7 {1,900 | 9,54
303.2 ) 0.590 | 1.28 341,61 1.072 1 3.59 361.67 0.799 | 5.06 380,81 1.626 | 6.51 390.8( 10157 | 7.38 400.81 1,508 | 8.29 “10.8 | 1.890 | 9,55
303.6 0.635 | 1.30 341,81 0.899 ; 3.6t 361.8] 0.675 | 5.05 380.9 | L.4hs | 6,64 330,91 1.304 | 7,39 400,91 1.617 | 8,30 410,97 1,879 9,57
304,01 0.563 | 1.31 342,01 0.972 | 3.82 362,07 0.778 | S5.08 581.0] 1,446 | 6.65 391,01 1.429 | T.40 401,01 1.726. | 8.31 411,01 1.893 | 9.8
3044 ) 0.522 | 1.33 342,20 1,106 | 3,64 362.2| 0.968 | 5.07 381.1] 1.341 | 6.66 39101 1,676 | 7.4l 40L.1§ 1.796 | 8,33 eil.l ] 1.919 | 9.80
3064.8] 0.552 | 1.3% 342,61 1,207 | 3.6% ¥§2.%] 1.103 | 5.09 381,21 1.237 | 6,67 390,21 1.523 | 7.42 4012} 1.863 | 8.36 “l11.2 1 1.945 [ 9.61
305.2 0.628 | 1.38 342,61 14133 1 3.67 3626 Lei66 | 5.10 3BL.31 1.132 ] s.68 391,31 1.551 | 7.4% “01,3] 1.929 ] 8.35 el1.3 | 1.984 | 9.82
305.6 ] Qupes | 1.38 342,81 1.067 | 3.89 352.8] 1.206 | S.12 38l.6 | 1,043 | s.09 391,41 1.503 | 7.4% 401,41 1,950 | 8.37 4l1.6 ] 2,029 1 9.84
306.0| 0.490 | 1.40 343,01 1,035 | 3.70 363,01 1.123 | S.lé 1845 ] 1,057 | 6.70 391.5 | 1.454 | T.as 401.5] 1.966 | 8,38 411,51 2,075 | 9,45
306,41 0.557 | 1.4l 343,21 LI0L | 3.72 363.21 1.013 | 5.15 81,6 1,071 | s.71 19146 1,410 | T.a? 01,61 1.982 | 8,39 “1t.6 | t.979 ] s.a7
306.8 ] 04622 | 1.43 343.61 1,207 | 3.73 363,41 1.012 | 5.17 S81.71 1.085 | 6.71 390,71 La39L | 7,48 401.7] 1.978 | 8.4t 1.7 | 1,812 ] 9.68
307.2] 04718 | 1.4% 383,61 1.163 ) 3.75 363.61 L.124 | 5.18 381,81 1.092 | 8.72 391,81 1.373 | 7.49 401.81 1.920 | 8.42 41148 L.665 | 3.9
307,61 0.748 | 1.47 34308 1,095 | 3.77 363.8] 1.212 | 5.20 381.9 1.017 | .73 391.9 | 1.347 | 7.50 401.9 ] 1.862 | a.44 sll.9] 16871 5.1
108.0| 0.672 | 1.49 346,01 1,023 ] 3.78 364,01 1.1%2 | s5.22 382,01 0,982 | 6.74 192,01 1.283 ] 1,51 402,01 1.833 | B.45 412,01 1.7187 1 9.72
J08.4 1 0.631 | 1.51 344,21 0.905 | 3.80 364,21 1.060 | 5.23 382,11 0.86T | 6.7% 392,11 1.218 ] 7.52 402,11 1.808 | 8,48 «12.1 1 1,907 ) 5,73
308.8] 0.620 | 1.53 344,46 ] 0,670 1 3.81 36%.4] 1.003 | 5,25 382.2] 0.794 | 6.75 392,21 11531 7,52 402.2 | 1.782 | 8.4 12,21 L.951 ] 9,15
309,21 0.533 | 1.5 344,61 0.524 | 3.82 364.6] 0.986 | 5.26 182,31 O.T44 | 6.7 392.3 | 1.099 | 7.53 402,31 1.779 | 8.49 12.3 1 1.953 | 3.78
309.6 | 0.514 | 1.%6 344,81 0.770 | 3.83 364.8| 0.986 | 5.28 $82.41 0,695 | 6.76 392,44 | 1,138 1 7.5 402.61 1.779 | 8.50 @l2.6 1 1,356 9,77
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31046 0.540 | 1.59 345,21 1,073 1 3.85 165.2] 1.231 | 5,31 382,61 0,596 | 6.77 392.6 1 1.208 | 7.56 402.6 1 1.831 | 8.53 12.6 | 1.924 | 9.80
310.8] 0.707 | .81 345.%| 1189 | 3.87 365.4] 1.315 ] 5.33 382,71 0.840 | 6.77 392,71 L0137 | 1057 402,71 1.892 | 8.5¢ ©12.71 1.906 | 9.82
1.2 64792 | t.63 345.6] 1,068 | 3.88 365.6] 1.351 | 5.35 382.8] 0.684 | 6.78 3192.8 | L.067 | 7,57 402.81 1.952 | 8.55 412.8 1 1.900 | 9.83
31167 0.793 | 1.85 345,87 1.09% | 3.90 365.8( 1.397 | 5.37 382,91 0.728 | 6.78 392.9 | 0.850 | 7.58 402.9| 1.802 | 8,57 412.9 | t.904 | 9.84
312.0] 0.706 | 1.67 366,01 1.085 | 3.92 366,01 1.410 | 5.39 383.0| 0,738 | 6.79 393,0 | 0.736 | 7.59 403,01 1.517 | 8.58 413.0 | 1.909 | 9.8s
312,46 0.659 | 1.69 346.2] 0.897 | 3.93 366,21 1.373 | 5.4l 383.1( 0.747 | 6.79 393.1 1 0.618 | 7.59 403,11 1.433 ] 8,59 413,11 1.962 ] a.87
312.8] 0.747 | 1.71 46,4 0.818 | 3.94 366,61 1,333 | S.42 343,21 0.757 | 6.80 393.2 | 8.503 | 7.59 403421 1.4%9 | 8.60 “13.2 ) 1.78« ! 9.88
313.2] 0.759 | 1,73 346.6] 0901 | 3.95% 366.6 ] 1.300 | 5,44 383.31 0.724 | 6.80 393,31 0.438 | r.80 403431 1.522 | 8.61 13,3 1,706 9.30
31136 0.706 | 1.75 346,81 1.06% | 3.97 366.81 1.269 | S5.45 383,41 0,689 | s.81 393,41 0,372 | 7.80 403.4 | 1,585 | 8.82 13,61 1,748 | a.91
314,01 0.755 | 1.78 347,01 0.988 | 3.98 367,01 1.259 | S.48 383.5 ] 0.654 | 6,81 393,51 0.312 | 7.60 403.5| 1.733 | 8,64 413.5 | 1883 9,92
3t4.4 ] 0,776 | 1.80 347.21 1,099 | 4.00 3672 1.284 | 5,50 383.61 0.689 | 6.82 393.6{ 0.425 | T.81 403.6 | 1.897 ] 8.6% “13.6 ] 1.971 ] 3.9
314,81 0,651 | 1,82 347,64 1.163 1 4,01 367,61 1.305 | 5.52 383.7] 0.731 | s.82 393,71 0.538 | 7.61 03,71 2.060 | 8.88 413071 2,050 9.9%
315,21 0.822 | 1l.8% 347,61 1.082 | .03 367,61 1.268 | 5.56 383.8| 0.793 | 6.43 393.8 | 0.65¢ | 7.8l 403.8 1 2.010 | 8.s8 #l13.81 2,098 | S.3s
3i6.6 0.800 | 1.88 347.8) 0.873 | «.08 367.8| 1.154 | 5.55 383,91 0.725 | 6.83 393.9 | 0.794 | 7.82 403.9] 1.920 | 8,69 413.9 | 2,148 | 9.98
3116.0] 0.629 | 1.88 348,01 0.81% | .08 368,01 1.096 | 5.57 384,01 0,857 | 6.8 394,0 | 0.934 | 7.63 40%.0 | 1.829 | 8.70 414.0
3ls.41 0.576 1 1.90 348,21 0.909 | «.07 388.21 1.116 | 5.38 386,11} 0.803 | 6.86 394,11 1.050 | 7.63 406,11 1,889 | &,72 léal
318.8| 0.74% | 1.92 348,61 1.066 | 4.08 368,61 1.147 | 5.80 386.2| 0.978 | 6.45 396,21 1,076 | 7.64 404.2 | 1.980 | 8.73 14,2
317.2) 0.841 | 1.9¢ 348,61 0.97% | 4.10 368.61 1.218 | 5.82 184031 1.153 | 6.86 394,31 1,102 | 7.65 404.3 1 2,072 | 8.75 “14.3
31706} 0.917 | 1.97 348.8| 0,915 | e.1t 368.8] 1.312 | S.6% 384,41 1,186 | 6.87 3946 ] 10151 | T.66 04,61 1.769 | 8.78 “l4.4
318.0} 0.805 | 1.99 349.0 1.020 | 4.13 365.0| 1.368 | S.66 384451 14192 | s.88 396,51 1.251 | 7.66 404.5 | 1.386 | 8.77 414.5
318,64 0.820 ] 2.01 349,21 1,020 | 4.4 369.21 1.316 | 5,67 384.6 1 1.199 | 6.88 394,61 1.351 | 1,67 404.6 | 0.998 | 8.78 ST
3i8.81 0.739 | 2.03 349,61 02900 | 4.15 369,41 1,258 | 5.69 384,71 1.211 | 6.89% 394,7| 1.400 | 7.88 406,71 1,176 | 8,79 4147
319.21 0.887 | 2.08 349.6 0.870 | 4. 17 369461 1,279 5.7 384,81 1,226 | 6.90 394.8 | 1.374 | 7.69 406.8 | 1,478 | 8.80 44,8
319.6| 0.721 ] 2.08 349.8| 0.942 | 4.18 369.81 1.355 | 5.73 3849 1.237 ] &.91 396,91 1.348 | T.70 404,59 | 1.780 | 8,8} 414.9
320.0{ 0.786 | 2.10 390.0| 1.01% | 4,19 370.0] 1.371 | 5.7% 388,01 1,251 | 6.92 395.0 | 1.353 | 7.7t 405.0 ! 1.822 | 8.82 ©15.0 | 2,324 A
320,41 0.861 | 2.12 350.2] 1.088 | 4,21 370.21 1.194 | 5.77 385.1 1.265 | 6.93 395.1 | 1.390 | 7.72 405.1 | 1.805 | B8.83 15,1 | t.ves
320,81 04925 | 2.1% 350,40 1.160 | .22 370.41 0.996 | 5.78 385,21 1,279 ] 6.9¢ 395.2 | 1.427 | .73 405.2 1 1.787 | 8.8% 15,2 | 1.9%0
321.21 0.867 | 2.8 350.61 1.210 | «.24 370.6} 0.973 | s5.80 385,31 1,261 ] 6.9% 395,31 1.653 | 7,74 %05.31 1.736 | 8.86 15,3 | L.7%w
321.6] 0,691 | 2.20 350.8 | 1.173 | 4,256 370.81 1.091 | 5.81 385.41 1,187 | £.95 395,61 1.473 | 7.75 405.6 [ 1.676 | 8.87 15,6 | 1,855
322.0) 0.179 | 2.22 351.0[ 1.059 | 4.28 371.01 1.209 | 5.83 385.5| 1,133 ] 6.96 395.5 | 1.493 | 7.76 405.5{ 1.617 | 8,88 415,51 1.8%¢ . L.uo
322,61 04856 | 2,24 351,21 1.058 | 4,29 371.2| 1.327 | s.85 386.61 1.103 | 6.97 395.6 | 1.453 | 7,78 ©05.6 1 1.573 | 8.90 “15.6 ) 1Tt T
322.8 1 0.747 | 2.27 351,01 1.008 | 4.31 37141 1,443 | 5.87 385,71 1.081 ] 6.98 395.7 | 1.388 | 7.79 405.7 ) 1,533 | 8.91 15,7 1.1as o ogn
323,21 0,619 | 2.29 351,61 0.899 | 4,32 370.6] 1.322 | 5.89 386.8| 1,059 | 6.99% 395%.8 | 1.318 | 7.80 405.8 1 1,494 | 8.92 “15.8 ] 1.8, % sa
323.6] 0.657 | 2.30 351.81 1.002 | 4.33 371.8] 0.981 | S.90 385.9| 0.993 | 6.99 395.9 | 1.22¢ | 7.80 405.9 1 1.602 | 8.93 15,9 1.35% . 1ogs
324.0} 0.620 | 2.32 352.0] L.128 | 4.3% 372.0) 0.721 | S5.92 386,01 0.908 | 7.00 396.0 | 1.122 | 7.81 406.0] 1.749 | 8.9¢ 16,01 20300 . 3 g0
326041 0,687 1 2.3¢ 352,21 1.098 | 4.38 372,24 0.9%1 | 5.93 38641 0.826 | 7.01 398,11 1,021 | 7.82 406.11 1.897 | 8,95 “l6.1 ] 2.16s ;s
326,81 0,697 | 2.38 352.6] 0,938 | .38 372.6 1.220 | 5.9¢ 386.2) 0.845 | 7.0l 396.2] 0.966 | 7,83 406.2 | 1a792 | 8.97 wib6.2 | 2ot c e
325.2 0.668 | 2.38 352,61 0.821 | 4.39 372,61 1.228 | 5.98 386431 0.917 1 .02 396,3 | 0.917 | 7.83 06,3 | 1.619 | 8.98 41603 2.2 0
325.81 0,773 | 2.40 352.8] 04935 | 4,40 372.8( 1.i%6 | 5.98 186,41 0,989 | 7.03 396.4 | 0.869 | 7.84 40644 1 1.ok6 | 8.99 4166 [ 2.a04 o
326,01 1,029 | 2.43 353,01 1.046 | 4.42 373.01 14081 | S.99 386,51 1.061 | 7.03 396.5 | 0.820 | 7.85 406,51 1,433 ! 9,00 41645 | 2.i5¢ B
326,41 14189 | 2,48 353.2] 1.108 | 4.43 373.2] 0.931 | s.01 388.61 1.133 | 7.04 356.6 | 0.670 | ?.85 406.6 | 1.467 | 9.01 916,61 2,537 ‘.
326.81 1.159 | 2,49 353261 10013 | 4,65 373,41 0,781 | 6.02 386,71 1,125 7.08 336,71 0.520 | 7.86 406.7 1 1.50L | .02 416,71 2,087 3 e
327,21 1.183 | 2,53 353.8] 1.132 | 4,47 373,61 0.677 | 6.03 386.8 | 1,070 | 7.0 396.8 1 0.370 | T.86 406,81 1.643 | 9,03 416.8 1 2,38 ‘e
32%.61 1.034 ] 2.58 353.8] 1,165 | 4.48 373.8] 0.908 | 6.04 386.91 1.016 | 7.06 396.9 | 0.626 | 7.86 406.9 | 1.818 | 9,05 41649} 2.254 .
328.0[ 1.006 | 2.59 356,01 1,196 | 4,50 376,01 1.175 | 6.06 387,01 0.962 | 7.07 397.0 | 0.484 | 7.87 407.0 | 1.992 | 9.06 “17.0 ] 1.3%a B
328.4 0.928 | 2.81 35%.2] 1.203 | 4.52 374,21} 1.093 | .07 387,11 0.929 | 7.08 397.1 | 0.561 | T.a7 407.1 | 2.007 | 9,07 “l7.1 ] L .
328,81 1.000 | 2.54 356.6] 1.197 | 4.53 IT6.6| 0.926 | 6.09 387,21 0.911 | 7.09 397,21 0.704 | 7.87 407.2 1 1.973 | 9.09 ©17.2 1 1.ae .-
329,21 1.009 | 2.67 354,61 1,192 | .55 376,61 0,735 | .10 387.3 ] 0.893 | 7.09 397,31 G.887 | 7.88 407.3{.1.933 | 9.10 @703 1. .
329.6 1.193 | z.70 35481 [.195 | 4.57 34 B 0.623 | 6411 387,41 0,969 | 7.10 397.6 § 1.031 | 7.89 “0T.6 | 1.859 | 9.12 1706 1ot B
130,01 1,223 | 2478 355.0] 1.213 | «.58 379.0) 0.714 | 6.12 387.5 ] L.LIT | 7411 3I97.5 | L.l | 7.89 407.5 § 1.765 | 9,13 “l7.5 ) 1. -
130,40 1,187 | 2.77 3S5.2( 1,166 | 4.60 375.21 1,051 | 6.13 387.6 1 1.285 | 7.1t 397.6 f 1.199 | 7.90 «07.8 | 1.671 ] 9.1% A1T.6 ] 1.0 .
330.81 1.014 | 2.80 355.61 1.052 | .62 375,86} 1.219 | 6415 387.71 1,300 | 7,42 397,71 1.282 | 1.91 407,71 1.703 | 9.15 QLT T LT
331,21 0,993 | 2.83 355,61 1,068 | 4,63 375.6] 1109 | 6.17 387.81 1.239 ] 1.13 397.8 1 1.438 | 7.92 “0%.8{ 1.777 ] 9.7 417,81 1 ey .
331.8) 1.022 | 2.86 355.81 1.0%1 | .55 375.81 1.0%9 | 6.18 ¥87.9 ) 1.177 ] 7,16 397.9 | 1.592 | 7.93 467.9 | 1.851 | 9.18 el7.9 | 1,772 .
332.0] 1.0%7 | 2.89 356,01 1.038 | 4,66 376.0( 14137 | 6.20 388.0 | 1,116 | 7.1% 398.0 | 1.748 | 7,94 408.0 | 1.876 | 9.19 418,01 1,742 ‘e
332.40 1.076 | 2.92 358,21 1.05% | &.68 376.2] t.t9t | s.21 388,11 1.058 | 7.16 398.1 | 1.69% | 7.96 408.1 ] 1.885 | 9.21 418411 1,78 e
332.8( 1.030 | 2.95 356.4) 1,097 | 4.69 376.41 1,190 | 6.23 388,21 1.00¢ | 7.17 398.21 1.638 | 7.97 408,21 1.893 § 9,22 418,21 1,13, ca
333,21 1.062 | 2.98 356.6] 0.861 | «.71 376,61 1.196 | 6.25 388.3 1 0.9%0 | 7.17 398.3 1.574 | r.98 “08.3 | 1.874 | 9,23 418.3 | t.ess ve
333.6] 1,076 | 3.0t 356,81 0.788 | 4,72 376.81 1.221 | 6.27 388.4 1 0,928 | 7.18 39B.4 1 1,613 | 7.99 408.4 | 1.845 | 9.25 #18.6 1 1.80e .
336,01 0.930 | 3.04 357.01 0.780 | 4.73 377,01 1.263 | &.28 3168.5 1 0.941 | 7.19 398451 1.656 | 8.00 408.5 [ 1.817 | 9.26 “18.5 1 1.44¢ B
334,41 1.047 | 3.07 357,21 0.861 | .74 ITT.21 1.332 | s.30 388,86 0,954 | T.19 398.6 | 1.699 | 6.02 “08.6 | 1.881 1 9.27 18,8 L.Tie .
334,81 1.179 1 3,10 357,60 0,939 | 4,78 377.4] 1.390 | 6.32 388.7 | 0.986 | T7.20 398.7 | 1,762 | 8.03 “0B.7 | 1.980 | 9.29 18,7 (.93 "
$35.27 1.033 | 3.13 357.61 G.987 | 4.77 37T.6] 1.418 | 6.34 388.8 | 0.979 | 1.21 398.8 | 1.826 | 8.04 408.8 | 2.078 | 9.%0 #18.8 ] L.oe: .
335.6) 1.119 | 3.16 357.8) 0,943 | 4.78 IT7.8] 1.455 | .36 388.9 | 1.022 | 1.21 398.9 | 1.890 | 8.0% 408.9 | 2.080 | 9.32 18,9 ] 1,87 s
330401 1.131 | 3.20 358,01 0.726 | .80 378.0| 1.515 | .38 389,01 1,106 | 7.22 399.0 1 1.872 | 8.07 409,01 2.085 | 9.3 019,01 2,13t 3 e
336.4 | 0.698 | 3.22 358,21 0.57% | 4.80 378.2] 1.567 | 6.4l 389.1{ 1.189 | T.23 399.1 | 1,849 | 8.08 409.1 ] 2.010 | 9.35 “19.1 ] 2,27y . as
336,81 0.909 | 3.24 358,61 0.563 | 4.4l 378,41 1.513 ] .43 189.2 1,256 | T.24 399.2{ 1.826 | 8.09 409.2 1 1.99% | 9.3s 19.21 2,280 s
337.2] 0.864 | 3.27 358.6 ) 0.582 | «.82 378,61 1.%26 | 6.45 389.3 | 1.298 | 7.2% 399.3 | 1.801 | 8.1t 409.3 1 1.989 | 9,37 #19.3 ] 2,240
337,61 0.827 | .30 358.8( 0.755 | 4,83 378.81 1.228 | 6.47 38%.4 | 1.340 | T.26 3199.4 | 1.778 | 8.42 409.6 | 1.983 | 9.39 419.4 ] 2,254
$38.0| 0,988 | 3,32 359,01 0.976 | 4.84 379,01 1.073 | .48 389,51 1.379 | 7.2% 399.5 ) 1.750 | a.13 409.5 | 1.918 ] 9.40 419.5 ] 2,156
338,41 0.938 | 3.35 359.21 1,117 ] e.86 379.2| 1.062 | 6.50 389,61 1.416 | 7.28 339.6 | 1.670 | 8.1 409.6 | 1.829 | 9.42 419,61 2.01:
" 33848 1.039 | 3.38 359,41 1.16% | .87 379441 1.056 | 6.51 389,71 t.a4s | 7.29 399.7 1 1.587 | 8.16 409.7 1 1,740 | 9.43 “19.7 1 Lo .
2é§?\ 339,21 1,091 | 3,41 359,61 1.210 | 4.89 379.61 1.019 | 6.53 383,81 1.452 | 7.30 399.8 | 14503 | 8.17 09,8 | 1,655 ] 9.44 19,8 | (.7 -
igﬁ; 339,61 1.00% I 359.81 1.207 4.91 379.81 1.011 .54 389,91 1.396 7T.31 399,91 1,990 s.18 409.9 1 1.573 P48 419,91 1.res . e
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Table VII. (continued)

N My Py N s 29 . Haa Pae 5, e Pya X, E Ha, Pas X, Hyy Pie X, Ml P,

am wimt am % am wrend .am A am wrmd oaem 2% am wimi nen °»‘. new wim? . 4 am P % am wimd am o
. 26,8 | 1.72% | 10.82 430.0 | 1.080 | 12.08 60,0 14735 13,34 450.0 | 2.023 | 14.79 460.0 | 1.946 | 16,30 470,01 2.002 | 17.80 480.0 | 2,115 | 19.31
«20.1 | t.s30 | 10.83 430,11 £.127 12.09 440,11 1.T14 ] 13435 450.1 | 2.07% | i4.80 48041 | 1.936 | 16,31 470,11 1,959 | 17,81 480,11 2,106 | 19,32
420.2 | 1.656 | 10,84 430.2 | 1.173| 12,10 440,27 ] 1.893] 13.37 450.2 | 24149 | 14.82 460,21 2.008 | 156,33 &70.21 1.939 | 17.82 480.2 | 24147 | 19,34
w2043 | 1,687 | 10,85 430,31 1,215} 12411 460,31 14675 13,38 450.3 | 2,244 | 16,83 «60.3 ! 2.079 1 18,34 470.3] 1.962 | 17,84 ©80.3] 2,173 19.36
42004 1.793 1 10,87 430.4 | 14256 12412 440,46 | 1,770 13,39 450.4 | 2,345 | 14,85 “60.4 | 2.086 | 16,36 470.61 1.992 ] 17.85 «80.4 | 2.101 | 19,37
420.5% ) 1.8%9 | 10.88 430.5 ] 1.282] 12,13 440,51 1,865 | 13,50 %50,5 | 24330 | 14.86 460.5 | 2.066 | 16,37 470,51 2.038 | 17.87 480.5 | 2,040 | 19,39
420,61 1.969 | 10,89 430.6 | 1.156| 12.1% 60,6 12998 13,62 450.6 | 2.286 | 14.88 6048 | 2,084 | 16,39 470.61 2.041 | 17.88 480.6 | 2.061 | 19.40
w2011 1,998 1 10,30 230471 1,049 1 12.14 4an 7] 1.982 ] 13,413 @507 1 2.251 ) 14.90 460,71 2.182 | 16,40 470471 1.96% | 17.90 480,71 2.079 | 19.42
420481 2,027 { 19.92 «30.8 | 0.989 | t2.15 %40.8 ] 2.005 | 13,45 450,8 | 2.219 | 14,91 $60.8 | 2.280 | 16,62 470,81 1.937 ] 17,91 480.8 | 2.077 [ 13.43
42049 | 2,039 | 10,34 430.9 | 1.079] 12.16 440,93} 2,029 13,46 450.9 | 2,253 | 14,93 460.9 | 2,248 | 16,43 70,9 2.00% | 17,92 480,91 2,073 19.45
421.0 | 2.030 ] 10.95 431.0 | 1,169 ] 12,17 441.0 ] 2,099 13,47 %51.0 | 2.305 | 14.9% 461,01 2,114 | 16.45 471.0] 2.063 { 17.94 481.0 | 2.052 | 19.48
szi.l ] 2,020 10,97 3.1 1,273 12418 4si.l | 2,168 13.49 451,10 {2256 | 14,96 4811 ] 2,077 | 16,48 471,10} 24100 | 17,95 e81.L 1 2,033} 19.47
w21.21 2.017 ) 10,98 431.2 ] t.424§ 12,19 “61,2] 24237} 13,51 45142 | 2,174 | 14,98 G61.2 1 2,117 | 16,48 471.2] 2.098 | 17,97 481,21 2,036 | 19.49
621.3 1 24022 1 10,99 431431 1,574 | 12.20 441,31 1.969] 134952 451.3 ] 2.132 ] 14.99 461437 2.157 | 16.50 “71.3} 2.018 { 17.98 8143 ] 2,047 19.50
w2lee | 2,027 | 11.01 4316 1,732 12,21 46b.6 ) 1,700 13.53 451.4 | 2.102 | 15.01 461.4 | 2.197 | 16,51 4Til.4} 1.988 | 18,00 81,6 2,013} 19.52
421.5] 2,005 | 11.02 431.5 | 1.919 ] 12.22 441,51 1.840] 13.53 451.5 | 2.124 | 15,02 461,51 2.175 | 16453 471.5] 2.061 | 18.01 481,51 2,176 19.53
w21.6] 1.951 | 11.04 431.6 | 2,106} 12,24 401,86 | 1.981 | 13.56 451.6 | 24163 | 15,04 48106 2,101 | 16,54 4T1.61 2.131 | 18.03 481,61 2.220 | 19.55
%217 ] 1,897 | 11.05 31,71 2,2% | 12,25 441.7] 2.078 ] 13.58 451.7 | 2.169 | 15.06 461,71 2.056 | 16,56 471l 7} 2.194 | 18.04 81,7 2.256 ] 19.57
2148 ] 1,899 | 11,06 &31.8{ 2.143 ) 12.27 461,81 2,176 | 13,59 451.8 | 2.165 | 15.07 46148 | 2.034 | 16,57 s71.8| 2.233 [ 18,06 481.8] 2.225 ] 19.58
©21.9] 1.975 | 11,08 431.9 | 2.052 | 12.28 461.9 | 2.138 | 13.61 45,9 | 2.195 | 15.09 461.9| 2,078 | 16.59 «T1.9| 2.220 | 18.08 81,9 2,193 19.80
422.0 | 2.051 [ 11.09 ©32.0 1.938 | 12.30 462.0 | 2.099 | 13.62 452.0 | 2.237 | 15,18 462,01 2.179 | 16.60 472.0] 2.207 | 18.09 “82.0] 2.160 | 19.81
42241 | 2,050 | L1.11 ©32.1 1 1.735 | 12,31 442,11 1.979 | 13,64 452.1 | 2159 | 15.12 “62.1 | 2,189 | 16,62 472,11 24189 | 18411 482,11 2,119 19.43
©22.2 | 1346 | 11412 432,21 1.533 | 12,32 442,21 1.8%8] 13465 45242 | 2,044 | 15.13 462,21 24122 | 16.63 472.2) 24172} 18412 482.2 | 2,005 19.44
22,3 ] 14842 Li.1% 43231 1.384 112,33 442,31 1.994 | 13,66 452.3 | 2,036 { 15,15 462,31 2.120 | 18,85 472,31 2.176 | 18414 “82.3 1 1.912] 19.86
422,41 1870 1 11415 932,44 | 1,445 [ 12,36 462.4 | 2.135| 13,68 452,64 | 2.064 1 15.18 462.4 | 2.175 | 16468 472.4| 2,225 18415 482,41 2.065] 19.47
©22+5 ] 1.405 | 11,18 432,51 1.506 | 12,35 442,5 | 2.102 | 13.69 452,5 | 1,974 | 15.18 462.5 | 2,200 | 15,68 472,81 2.224 | 18.17 482,5 ] 2,167 19,489
422.8 | Larsl | tLaAT 432,61 1,584 | 12.36 462,6 | 2,064 t3.71 %52.6 | 1.845 | 15.19 46246 2,200 | 16,869 472,61 24107 | 18.19 482.6 | 2,162 19.70
©22,7 ) 1,117 | 11.18 632.7 | 1,737 | 12,38 442,71 2,066 | 13.72 %52.7 ) 1.812 ] 15.20 482,71 2,169 | 18,71 472,71 2.027 | 18.20 482,71 2.146 | 18,72
622.8 | 1,430 1 11,19 432.8 | 1.889 | 12,39 442.8 | 2.068 | 13,74 452.8 | 1.811 ] 15.22 462.8 | 2.110 | 16.73 72,8} 2,032 18,22 482.8 | 2.082 | 19.73
422.9 ] 1.743 | 11.20 432.9 | 2.015 | 12.40 462.9 | 1.987 ] 13.75 452.9 | 1.821 | 15.23 462.9 2.127 | 18,74 472.9| 2,012 18,23 82,91 2,024 | 15.75
%23.0 | 1.911 | 11.21 433.0 | 2.025 | 12.42 443.0 | 1,902 | 13,77 53,0 | 1.835 | 15.2¢ 463,01 2.214 | 16,76 473.0] 1.933| 18.24 483.0] 2.035 19.76
%2341 | 1.869 | 11,22 433.1 | 2.036 | 12.43 443,01 1.960 | 13.78 453,10 | 1.936 | 15,28 463411 2,192 | 16,77 473411 1.913( 18.26 483,11 2,044 | 19.78
w23.2 ] 1.827 [ 11,24 433,2 | 2.04% | 12.45 463,2 | 24023 ] 13,79 453,2 | 2.048 | 15.27 463,21 2.069 | 16,79 473.2] 2.037 1 18.27 83,2 2,024} 19.79
423,31 1.758 [ 11.25 433.3 12,063 | 12,46 443,31 1.874 | 13.81 453.3 | 2.002 | 15.29 463,31 2.048 | 16,80 473.31 2.132) 18.29 483.3 ] 2,011} 19,81
423,64 | 1.652 [ 11,26 433.6 | 2.063 | 12,48 443.4 | 1715} 13,82 453.4 ] 1.863 | 15.30 463.4 | 2.124 | 16,82 473.4| 2,151 18430 483,41 2,106 19.82
423.5 | 1.545 11,27 433.5 | 2.007 | 12.49 443.5 | 1.859 | 13.83 453,5 | 1.966 | 15.31 463,51 2.151 | 16,82 473.5] 2.147 1 18,32 483.5] 2,195 19.84
“23.6 | 1.525 | 11.29 433.6 | 1.805 | 12.50 443,6 ]| 2,018 | 13,85 453.6 | 2,158 | 15433 463.6 ] 2.131 ] 18.85 473.6| 2.032| 18.33 “83.6| 2,199 | 19.35
“23.7 1 1.639 | 11.30 433.7] 1,603 | 12,52 443.7 | 2,057 | 13.86 453.7 ] 2,177 | 15.34 463,71 2,120 | 15,86 73,7 2.103 | 18.35 83,71 2,197 | 19.87
423.8 | 1.752 | 11.31 433.8 | [.438 | 12.53 43,8 | 2.090 | 13.88 453.8 | 2.130 | 15,36 463.8 | 2.117 | 18,88 473.8| 2.146 | 18.36 «83,.8| 2,093 | 19.88
423.9 | 1.834 | 11.32 433.9 | 1,458 | 12.54 443,91 2,073 | 13.89 53,9 | 2.085 | 15.37 463.91 2.133 | 18.89 «73.9] 2.116 | 18,38 483,91 1,995 19.30
424.0 | 1.866 | 11.33 434,0 ] L.o7?] 12,55 444.0] 2,054 13.91 456,00 | 2.0%2 | 15.39 464.0 | 2,169 | 16.91 474,01 2,988} 18,39 84,01 1.992] 19.91
424.1 | 1,898 | 11435 4341 1.511 [ 12,96 a6bal | 1,937 13,92 “56,1 | 2,094 | 15.40 484,11 2,157 | 16,92 4Th.1| 2.064 | 18.41 484,11 1,991 19.93
926,21 1,963 | 11.36 43402 1 Los2l | 12,57 466,21 1.815] 13,94 454.2 | 2,185 | 15.%2 464.2 | 2,094 | 16,94 4T4.2] 2,059 | 18.42 486,21 2,030 19.94
426,31 2.032 | 11.38 436,31 1.730 | 12.58 464031 1.9777 13,95 45,3 | 2,176 | 15.44 464,31 2,079 | 18,96 4T4.3 ] 2,105 | 18.4% 484.3 | 2,068 19.96
424,41 2.116 1 11039 434061 1,829 112,59 446,61 2,159} 13.96 w54 | 2,127 15,45 bh.4 | 2,115 ] 16.97 4T4.h | 2,126 | 18445 484,46 | 2.083 | 19.37
©26.5 | 2.107 [ 11.61 434.5 | 1,876 1 12,61 ©4%.5 | 2,111} 13.98 654,51 2.100 | 15.47 464.5 | 2.086 | 156,99 47,5 2,070} LB.a7 484.5] 2,098 | 19.99
426406 | 1,951 | 11,42 43606 | 1,922 ] 12,62 444.b6 1 2,067 13.99 456.6 | 2,081 | 15.48 664.6 | 1,895 | 17.00 474,61 2,058 | 18,48 4B4.6 | 2,087} 20.00
424,7 | 12796 | 11,43 434,71 1.948 | 12,64 444,71 2,068 14.01 456,71 2.02¢ | 15.50 464.7 | 1.911 | 17,01 4T4.7] 2,167} 18.50 484,71 2,076 | 20.22
42408 | 1,686 | 11,65 436,81 1.856 | 12,65 448,81 2,096} 14.02 456.8 | 1.951 ] 15.51 464.8 | 1.95 | 17.03 474.8] 2,206 | 18.51 484,81 2,058 | 20.0}
42609 | 1,655 | 11.46 436.9 1 1.T66 | 12,56 444,93 | 2,124 14,04 454,9 | 1.988 | 15.52 464,93 | 2,027 | 17.04 474,91 2,175} 18.53 484.9 ] 2,042 ] 25.35%
425.0 | Lo624 | 11,47 435.0 | 1,896 | 12.67 445,01 2,159 | 14.0% 455.0 | 2.075 | 15.54 %65.0 ] 2.070 | 17,06 475,01 2.149 | 18,55 85,0 | 2,076 | 20.06
42541 1 1.610 | 11.48 435.1 ] 1.759 | 12,69 445.1 4 2.196 ] 14.07 455,11 2.099 | 15.58 465.1 ] 2,080 | 17.07 475.1] 2.140 | 18,58 485,11 2,109 28,08
“25.2 | 1.628 | 11,48 435.2 1 1.825 | 12,70 445.2 1 1.988 | 14,08 455,21 2,095 | 15.57 ©65.2 | 2,062 | 17,09 475.2] 2.124 | 18.58 485.2 | 2.086 ; 25.0%
“25.3 1 1.645 | 11.51 435,31 1.887 1 12,71 445.3 1 1.758 | 14,10 55,31 2.040 | 15.58 465.3 | 2.013 17,10 475.3 ] 2.089 | 18.59 485.3 | 2.060 | 20.1¢
@254 1 1,718 | 11,52 “35.61 1.929 1 12.73 65,41 1,785 14011 455,41 1.961 | 15.60 465.6 | 1.999 | 17,11 4T5.41 2,057 1 18,61 485.4 ] 1,914 23,12
425.5 | 1.892 | 11.53 435,5] 1.970 | 12,74 445.5 | 1.796 ] 14212 455,5 | 1.985 | 15,61 ©65,5 | 2.026 | 17.13 75,5 | 2,034 | 18.62 85,5 | 1,770 20.13
92546 1 2.066 | 11,54 435.6 | 1.998 | 12.75 “a5.6 1 1aB16 1 141b 455,61 2.056 | 15.63 %865.6 1 2.088 | 17.14 475.6 1 2.029 | 18.64 485.6 | 1.802 1 i0.1%
“25,7 ] 2,079 | 11.56 435,71 1.929 | 12.77 445.7 1 1.836 1 1415 @55.7] 2.183 | 15,64 465,71 2.185 | 17,16 4T5.7 | 2.0869 | 18,565 485.7 1 1.832 23,18
%25.8 | 1.793 | 11.57 435,8 | 1.861 | 12.78 445.8 | 1,866 | 14.15 ©55.8 | 2.181 | 15.66 465,81 2,231 { 17.18 475,81 2,121 | 18,66 “85.8 | 1,885 2%.17
P 425.9 | 1.506 | 11.39 435,91 1.810 | 12,80 445.9 ] 1.898 | 14.18 455,39 | 2.141 | 15.67 ©65.9 1 2.214 | 17.19 475.9 1 24213 18468 485,91 1,537 | 20.18
: 426.0 | 1.402 | 11.60 436.0 | 1.884 | 12.81 446.0 | 1,981 | 14.19 456,01 2,121 | 15.49 466,01 2,170 | 17.21 476.0] 2.268 1 18.70 486.0 ] 1,282 25.13
426411 1.650 | 11,61 436011 1.9%9 | 12,82 44601 1 2,068 14,21 456,11 24149 | 15.70 48641 ] 2.092 | 17.22 416,11 2.199 | 18,71 486.1 | 1,028} 20.29

426.2 | 1.897 | 11.62 436.21 2.030 | 12,84 546.2 | 24156 | 14,22 456.2 | 2.200 | 15.72 46642 2.072 | 17.24 476,21} 21311 18.73 86,2 | 1,353 232
426.3 | 2.055 | 11.63 436,31 2.067 1 12.8% 446,31 2,105 14.24 456.3 | 2.155 | 15.73 “66.3] 2,121 | 17.2% 476.3] 2.077| 18.74 86,3 ] 1,879 28,20
42644 1 2.035 | 1'1.86 436,61 2,105 12.87 446,64 1 2,036 16425 4S8,4 | 2.061 | 15,75 466.4 | 2.094 | 17.27 476.4 | 2,075 ] 18,76 “86.6 | 1,728 5.0
426.5 ] 2,014 | 11,68 #36.5] 2,135} 12.88 466.5 | 2,019 1e.27 456,51 2.069 | 15.76 266.5 ] 1.970 | 17.28 476.5] 2,063 ) 18,77 486.5 ) 1,777 ] 20.28
426.6 1 1,376 1 11,68 436,61 2,100 | 12.90 446,61 2.009 | 14.28 456.6 1 2.128 | 15.78 466.6 ] 1.867 | 17430 476.61 2.008 | 18.79 486.6 | 1.821 | 20.4s
426,71 1.833 | 11.69 436,71 2,06% | 12,91 466.7 | 1,957 1 14,29 456.7 1 2.189 | 15.80 466,71 1,789 | 12,31 47647 1,982 | 18.80 “86.7 | 1.8657 2.2
26,8 | 1.812 } 11,70 “36.81 2,029 | 12,93 4%6.8 | 1,921 1 14431 456.8 | 2.201 | 15,81 466.8 ] 1.829 | 17.32 476.8 | 2.066 | 18.82 486.8 | 1.965] 22.2%
42b.9 f L7018 [ 11,72 436.9 | 1.988 { 12,94 #66.9 | 1957 ] 14432 456,9 | 2.169 | 15.83 466.9 | 2,021 | 17434 476.9 | 2.128 ] 18.83 488.9 | 2,088 | 2.2
427,01 1.597 | 11.73 37,01 1.967 | 12.9¢6 467.0 1 2,003} 16,34 457.0 | 2.103 | 15.84 67,01 2,120 | 17,35 477.0] 2.108 | 18.8% 487.0 ) 1.825 ) 7Z. %
2741 | 1aa?S [ 11,74 437.1 1 1.901 [ 12.97 “&7.l | 2.036 | 14,35 457.1 | 2,112 ] 15.86 487,11 24092 117,37 77,11 2.088 1 18,86 487,11 1,585 0.
b 427.2 | 1619 | 11,78 437,21 1.806 | 12.98 67,21 2,067 1437 45721 2.163 | 15.87 467.2] 2.084 | 17,38 477,21 2.058 | 18.88 487.2 1 1,788 | sT.0e
427,3 | 1.507 J 11.76 437.31 L.711 4 13.00 467.3 1 2,125 14.38 ©57.3 12,196 | 15.89 67,3 2,105 | 17,40 «77,3| 2.062 | 18.89 487.3 | 1,950 | (5.8
“27.6 1 1.%9% { 11.77 “37.4 | 1.631 ] 13,01 L47.6 1 2,187 14440 o57.4 ] 2,220 1 15.90 467 .41 2,128 1 17,41 4T7.4 | 2,195 | 18.91 “8T.% ] 1,923 1 2C.at
%27.5] 1.695 | 11.78 437.5 | 1.705 | 13,02 447251 2,208 | 14,61 457,5 { 2.232 | 15.92 467,5| 2,149 | 17,43 477.5 ] 2.293 | 18.92 487,5 ] 1,908 (3.
“27.6 | 1.823 | 11.80 437.61 1.926 1 13,03 467,61 242221 14.43 457,56 | 24238 | 15.94 467,61 2,131 17,44 17,6 2.262 | 18494 48746 ) 1,995 2.3
27,7 | 1.951 | t1.8L 437,71 1.922 | 13.05 447.7 | 2,205 | L4.44 «57.7 | 2.200 | 15.95 ou7.7| 2.053 ] 17,46 4T7.71] 2.197 ] 18.96 ;

%27.8 1 2.015 | 11.82 437.81 1.919 ] 13.06 447.8 1 2,183 | 14,46 457.8 | 2.137 | 15.97 a67.8] 1,987 | 17,07 «77.8] 2,175 } 18497
%27.9 | 1.931 | 11,84 437,91 1.898 | 13,07 667.9 [ 2.034 | 14,47 457.9 ] 2.072 ] 15.98 467.9] 1.936 | 17,49 «77.9] 2.164 1 18.99 487.9 | 2,136 ] /0.
428.0 | 1.847 | 11.8% 438.0] 1.679 | 13,09 48,0} 1.863 | 14449 ©58.0 | 2.005 | 16.00 «68.0) 1.912 | 17.%0 478,01 2.198 | 19.00 488.0 | 2,053 0.
“28.1 | 1,794 | 11.87 38,11 1.459 | 13,10 4e8.1 ] 1,913 ] 14,50 458,10 | 2,045 | 16,01 68,1 1,929 { 17,51 478,11 2.208 | 19,02 488,11 10970 Ja.a
428.2 | 1.818 ] 11.88 ©38.2 | 1.268 | 13.11 448,21 2.001 | 14.52 458.2 1 2.149 | 16.03 468,21 1.976 ] 17.93 478.2) 2.102 | 19.03 488,21 2.022 0.0
428,3 | 1.841 | Li.89 438.3 ] 1.460 | 13,12 «48.3 | 2,092 | 14.53 «58.31 2,139 | 16,04 468,31 2,070 ] 17.54 478.31 2.029] 19.0% “88.3] 2,076 (6. %0
428.4 | 1.854 | 11,90 438.4 ] 1.653 113,13 448,64 | 2.184 | 14455 458.4 | 2,059 | 16.06 468,41 2,124 17,56 478,41 2.109 ] 19,06 B84 ] La9aL ) 1%
%28.5 | 1.841 | 11.92 438,51 1.832 | 13,14 448,51 2.238 | 14.56 458.5 | 2,057 | 16.07 468,51 24116 17.57 478.5] 2.164 | 19.08 88,5 1,807 /3.y
428.6 | 1.828 | 11,92 438,61 1.304 | 13.15 «48.6 | 2.285 | 14.58 458,65 | 2,105 | 16.09 468,61 2.116 | 17,59 478,81 2.099 | 19.09 488,61 1.879| /0. s
#28,7 {1761 | 11,96 438,71 1.777 | 13017 448.7 ] 2,142 1 14,59 458.7 | 2,162 | 16,10 468.7] 2.128 | 17,60 478.7] 2,045 | 19.11 88,7 1,951 /3.4
428.8 | 1,665 [ 11.96 438,81 1.752 | 13.18 448,81 1,962 | t4.61 458.8 | 2.226 | 16,12 468,81 2,125 | 17.62 478.81 2,067} 19,12 «88.81 1.932] 20.%e
428.9 | 1.568 | £1.97 438.9] 1.778 | 13,15 68,9} 2.016 | 14.62 458.9 | 2,223 | 16,13 468,91 2,097 | 17.63 478.9] 2.057 ] 19.14 +88.9] 1.914} (0. ve
429.0 | 1.520 | 11.98 439.01 1.805 | 13,21 449,01 2,115 | 14.64 459.0 | 2.182 | 16415 «69.0| 2,086 ] 17.85 479,01 2.108 | 19.1% 89.0] 1,719 25 ve
429.1 | 1.602 | 11,99 439.1] 1.830 | 13,22 449,11 2,139 | 14,65 459,10 § 2,138 | 16,17 469,11 2.102 | 17.86 479,11 24183 | 19417 489,11 1.525] 28,00
429.2 | 1.683 | 12,00 439.2 | 1.814 | 13,23 449,21 2,147 | 14,87 459.2 | 2.091 | 16.18 469,21 2.091 ] 17.68 &19.2] 2.169 | 19.18 89,2 1.831 ] 2¢.es
42%,3 | 1.729 | 12.01 439.3| 1.798 | 13.2¢ 449,31 2,069 | 14,68 459,3 | 2,083 | 16.20 469,31 2.033 | 17.69 479,31 2.189 | 19,20 489,3 ] 2,138 26 4+
429.6 | 1.676 | 12,03 439.41 1,788 | 13.26 449,41 1,974 1 14,70 459.4 1 2.099 | 16.21 469.4 | 2,050 ] t7.71 479.4 ) 2,232 19.22 483.4 ] 2,150 20. 4~
429.5 | 1.824 | 12.04 439.5 ] 1.907 | 13,27 46,51 1.991 | 14.71 ©58.5 ] 2.074 | 16,23 ©69.5 | 2.183 | 17.72 479.8] 2.2851 19.23 489,51 2,162 20, 0
429,61 1.536 | 12,08 439,61 2.026 | 13,28 449,61 2.032 1 14,73 459,61 2.019 | 16.2¢ 469,61 2,219 17,74 479.61 2,233 | 19.25 489,81 2,167 1c. e
429,71 14348 | 12,06 ©39,7} 2.136 | 17,30 449,71 2,068 | 14.74 459,71 2.038 | 16.25 89,7 ] 2,061 | 17,75 479.7] 2.200 | 19.26 489,71 2,173 25 ee
429.8 | 1.160 | 12,07 ©39.81 2,001 [ 13.31 449,81 2,103 | 14.78 459.8 | 2.109 | 16.27 469.8 | 1,971 | 17,77 479.8] 2.164 | 19,28 «89.8 2.151 | 22 -
42%.9 1 1.032 1 12,08 «39.9 1 1,866 13,33 9.9 2,071 1 1477 «59.9 1 2,067 1 16.28 463,91 1,999 [ 17.78 479,91 2.131 1 19.29 89,91 2.1281 2 vy
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Table VIl. (continued)

x = Py X, My, 25, 5, M. 2y, x. Hi P, . = Py, A My, Py

am wind nen oy s wim¥ am o am Him¥ % nm wim? am g am Wi am o am Wimd . am ®%
49Q0.0 § 2.15% [ 20,74 $€0.0 | 1.927 | 22.18 S10.% | 1.927 [ 23.80 S20.Q ] 1.994 | 24.94 $30.0 | 1.993 | 26,3y 56040 | 14882 | 27,69
430,11 2,182 20,78 SS0.1 b Le910 § 22,20 S10.1 {2,062 ;23,61 520,81 ;2,012 | 24.9% 53041 § 2.01% | 26.32 340,10 {1,851 {2171
@90:2 § 2,030 20,77 BC0.2 [ 1,893 | 22,2y 5102 | 2.031 | 23.63 92042 [ 24030 [ 2%.97 S30.2 § 2,034 126,34 540.2 [ 1.6850 [27.72
“90.3 1 1.998 | 20.78 SCO.3 | 1.89%3 1 22,23 51043 | 2.021 (23,54 G203 | 1976 | 24.98 53043 | 2.0%1 [ 26.35 54043 1,788 {27.73
490.4% | 2,051 | 20.80 S804 1 1894 22,24 B10.4 | 2.060 | 23.85% 520.% | 1.322 | 25.00 $30.4 [2.068 | 26.16 540.4 | L.T19 [ 27,78
“%0e5 | 2,105 ; 20.81 5C0«5 | 14895 1 22.2% 510.5 | 2,060 | 23.67 52045 | 1.848 | 25.01 53045 { 2,094 | 26.38 5405 [ 1.731 [27.76
449046 | 2.15%0 1 20.83 500.6 | 1.895 | 22.27 51048 | 2,012 | 23.68 52046 1 1.775 | 25.02 530.6 | 24120 [ 26,39 5406 {1,763 127,77
“F0.7 F2.194 [ 20,84 STC.T [ 1.896 [ 22.28 S10.7T | 1e%64 [ 23,70 520.7 | 1.860 | 25.04 53047 1 2,097 | 26441 540.7 1 1.819 [ 27.78
430.8 1 2108 | 20.38 SO0.8 [ 1.992 122.29 SL108 1 1.915 | 23,71 S20.8 | 1.946 | 25,05 S30.8 | 2,079 | 26,42 540.8 ; 1.89% [ 27.80
490.9 {2,023 120,87 SGC.% | 2.0R8 | 22,31 510.9 | 1.867 [ 23,73 $20.3 | 1.%24 | 25.06 5309 { 2,076 | 26.4% 540.9 [ 1.912 [ 27.81
49140 {14931 120,89 SOL.C | 2.037 | 22.32 S11.0 1 14973 [ 21,74 $2V.0 | 1,902 [ 2%.08 531.0 § 2.076 | 26.45 S41.0 11.928 [ 27.82
“FLal | 14840 20,90 SChel [ 1.985 | 22,34 S11.1 {2.078 {23.7% $21e1 | 1.978 | 25.09 S3lel 124052 | 26,47 Selel [ 14907 [27.84
491.2 | 1.983 [ 20.92 SO142 § 14933 [ 22,35 S112 | 2.069 [ 23,77 521.2 | 2.054 125411 $31.2 [ 2,027 [ 26.48 S4i.2 [1.888 127,85
43143 12,126 120.9% 5Gla3 | 1.882 {22,137 SLEs3 | 2.0%9  23.78 5213 | 2,044 (25,12 $31.3 | 14993 | 26.50 S41.3 [1.832 j27.87
“3Le4 2,127 120,98 5CGle% | 1,830 | 22.38 51l.4 | 2,084 [ 23.80 S2i.% | 2,021 128,14 S3leh | 1,959 | 26.5} S4t.% [ 1.778 [ 27.88
491.% [ 2,127 120,96 501.5 | 1.857 | 22,39 Si1.9 § 2.112 | 2%.81 $2ie5 | 1912 {25415 5315 | L+927 | 26.53 S4{.% | 1.815 [.27.89
4.6 | 2,128 20,98 50146 | 1,885 | 22,41 S11.6 | 2.088 | 23,83 52146 { 1,804 {25,186 531e6 | 14896 | 26454 S41.6 1 1.851 [ 27.90
@917 {14955 | 20.99 SC1a7 | 1,894 | 22,42 S11.7 1 2.059 | 23.8% 52t.7 { 1.812 [ 25.18 531a7 [ 1367 | 26,55 Sete? 14830 | 27.92
49L.8 11,782 [ 21.00 SCL.B | 1,904 | 22,43 S11.8 12,033 !23.88 521.8 | 1.821 [ 25.19 53148 | 1,999 | 26.57 541.8 [1.809 {27.9}
43149 | 1,675 [ 21402 S01.9 {1,913 | 22,45 511.9 | 2.006 1 23.87 5219 | 1.916 | 25.20 G31.9 1 2.020 | 26.98 S41e9 | 1.840 | 27.9%
492,01 1.967 | 21.03% 502.0 | 1,922 | 22,498 512.0 | 1.980 | 23.89 522.0 {1 2.011 |25.22 $32.0 | 2.042 | 25.60 54240 1 1.871 [ 27.96
©92.1 ] 1747 1 21.04 5C02.1 | 1,931 | 22,67 S12.1 1 1.95%6 | 23.90 52244 | 1.978 125,23 5321 | 1.9%2 | 26461 54241 {1.836 §27,97
49242 11,926 | 21.0% 50242 | 1,960 | 22,49 512.2 | 1.9271 {23,392 522.2 1 1+345 125,24 53242 | 1.863 | 28,63 542.2 11,920 |27.98
432,31 1.931 f21.07 50243 | 1.979 | 22.50 512.3 § 1.90t | 23.93 5223 | 1.962 | 25.26 532.3 | 1.798 | 26.064 542.3 11,930 | 28.00
492,46 | 1.335 121.08 502.4 | 2,018 | 22.52 512.4 | L.8Y4 | 23.9% 522.% 1 1.979 | 25.27 9324 | 1,762 | 28,85 5424 1 1,939 |28.01
49245 1 2.023 1 21.10 50245 ] 1.967 | 22.53 S12.5 | 1.848 | 23.96 52245 § 1,874 [25.29 53245 | 1756 | 26,66 542.5 [ 1.966 | 28.03
432,46 1 2,110 | 2111 50246 | 1,916 | 22,54 512.6 | 1.866 | 23.97 522.6 | 14769 [ 25.30 532.6 | 1. 767 | 20,68 542.6 [ 1.994 | 28,04
432,71 2.064 j 21412 5C247 | 1,955 1 22.56 512.7 | 1.88% | 23.98 522.7 1 1.759 {25.31 5327 | 14173 126,69 542.7 [ 1,919 | 28.08
492.8 1 2,018 21,14 S02.8 | 1.99% | 22.97 512.8 | 1,901 | 264,00 522.8 1,748 | 25.32 532.8 [ 1.779 [ 26.70 542.8 ; 1.845 | 28.07
492.9 § 2,035 { 21,15 50249 | 2,012 | 22459 $12.9 | 1.919 | 24.01 52249 | 12856 | 25,34 532.9 | 1.918 [ 26,72 542.9 [ 1.850 | 28.08 552.9 [ 1,758 | 29.43
493,00 ! 2.081 | 21.17 503,0 | 2.030 [ 22.60 513.0 | 1.953 | 24.02 523.0 | 1,963 | 25,35 $33.0 | 2.056 | 26.7) 543.0 | 1.8%¢ | 28,09 553.0 | 1.808 | 29.4%
“93.1 (1 2.112 j21.18 503.1 1 2,048 | 22,62 813011 1,987 | 24.04 523.1 {1,916 | 25.37 5331 ] 22034 | 26,74 S43.1 | 1.85%6 128,11 553,101 | L.83e | 29,48
“33.2 F 20173 L 21020 5C3.2 1 2.075 | 22.63 S13.2 1 1,948 | 26,0% 5232 [ 1.86%5 | 25,138 $33.2 | 2.012 | 26,76 S43.2 | 1.858 | 28.12 583.2 [ 1.860 | 29.47
%33.3 | 2.01Tr 121,21 503.3 | 2.103 | 22,65 F1343 | 1.905 | 24.07 52343 [ 1.826 | 25.39 533.3 | 2.010 | 26.77 S43.3 11,819 |28.13 553.3 [ 1.512 | 29.49
493.4 | 1,981 §21.23 5C3.6 | 14983 122466 513.4 | 1,959 | 26.08 523.4 {1,786 | 25,41 533.4 | 2.008 | 26,79 S43eb f1LTBL [ 28415 553,41 1.363 | 29.50
43345 | 2,036 | 21.24 503.5 | 1.864 | 22.87 S13.5 1 2,013 | 26,09 523.5 | 1.815 | 25.42 5335 | 1.970 | 76.80 543.5 {1.827 [28.16 $%3.5 | 1.931 | 29.51
4%3.6  2.090 | 21.26 5C3.6 | 1,906 | 22.69 513.6 1 1,953 | 24011 $23.6 | 14843 | 25,43 533,86} 14932 | 26.82 563.6 [ 1.873 | 28,17 53,6 114893 [ 29.5%
“F3.7 ] 1346 [ 21027 503.7 1 1.948 | 22.70 S13.7 ] 1.892 {26412 52347 [ 1.3686 | 25,45 533.7 | 1.882 | 26.83 543,77 11.937 |28.19 553.7 11,9086 | 29.54
“33.8 1 1.801 {21.29 5C3.8 | 1.815 | 22.7¢ 513.8 | 1.802 | 24414 923.8 | 2,088 | 25.46 $33.8 | 1,831 | 26.84 543.8 | 2.002 §28.20 553.8 [ 1.916 | 29.5%5
493.9 1 1,917 ['21.30 503.9 | 1.682 ;22,73 513.9 1 1,773 | 24.15 523.9 | 2.018 | 25.47 $33.9 | 1.802 | 26.86 S43.9 12,002 | 28.22 553.9 | 1,904 | 29.57
434.0 | 2,033 | 21.31 5C4.0 | 1,668 | 22,74 516.0 | 1772 | 260186 526.0 | 1.947 | 25.4% 534.0 | 1. 774 | 26,87 544.0 12,002 [28.23 554,00 {1.89% | 29.58
494,11 ) 2.098 | 21,33 S06.1 | 1.6%4 | 22,75 Slést | L 771 [ 24417 S26.1 [ 1,943 | 25.50 S34el | Leg25 | 26.88 Shhal 1.996 | 28,24 55441 ['1.898 | 29.60
49%.2 | 2,104 | 21434 5C6.2 | L.BBY | 22,78 51442 | 1,836 | 24419 526¢2 [ 14938 | 25.52 $34.2 | L.876 | 26,89 544,2 11,985 |28.26 554.2 | 1.902 | 29.581
434.3 1 2.161 [ 21,36 50443 {2,119 | 22,78 S14e3 1 1,902 | 24420 524.3 1 1.945 | 25.93 534.3 | 1.901 | 26.91 S64.3 11,929 |28.27 554.3 1 1.891 | 29.82
4344 | 2,159 [ 21437 5C4a% ] 2.096 | 22.79 Slé.6 | 1.936 | 24,21 52804 1 1,952 | 25.94 S3ace | 1,927 | 26,92 Séh.s 11,873 [28.29 5%4.4 | 1.880 | 29.8%
4%4.5 | 2.085 | 21.33 5045 | 2,073 | 22.81 516005 | 1,971 | 264423 $24.5 | 2,008 | 25.56 5345 | 12946 | 26,96 S4%.5 11.835 |28.30 SA4.5 | 1,868 | 29,85
43446 [ 2.010 [ 21,40 5C4.6 | 2,050 | 22.82 Bla.s | 1316 | 26,24 52446 | 2,064 | 25.57 $34.6 | 1.965 | 26.9% Se4.6 [ 12797 2843} 554,56 | 1,858 | 29.66
w36 T L 24108 21,42 5C4.7 12,027 | 22,84 5147 | 14857 | 24426 524.7 | 2,002 | 25.59 $34.7 | 1.978 | 26.96 Sh4.T [ 1.873 | 28,33 S54.7 1 1.875 | 29,68
4.8 | 2,227 [ 21,46 5Ch.d | 2,008 | 22.85 St4.8 | 1.891 | 24427 52%.8 | L.941 [ 25.60 $34.8 | 1.990 | 26.98 544.8 | 1.950 | 28.3 554.8 | 1.895 | 29.69
@%4.9 | 241066 | 21,45 5C4.9 | 1.982 | 22.87 S14.9 | 1,926 | 24428 G249 | 1,925 [-25.62 53449 | 2.001 | 26.99 BS44.3 | 1.953 | 28438 5%4.9 | 1.89) | 29.70
“95.0 | 2.081 | 21,87 505.0 | 1.959 | 22.88 $15.0 | 1.931 | 24.30 525.0 [ 1.910 125,83 535.0 | 2.012 } 27.01 545.0 | 1.956 [ 28.37 B855.0 | 1.892 | 29.72
“95.1 F 2,037 [ 21.68 $05.1 § 1.936 | 22.90 S15.1 | 1.936 | 26431 $25.1 | 1,923 j25.64 535.1 | 2.024 [ 27.02 S45.1 | 1.894 |28.38 555.1 [ 1.876 [ 29.73
“95.2 | 2,013 1 21.50 50542 | 1.975 | 22.91 51%5.2 | 1.892 | 24432 525.2 { 1,937 125,66 $35.2 | 2.036 [27.04 545.2 11.833 | 28,39 555.2 | 146860 | 29,74
#95.3 1 2,002 | 21.51 50543 § 2,015 [ 22.92 S1943 | 14847 | 264434 52543 | L.947 }2%.67 535.3 | 2.033 27,05 545.3 [ 1,810 | 28.41 555.3 | 1.886 [ 29.74
435,46 [ 1.990 [ 21,52 5C5.4 | 2,039 | 22,94 515.6 | 1.878 | 26.35 525.4 11,958 [25.69 515.4 | 2,029 | 27,07 S54%5.% {1,787 | 28,42 555.4 1 1,912 123,17
495.5 | 1,895 [ 21.5¢4 $C5.5 | 2.063 | 22,95 515.5 1 1.908 | 24438 5¢%.% | 1.962 | 25,70 535.% | 2.040 | 27,08 545.5 | 1.830 | 28.43 555.5 | 1.9%2 | 29.78
495.6 | 1,800 [ 21.55% 50%.6 | 2.087 | 22.97 515.6 | 2.007 | 24.38 525.6 | 1.966 25,71 $35.6 | 2.050 | 27.09 545.6 (14872 | 28,45 555,6 [ 1973 | 29.80
495.7 1 1.837 | 21,96 5CS.7 [ 2111 | 22,98 519.F 12,107 | 26.39 $2%.7 | 2,061 j25.73 535.7 | 2.049 | 27.11 545.7 | 1.885 | 28446 585.7 | 1.962 | 29.81
%95.8 | 1,874 | 21.58 S505.8 | 2.1¢1 | 23,00 515.8 1 2.034 | 24,41 525.8 | 2.116 §25.74 53%.8 | 2,048 | 27,12 545.8 11,899 | 28,47 555.8 | 1.95%1 | 29.83
495,93 | 1.93% | 21.99 509.9 | 24171 | 23.01 S15.9 11,962 | 24442 325+9 | 2.05% | 25.78 5359 | 2.006 [ 27.14 545.3 | 1.922 | 28.49 585.9 | 1.911 | 29.84
49640 | 1.994 121,61 506.0 | 2,128 123,03 516.,0 | 1.961 | 24,446 52640 | L.99% [ 25,77 516.0 | 1.964 | 27,15 54640 | 1.946 | 28.50 556.0 [ 1.871 | 29.8%
@961 | 2,054 [ 21.62 5C6.1 | 2.086 | 23.04 S16.1 | 1,960 | 20445 526.1 1 1,903 125,79 53641 J la929 J27.17 S546.1 1 1.937 | 28.52 556.1 | 1.863 | 29.87
49642 | 24116 1 21,63 5C6.2 1 2,063 {23,086 516.2 | 1.918 | 24.46 52642 | 1812 | 25.80 $36.2 [ 1.893 [ 27,18 546.2 11.927 (28453 556.2 11.855 [ 29.88
w3643 | 2.085 § 21.6% S5G6¢3 | 2.000 | 23,07 516.3 | 1,876 | 24,48 $26.3 J 1,720 {25.81 53643 j1.891 | 27.19 54643 11,967 [ 28.54 556.3 [ 1.852 [ 29.89
496,64 | 240%6 [ 21,68 S5C6e% § 14936 | 23,09 S5ibab [ 1a707 | 26.49 S2b.4 {14672 | 25.82 536.4 [ 1,859 | 27.21 S46e% 12,007 |28.%56 556,46 | 1.869 |29.91
496.5 1 2.055 [ 21.68 50645 § 1.873 1 23,10 516.5 | 1.618 | 24.50 5265 | 14629 | 25,84 536.5 | 1.850 [ 27,22 54645 [ 1.991 | 28.57 86,5 | 1.864 | 29.92
49646 | 2,054 | 21,89 5C6.6 | 1,889 | 23,11 51b.6 | 1,675 | 24,51 $26.6 | 1.586 | 25.85 536.6 | Lotel [27.23 S46.6 11,979 |28.59 558,86 | 1878 [29.9)
“96.7 | 2.0%3 f 21,71 5C6.7 | 1.906 | 23413 5167 { 1o331 | 24452 52647 | 1.689 {25.86 53647 | 1.826 [ 27,25 S46.7 {1,971 | 28460 556.7 11,879 |29.99
“3b.8 12,052 j21.72 506.8 ['1.969 | 23,1 S16.8 [ 1.47% [ 24,513 526.8 | 1.792 }{25.87 $36.8 | 1.810 27,28 546.8 | 1.966 | 28.61 556.8 | 1.380 | 29.96
496.9 | 2,039 | 21.7% 5C6.9 | 2.033 | 23,16 516.9 | 1,638 | 244595 5269 | 14642 | 25.88 536.9 [ 1769 [ 27,27 566.9 11,960 | 28,63 556.9 | 1.843 | 29,97
497.0 | 2,021 j21.75 507.0 | 1.9R8G | 23.17 517.0 | 1,825 | 26.568 527.0 | 1,491 | 25.%0 537.0 [ 1.689 | 27,29 547.0 {1.953 | 28.64 55%.0 [ 1,805 [ 29.99
“37,1 | 2.06% | 21.77 507.% 11.927 | 23.19 S17.1 [ 1,576 | 24.57 527.1 [ 1.701 | 25.91 $37.1 {tl.760 | 27.30 547.1 11,912 | 28466 557.1 [ 1.776 | 3C.00
497,21 2.102 1 21.78 5C7.2 | 1.989 ] 23,20 517.2 | 1.526 | 24.58 527.2 | 14310 | 25.92 537.2 {1.832 27,31 547.2 [ 1.872 (28487 587.2 [ 1.743 | 30.01
497,31 2,141 [ 21.80 507.3 | 2,051 | 23,21 S17.3 | Laa78 | 24,59 52743 [ 1.827 | 25.93 537.3 j1.879 127,32 S%7.3 11.872 |28.068 $57%.3 {1,792 30,0}
4%7.4 1 2,180 ] 21.81 507.6 | 2,078 | 23.23% 517.4 | 1.5%6 | 24.60 527.4 | 1.827 {25.9% 537.4 | 1.927 | 27.34 547.4 1 1.872 128,70 557.4 | t.841 | 1C.0«
497.5 12,139 | 21.83 507.5 | 2,106 | 23.24 SE7.9 | 1.833 | 24.61 527.5 1 1.796 | 29.9% $37.5 | 1.951 j27.3% 547.5 11,853 [28.71 $57.5 1 1.833 [30.03%
497.6 | 2,098 | 21.5% 507.6 {2,021 23.26 S17.6 | 1.985 | 24.63 527.6 | 1.785 | 25.97 $37.6 {1,975 | 27.37 S47.6 11.8% [28,72 587.6 | 1.836 | 30.07
“3T.7 | 2.084 | 21,88 50741 | 1.937 | 23,27 S17.7 | 2.062 | 24464 527.7 | 1.835 | 25.99 53747 114925 j2T.38 S4T.7 [1.8%3 | 28,74 $5%.7 [ 1.839 | 30.08
437,81 2.010 1 21.87 SCT.8 [ 1.82% | 23,29 517.8 | 2,059 | 24.66 527.8 | 2.029% | 26.00 537.8 | 1.875 | 27.39 547.8 | L.871 [28.75 557.8 [ 1.843 | 310,09
497,91 2.002 ] 21.89 507.9 j L. 712 | 23,30 SU7.9 | 2,008 | 24457 527.9 | 1.975 | 26.01 537.3 [ 1,883 27,41 S47.9 {1.835 [28.78 557.9 | 1.833 [ 36,11
#98,0 § 1.935 | 21.90 508.0 [ l.816 ] 23,31 518.0 § 1.925 | 26.49 528.0 § 1.925 {26,023 538.0 | 14851 | 27,42 548.0 [ 1.799 j28.78 558.0 | 1.835 | 30.12
498.1 1 1.801 [ 21.92 5C8.1 | 1.915 § 23,32 S18a.1 [ 1,767 1 264,70 528.1 | 1.880 | 26.04 538.1 | 1,850 { 27.43 S4B8.1 [ 1.853 128,79 $88.1 | 1.868 | 30,13
©98.2 | 1,568 | 21.93 508.2 {1,887 | 23.34 51842 | 1,802 [ 2611 52842 | 1.834 | 26.06 538.2 | 1.869 | 27,45 548.2 {1.908 | 28.80 $58.2 | 1,901 | 30,18
“98.3 1 1.79% | 21.94 5C8.3 | 1.918 | 23,38 S18.3 | 1,391 | 24,72 528.3 1 1.828 | 26.07 53843 | 1,913 | 27,48 548.3 | 1.906 | 28.82 558.3 | 1.862 | 30,18
43Ba46 | 1oB43 [ 21.9% 50B.4 | 1,922 1 23,30 51846 § 1,180 | 24,73 528.4 1 1.823 | 26.08 538a% | 1,976 | 27,47 548,46 1 1.905 | 28.83 5%8.6 | 1,823 {30,127
49845 | 1.331 1 21.97 5C8.5 | 2.0286 ] 23,138 518.5 | 1677 [ 24474 $28.5 | 1.926 | 26,09 538,5 | 2.037 | 27.49 548.5 [1.661 | 28.84 558.5 [ 1.758 | 10,18
“38.6 | 1,996 | 21.98 5CB.6 | 2,066 | 23.19 S18.6 {1,773 | 26,75 528.6 | 2.029 | 26.11 538.6 | 2.098 | 27.50 54846 § l.816 | 28.86 S58.6 [ 1.69% | 30,20
498,7 | 2.081 | 22.00 5C8.7 | 2,065 | 23.41 518.7 | 1.866 [ 26.77 52847 1 2.029 | 26.12 538.7 | 2.051 1 27.52 S48.7 1 1.822 | 28.87 588.7 | 1.715 | 30,21t
49844 | 2,063 122,01 50848 | 2.059 | 21,42 518.8 | 1.959 | 24.78 528.8 | 2,029 | 26,14 538.8 | 24003 | 27.93 548.8 [ 1.827 | 28,488 558.8 | 1.738 130,22
498.9 | 2,026 | 22.03 508.9 [ 2,093 ] 23,44 518.9 | 1.978 | 264.79 52849 1 1.998 | 26,15 538.9 | 1,934 | 27.5% 548.9 | 1.864 | 28,90 5%58.9 { 1.785 | 30.2}
49%.0 1 2,006 | 22.0¢ 509.0 | 2.062 | 23.645% 519.0 | 1.997 | 24481 529,00 § 1.967 | 26417 539.0 | 1.866 | 27,56 549.0 | 1.901 | 28.91 559.0 | 1,832 [ 3C.2%
“99.1 } 2.014 | 22.05% 5C9.1 | 2.072 | 23,47 S19.1 | 1.830 | 24.82 $29.1 | 2.003 | 26,18 539.1 | L4847 | 27,57 549.1 | 1.893 | 28.92 589,11 | 1.84% | 10,28
499.2 | 2,023 | 22.07 509.2 J 2,117 | 23,08 51942 | L.664 | 26.8) $29.2 ] 2.039 | 26.20 539.2 | 1.830 | 27.59 S569.2 [ 1.88% | 28,94 G59,2 | L.8%6 | ¥0.27
499.3 1 2.032 | 22,08 5G3.3 | 2.161 ] 23.50 51943 { 1.727 | 24.8% 52943 1 1.983 | 26.21 539.3 1 1.833 ] 27.60 5649.3 | 1.885 | 28.9% 559.3 [ 1.843 | 30.°9
499.4 | 2,030 [ 22.10 S09.4 | 2,103 | 23.51 S19.% | 1.791 | 24,88 529,64 | 14926 | 26.22 $39.6 | 1835 27,61 $69.4 | 1,884 |28.98 $%9.4 | 1,831 | 10,30
“9%.% | 2.028 ;22,11 5095 1 2.046 | 23.53 519.5 | 1,801 | Z24.87 $29.% | 1.938 | 26,24 539.5 | 1,846 | 27,63 569.5 | 1.890 | 28.98 559.5 | 1,839 | 0.4t
49%.6 § 2,027 [ 22.13 S5Q9.6 11,968 1 23.56 S19.6 | 1.810 | 24,88 529.6 § 1.950 | 26425 53%9.6 | 1.8%7 | 27,66 56946 [ 1.89% | 28499 $59.6 ] 1.847 [ 10.3F
4937 11,999 | 22,14 5C9.7 [ 1.8t | 23.5% S19.7 | 1857 | 20.90 529.7 | 1.880 | 26,27 539.7 | 1.864 | 27,65 569.7 [ 1.917 {29,018 559.7 } 1,822 10,34
499.8 1 1.972 | 22.18 5C9.8 [ 1.8%2 | 23.57 519.8 | 1.904 [ 26.9) 529.4 | 1.811 | 26428 539.8 | 1.870 j27.67 549.8 | 1.960 | 29.02 589.8 {1,797 § 1C. 18
99,9 1 t.965 ] 22,17 5C9.9 11.8121 23,58 519.9 11,949 | 24493 529.9 1 1,902 | 26.29 539.9 {1.861 '27.68 569.9 11,945 129.03% $$9.9 1 1.755 130,31

continued o

2228 APPLIED OPTICS / Vol. 8, No. 11 [ November 1969



Table VII.” (continued)

A Hy Py, X, . P N Hy. =¥ x, He P, k. My, Py X H Py, N Hy ey,
am W -nm % nen wimd nm % am W/t e % am Wit nen o am w/mt oen % nem Wi am % am win? e =%
560.0 | 1.712] 30,38 570.0 1.822] 31.70 580.0] 1.8861 33.05 § 590.0 1.900 | 34.38 606.0 1.816 ] 35,69 810,07 1.915] 35.98 620.0 1 1.794 | 38.23
$68.1] L.717 ] 30,39 570,01} 1.8401 3t.71 580.1 ] 1.844 | 33,06 53041 L9681 36,39 660.11 1.814] 315.71 61041 1830 37.00 620G.21 1.734 | 318,24
560.2 ] 1,723 30.40 $70.2 | 1.858] 31.7% 580.2 1 1,803 33,08 § 590,21 2.023 ] 34.40 600.2 1 1.813] 35,72 610,21 17451 37,01 620,41 1.707] 38,28
$60.3 ] 1.796 | 30.42 570.3 | 1.815] 31.74 580.3] 1.803 33,09 ¥ 590.3) 1.930 | 3a.42 600.3{ 1,836 15,73 810.3) 1.735 1 37,02 520,61 1.73s | 38431
960,41 1.870 ] 30.43 570,41 1,772 M.75 580,61 1,803 33.10 § 590.4 1 1.837 ] 34,43 600.4 | 1.860 ] 35.75 610.%] 1.758] 37,03 620,83 1.783 | 318,33
560:5 | 1,876 30,44 570,51 1.758 31.77 580,51 L.819] 33,12 § 590.5 | 1.816 | 34,644 600,51 1,846 | 35.76 81045 1771 37.0% 631,01 1.792 1 38,38
560,61 1.883 ] 30.46 570.6 1 1.745] 31.78 $B0.5 1 1.836] 33,13 § 590.6 ] 1.7986 ] 34,48 600.6 | 1.832] 315,77 610.6] 1.784 | 37,08 &21.2 | 1.802 | 368,39
560.71 1.881] 30.47 570,71 1.713] 31.79 $S80.7 | L.846] 33,1 § 590,71 1,805 | 3a.47 600,71 1.815| 35.79 810,71 1 797 37.07 B2hasl 1,852 | 38,41
$60.8 | 1.880 ] 30.48 570.8 ) 1,680 31.80 SEG. 81 1,855 33,16 § S90.8 1 1.815 ] 34.48 60048 1.799 ] 35,80 610,81 t.811| 37.09 Sele6 | 17511 15.%4
560.9 1 1,850 30.50 ST0,9 | 1.678 ] 31.82 580,91 1.887 33.17 J 590.9 ] 1.831 | 34.50 600,91 1,848 35,81 $10.9] 1.842] 37.10 521.8 | 1.693 | 38,646
S61.0 | 1.820 1 30.51 571,01 1.675] 31.83 581,01 1.9i9 33.18 § 591.0] 1.846 ] Y4.51 801.0] 1.893 | 35.83 611.0] 1.873] 37.11 622.01 1.887 | 18,49
s6l.l| 1.8081 30,52 STL.1 | 1.729 V1.84 S8t.i | 1.943 ] 33.20 § 59t.1 | 1.360] 34,52 601.1] 1,833 15.84 6ltul] 1e8t1] 37,13 622,21 t.714 ! 38,51
551,21 1.795 | 30.56 571.2 | 1.782] 31.85 581.2 ] 1.9671 33.21 § 591.2] 1.874 ] 36.5¢ 601,21 1.774 | 35,85 611.2 1,750} 37414 822.6 ] [.772 | 38,54
561431 1.779 | 30.5% ST1.3] 1.840] 31.87 $81.3 1, 1.928 | 33,23 F 591,31 L.sen | 36,55 &01.31 1.738] 35.86 11,3 1731 37,15 622.6 | t.741 ] 38,56
Ssl.4 | 1.762 | 30.56 S7le% | 1.897} 31.88 S8l.e | 1.889 | 33,24 § 591.4 1.822/ 34.56 6301.4 1.702 ] 35.88 611,64 147261 37416 822,81 1.895 | 18,59
58151 1.734 | 30,57 S71.5] 1.889( 31.89 S81.5 ] 1.839 ] 33.25 f 591.5] 1.839 | 34,58 601.5] 1.691 | 35.89 611.5] L.724 ] 37.18 623.01 1.671 ] 18.41
Soleb | 1.70% ] 30.59 S71.6| 1.881 | 31.91 S81.6] 1.788 | 33,27 § 591.6| 1.855 | 34.5% 601,61 1.6791 35,30 S1t.6] 1.7221 37.19 623,21 1.897] 38,63
561.71 1.768 | 30.60 S$7t.7] 1.899] 31.92 $81.7 ] 1.802 1 33,28 § S91.7] 1.857 ] 34.50 601,71 1. 711 | 35,91 611.7] 17221 37,20 523.6 | 1.713 ] 38,46
561.8 1 1.830 | 30.61 571.8 ] 1.917] 31.93 581.8 ) t.816) 33.29 F 59t.8( t.859| 34,62 60L.81 1,743} 35,93 611,81 1.7231 37,21 523,61 1,479 | 38.48
561.9 | 1.877 ) 30.62 S7T1.9 ] 1.939; 31.95 581.9 | 1.850 1 33,30 J 591.9] 1.850 | 3¢.63 601.9| 1,744 35.9% 6l1.9] 1.720] 37.22 523,81 1.692] 38,71
562.0 | 1.925 | 30.564 572.0) 1.961] 31.96 582.0 | 1.883 33,32 J 592.0 1.842 ] J6.64 602.0] 1.746] 35.95 612,01 1.718 37,24 626.0 | 1.690 | 38.73
$62.1 ] 1.896 1 30.65 572,11 1.981] 31.98 SBZ.L | [.880) 33.33 § 59241 1.841 | 34,66 602,11 1.725] 35.96 812.11 14722 37.25 824.2 | L.827 | 38,76
562.2 | 1.868 | 30.67 §72.2 ] 2.000] 31.99 582.2 1 L.877 ] 33.35 § 592,21 1.840 | 34.57 602.2 | 1.706] 35.98 612.2] 1.729] 37.28 626,41 1,590 | 38.78
S62.3 | 1.846 | 30.68 572.31 2.021] 32.00 $82.3 1 1.851 | 33,36 § 592.31 1.869 | 314.58 602,31 1,696 35,39 812.31 1.738 37,27 6264.6 | 1.594 | 18.80
562.4 | L.B24 | 30.69 572,41 2.062] 32.02 $82.4 ] 1.826] 33,37 § S92.4 1 1.899 | 34.70 602.% | 1.688] 16,00 12,61 1,778 37.29 624,81 1.683 | 38,33
562.5| 1.859 ] 30.71 572,51 2.009] 32.03 582.5 | 1.831] 33,38 § 592.5] 1.856 | 34,71 862.5 ] 1,758 ] 36.01 812.5] 1761 37.30 625.0 ] 1.691 | 38.85
$62.61 1.894 | 30.72 572.61 1.977] 32.0% 582.6 | 1.838] 33,40 § 592,81 1.813 | 34.72 602.6| 1.829 ] 36.02 612,61 1.745] 37.31 625.2 1 1.8751 18,87
562.71 1.886 30,73 S72.71 (.93 | 32.06 582.7 1 1.849 1 33,41 § 592.71 1.836 | 34. 7% 602.7] 1.823] 38.04 612,71 1.749 ) 37,32 625.4 [ 1.674 | 38.90
562.4 | 1.878 ] 30.75 572.8] 1.909 | 32.08 582.8 | 1.860 | 33.42 § 592.8] 1.860 ] 34,75 502.8] 1.818 | 38.0% 612,81 1.752] 37.34 625,61 1.675| 38.92
$62.91 1.891 | 30.76 $72,9] 1.886( 32.09 582.9 ] 1.910 ] 33.46 § S92.9] 1.813 34,76 602.9] 1.802} 16,06 512.9| 1.729] 37.35 625.8 | 1.723 ] 38.9%
$63.0 | 1,905 30.77 $73.0{ 1.8631 32,10 583,01 1.960 | 33.45 § 593.0] 1.766 | 34.78 6C3.0| 1.787] 36.08 613,01 1.706 | 37.36 626,01 1.775 | 38,97
563,11 1.916 | 30,79 5T3, 1| 1.877] 32.12 S83.1] 1.902§ 33,67 § 5931 1.781 | 34.79 603,11 1,787 318.09 81341 1.690] 37,37 626,21 1,792 | 19.00
563.2 | 1,926 | 30.80 S$13.2] 1.891] 32..3 583.2 | L.846 | 33,648 F 593.2] 1.797 | 34,40 663,21 1,787 36.10 613.2] 1,676 37,39 626.4 | 1,793 | 39,02
563.3 | 1.928 ] 30.81 573.3 | 1.868 ] 32,14 583.3 ] 1.835] 33,49 § 593.3 ] 1.790 | 34.81 603,31 1.786 ] 36,12 613.3] 1,710 37,40 626.6 | 1.780 | 33.05
563.4 | 1,929 | 30.83 573.4 | 1.865 ] 32.16 S583.4 | 1,827 33.51 § 593.41 1.783 [ 36,83 603.6 | 1.784 | 36.13 613,41 La765] 37,41 626.8 ] 1.731 | 3s.07
563.5 | 1.899 | 30.84 $73,5| 1.833 ) 32417 583.5 | 1.862] 33,52 | 593.5 1.826 | 34,84 603,51 1.806 | 36.14 613.5] 1.679] 37,42 827,01 1.754 | 39,10
563.6 | 1,869 ] 30.88 573.6| 1.821 32.18 $83.6 1 1.8961 33.53 § 593.6) 1.870 | 34.85 6C3.61 1.829] 38,15 613.6 1 1.612] 37,49 627.2 | 1.766 | 33,12
S63.7] 1.847 | 30.87 $73.71 1.879] 32.20 583,71 1.9071 33,55 § 593.7| 1.874| 34.87 603,71 1.829] 36,17 613.7] 1.659 ] 37,45 6274 | 17157 39,15
563.8 ] 1.825| 30.88 573.8] 1.937 ) 32.21 583.81 1.919] 33.56 $93.8 | 1.879 | 3¢.88 603.8 | 1.829 16.18 613,81 1.706] 37,46 627.6 | 1.535 | 39,17
563.9 | 1.837] 30.8% $73.91 1.941] 32.22 $83.9 | L.934] 33,57 § 593.9| 1.877 | 34,89 603,91 1,787 316,19 13,9 1722 37,67 627.8 | 1.669 | 39.20
564.0 | 1.849 | 30.91 574,01 1.945 | 12.24 584.0 ) 1.949] 33.59 § 594.01 1.876 | 34.91 6C4 0| L.765 ] 36,21 814,01 1.738 | 37.48 628.0 | 1.670 | 39,22
Sbe.l | 1.880 | 30.92 76011 1.915 ] 32.25 S86.1 1 1,974 ¥3.60 § 594.1 ] 1.862 1 34,92 604.1 | 1,727 36.22 814,11 1,731 37.50 628.2 | 1,654 | 39,25
564,21 1.912 30.94 574,21 1.886 | 32.27 584.2] 14999 33,62 F 594.2] 1.8648 | 34.93 604.2 | 1.709 | 36,23 614,21 1,723 37,51 628.4 | 1,663 39,27
S64.3| 1.B67 | 30.95 S16.3 | 1,878 32.28 584,31 1,970 33.63 § 594.3] 1.879 ] 34,95 6064.3] 1.706 | 36,24 61431 1.7571 37.52 628.6 1 1.705 | 33.29
S66.6 1 1,822 30.96 576,41 1,870 32,29 $84.4 1 1,941 | 33.64 K 594,46 1,910} 34.96 60404 | 1,704 | 36.26 6l4.e] 1.792] 37.53 628,81 1.79% ] 35.32
S64.5| 1,834 30.98 574,51 1.9021 32.31 S84.51 1,893 33,66 J 594,51 1.894 | 36,97 606.5 | 1.712] 36,27 614.5{ 1.763 | 37.55 629.0 ] 1.743 | 35,36
564,61 L.846 ] 30.99 S74.61 1,933} 32.32 584,61 1.8661 33.67 § S9%.6] 1,877 34,99 6Q4.61 1,720 36.28 6le.6] L7341 37.56 629,21 1.71t ] 39,37
See.7| 1.840{ 31.00 ST6.7 ) 1.893 ] 32.33 86,71 1.850] 33.68 [ 594.7] 1.852] 35.00 6067 1,738 36.29 614.71 1,738 37.57 629.4 | L7311 39,39
564,81 1.835] 31.01 574.8| 1.852] 32.35 586.8 | 1.8541 33,70 [ 594.8] 1.827] 35,01 604,81 1,756 36.30 614,81 1.741 [ 37.58 629.6 | L.694 | 35,42
564.9| 1.851( 31.03 $74.9| 1.833] 32.36 586.9 | 1.836 33,70 § 594.9 t.aet | 35.01% 604,91 1,785 36.32 614,91 1.764 | 37.60 629.9 | 1.693 | 39.44
$65.0 | 1.867] 31.04 §75.0] 1.814] 32.37 585.0 | 1.8187 33.72 § 595,01 1.85% | 15.06 605.0] 1.814] 36,33 615.0| 1.788 | 37.61 630,01 1.65L | 39.47
565.1| 1.885 | 31.05 575,11 1.814 | 32,39 585.1 | 1.832| 33,74 § 595.1] 1.840 | 35.05 605.11 1.817] 38,34 615,11 1.782 1 37.62 630,21 1.649 | 39,49
565,21 1.903 | 31.07 575,21 1.815 ) 32.40 58%5.2 | 1.866] 33.75 f 595,21 1.824| 35.07 505.2] 1.820] 36,36 615.21 1.776 ] 37.64 630.4 1 1,663 39,51
565.3 | 1.865 | 31.08 S75.3 1 1.853] 32,41 585.3 | 1.857] 33.76 § 595.3| 1.816| 35.08 605.3] 1.807] 36,37 615,31 1.727] 37.85 630.6 | 1.688 | 39.5%
565.6 | 1,827 31,10 §75.64 | 1,890 ] 32.4% 585.4 | 1.868 ] 33.78 § s9s.¢ | 1.807} 35.00 605.4 | 1.795] 36,18 615.4| 1.678] 37.66 630.8 | 1.599 | 39,55
565.5 ] 1.815] 3.1t 575.5| 1.929] 32.44 585.5 | 1.828 | 33.79 § 595.5 ! 1.772} 35,11 605,51 1,795 | 36,40 815.5! 1.686] 37,67 631.0 ] 1.843 | 39.53
S65.61 1.803 | 31.12 $75.6 | 1.968 | 32.45 585.6 | 1.787 1 33,80 § 595.8] 1737} 35,12 605.6] 1.795] 36,41 615.6| 1.695 | 37.68 631.2] 1.621 ] 39,81
565,71 1,778 31,13 575,71 1.969] 32.47 585,71 L.814] 33,82 B 595,71 1.728 ] 35.13 605.7] 1.860] 36,42 61571 1.733] 37.70 631,41 1.620 ] 33.53
565.8 | 1.754 | 31,15 575.8 | 1.969] 12,48 585.8 | 1.860] 33.83 § 595.8 1.720 ] 315.14 605.81 1.925] 36,44 615.8 | L 7711 37.71 631,61 1.678 ] 35,88
$65.9 1 1,797 31.18 $75.9 1 1.951 ] 32.50 585.9 [ 1.898] 33.84 § 595.9] 1.803 | 35.16 605.9 | 1,900 ] 36.45 615.9 [ 1.702 37.72 631.8 ] L.T1L | 39.88
$66.0 | 1.841) 31,17 576,01 1,932 32.51 586,01 1.957] 33.86 § 596,01 L.886] 35.17 606,01 1.875] 16.46 616,01 1.634] 37.73 632.0 ] 1.798 | 39,71
S66.k | 1eale | 31,19 576,11 1.883 | 312,52 58641 L.94%] 33,87 § 596.1] 1.911 ] 35.18 606.1) 1,887 ] 36.48 51641} L.61B ] 37,75 832,21 t.771 | 39,073
566,21 L.787 31.20 $76.2 | L.834 ] 32,54 586,21 1.932] 33.88 § 596.2] 1.936 | 35.20 606.2] 1.900 ] 36,49 616,21 1.603| 37,76 632,41 1.756 | 39,75
S66.3 | 1,787 31.21 $76.3 | 1,824 32.55 586.3 | 1.879] 33.90 § 596.3] i.883 ] 35.21 606431 1.850] 36.50 16,31 L.6271 37,77 632,61 1.750 | 39,78
S66.6 | 1.825] 31.22 ST6.41 1,855 32,56 S86.6 | 1,826} 33.91 § 596.4 ] 1.852 ] 35.22 606,41 1.808 | 36452 616,41 1,651 37.78 632.8 | 1.746 | 35.81
566.5 | 1.820 | 31.24 576.5| 1.906 | 32.58 586.5 | 1.814] 33.92 § 596.5] 1.859 | 35.26 606,51 1,819 36.53 616.5] 1,651 37,79 633,01 1.716 | 39.83
S66.6 ] 1.814 | 31,25 $76.61 1.958 | 32.59 586,65 | 1.801] 33.9¢ ¥ 596.6 | 1.865] 35.2% 606461 1,831 36,54 616.6] 1,651 37.80 633,21 1.6%9 | 39,86
S66.7 ] 1.852] 31.28 578,71 1,968 | 32.60 586.7 | 1.868] 33.95 § 596.7] 1.a51 ] 35.26 606.7 | 1.832] 16.56 616,71 1.665] 37.82 633,41 l.si7 | 39.88
56648 | 1.890 | 31.28 576.8 | 1.978 | 32.82 $86.8 | 1.895] ¥3.95 § 596.8 | 1.837 ] 35,28 606.8 | 1.833] 36,57 616,81 1.679] 37.83 633.6 1 1.647 | 319.90
56649 1.903 ] 31.29 576.91 1.926 ] 32.63 586.9 ] 1.914] 33.98 § 596.9] 1.837] 35.29 606.9 | L.8l4 ] 36.58 16,9 1724 | 37.84 633.8 ] 1.69% | 33.93
$67.0 ] 1,915 31.30 577.0] 1.875] 32.65 587.0 ] 1.932 33.99 f 597.0| 1.837] 35,30 607.0] 1.794] 36,59 617,01 1.768] 37.85 634,01 1.682 | 19.35
S67.11 1.878 ] 31,32 ST7.1{ 1.861 ) 32.66 S87.1 ] 1.911) 34.01 §F 597.1) 1,870 35,32 807,11 1.835] 36461 617.1 | 1.785 | 37.87 634,21 1.676 | 39.98
567.2 | 1.862] 31.33 STT.2} 1.807 ] 32.67 587,21 1.890] 34.02 § 597.2 1.903 | 315.33 607.2 ] 1.875] 36,42 617.2] 1.801 | 37.88 634.4 | L.683 | 4C,00
S6P.3 1 1,793 31,34 ST7.3| 1.821] 312469 S87.3 | 1.874] 34.03 § 597.31 1.857] 35.3¢ 607.3 | 1,878 36,63 817.3] 1.764 | 37.89 634,85 | 1.498 | 4c.02
S67.61 1.812] 31.36 577.4 | 1,824 32.70 S87.6 | 1.859] 34.05 F 59P.« | 1.811 1 35.36 607T.6 | 1,877 16.85 817,61 1.726 | 37.90 634,81 L7164 40.05
567,51 1.843 ] 31.37 $77.51 1.86L | 32,71 S81.5 | 1.945] 34.06 § 597.5 1.776 | 35,37 607.9] 1.873] 36.68 617.5] 1.703 | 37.92 635.0 ] 1.692 ] «0.07
567.6 1 1.875] 31.38 5717.61 1.897] 32,73 587.6 ) 1.942] 34,07 § 597.6 ] 1,701 ] 35,38 607.6 | 1.869 | 36.67 617,61 1,679} 37.93 635,21 1.627 | «c.10
567.7| 1.868 | 31.40 STT.71 1,884 ] 32.74 S87.71 1.859| 34,00 § 597.7 ] L.167 ] 35.40 607,71 1,891 ] 36.69 SLT.7] L.717 ] 37.9¢ 635.4 | 1,620 | «0.12
S67.81 1.861 1 31,41 577.8| L.871 ] 32.75 587.8 1 1.829] 34.10 f s9v.8 | 1.793 | 35.41 607,81 1.913] 36.70 617.8 | 1.756 | 37.95 635.6 | l.64t | 40,14
567.9] 1.837 ] 31.42 5T7.9| 1.898 1 32.17 587.91 1.690] Yac1l [ 597.9 | 1.825 | 35.42 607.91 1,897 36.72 617.9| 1.766 ] 37,97 ©35.8 ] 1.639 ] «C.17
S68.01 1.813] 31,46 $78.0 1.922| 32,78 S88.01 1.887] 34.13 § 598,0 | 1.857 | 35.43 608,01 1,880 36.73 618.01 1.738 1 37.98 636.0| 1.638 ] 40.19
S68.11 1.817] 31.45 S78.11 1.906 | 32.79 58841 [ 1.945] 34,14 § 598.1 | 1.83G] 35,45 608,11 1.826] 36.74 61801} Lo764( 37.99 636,21 1.875] #0.21
568,21 1.821 ] 31.48 578,21 1.890 32.81 588,2] 1.890| 34,16 § 598.2] 1.803] 35.48 608.21 1.772] 38,78 618.2] 1,790 38.00 636,41 1.681} 40.24
S68.3] 1.813] Jl.48 5718.31 1.907| 32.82 $88.3 1 1.853) 34,17 § 598,35 1.784] 35,47 608.31 1.697] 38,77 $18.3} 1.797| 38.02 636,61 1,709} 4C.20
568.4] 1,786 31.49 578.4 1.891} 32.83 588.4 1 1.839] 30,18 | 598,61 1.764] 35.49 608.0| 1.645] 36.78 618.641 1.803] 38.03 636,81 1.7391 40,29
S68.5] 1.782 ] 31.50 578.5 1.300] 32.8% S88.5| 1.838] 34.20 § 598.5] 1.784 ] 35.50 608.5| 1.674| 36.79 618.5] 1.770] 38.04 837,0] 1.731] «C.3
568,81 L.778 | 31,51 $78.6] 1.909] 32.86 588,61 1.837] 34.21 § 598.6] 1.805] 35.51 60B.6| 1.703] 35.80 618.6| 1.737] 38,05 637,21 1.719] 40,34
568.7] 1,782 31.53 $78.7)°1,956 | 32.88 $88.7] L.8461 34.22 § 598,71 1.817] 35,52 608,71 1.732] 36.82 618,71 1.726] 38.07 637,41 L.745| 40,16
S68.81 1.786 | 31.5¢ $78.8 1 2.004 ] 32.89 S88.8] 1.856| 34.23 J 598.8] 1.830] 35.54 608.8] .761] 38.83 618.8) 1.715] 38.08 637.6] L 7L7] 4C.39
568.9| L.al7] 31.55 578.9] 1.971] 32.90 $88.9] 1.568] 34,25 § 598.9 | 1.83s! 35.55 6CB.9| 1.748] 36.84 618.9] 1.732] 38,09 637.8| 1.658] «C.a
569.0] 1.849 ] 31.57 579.0 | 1.939] 32,92 589,01 1.281 ¢ 34.26 § 599.0] 1.843] 35.56 609.0| t.736] 36,85 619.0} 1.748] 38.10 638.01 1.702] «0.4x
569,11 L.892 | 31.58 579,11 1,881 32.93 589.0 | L.e88 ) 34,27 § 599.1] 1.862] 35.58 609.1] L.719] 36.87 419 1] 1.771] 38412 638,21 1.803] 40.48
569.2] 1.936) 31.59 579.2] 1.823] 32.9% 589,21 1.695] 34.28 f 539.2] 1.881 | 35.59 609.2] 1,703} 36.88 619.2] 1.795] 38.13 638,48 | L7971 aC.ae
569.3| 1.916] 31.81 579.31 1.827] 32.96 S89.3 1 1.725] 34,29 || 599.3] 1.835 | 35.40 609.31 1,709} 36.89 819,31 1,799 38.1% 638.6 | 1.75% ] «C.51
569.6] 1.895 | 31.67 ST9.41 L.830] 32,97 589,61 1.756| 36,30 | 599.% ] 1,789 35,82 609.61 1.716] 36.90 619.4| 1.814] 38.16 638.8] 1.708| 4G.5%
569.5 1.910 | 31.63 $79.5] 1.850 | 32.98 569.5 ] 1.581( 34,32 § 599.5 | 1,771 35.63 809.51 1.774] 38.92 819.5| 1.833] 38,17 839.0] 1.707 ] «C.5h
S64.6 | 1,925 | 31,85 $719.6 | 1.870 | 33.00 589.6 | 1.406] 34.33 § 599.6| 1.753] 35.64 6C9.6| 1.833] 16.93 619.6] 1.852] 38.18 639.2] 1.678 ] 0.5%
569.7] 1.868 | 31.68 519,71 1,847 33,01 $89.7 1 1.602] 34.36¢ J 999.7 | 1.761 ] 35,66 6C9.T1 1.813] 18,96 619.7] 1.860] 38.19 639,46 1,677 «0.8
56%.6] 1,811 31,68 579.81 1.824] 33.02 589.8 | 1.797] 34,35 § 599.8 | 1.769 | 35,87 609,81 1.913] 36,98 619.8] 1.868] 38.21 6319.6 | 1.676 ] «C.s}
569.91 1.8171 31,69 579.91 1.85%1 13.04 589.9 1 1.8491 34,36 § 599.9 1,752 35.48 609,31 1.9141 36,97 619.91 t.8311 38,22 £39.81 1,698 «G.#s
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Table ViI. (concluded)

X, My Px. X, Ha 2% X, I el A A o Py« AL Hxo W i Py.
am ot onm % am Wi am o nm am wmd o % am wmdam % nm WimE am am P75 %
545.0 | 1.585 | 40,58 86040 | 1.8680 42,98 700.0 ¥00.0 | G.BBY | 54.03 § 1250.0 | G.46l | 80.30 § 1750.0 | 0.191 2250.0 | 6.677 | 95.61
540.2 | 1.886 | 40,71 660.6 | 1.557 | 63,03 10240 302.0 | 0.89L | 64,16 § 1255.0 | 0.451 | 80.47 § 1795.0 | 0,193 2256.0 [0.077 | 95,64
540.4 | 1,634 | 40,73 660.8 | 1,535 | 43,07 704.0 04,0 | 0,881 | 64,23 F 1260,0 | 0,432 | 80,62 § t760.0 | 0.183 2260.0 |0.07Z | 95.68
840,61 1.570 | 40,75 661.2 | 1.613 143,12 706.0 906.0 | 0.38; | 64,42 § 1265.0 | 2.e26 [ 8078 § 1765.0 | O.l8s 2265.0 10,073 [95.6%
640.8 | 14557 | 40.78 861.6 | 1.599 [43.16 108.0 708.0 § 0.854 | 54,56 § 1270.0 | C.627 | 80.93 § 1770.0 { 0,180 2270.0 |0.068 [95.71
561.0 | 1.581 | «0.80 852.0 | 14623 { 43,21 710.0 710.0 | 0,865 | 64.66 § 1275.0 | G.est [ 81,09 § 1775.0 | 0.17s 2275.0 10.06% | 95.73
561,2 | 10620 | 40,82 662.4 | L1.604 | 43,26 712.0 9i2.0 | 0.873 [ 64,73 f 1280.0 | 0,424 | 81.25 § 1780.0 | Cutva 2280.0 {0,079 {95,785
6414 | 1.642 | 4C.8% 562.8 | 1.593 | 43.30 14,0 314,31 0,865 | 64,918 1285.0 | 0.«26 | 81,35 § 1785.0 | 0,173 2285.0 0,067 | 95.78
bat.6 | 1.650 | 48,37 563.2 | 1.561 | 41,35 716,90 16,0 | 0.860 | 85.04 F§ 1250.0 | 0.«31 | 81,55 § 1190.0 ] 0112 2290.0 10.567 | 95.81
s4l.8 | 1.6%3 | 40,89 665,86 1 1,653 163,39 18,0 318.0 | 0.861 | 65.16 § 1295.0 | 0.e27 ] 81 70 § 1795.0 | 2 176 2295.C [ 0.066 | 95,83
642.0 | 1.642 | 40,92 654,01 1,654 | 43,44 120.0 920.0 | 0.835 | 65.28 J 1300.0 | 0.427 | 8t.8s | 1800.0 | 0.172 2300.0 }0.087 95,86
542,21 1.670 | 40,34 6646 | 1.570 {41,649 122.0 322.0 {0,828 | 65.40 J 1305.0 | 0.418 | 2.0t § 1805.0 | 0.171 2305.0 [ 0.C64 | 95.38
642.4 | 1.727 | 40,96 £64.8 | 1.580 | 41,53 724.0 J26.0 | 0.834 | 65.52 § 1310.0 | 0.409 | 82.16 § 1810.0 | G.1s2 2310.0 }0.083 | 95.90
662,61 1,716 | 40,99 665.2 | 1,627 | 43,58 726.8 92640 | 04839 [ 65.64 § 1315,0 | 0,406 | 82.30 f§ 1815.0 | 0u183 2315.0 | 0.059 | 95.92
82,8 | 1.534 | 41,01 555.6 | 1.6%0 | 43,63 128.0 928.0 | 0.845 165,756 § 1320.0 | 0.407 | 82,45 § 1820.0 | 0,142 2320.0 |0.054 | 35,94
543,80 | 1,609 | 41,04 666.0 | La636 | 43,47 730.0 230.3 | 0.840 165,88 § 1325.0 [ 0.402 | 82.60 § 1825.0 | 9.153 2325.0 | 0.056 | 95.96
843.2 11,581 | 641,06 86544 | 1,589 | 43,72 732.0 932.0 { 0.848 [ 66.00 § 1330.0 | 0.396 | 82,74 § 1830.0 | 0.159 2336.0 | 5.056 | 95.98
543,4 | 1.537 | 41,38 665.8 | 1.562 | 43,76 736.0 334,01 0.835 166,13 § 1335,0 {G.392 | 82.8a | 1835.0 | 0.153 2335.0 | 0.060 | 96.0L
643.6 | 1,652 | 41,10 667.2 | 12619 | 43,81 736.0 936.0 | 6.820 | 86,24 J 1340.0 | 0.390 | 83.02 | 1840.0 { 0.198 2360.0 10,059 | 96,03
£63.8 | 1.699 | 41,13 se7.6 | 1,628 [ 43,86 738.0 938.0 | 0.828 | 66,36 § 1345.0 10.387 183,16 J 1845.0 | 0,194 2345.3 {0,061 | 96.05
64%.0 | 1718 | 41415 668.0 | 1.598 | 43.90 740.0 940.0 | 0,821 | 66,48 § 1350,0 | 0.380 [83.30 § 1850.0 [ 0.151 2350.0 | 0.062 | 96.07
566,211,638 [ 41,18 668.6 | 1,650 | 63,95 742.0 942,0 | 0,806 | 66,60 § 1355.0 ] 0.375 [ 83,43 § 1855.0 [ 0. 148 2356.0 [ 0.064 | 96,09
Bhha4 | 1,689 | 41,20 668.8 | 14534 | 44,00 744.0 344.0 | 0.822 | 66,71 § 1360.0 1 0.372 | 83.57 § 1860.0 |0.146 2360.0 | 0.086 | 96,12
s44,6 1 1.597 | 41,23 669.2 | 1.525 | ¢6.0¢ 746.6 946.0 | 0,817 166.83 F 1355,0 [ 0.364 [ 83.70 | 1865.0 [ O.14s 2365.0 | 0,062 | 96.14
644.3 | 1,564 | 61,25 669.6 | 1.640 | 44.C8 748.0 948.0 | 0.801 [ 66.95 § 1370.0 | 0.363 | a3.83 | 1870.0 | 0.138 23710.0 | 0.062 | 96,16
545.0 1 1,599 | a1.27 670.0 | L6392 | 44,13 750.0 950.0 | 0,803 | 67.06 | 1375.0 | C.363 | 83.96 § 1875.0 | 0.138 2375.0 1 0,058 | 96,18
645.2 § L.671 | 41,29 810.4 | 1.561 | 46,18 152.0 352.0 | 0.796 | 67,18 § 1380.0 {0,359 | 74,09 § 1880.0 | 0,14} 238040 | 04056 | 96,20
645,4 | 1,680 | 41.32 670.8 | 1.589 [ 44,22 754.0 354,0 | 6.785 | 67,29 § 1385.0 | 0.359 | 84.22 § 1885.0 | C.14} 2385.0 | 04061 | 96,22
645.6 | 1,708 | #1436 671.2 | 1.585 | 44,27 756.0 356.0 | 0.799 [ 67,41 J 1390.0 | 0.354 | 84.35 § 1890.0 | 0.140 2430.0 | 0,080 | 96,25
645,38 | L.T46 | 41,37 671.6 | 14550 | 44,3} 758.0 358.0 1 0.796 | 67.52 | 1395.0 | 0.353 ] 84.47 J 1895.0 | 0. 141 2395.0 | 6,059 | 36.27
646.0 | 1,697 | 41,39 672.0 | 1,528 | 44,36 760.0 960.0 [ 0.792 [ 67,63 J 1400.0 | 0. 349 | 84,60 § 1900.0 | 0.136 2400.0 | 0.055 | 96,29
846.2 | 1,616 | 41,42 872,45 | 1,520 | 44,40 762.0 962.0 [ 0.791 [ 67.75 § 1405.0 | 0.346 | 84,72 § 1905.0 | 0.139 2405.0 | 0.056 | 96.31
54604 | 1,615 | 4l.4e 67248 | 1,538 | 44445 764.0 66,0 10.788 | 67.86 § 1410.0 | 0.343 ] 84.85 § 1910.0 | 0. 141 241040 {0,057 | 96.33
646.,6 | 1,608 | 41,46 673.2 | 1,554 | 44,49 766.0 36640 10,780 | 67,97 § 1415.0 | 0,341 | 84,97 § 1915.0 | 0.139 2615.0 | 0.054 | 96.35
646.8 | 1,536 | 61,49 673.6 ] 1.598 | 44,54 764.0 968.0 [ 0.798 | 68.09 J t420.0 | 0.340 | 85.09 § 1920.0 | 0.137 2420.0 | 0.058 | 96,37
647,03 [ 1.656 | 41,51 674.0 | 1,602 | 44,58 710.0 970.0 10.783 ;68,20 § 1425.0 ] C.345 | 85.22 J 1925.0 | 0.135 242540 | 0.055 | 96,39
647.2 ] 1,626 | 41.53 61404 | Losbd | 44,63 772.0 972,0 10.783 [88.31 § 1430.0 ] 0.335 | 85.3« J 1930.0 | 0.135 2430.0 | 0.059 | 96,41
847,46 | 1.595 | 41.56 67448 | 1.633 | 44,68 774.0 374.0 {0.767 | 68,43 § 1435.0 | 0.329 | 85.46 § 1935.0 | 0.134 2435.0 | 0.055 | 96.43
847.6 | 1.599 | 41,58 675.2 ] 1.577 | w472 776.0 376.0 {0.783 | 68,5« J 1440.0 ['0.325 | 85.57 § 1940.0 | 0.132 2440.0 | 0.052 | 96.45
647.8 | 1,621 | 41.60 675.6 | 1,605 | 44,77 178.0 978.0 | 0.781 | 68,65 § 1445,0 ]| 0.317 ] 85.69 § 1945.0 | 0.130 2445.0 | 0,050 | 96.47
648.0 | 1.615 | 41.63 676,0 | 1.578 | 44,81 780.0 380.0 | 0.772 | 68,76 § 1450.0 | 0.322 ] 85.81 § 1950.0./ 0.129 265040 | 0.051 | 96.48
648.2 | 1,629 | al.65 67644 | 1.558 | 44,86 782.0 982.0 | 0.774 | 88.87 § 1455.0] 0.306 | 85.92 | 1955.0 | 0.12¢ 2455.0 | 0.052 | 96.50
s48.4 ] 1,625 | 41,67 676.8 | 1.566 | 44,30 184.0 984.0 10,776 | 68.98 | 1460.0 | 0.316 | 86.03 | 1960.0 ] 0.128 2460.0 | 0.049 | 96.52
848,61 1.591 | 41,69 677.2 ] 1,604 | 44,95 786.0 386.0 | 0,758 | 69.09 J 1465.0] 0.311 ] 86.14 § 1965.0 ] 0.128 2665.0 | 0.054 | 96,54
648.8 | 1.542 | 41,72 877,56 | 14636 | 45.00 788.0 388.0 | 0.767 | 69.20 | 1470.0 1 0.3t1 ] 86.25 § 1970.0 0.127 2470.0 | 0.049 | 96.56
649,01 1,518 | a1, 7% 678.0 | 1.537 | 45,06 790.0 990.0 ] 0,763 | 69,31 | 1475.0| 0.307 | 86.37 | 1975.0 | 0.132 2415.0 | 0.054 | 96,58
549.2 | 1.443 | 41,78 678.4 | 1.559 | 45,09 792.0 392.0 | 0.754 | 69.42 | 1480.0] 0.303 | 86.47 § t980.0] 0.127 2480.0 | 0.051 | 96.59
649,4 | 1,420 | «1.78 678.8 | 1.564 | 45.13 794.0 994,0 | 0,756 | 69.53 | 1485.0] 0,299/ 86.58 § t985.0] 0.125 2485.0 | 0.048 | 96.61
649.6 | 1.509 | 41.80 679,21 1.573 | 45,18 796.0 396.0 | 9.743 | 69,64 J 1490.0] 0.304 | 86,65 | 1390.0]0.123 2490.0 | 0.055 | 96.63
842.8 | 1,556 | &1.82 879.6 | 1.574 | 45,22 79840 998.0 | 0.743 | 69.74 § 1495,0] 0.301 | 86.80 § 1995.0] 0.125 2495.0 | 0.047 | 96,65
650.0 | 1.577 | «1.85 680,0 | 1,578 | 45.27 800.0 1000.0 | 0.741 | 69.85 § 15c0.0| 0.297 6,91 § 2000.0] 0.118
650.2 1 1,615 | 4L.87 680.4 | 1,605 | 45,31 €02.0 1005.0 | 0.725; 70.1t § 1505.0| 0.296 | a7.01 § 2005.0] 0.112
650.6 | 1,654 | 41.89 680.8 | 1,554 | 45.36 804.0 1010.0 0.723 1 70.37 § 1510.0| 0.292 | 87,12 | 2010.0] O.11s
650.6 | 1.640 | «1.92 681.2 | 1.527 | 45,40 806.0 1015.01 0.722 | 70.63 § 1515.0] 0.292| 87.22 | 2015.0 | 0. 114
650.8 | 1,606 | 41,94 681,61 1.581 | 45.45 808.0 1020.0 1 0.716 | 70.89 § 1520.0] O.288| 87.33 § 2020.0{ 0.115
651.0 | 1,500 | «1.96 682.0 1 1.578 | 45,49 810.0 1025.0 | 0.725 | 71.15 § 1525.0] 0.292 | 87.43 § 2025.0 0,115
851.2 | 1.636 | 41,99 682.4 | 1.556 | 45,56 812.0 1030.01 0.700 | 71.41 § 1530.0| 0.284 ] 87,54 § 2030.0{ 0.112
651.4 | 1.633 | 42,01 662,81 1.518 | 45,58 814.0 1035.0 } 0.695 | 71.65 § 1535.0] 0.277] 87.64 § 2035.0] 0.109
651.6 | 1.626 | 42,03 683,211,598 | 45,63 816.0 1040.0 | 0,679} 71,90 § 1540.0 0.278 87.73 § 2040.0] 0.109
651.8 | 1,688 | 42.06 683.6 | 1.570 | 45.67 818.0 1045.0 | 0.686 | 72,15 § 1545.0 | 0.277] 87.84 § 2045.0 0.110
652.0 | 1.744 | 42,08 684,01 1.504 | 45,72 820.,0 1050.0 | 0.668 | 72.39 § 1550.0 | 0.276 a7.93 § 2050.0 ) 0.106
652,211,727 | 42411 684,41 1,525 [ 45,76 822.0 1055.0 | 0,659 | 72.63 § 1555.0 1 0.275| 88.03 § 2055.0] 0.104
65244 | 1,614 | 42,13 684,81 1.565 | 45,80 824.0 106040 | 0.650 | 72,86 § 1560.0 | 0.273] 8s.13 § 2060.0 0.102
652.6 | 1.553 | 42,15 685.2 | 1.517 | 45,85 826.0 1065.0 | 0.648 | 73.10 J 1565.0] 0.267 | 88.23 § z0s85.0] 0.097
552.8 | 1.5641 | 42.18 685,61 1.532 | 45.89 828.0 1070.0 | 0.640 1 73.33 § 1570,0 | 0.26¢ | 8a.32 § 2070.0] 0.101
653.0 | 1.598 | 42.20 686.0 ] 1,568 | 45,94 830.0 1075.0 { 0.631 | 73.55 § 1575.0] 0.263 | 88.42 | 2075.0 0.103
653.2 | 1.678 | 42,22 686.4 | 1.520 | 45,98 832.0 1080.0 | 0.621 | 73.78 § 1580.0 ] 0.259 88.51 | 2080.0] 0.099
653.4 | 1,756 | 42.26 686,68 | 1,447 | 46,02 834.0 1085.0 } 0.614 1 74,00 § 1585.0 | 0.256 | w8.61 § 2085.0 | 0.098
653.6 ] 1.719 | «2.27 687,21 [.44l | 46,06 836.0 1090.0 f c.612 | 74.22 § 15%0.0 | 0.250 ] aa.70 | 2090.0] 0.100
653.8 | 1,643 | 62.30 687.6 | 1.656 | 4611 838.0 1095.0 § 0.599 | Ta.vs § 1595.0] 0.251 | 88.79 | 2095.0 | 0.093
654.0 | 1.599 | 42,32 688.,0 | 1.495 | 46,15 840.0 1100.0 | 0,608 | 74.66 § 1600.0 | 0,252 | a8.98 J 2100.0 | 0.095
654,2 | 1,585 | 42,34 68B.% | 1,443 | 46419 842.0 1105.0 | 0.601 | 74.87 J 1605.0 | C.247 | 88,97 § 2105.0 | 0.095
554,4 | 1,598 | 42,36 688.8 | L.454 | 45,23 844.0 1110.0 | 0.602 | 75.09 § 1610.0 | 0,269 | 89,05 § 2110.0 | 0.089
654.6 | 1,604 | 82,39 689,21 1.498 | 46,27 846,0 T115.0 1 0.588 | 75.30 § 1615.0 | 0.248 { 89.14 § 2115.0 | 0.092
656,08 | 1.613 142,41 689,61 1.512 | 46432 848.0 1120.0 } 0.578 | 75.51 § 1620.0 | 6.245 | 89.23 § 2120.0 | 0.389
55%,0 | 1.570 | 42,43 63040 | 1,504 | 46,36 850.0 £125.0 ] 0.568 | 75.72 § 1625.0 | 0.249 | 89.32 § 2125.0 | 0.089
655.2 | 1.526 | 42,48 £90.4 | 1.548 | 46,40 852.0 1130.0 | 0.565 | 75.92 § 1630.0 | 0,246 | 89,41 § 2130.0 | 0.089
655,64 | L5164 | 42,68 69048 | 1.508 | 46,45 854.0 1135.0 ] 0.562 | 76,12 § 1635.0 | 0.242 | 89.50 § 2135.0 | 0.087
855.6 1 1.537 | 42.50 691.2 | 1.508 | 45,49 836.0 1140.0 | 0.556 | 76,32 J 1640.0 | 0.238 | 89,58 § 2140.0 | 0,092
655,48 | L.414 | 42.52 691.6 ) 1.513 | 46.56 858.0 1145.0 1 0.554 | 76.52 J 1645.0 | 0.239 | 89.67 § 2145.0 | 0.084
656.0 1 1.209 | 42,54 652,01 [.438 | %6.5%8 860.0 1150.0 | 0.543 | ¥6.72 § 1650.0 | 0.238 | 89.75 J§ 21%50.0 | 0.083
856.2 | 1,116 | 42.56 692.4 | 1.513 | 46,62 862.0 1155.0 | 0.552 | 76.92 § 1655.0 | 6.238 | 89.34 § 2155.0 | 0,081
656.4 | 1.293 | 42,57 692.8 | 1.531 | 45,66 864.0 1160.0 1 0.538 | 7711 J 1660,0 | 0.237 | 89.53 § 2160.0 | 0,084
656.6 | 1,481 | 42.59 693,21 1,456 | 48,71 866.0 1165.0 1 0,528 | 77,30 § 1665.0 | 0.233 | 90.01 J 2165.0 | 0.082
655.8 | 1,598 | 42,81 693,61 1,539 | 46,75 868.0 1170.0 | 5.531 | 17.50 § 1670.0 | 0.232 | 90.09 § 2170.0 | 0,084
857.0 | 1.627 | 42,64 694.0 | 1,534 | 46.79 876.0 1175.0 | 0.523 | 77.68 § 1675.0 | 0.224 | 90.18 § 2175.0 | 0.079
657.2 | 1.589 | 42.58 694.4 | 1.520 | 45,84 s72.0 1180.0 | 0.512 1 77.87 J 1680.0 | 0.225 | 90.26 § 2180.0 | 0.077
657,411,533 | 42.68 654.8 | 1,574 | a6, 88 874.0 L185.01 0,509 | 78,05 J 1685.0 | 0.223 | 90.34 § 2185.0 | 0,089
65745 | 1,520 | 42.71 695.2 | 1,558 | 46493 876.0 L130.0 | 0.508 | 78.23 § 1690.0 | 0.223 | 90.42 J 2196.0 | 0.074
657.8 | 1,542 | 42.73 695.6 | 12492 | 46497 878.0 1195.0 | 0.498 | 18,42 ] 1695.0 | 0.218 | 90.50 § 2195.0 | 0,075
658.0 | 1.599 | 2,75 656,01 14526 | 47.01 880.0 1200.0 | 0.492 | 78.59 § 1700.0 | 0.221 | 90.57 § 2200.0 | 0.084
658.2 | 1,608 {42.77 69644 | 1,486 | 47,06 882.0 1205.0 | 0.489 | 78,77 B 1705.0 | 0.216 | 90.55 § 2205.0 | 0.077
658.4 | 1,608 | 42,80 69648 | 1.536 | 47,10 884.0 1210.0 | 0.e84 | 78,95 B 1710.0 | 0.207 | 90.73 § 2210.0 | 0.077
658.6 | 1.591 | «2.82 697,21 1.585 1 7,15 886.0 12150 § 0,494 | 79,12 § 1715.0 | 0.216 | 90.80 | 2215.0 | 0.07«
658.8 | 1.575 | 42,84 697,61 1.550 | #7.19 888.0 1220.0 1 0.475 ] 79.29 § 1720.0 | 0.209 | 90.88 | 2220.0 | 0.079
659.0 | 1,596 | 42.86 698.,0 | 1,514 | 47,23 890.0 1225.0 [ 0.474 1 79,47 § 1725.0 | 0,200 | 96,95 § 2325.0 | 0.077
659.2 | 1.573 | 42,89 638.4 1 1,575 | 47,28 892.0 1230.0 [ 0.476 | 79,64 0 1730.0 | 0.194 | 91,03 § 2230.0 | 6,077
659,4 | 1.540 | 42,91 498.8 | 1.518 47,32 894.0 1235.0 | 0.468 | 79.80 § 1735.0 | 6.193 { 91.09 § 2235.0 ] 0.086
65946 | 1,571 | 42.93 699.2 | 1.458 | 47,37 896.0 1240.0 {0,466 | 79.97 § 1740.0 | 0.195 | 91,16 § 2240.0 | 0u061
65%.8 | 1,611 l42,95 699.6 | 1.461 LeT.a1 898.0 1245.0 10.453 { 80,14 B 1745.0 too189 191,23 B 2245.0 | 0,073
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The second procedure utilized the Cary spectroradi-
ometer (see Fig. 6). An uncollimated high-intensity
tungsten lamp was installed in the sample side

50 cm from the limiting aperture. Polarization of
. radiation from this lamp was less than 29. The win-
dow was placed into and out of the sample light path
and the ratio of signals noted. Mleasurements were
performed at selected wavelengths for incidence angles
of 0°, 20°, and 30°. After correction was made for the
difference in optical path lengths for air and fused
silica, the average disagreement in transmittance be-
tween the two sets of measurements made with different
equipment was +0.006. After a smooth curve was fit
through each set of data, the disagreement averaged
+0.004. There was no measurable difference in spec-
tral transmittance between either of the windows used
during the solar measurements. The tabulation of
transmittance as a function of wavelength and incidence
angle is given in Table V.

B. Measurement of Mirror Reflectance

The spectral reflectance of the mirror was deter-
mined by a multiple reflection technique to obtain
the highest degree of accuracy. The method used is
somewhat similar to the techniques of Strong® or
Bennett and Koehler,?® which enable measurements to
be made to a precision of £0.19.

During solar measurements, the incidence angle on
the turning mirror ranged from 25° to 55°, depending
on the solar zenith angle. The mirror reflectance
exhibits at most a 29 variation in reflectance for un-
polarized radiation over this range. Because of this
small variation with incidence angle, measurements
were performed only at the angle most commonly en-
countered during the measurements (35°), and Fres-
nel’s equations for an aluminum-air interface were used
to obtain the variation with angle.

The apparatus used in the reflectance measurements
is shown in Fig. 16. Essentially the same instrumenta-
tion was used as for the window transmittance measure-
ments described previously. Two mirrors, prepared
under identical conditions, were placed opposite each
other at a separation distance of 6 em. Collimated
radiation from a xenon-arc source was directed horizon-
tally into the integrating sphere to obtain the reference
signal level, V, and then directed onto the lower mirror
at an angle of incidence of 35°. At this angle of inci-
dence, the light beam undergoes seven reflections be-
tween the two mirrors before entering the integrating
sphere, which was rotated downward to accept the
beam, as shown in Fig. 16. The intensity of the radia~
tion entering the integrating sphere is indicated by the
sample signal level, V,. The reflectance R of the mirror
is obtained by the seventh root of the signal ratio:

R = (V./Ve). (A1)

Measurements were performed at each wavelength
with the beam polarized both parallel (RB,) and normal
(R,) to the plane of incidence through the use of a
Nicol prism. The spectral reflectance p, for natural or

unpolarized radiation was calculated from the arithme-
tic mean of the two component reflectances

o = (Rp + Ra)/2. (A2)

‘The results of the measurements are shown in Fig. 17
for 0° incidence and are listed in Table VI for incidence
angles 0°, 35°, 45°, and 55°.

In preparing the mirror, the aluminum was deposited
at a rate of 50 nm/sec at a pressure of 5 X 10~ Torr.
The total thickness was approximately 500 nm. Also
shown in Fig. 17 are the data of Hass® for a fresh
aluminum surface evaporated at an extremely high
evaporation rate (100 nm/sec) in good vacuum (1 X
105 Torr) and the data of Bennett et al.*! for an alum-
inum surface deposited at a slower rate and approxi-
mately the same pressure level. In general, the present
measurements are very close to the previously pub-
lished data. The 29 decrease in the uv near 300 nm is
felt to be due to the lower rate of deposition and higher
pressure during evaporation than used by Hass. The
data of Hass and Bennett were used beyond 1200 nm
since the low output of the xenon-arc source at longer
wavelengths resulted in a low signal level. The mirror
reflectance indicated by the solid curve in Fig. 17 and
the listing in Table VI are felt to be within +0.59, of
the true reflectance.

Appendix B. Extraterrestrial Spectral
Irradiance from 300 nm to 2500 nm

The data presented in this section are representative
of the degree of resolution attained in the experimental
results over the 300-2500 nm spectral range. All values
are on an absolute spectral irradiance scale based on the
Standard of Spectral Irradiance and can be used to
calculate total or average irradiance within arbitrary
spectral bands.

A view of the Fraunhofer absorption in the solar
atmosphere is shown in Fig. 18. The spectral region
from 300 nm to 700 nm has considerably greater struc-
ture than the 700-2500 nm region and is shown in
higher detail. The identities of selected major absorp-
tion lines are indicated in the spectra.

A tabular listing of the data is given in Table VIL.
The values of extraterrestrial spectral irradiance, ...
are averaged over the printout interval. A listing of
the percentage Py of the total solar irradiance at wave-
lengths shorter than the respective wavelength is alzo
shown.
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