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A method of measuring normal spectral emissivities in the infrared region from 1 to

13 p is described.
a blackbody with that from the specimen.
by adjusting the temperatures.
emissivity for the observed temperatures.

An equation is derived for use in
The main sources of error arise in the measure-

It consists of comparing the rate of emission of radiant energy from
The two observed radiances are made equal

calculating the

ment, of the temperature of the specimen and the temperature of the blackbody. As
an example of the method, the normal spectral emissivity of gold has been measured

in the range from 4 to 13 u

at temperatures from 550 to 1,000 °K.
was found to range from 0.014 at 4 g and 550 °K to 0.0256 at 9 p and 1,000 °K.

The emissivity
A table

is included which lists the values of emissivity from 4 to 13 g and from 550 to 1,000 °K at

intervals of 50 °K

1. Introduction

The normal spectral emissivity of many metals
such as gold, platinum and aluminum is very low
in the infrared region from 4 to 13 p. Some meas-
urements have been carried out at high temperatures
in the visible spectrum [1-4]' but measurements in
the infrared spectrum to 13 u have not been under-
taken. The emissivity of metals in the infrared may
be calculated from the reflectivity, R, using the
Kirchhoft relationship

e=1—R.

For this calculation reflectance measurements made
at room temperature are available from several
sources, but in most cases the reflectance measure-
ments are only good to about 41 percent thus giv-
ing rise to uncertainties of +5 to =450 percent for
the calculated emissivities of most metals. A note-
worthy exception to this is the recent very accurate
reflectance measurements made by Bennett and
Koehler [5] on aluminum. In addition Harris and
Fowler [6] and Lameris [7] have made some very
good measurements on gold.

While this paper is primarily concerned with the
development of a method for measuring the spectral
emissivity of metals, some results are reported on
the normal spectral OIIHSSIVItY of gold in the infrared
spectrum from 4 to 13 u. A method of measuring
the spectral emissivity of metals will be described
in the next section.

*This work was supported through a contract with Redstone Arsenal.
! Figures in brackets indicate the literature references at the end of this paper.

2. Experimental Procedure

The experimental arrangement consisted of an
infrared spectroradiometer with a sodium chloride
prism and thermocouple for measuring the rate of
(‘llllSSlOll of energy in the region from 1 to 13 u.

A double pass optl(' al system was employed so that
the stray radiation would be greatly reduced. The
spectroradiometer was calibrated *for wavelength
settings with the absorption bands of polystryene,
CO, and H,0O. Rather large spectral slit widths
were used in this work varying from 0.18 x at 2 u to
0.1 pat 10 . However, since neither the blackbody
curve nor the emitted-energy curve of the specimen
has a very large second derivative with respect to
wavelength, the emissivity values which were deter-
mined were nearly independent of the slit width
used. A blackbody and the specimen to be measured
were placed on a platform which could be moved
so that the specimen or the blackbody radiated on
the entrance slit of the spectrometer. This general
type of arrangement has been used in previous work
and a more detailed description of the procedure can
be found elsewhere [8].

An essentially different method of comparing the
radiance from the blackbody and the specimen has
been devised. This method consists of adjusting the
radiance of both sources (at the same w avdon(rth)
to be nearly equal. The effect of nonlinearity of the
detector amplifier response is minimized by this
procedure. Since the measurements were to be
made on metals of low emittance, this required that
the blackbody be at a lower temperature than the
specimen. In order to reduce the error of ambient
change to a minimum, alternate readings were
made on the blackbody and specimen during a small
time interval.

283



The emissivity calculations were based upon the
following equations. If we define

Ny(\,) =rate of emission of radiant energy by a
blackbody radiator at temperature ¢,
within the wavelength interval N-4d\
per unit of time, area, and solid angle,

N (M) =rate of emission of radiant energy by the
specimen at temperature ¢; within the
wavelength interval N-=d\ per unit of
time, area, and solid angle,

€;(\t;) =emissivity of the specimen at temperature
ts for the wavelength interval N4 dX\,

t,=room temperature,

ts=specimen temperature,

t,=blackbody temperature,
t,,—monochromator and detector temperature,

Ry (M) =reading of instrument set to view black-
body at temperature ,,

R,(M;) =reading of instrument set to view speci-
men at temperature ¢;;

then,
RN, t)=Ri[No(\, 1) = No(, 2] (1)

and
Rs()‘) ts):k2{[Ns()‘: ts)_NbO‘y tm)]
+[1—fs()‘; ts)] NDO‘: tr)} . (2)

Here &, and k, are proportionality constants and
fey=F, in this method.

Also,
Ns()‘; ts) + [1 - eso‘; ts)]]vb()" tr)

__Ns()‘y ts)—Nb()‘; tm)+[1 _es()‘; ts)]ivb()‘y tr)
a No(\, t5) —No(\, t)

[Nb()‘} tb>—]\rb()‘: tm)]+]\rb()‘y tm) (3>

By substitution,

N0, )= (N, )= Mo, )]+ Mo, )
_[1—53()‘; ts)]Nb()‘y te). (4)
Let R ()\ , )
Bhtn &
Then

Ns()‘; ts):Nb()‘y tb)_[l_ex()‘: ts)]zvb()‘; tr)- (6)

By definition, i
8 )) t3
6,()\, ts) :ﬁ)\t:%' (7)
From eq (6),

Noh, ) —[1— e\, £)INH M, )
N0\, £,) )

€ ()‘: ts) =
or

Es(>‘: ts)Nb()‘; ts):NhO‘; tb)
—NbO‘; tr) +fa()\: ta)Nb()‘: tr)- (9)

Combining terms we obtain,

NoO:, t)—No(A, )
Nb()‘y ts) _Z\Tb()‘: tr)

fs()\, ts>= (10)

The values of N, (\, #) in eq 10 can be evaluated
from tables of blackbody radiation or calculated
from the relation.

Gy

N()\, t)=——-*i)\5(ecz/)‘7‘—l)}

where

(,=1.4380 em °K. The constant C; cancels out.

3. Discussion of Possible Errors

Since the emissivity of a metal is a quantity
intrinsic to the substance one may consider sources
of error as divided into two categories: (1) deviation
of the sample from the ideal, and (2) experimental
erTors.

The first type of error may generally be attributed
to impurities in the metal sample and/or nonideal
surface effects peculiar to the specimen. It is
believed that the purity of our specimen was not a
source of error. The gold ribbon which has been
measured by this method was part of a sample which
had been tested by spectral analysis and found of
high purity. The specimen surface was mirror
smooth. It has been shown [9] that small surface
irregularities can cause rather large changes in the
emittance characteristics. However, at the longer
wavelengths of infrared radiation the emissivity is
much less sensitive to small surface irregularities
than at the shorter wavelengths of visible radiation.
The smooth appearance of the surface when viewed
by visible light was taken as an indication that the
surface is practically optically smooth in the infrared
region and that the errors due to surface roughness
are negligible.

Because of the inertness of gold no surface oxide
coating is possible. To remove any other possible
surface layers the specimen was washed with dis-
tilled water and acetone and then heated to 800 °K
for several hours before use. After this initial treat-
ment the samples were maintained at temperatures
above 100 °C until the measurements were com-
pleted. As a consequence it is felt that the state of
the surface of the specimen was nearly ideal. There
is of course some question as to the crystal structure
of the optically important region of the metal near
the surface, but the manner in which this changes
the emittance of metals has not yet been established.
Since the radiation observed was within 5 deg of
normal to the specimen, polarization effects are
negligible and were disregarded.

Errors due to incorrect emissivity values assigned
to the specimen are more directly related to the
actual experimental measurements. In the emis-
sivity measurements the errors may be divided into
three categories: (a) errors in wavelength measure-
ment, (b) errors in energy measurement, and (c)

284



errors in temperature measurements. The magni-
tude of these errors will be discussed separately
below.

Wavelength  Errors.  With modern instrumenta-
tion and standard techniques of calibration it is a
relatively simple matter to calibrate infrared spec-
trometers to within 0.02 u over the entire range used
in this work. Inasmuch as both the blackbody
curve and the emissivity curve of the specimens are
smooth curves with no sharp extremes or discon-
tinuities, errors in wavelength should be entirely
negligible in this work. The rather large spec-
trometer slit used at the shorter wavelengths,
however, may introduce a nonnegligible error. The
exact value of this error is difficult to determine and
is in fact different for each wavelength and tempera-
ture. It is estimated to amount to no more than
1 percent.

Errors in Energy Measurements. 'The measure-
ment of the energy given off by the specimen was
accomplished by comparison with a blackbody as
described in the section on experimental procedure.
In making these measurements the temperatures
were so arranged that the energy reaching the de-
tector from the blackbody was nearly equal to that
from the specimen. In this way instrumental errors
due to amplifier or detector nonlinearity were
practically eliminated. Almost all values reported
are the average of several determinations with
slightly different blackbody temperatures.

The 1mportant source of error in energy measure-
ment is due to the signal to noise ratio. For measure-
ments at higher temperatures and at wavelengths
near the blackbody radiation maximum the signal
to noise ratio is of course very favorable and uncer-
tainties are quite negligible. For lower temperatures
and especially for measurements near the long or
short wavelength extremes of this work the signal to
noise ratio becomes sufficiently small that rather
large uncertainties are introduced into the results.

Because of the low energy levels involved in these
measurements, especially at long wavelengths, stray
radiation might be expected to cause appreciable
errors. Use of a polyethylene-black filter to elimi-
nate any short wave stray radiation proved, how-
ever, that stray radiation is quite negligible even
at the longest wavelengths measured.

Errors i Temperature Measurement. In the de-
termination of the emissivity by the method of equal
radiance, the most important measurement is the
temperature. Four temperatures must be measured
or controlled; the temperature of the detector, the
temperature of the room, the temperature of the
specimen, and the temperature of the blackbody.
The temperature of the room and of the detector can
be measured to better than 1 deg K and the errors
introduced by these measurements are small com-
pared to the uncertainties in measurement of the
temperature of the specimen and the blackbody.
The temperature of the specimen is usually meas-
ured by an attached thermocouple and when the
material is a metal with the form of a thin ribbon,
the thermocouple may be welded on the back sur-
face of the specimen. The thermocouple should be

made of fine wires but even then there is some con-
duction of heat from the specimen. When the speci-
men can be heated to high temperatures the tempera-
ture gradients can be evaluated with an optical
pyrometer. At lower temperatures the radiation
[rom different areas of the specimen can be focused
on the slit of the spectrometer and temperature
gradients of the specimen can be detected and
evaluated. In the application of this method to
measurements on gold it was found that the varia-
tion of temperature was never greater than 5 deg K
over the area used. The error introduced in the
emissivity by a 5 deg error in temperature for a
specimen at 800 °K has been calculated and the
results are shown in figure 1. It will be noticed that
the error is between 1 and 2 percent from 6 to 14 g,
but at shorter wavelengths the error increases
rapidly reaching a value of 6 percent at 2 . When
the specimen is at temperatures above 800 °K, the
uncertainty in the emissivity will be smaller than
those shown in figure 1 and the error will be greater
for temperatures less than 800 °K.

A large source of uncertainty is introduced by
errors in the temperature of the blackbody. This
temperature should be measured to -1 °K.  When
the gold specimen is at a temperature of 800 °K, the
blackbody is at 351 °K for equal energies being re-
corded at 10 u. In the above example a change of
1 °K will produce an error of about 4 percent in the
emissivity. With an uncertainty of 5 °K in the
temperature measurement of the blackbody the
errors become much greater as shown for different
wavelengths in figure 2. It should be noted that
large errors will be made in the determination of
emissivities by this method unless the temperature
of the blackbody is measured with an accuracy of
the order of 1 °K.

6

ERROR ,%

WAVELENGTH , o

Ficure 1. Error in emissivity measurement at 800 ° K resulting
from an error in specimen temperature measurement of 5 °K.
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8
WAVELENGTH , 1

Ficure 2. Error in emissivity measurement at 1,000 °K resull-
ing from an error in the blackbody temperature of 5 °K.

4. Resulis

The normal spectral emissivity of gold has been
measured over the spectral range from 4 to 13 pu.
Table 1 lists the values of emissivity determined by
this work. In order to make this table, smooth
curves of emissivity versus temperature at constant
wavelength and emissivity versus wavelength at
constant temperature were drawn through the ob-
served experimental values. The table entries were
then read from these curves. The results for three

TaBLE 1.

temperatures are shown in figure 3. Experimental
points which are the average of several determina-
tions have been superimposed on the curves to show
how closely the experimental values agree with the
smoothed curves. Data were obtained at 50 °K
temperature intervals so that much more data were
Esed in making these curves than is shown in the
gure.

The small inerease in the emissivity curve at 9 p
is curiously unexpected, but appears consistently.
This abnormality may be due to some unknown,
consistent error in the data, but all attempts to
eliminate it failed. TLameris [7] shows a similar rise
in his data at about 10 g (he made no observations
between 7 and 10 w).

There seems to be no other measurement of the
emissivity or reflectivity of gold in the temperature
range reported in this paper. Consequenty, the
only independent observations with which our
results can be compared are the room temperature
measurements for which reflectivity values are given
in references 5 and 6. By extrapolation of the
emissivity versus temperature curves it is possible to
use the data of this work to obtain approximate
emissivity  values at lower temperatures. The
extrapolated values are tabulated in table 2. These
values are, of course, considerably less accurate than
those given in table 1 since the extrapolation is not
very reliable.

Normal spectral emzssivity of gold

1000

0.030 [

0.025

EMISSIVITY
;5
1 ¢

WAVELENGTH | .o

Ficure 3. Normal spectral emissivity of gold from / to 13 u at
700, 800, and 1,000 °K.
Dashed line is theoretical emissivity at 800 °K calculated from Drude equations.]

TaBLE 2. Approximate emissivity of gold obtained by
extrapolation from higher temperature values

h"K 200 300 ‘ 400 500
o |

e 0.0073 | 0.0090 ’ 0.0108 | 0.0127

S .0083 | .0099 | .0117 .0135

(e e L0082 | .0098 | .0115 .0133

7SS .0085 | .0100 | .0117 .0134

Sua e .0108 | .0123 | .0138 .0154
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5. Discussion

It is of considerable interest to compare the
observed emissivity values of metals to those pre-
dicted by the classical free-electron model proposed
by Drude [10]. Roberts has recently shown [11]
that Drude’s original consideration of several classes
of electrons in some cases gives rise to calculated
results more compatible with experiment; however,
this idea has not been used in this experiment.
According to the Drude model the refractive index
(n) and the absorption coefficient (k) may be repre-
sented by the two equations

Ner 1

o 72
Camlae o 2rm* y*4v*
and ,
n/czl *]’VL _‘_7]‘"
v 2rm* ¥ +v?
where
. 17\7@2
Y=%m* P

N=number of {ree electrons per unit volume,
e=—electronic charge,

m*==effective mass of electron,

v=—frequency, and
p=—d-c electrical resistivity.

A simplification suggested by Hagen and Rubens
is often used as a means of making emissivity cal-
culations. This simplification rests upon the assump-
tion that »<y and consequently is valid in the long
wavelength (low frequency) region. This assump-
tion leads to the result that

1/2
e k:<i> B
pv

Substituting this in the equation for emissivity,

k4 (1—n)?

GzlﬂRzl‘—Wl

yields the result
e=2(pv)"2—2(pr)+ . . .

With appropriate changes of units this becomes the
more familiar Hagen-Rubens equation,

¢=0.365 (£> V20,0464 £

where p = resistivity in ohm centimeters and

N = wavelength in centimeters.

Calculations based on the Hagen-Rubens equation
give rise to values of the emissivity which are about
100 percent greater than the experimental values.
As Schulz [12] has shown, the cause of this dis-
crepancy is evident from an analysis of the assump-
tions made in the derivation of the Hagen-Rubens
equation. Calculation of the value of v indicates
that » is of the same order of magnitude and in
fact is slightly larger than 5. This means that
n#k. Measurements of n and £ by Schulz for the
near infrared confirms the fact n=k at a wave-
length of 1 u. Calculations using Drude’s equations
indicate that n does not approach the value of %
except for rather large wavelengths (about 100 w).
As a consequence it is not surprising that the Hagen-
Rubens equation does not always yield correct
values of the emissivity in the ordinary infrared
region.

On the other hand, if the Drude equations are
used to calculate the emissivity, better agreement
with the measured values is obtained. The results
of such a calculation for 800 °K are shown in figure 3.
These calculations assumed one free electron per
atom and that the effective electron mass (m*) is
equal to the usual electron rest mass.

The authors express their gratitude to William
F. Roeser for his helpful suggestions concerning
these measurements. Appreciation is also expressed
to Robert Thibault who performed the very tangible
service of transforming most of the raw data into
values of emissivity.
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Glass filters for checking performance of spectrophotometer-
integrator systems of color measurement, . J. Keegan,
J. C. Schleter, and D. B. Judd, .J. Research NBS 66A
(Phys. and Chem.) No. 3, 203 (May—June 1962) 70 cenls.

A set of five specially selected colored-glass filters to identify
variables of malfunction of photoelectric recording spectro-
photometers equipped with tristimulus integrators have been
standardized on a number of spectrophotometers corrected
for all known errors (wavelength, zero, 100 percent, slit-
width, inertia, back reflectance, and stray-energy). To these
standardized spectrophotometric data definite amounts of
these errors were deliberately introduced and converted to
tristimulus values and chromaticity coordinates of the
International Commission of Iilumination system of color-
imetry for Sources A, B, and C. Similar reductions show the
effects of slit widths of 1, 5, 10, and 15 millimicrons on com-
puted results both by the selected-ordinate method of 10, 30,
and 100 ordinates, and by the weighted-ordinate method of
1, 5, 10, and 15 millimicron intervals. Duplicate sets of
these glasses have been evaluated by visual comparison with
this set of master standards, and are available as part of the
Standard Materials Program of the National Bureau of
Standards. By comparing the certified values of luminous
transmittance and chromaticity coordinates for a set of these
glasses with the values obtained on a particular integrator-
spectrophotometer combination, the type and extent of
instrumental errors may be evaluated.

Calibration of small grating spectrometers from 166 to 600
cm— !, I.. R. Blaine, E. K. Plyler, and W. S. Benedict, J. Re-
search NBS 66A (Phys. and Chem.) No. 3, 223 (May-June
1962) 70 cenls.

In order to provide standards for the calibration of small
grating spectrometers over the region from 166 to 600 cm—!,
tracings of the spectrum of atmospheric water vapor are
presented. The lines are identified and tabulated. Wave-
numbers obtained from energy levels derived from the best
available high-resolution spectra are given, together with an
indication of their relative rcliability. The best lines are
believed accurate to +0.03 em~1,

Purification by automatic gas chromatography, M. Tenen-
baum and F. L. Howard, J. Research NBS 66A (Phys. and
Chem.) No. 3, 266 (May—June 1962) 70 cents.

A completely autcomatic apparatus has been developed for
the preparative-scale purification of compounds by gas-
liquid chromatography. A clock timer periodically activates
a pump that injects a sample into the column. The recording
potentiometer on which the chromatograph is traced has a
switch mounted at the upper margin. Collection of the puri-
fied main component occurs when the recorder pen goes to
the end of the scale and trips the switch. The sensitivity of
the detector bridge circuit is adjusted so that only the trace
caused by the major component will activate the collection
process.

Toluene, ethylbenzene, and mesitylene were purified with
the apparatus. Best results were obtained with toluene.
In one pass through the apparatus, 92 percent of the impurities
were removed from the toluene and the purified product was
collected at a rate of 25 ml of liquid per day.

A diamond cell for X-ray diffraction studies at high pressures,
G. J. Piermarini and C. E. Weir, J. Research NBS 66A
(Phys. and Chem.) No. } (July—Awug. 1962) 70 cenls.

A high pressure X-ray powder camera has been constructed.
The instrument has been found to be useful for routing X-ray

work, using molybdenum radiation, to pressures of approxi-
mately 60 kilobars. Previously reported transitions have
been observed in silver iodide, potassium iodide, bismuth,
and thallium. The high pressure forms and lattice param-
eters were found to be: Agl-f.c.c. (NaCl type), aq=06.067A;
KlI-s.c. (CsCl type), ay=4.093A; Ti-f.c.c. (NaCl type),
ay=4.778A; Bi structure not determined. Thesedataconfirm
previous reports on the high pressure forms of Agl and KI.
Data on T! and Bi are apparently reported for the first time.
The high pressure modifications were studied at the following
approximate pressures which are not indicative of the point
where the transition occurs: Agl-3.3 kilobars, KI-20 kilobars,
Bi-28 kilobars, and TI-60 kilobars. The pressure limit to
which the unit can be used successfully has not been ascer-
tained. It is believed to be much higher than the pressures
reported. The present instrument is capable of producing
powder diffraction patterns of materials of relatively high
scattering power, giving data to 20=35°. IHigh background
on the X-ray powder patterns is believed to arise from
scattering by the diamonds. This background may obscure
weak diffraction rings. This effect may be reduced by
scereening, monochromatization, and other improvements in
experimental technique.

Light source for producing self-reversed spectral lines,
J. Sugar, J. Research NBS 66A (Phys. and Chem.) No.
(July—Aug. 1962) 70 cents.

A new light source has been developed which produces numer-
ous self-reversed lines in both the first and second spectra of
rare-earth elements. It consists of a pulsed arc discharge
with a peak current of 75 amperes and an on-time of one milli-
second per cyele. Resonance lines are nearly completely
absorbed, and can be distinguished by this character. From
spectrograms obtained with this light source, the ground states
of Th 1 and U 11 were determined, and those reported for
Yb 1, Yb ir, Tm 1, Tm 11, and U 1 were confirmed.

Thermal conductivity of gases. I. The coaxial cylinder cell,
L. A. Guildner, J Research NBS 66A (Phys. and Chem.)
No. 4 (July—Aug. 1962) 70 cenls.

By combining appropriate geometric configuration and
mathematical analysis with improved measuring techniques,
the cell constant of a coaxia! cylinder thermal conductivity
cell was determined within 0.1 percent.

An analysis of the rate of heat transfer in such a cell showed a
way to treat the data so that the error contribution of experi-
mental deviations from idealized conditions is kept small.
The principal considerations are:

1. That heat transport by convection is significantly large
in a dense gas. This transport was analyzed mathematically
from basic principles. The agreement of experimental results
with the analysis indicated that the expressions are valid and
that the convective heat transport could be accounted for
with little more error than was involved in the precision of
the heat transfer measurements.

2. That the heat transfer in a vacuum corresponds to the
heat transfer by radiation and solid contacts in the presence
of a gas. The uncertainty was that associated with the
accuracy of determining the vacuum values.

3. That other effects were small enough to be computed
and corrected for without increasing the uncertainty of the
values of the thermal conductivity.

Thermal conductivity of gases. II. Thermal conductivity of
carbon dioxide near the critical point, .. A. Guildner, J.
Research NBS 66A (Phys. and Chem.) No. 4 (July-Aug.
1962) 70 cents.

The thermal conductivity of CO, has been measured in a
coaxial eylinder cell as a function of pressure over a range of
temperatures from 3.66 to 75.26 °C. Particular attention
was given to the measurements from 1 to 9 deg C above the
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critical temperature at pressures closely spaced to include the
critical density.

The thermal conductivity of COy, near the critical point
is very large compared to one atmosphere values around
room temperature. At 1 deg C above the critical point the
thermal conductivity reaches a maximum at the critical den-
sity. This maximum is greater than the maxima at higher
temperatures. At 75.26 °C, 44 deg C above the critical
temperature, little unusual increase at the critical density
was observed.

The rate of heat transport by convection in the critical region
is also very large. This problem was studied carefully in
order that the temperature differences used were restricted
to the region of laminar flow, and that appropriate extra-
polation procedures were used to find the rate of heat transfer
by thermal conduction alone.

Also, at densities and temperatures away from the critical
region, new thermal conductivity values were obtained.

Derivation of the relaxation spectrum representation of the
mechanical response function, R. S. Marvin, J. Research NBS
66A (Phys. and Chem.) No. 4 (July—Aug. 1962) 70 cents.
Relaxation spectra have been used in both the presentation
and interpretation of measurements of the mechanical prop-
erties of rubberlike polymers.

Hindsight technique in machine translation of natural lan-
guages, I. Rhodes and F. I. Alt, J. Research NBS 66B
(M ath. and Math. Phys.) No. 2, 47 (Apr.—June 1962) 75 cents.
In the proposed system for automatic syntactic analysis of
Russian sentences developed at the National Bureau of
Standards, the computer splits each Russian word into stem
and ending and combines the information obtained from these
two elements into a morphological description of the word,
frequently containing several alternatives. The decision
among such alternatives is normally made on the basis of
“predictions” arising from preceding words of the same
clause. There are, however, cases in which no prediction
is available to account for a word, e.g., when the object of
a verb occurs before the verb itself. In such a case, instead
of the usual prediction of the object, we need “hindsight’.
Also, it may bappen that more than one of the morphological
alternatives of a word agrees with predictions; or that a
single morphological alternative agrees with several predic-
tions; or that only one of them agrees, yet there is a suspicion
that the agreement is spurious; or that no agreement at all
is found. It turns out that the alternating use of prediction
and hindsight techniques overcomes most of these troubles.

Graphs for determining the power of Student’s t-test, M. C.
Croarkin, .J. Research NBS 66B (Math. and Math. Phys.)
No. 2, 59 (Apr—June 1962) 75 cents.

This paper presents charts for determining the operating
characteristics of Student’s (-test. For a fixed level of sig-
nificance «, the charts give constant contours of the power
B depicting the number of observations plotted against a
function of the difference in means. Both the one-sample
and the two-sample (equal sample sizes) cases are treated
for all combinations of

a=.01, .02, .05, .10, .20 and
5=.10, .50, .90, .95, .99 except
(a,8) = (.10, .10), (.10, .20).

The graphs were constructed for two-sided tests but within
the given accuracy are equally applicable to one-sided tests.

On the role of the process of reflection in radio wave propa-
gation, F. du Castel, P. Misme, A. Spizzichino, and J. Voge,
J. Research NBS 66D (Radio Prop.) No. 3, 2738 (May-June
1962) 70 cents.

Nature offers numerous examples of irregular stratification of
the medium for the propagation of radio waves. A study of
the process of reflection in such a medium distinguishes be-
tween specular reflection and diffuse reflection. The phe-
nomenon of trans-horizon tropospheric propagation offers an
example of the application of such a process, necessary for
the interpretation of experimental results. Other examples
are those of ionospheric propagation (sporadic-¥ layer) and

propagation over an irregular ground surface (phenomenon
of albedo).

Currents induced on the surface of a conducting circular
cylinder by a slot, GG. Hasserjian and A. Ishimaru, J. Research
NBS 66D (Radio Prop.) No. 3, 335 (May—June 1962) 70 cents.
This paper is a partial study of currents induced on circular,
conducting cylinders by narrow radiating slots. First, a brief
and general formulation of the radiation fields of slots on
cylinders is made. Then, the problem of an infinite axial
slot is examined thoroughly for all cylinder sizes. An ex-
pansion for the fields, very close to the slot, on large radius
cylinders, is also obtained. Sample computations are made,
for various ranges of cylinder radius, and the order of the
errors is discussed.

The problem of a circumferential slot, of constant excitation,
is also considered. An asymptotic expansion obtained for
this case yields the surface current distribution for values of
axial distances that are smaller than the square of the cir-
cumference of the cylinder.

Since one of the objectives of this study is to determine
mutual coupling between two slots on a cylinder, the last
section presents a formulation of the equivalent network in
terms of the surface and feed line currents.

The interaction between an obliquely incident plane electro-
magnetic wave and an electron beam in the presence of a
static magnetic field of arbitrary strength, K. H. B. Wil-
helmsson, .J. Research NBS 66D (Radio Prop.) No. 4, 439
(July—Aug. 1962) 70 cents.

The purpose of the paper is to study theoretically the inter-
action between an obliquely incident plane electromagnetic
wave and an electron beam. We assume that a static mag-
netic field of arbitrary strength is present in the axial direc-
tion.

Machine computations made for the case of a cylindrical
electron plasma show that resonances occur in the back-
scattering cross section as a funetion of the angle of incidence
of the plane wave. The dependence of the resonance angles
on the plasma frequency for fixed gyro frequency suggests
a possibility to utilize the results of the investigation for
diagnostics of a cylindrical plasma.

The impedance of a circular loop in an infinite conducting
medium, M. B. Kraichman, J. Research NBS 66D (Radio
Prop.) No. 4, 499 (July—Aug. 1962) 70 cenls.

Expressions are derived for the resistance and reactance of a
circular loop of thinly insulated wire which carries a uniform
current and is immersed in a conducting medium. The
result for the resistance is compared with that known for a
circular loop in a spherical insulating cavity.

Calibration procedures for direct-current resistance appara-
tus, P. P. B. Brooks, NBS Mono. 39 (Mar. 1962) 40 cents
The equipment and procedures used at NBS for the precise
measurement of d-c¢ resistance are explained in detail. The
specific application of these procedures to the calibration of
bridges and potentiometers is explairned. It is expected that
this paper will be of considerable help to the many company
and governmental standardizing laboratories now being
established.

Thermocouple materials, F. R. Caldwell, NBS Mono. 40
(Mar. 1962) 30 cents.

Thermocouple materials are considered that are used pri-
marily as immersion temperature sensors in the range from
0 °C up. Included are the conventional thermocouples that
have survived since the beginnings of the art of thermoelectrie
temperature measurement, newer noble metal thermocouples,
and thermocouples of refractory metals for use in the extreme
range for immersed sensors. Thermocouples for thermo-
electric generators are not considered, nor are the types com-
monly used chiefly in radiation receivers such as those con-
taining antimony, bismuth, and their alloys. Because of the
wide use and increasing popularity of ceramic-packed thermo-
couples in metal sheaths, they are included.

Limitations of the thermocouple wires are given as to range,
stability, environment including atmosphere, magnitude of
thermoelectric emf, and accuracy of commercially available
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materials of standard and extra quality. In addition, prop-
erties of the separate elements that are pertinent to the selec-
tion or use of thermocouples have been compiled. Among
these are: chemical behavior, mechanical properties, specific
heat, density, thermal conduectivity, thermal coefficient of
expansion, emissivity, electrical resistivity, and magnetic and
catalytic properties.

In the case of the ceramic-packed thermocouples the follow-
ing properties are presented: temperature range of the sheath,
mechanical properties of the sheath, kinds of packed insula-
tion, resistance between thermocouple wires and between
wires and sheath, minimum bending radius of the packed
stock, gas-tightness of the packed insulation, and types of
measuring junctions available, i.e., grounded, ungrounded,
bare, totally enclosed, stagnation mounting, ete.

Not all of the above information is presented for all thermo-
couples, but all that is readily available in the general litera-
ture catalogs, and by private communication is included.
Limitations on use of thermocouples normally are given in
the text, and properties of the materials generally are pre-
sented in tables.

A transistor-magnetic core digital circuit, 1I. W. Hogue,
NBS Tech. Note 113 (PB161614) (1961) $3.00.

A digital amplifier of simple noneritical design incorporating
an emitter-follower and a small magnetic amplifier is de-
seribed. Timing and some of the operating power are pro-
vided by a 300-ke¢ 2-phase 7-volt sine-wave source. In
structure and mode of operation, the amplifier is particularly
suited for use with two-level diode gating to provide the
AND and OR logical operations. A NOT-amplifier provides
negation with amplification. The volt-second transfer char-
acteristic of the stage critically determines the stability of
propagation of binary signals. Factors governing the required
shape of this transfer characteristic are discussed.

A survey of the literature on heat transfer from solid sur-
faces to cryogenic fluids, R. J. Richards, W. G. Steward, and
R. B. Jacobs, NBS Tech. Note 122 (PB161623) (1961) $1.25.
A bibliography of 156 references on heat transfer from solid
surfaces to fluids and related phenomena is presented. Heat
transfer data obtained from experimental work on cryogenic
fluids are presented in graphical form. The theoretical and
empirical formulations appearing in the references are pre-
sented. In those cases where sufficient information is avail-
able to make numerical computations, the formulations are
presented graphically to permit comparison with the results
of the experimental work.

Functional and design problems of the NBS RF voltage bridge,
L. F. Behrent, NBS Tech. Note 123 (PB16162/) (1961) $1.00.
A detailed presentation is given of the practical solutions to
the design and operating problems encountered in construct-
ing a Thermistor Bridge similar to that used by the NBS for
RF Voltage Standardization. Measurement and operating
techniques, critical structural features, as well as the proper
use of available components are discussed.

Evaluation of convolution integrals occurring in the theory of
mixed path propagation, J. R. Johler and C. M. Lilley, NBS
Tech. Note 132 (PB161633) (1961) $1.00.

The theory of propagation of electromagnetic waves around a
sphere treats the smooth homogeneous case, i.e., the case in
which the surface impedance of the sphere is uninterrupted by
an abrupt change in conductivity such as a land/sea boundary.
It is known, however, that such a theory can be extended to
treat inhomogeneous, irregular terrain by formulating certain
convolution integrals which utilize the smooth homogeneous
formulas. The evaluation of these integrals can be accom-
plished with dispatech on a large-scale electronic computer
with the aid of numerical analysis techniques.

The particular case of a land/sea boundary in a smooth,
spherical surface is illustrated for a variety of cases by
evaluating the convolution integrals on a large-scale computer.

Historical survey of fading at medium high radio frequencies,
R. K. Salaman, NBS Tech. Note 133 (PB161634) (1962) 75
cents.

This condensed historical survey contains information on
many of the articles concerned with HF and MF ionospheric

fading, which have appeared in the literature through 1960.
The primary emphasis is on an oblique incidence propagation,
although many articles pertaining to fading at vertical and
near vertical incidence (incorporating winds experiments) are
also included. No effort was made to include the fading and
scintillation studies in the literature of radio astronomy and
satellite propagation, where they pertain to determining the
characteristics of the ionosphere, and not to MF and HF
communication.

Information is available on the origin of fading, the approxi-
mate dependence of fading rate on distance and frequency,
and the amplitude distributions for particular transmission
paths. This information is, however, not sufficient either for
a realistic estimate of the performance of communication
systems or for signal design consistent with the medium
statisties.

With respect to communication systems at MF and HF,
information which is needed for analysis and design includes
statistics on the amplitude distribution and the fade rate,
depth, and duration. Such information should be obtained
as a function of propagation mode, frequency relative to the
predictable MUF, time, season, geographic location, and
sunspot eycle.

A study of F2-layer effects as observed with a Doppler
technique, K. Davies, J. M. Watts, and D. H. Zacharisen,
J. Geophys. Research 67, 601-609 (Feb. 1962).

Changes in the height and shape of the ionosphere produce
variations in frequency, at a receiver, of waves emitted from
astable sender. WWV-10, WWV-15 WWV-20, and WWVH-
10 have been recorded, at Boulder, on slow-moving magnetic
tape. By rapid playback the Doppler frequency is converted
into an audio frequency and the spectrum analyzed by
conventional techniques.

Records obtained by this technique are presented to illustrate
the phenomena observed during magnetically quiet and
disturbed periods. Experimental effects associated with
solar flares and magnetic sudden commencements are pre-
sented. The frequency dependence of the frequency varia-
tions is shown to give information concerning the height
location of the associated ionospheric effects.

Displacement and strain-energy distribution in a longitudi-
nally vibrating cylindrical rod with a viscoelastic coating,
P. Hertelendy, J. Appl. Mechanics, No. 61-W A-30 (1962).

A numerical solution by R. M. Davies of the Pochhammer
frequency equation is used to determine the displacement and
strain energy distribution across the cross-section of an
infinite elastic circular cylindrical rod for a number of wave-
lengths of the first, second, and third modes of symmetric
longitudinal vibration. With these results the effect of a
thin uniform layer of damping material on the surface is
investigated. It is shown that with proper choice of bar
material and frequency range the attenuation of a progressive
rave is virtually independent of the bulk modulus viscosity
parameter, enabling one to relate the shear viscosity directly
to the rate of signal attenuation.

Superconducting magnets, R. H. Kropschot and V. Arp,
Cryogenics 2, No. 1, 1-15 (Sept. 1961).

The feasibility of employing superconducting windings for
use in electromagnets is discussed. The principal problem
is one of finding a material with a sufficiently high eritical
field so that the magnetic field does not quench the super-
conductor at the desired operating condition. For fields up
to 20 kilo-oersteds materials such as Niobium and some of
the superconducting alloys appear practical. For fields
greater than 20 kilo-oersteds superconducting films having a
thickness less than the penetration depth are considered.
Although theory and experiment on thin films are very meager
a distinet possibility exists that these materials can be used
to produce ‘“‘air core” solenoids of up to 90 kilo-oersteds.
The power required (refrigeration only) to operate a magnet
of this type may be considerably less than for a conventional
ambient temperature magnet.

Parametric behavior of an ideal two-frequency varactor,
G. F. Montgomery, Proc. IR¥ 50, No. 1, 78-80 (1962).

The Manley-Rowe equations for a lossless varactor network
yield little information for the two-frequency case. With the
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assumption of a linear signal termination, it is shown that
the ratio of signal and pump frequencies must be M/2, where
M is an integer. For M odd, a regenerative network is
possible at the signal frequency. For M even, the network
is possibly regenerative or nonregenerative. Other frequency
ratios are not possible; frequency division is not possible
except for regenerative division by 2. The effects of strong
pumping are predictable if the varactor characteristic is given.

Design of retarding field energy analyzers, J. A. Simpson,
Rev. Sci. Instr. 22, No. 12, 1283-1293 (Dec. 1961).

Retarding field analysers of the plane parallel plate, the
spherical condenser, the Faraday cage, and the filter lens
types are examined in some detail. The often neglected lens
effect of the hole in the plane parallel plate through which
the beam passes is shown to have significant effect on the
energy resolution. The previous analysis of the spherical
condenser is extended to the hemispherical case and the effect
of the aperture in the inner sphere calculated. It is shown
that for certain relations between the sphere sizes and the
position of the source very high resolution may be obtained.
The general restrictions on the performance of imaging re-
tarding fields are considered and a design procedure based
upon empirical knowledge of immersion lenses is given.

Radiation beam mapping with photographic film, W. L.
McLaughlin, Radiology 78, No. 1, 119-120 (Jan. 1962).

An experiment was carried out at the National Bureau of
Standards to examine with photographic film the uniformity
of X- and «y-ray beams used in the calibration of radiation
instruments. By exercising certain precautions in film selec-
tion, positioning, processing, and photometric measurement,
it was possible to determine the intensity distribution across
the beams with an accuracy of one percent.

Stress-strain relationships in yarns subjected to rapid impact
loading. Part VIII: Shock waves, limiting breaking velocities,
and critical velocities, J. C. Smith, J. M. Blandford, and K. M.
Towne, Textile Research J. 32, No. 1, 67-76 (Jan. 1962).

An impact velocity just sufficient to cause immediate breakage
in a filament impacted in tension is called a critical velocity.
Theories required for calculating critical velocities from
stress-strain data valid under critical velocity impact con-
ditions are reviewed and extended. Critical velocity estimates
are then calculated for some textile yarns using stress-strain
data obtained at impact speeds near 40 m/sec. The velocities
obtained range in value from approximately 100 m/sec for
cotton sewing thread and glass fiber yarn to approximately
300 m/sec for some vinal, rayon tire cord, acrylie, and nylon
yvarns. Theory is developed for estimating critical velocity
from the specific breaking energy obtained by high-velocity
impact tests. It is shown that the estimate in this case is
high if the stress-strain curve is predominantly concave
downward, low if the stress-strain curve is predominantly
concave upward, and equal to the critical velocity estimate if
the curve is linear. Critical velocities are also estimated from
stress-strain data obtained at 100 9;/min straining rates and
compared with calculations from high velocity impact data.
Good agreement is found in many cases.

Current-limited rectifiers, G. F. Montgomery, Proc. IRY 50,
No. 2, 190—-193 (Feb. 1962).

Several ac rectifier circuits have the property, inherent in
the rectification process, of limiting their output current to
a specified maximum. They are technically simple and can
be used as the foundation for power supplies that remain
undamaged and absorb little power with a short-circuited
load. In combination with a dc regulator, such a rectifier
provides a constant-voltage supply with desirable overload
characteristics. A modified bridge rectifier is especially
useful.

Statistical problems arising in the establishment of physical
standards, W. J. Youden, Proc. Fourth Berkeley Symp. on
Math. Statistics and Probability I11, 321-335 (1961).

The establishment and maintenance of physical standards is
indispensable for scientific research, commerce and industry.
The first standards were sufficiently ahead of the existing
needs so that questions of precision and accuracy were
hardly raised. In recent years the requirements of research

and industry have become extremely exacting. Questions of
precision and accuracy are now raised on every hand.
Among the statistical problems connected with the develop-
ment of improved physical standards are the estimation of
measurement precision; the design of experiments to provide
information on the accuracy; and the reconciliation of results
obtained in the national laboratories of the countries under-
taking this work. This paper reviews and illustrates by
actual examples, some of the ways in which statistical
methodology can make contributions in this field.

Rapid method for interpolating refractive index measure-
ments, O. N. Stavroudis and L. E. Sutton, J. Opt. Soc. Am.
51, No. 3, 368-370 (Mar. 1961).

This paper describes a method for fitting measured values
of refractive index versus wavelength to a two-termed
Sellmeier dispersion formula,

L AN
—N NN
by a modified least squares procedure. By clearing fractions
and introducing auxiliary variables, a linear expression is
obtained, the least squares solution of which provides a start-
ing point for a linear improvement routine. The process is
very fast and is particularly applicable to high-speed digital
computers. While the results do not represent the ultimate
in obtainable accuracy, they provide a starting point for
obtaining better fits using a more complex formula.
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A specimen for use in investigating the stress-corrosion
cracking of metals at elevated temperatures, H. I.. Logan,
Materials Research and Standards (ASTM Bull.) 2, No. 2,
98-100 (Feb. 1962).

A hollow specimen that contains the corrodent under pres-
sure and is subjected to known tensile stresses at known
temperatures is described.

Type 304 stainless steel specimens of this design, exposed to
distilled water containing 20,000 ppm of chloride, and oxygen,
in the temperature range of 455° to 615° F, generally de-
veloped stress-corrosion cracks under mechanically applied
stresses of 25,000 and 30,000 psi. Stress-corrosion cracking
was more severe at stresses of 30,000 psi than at the lower
stress level. The presence of oxygen was necessary for the
development of cracks.

The three-dimensional nature of boundary-layer instability,
P. S. Klebanoff, K. D. Tidstrom, and L. M. Sargent, .J.
Fluid Mechanics 12, Pt. 1, 1-3/ (1962).

An experimental investigation is described in which principal
emphasis is given to revealing the nature of the motions in
the nonlinear range of boundary layer instability and the
onset of turbulence. The experimental method consisted of
introducing in a two-dimensional boundary layer on a flat
plate at imcompressible speeds three-dimensional disturbances
under controlled conditions using the vibrating ribbon tech-
nique, and studying their growth and evolution using hot-wire
methods. It is definitely established that associated with the
nonlinear three-dimensional wave motions there are longi-
tudinal vortices. Existing theoretical considerations are
evaluated, and the results support the point of view that the
principal nonlinear mechanism involves the nonlinear be-
havior of a three-dimensional perturbation. It is also demon-
strated that the breakdown of the wave motion to turbulence
is a consequence of a new instability which arises in the
aforementioned three-dimensional wave motion. It is also
shown that the results obtained from the study of controlled
disturbances are equally applicable to “natural” transition.

Dynamic behavior of a simple pneumatic pressure reducer,
D. H. Tsai and E. C. Cassidy, J. Basic Eng., 253-26/ (June
1961).

This paper presents an analysis of the dynamic behavior of a
simple pneumatic pressure reducer. Both the non-linear and
the linearized problems were studied. Some experimental
results were also obtained on a working reducer model to
check the validity of the analysis. The agreement between
the non-linear solutions and the experimental results was
satisfactory. The non-linear and the linearized solutions
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were compared in detail so as to bring out the essential
features of the dynamic behavior in both cases. The stability
problem was also studied, and a set of stability criteria for
the linearized case was formulated in terms of the design and
operating parameters of the reducer. In the few sample
cases studied, these criteria gave correct qualitative predic-
tions of the stability of the reducer in both the linearized
case and the non-linear case. The flow forces on three
typical flow-metering valves were also determined by experi-
mental measurements (Appendix 2). These results were used
in the analytical part of the paper.

Effect of porosity on Young’s modulus of alumina, . P.
Knudsen, J. Am. Chem. Soc. 45, No. 2, 94—95 (Feb. 1962).
A graphic compilation is presented of available data of the
Young’s moduli of porous polyerystalline alumina at room
temperature. The apparent dependence of Young’s moduli
(E) or porosity (P) could be satisfactorily approximated by
the equation
E (in kilobars)==4102 ¢~3.95P.

A new approach to the mechanical syntactic analysis of
Russian, I. I. Rhodes, Mech. Transl. 6, 33-50 (Nov. 1961).
The Mechanical Translation scheme used at the National
Bureau of Standards has dealt so far only with the syntactical
aspects of the problem. The report describes how the diffi-
culties encountered in this portion of the task are being over-
come. Mention is made of the additional difficulties, belong-
ing to the field of semantic analysis, which have not yet been
considered by the NBS translation group.

Double probe measurements of ionization in active nitrogen,
H. P. Broida and I. Tanaka, J. Chem. Phys. 36, No. 1, 236-
238 (Jan. 1962).

Electron temperatures and ion densities have been measured
in nitrogen afterglows in a flow system at short times after
the discharge. In pure nitrogen a maximum occurs in the
ionization density and in the electron temperature at 5 to 10
msec after the discharge. The position of this maximum
coincides with the visible short-duration nitrogen afterglow
in which Nyt emission is prominent. Small amounts of
added impurity decrease this ion density but cause an increase
in the ion density at longer times, reaching a second maxi-
mum at 80 to 100 msec after the discharge. These results
show that ions and electrons are being produced continuously
in nitrogen afterglows and that the rate of production is
affected strongly by impurities.

Fitting refractive index data by least squares, L. Ii. Sutton and
O. N. Stavroudis, J. Opt. Soc. Am. 51, No. 8, 901-905 (Auyg.
1961).

The accessibility of high speed computing machinery makes
practicable the use of a routine for the least-squares fitting
of a three-term Sellmeier equation to a set of experimentally
determined values of index of refraction. The constants of
a two-term Sellmeier equation are evaluated by a method
described previously. These are then used in a preliminary
fitting of another term. The rough fit is then improved by
an iterative process which includes an acceleration technique
to speed convergence to the final result. In a typical
example the average residual of index is only about 2X 10-5
for 46 wavelengths from 0.2652 microns to 10.346 microns.

Maxwell and modern colorimetry, D. B. Judd, J. Photo-
graphic Sci. 9y No. 6, 3,1-352 (Nov.-Dec. 1961).

The methods used by Maxwell to reduce colour-matching data
from rotating sector dises (Maxwell discs) so as to represent
the chromaticity of the unknown colour on a chromaticity
diagram (Maxwell triangle) form the basis of modern colorim-
etry. Maxwell’s determination of the colour-matching
functions for two observers carried out by these methods is
found, when expressed in terms of flux units instead of the
slit-width units used by Maxwell, to be in essential agree-
ment with the 1931 CIE standard observer defining the colour
scales currently used internationally.

Dielectric properties of solid polymers, A. J. Curtis, SPFE
Trans., 82-85 (Jan. 1962).

Basically, the study of dielectric relaxation, by the measure-
ment of dielectric constant and loss index over a temperature
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and frequency range, can give information about motions in
polymers involving orientation of polar segments. Insofar
as motion of polymers studied by other methods involves
motion of polar segments, the results and interpretations
should agree with those from dielectric relaxation data.

A statistical comparison of the wearing characteristics of two
types of dollar notes, I5. B. Randall, Jr., and J. Mandel,
Materials Research and Standards (ASTM Bull.) 2, No. 1,
17-25 (Jan. 1962).

Two types of one-dollar notes, printed by two different
methods on two different papers, are in cireulation. The
wearing properties of these dollar notes have been compared
by a statistical method based on the concept of survival
curves.

Dollar notes in circulation in the Washington, D.C. area were
sampled. Data from 15 samplings, or a total of 30,000 notes,
were obtained after the notes had been sorted according to
type (old or new), fitness and age.

It is concluded that the median life of the new dollar note is
approximately 30 percent longer than that of the old type of
note using the usual Treasury standards for the evaluation
of fitness.

Non-additivity in two-way analysis of variance, J. Mandel,
J. Am. Stat. Assoc. 56, 878-888 (Dec. 1961).

In two-way classification analysis of variance situations there
often exists a systematic type of row column interaction.
A model is proposed in whbich the interaction is of the type
Qiyi where @; is a parameter of the 7th row, not necessarily
associated with the main effect for rows, and vy, is the main
effect for column j. The analysis of data according to this
model is given, including estimation and tests of significance.
The model is more general than that involved in Tukey’s
“one degree of freedom for non-additivity’” and includes the
latter as a special case. The relationship between the two
methods is discussed. Applications of the method to different
types of problems are mentioned and a numerical example is
included.

On the impedance of long wire suspended over the ground,
J. R. Wait, Proc. IRE 49, No. 10 (Oct. 1961).

Much has been written over the years on the subject of the
impedance of wires lying on the ground or suspended above it.
The possibility that a long horizontal wire will be a feasible
radiator of very-low-frequency radio waves has reopened
interest in the problem. [t is the purpose of this note to
outline a rather simple solution for the impedance of an
infinitely long wire located at a height & over a homogeneous
flat ground.

Automatic screening of normal and abnormal electrocardio-
grams by means of a digital electronic computer, H. V. Pipber-
ger, R. J. Arms, and F. W. Stallmann, Prof. Soc. Experimental
Biology and Medicine 106, 130-132 (1951).

The spatial ventricular gradient was determined in 256
electrocardiograms by means of a digital electronic computer.
This automatic procedure allowed separation of normal and
abnormal records with a high degree of precision. 98 percent
of all cases with old myocardial infarctions, which are of
prime interest in electrocardiographic diagnosis, were recogn-
ized as abnormal.

Electromagnetic bearing, H. Sixsmith, Rev. Sci. Instr. 32,
1195-1197 (Nov. 1961).

A shaft is supported by means of a laminated rotor which is
magnetically suspended inside a four pole laminated stator.
The diameter of the rotor is 134’/ and the radial clearance is
0.002"'. The position of the shaft is sensed with the aid of
four quadrant electrodes which surround the shaft with a
small radial clearance. Each electrode provides part of the
tuning capacity of an R.F. tuned circuit which is tuned to
one side of its resonance peak with respect to an R.F. gener-
ator. The R.F. signal is detected and amplified to provide
the control current in the corresponding winding on the stator.
The bearing was found to run smoothly up to 23000 rpm.
With further development, a reliable and useful bearing should
result.



Traveling pressure waves associated with geomagnetic

activity, P. Chrzanowski, G. Greene, K. T. Lemmon, and
J. M. Young, J. Geophys. Research 56, No. 11, 3727-3733
(Nov. 1961).

Traveling atmospheric pressure waves with periods from 20
to 80 seconds and pressure amplitude from about 1 to 8
dynes/em? have been recorded at a microphone station
at Washington, D.C., during intervals of high geomagnetic
activity. Trains of these waves can be expected at Wash-
ington from a quadrant approximately centered on north
whenever the magnetic index K, rises to a value above 5.
Their horizontal phase velocity across the station is usually
higher than the local speed of sound. During two ‘red’
auroras, clearly visible at Washington and at lower latitudes,
the 20- to 80-second-period waves were accompanied by
longer period, higher pressure, and much slower traveling
pressure disturbances. Observational data on the wave
systems are presented and discussed.

Use of an operational amplifier with Helmholtz coils for
reducing ac induced magnetic fields, L. A. Marzetta, Reo.
Sci. Instr. 32, No. 11, 1192—-1195 (Nov. 1961).

A feedback system is described for canceling magnetic fields
resulting from alternating currents. The design features of
an operational amplifier are offered. In addition the nature
of the phase shift contributed by mutual inductance elements
in the feedback path is discussed. Magnetic fields with a
flux density of one milligauss can be reduced by about two
orders of magnitude with the system.

Dielectric properties of polyamides, A. J. Curtis, J. Chem
Phys. 34, No. 5, 1849-1850 (May 1961).

The dielectric relaxation in two polyamides has been studied
over a temperature range from —100° to 175° C and a fre-
quency range from 50 eps to 10 Me/s.  The effects of various
thermal treatments on the relaxation behavior have been
studied. The polyamides were poly(hexamethylene adipam-
ide) and poly(hexamethylene sebacamide). Four relaxation
phenomena have been identified. Mechanical relaxation
processes are compared with the dielectric phenomena and
possible molecular mechanisms are discussed.

Other NBS Publications

Journal of Research 66A (Phys. and Chem.) No. 3 (May—
June 1962) 70 cents.

Glass filters for checking performance of spectrophotometer-
integrator systems of color measurement. H. J. Keegan,
J. C. Schleter, and D. B. Judd. (See above abstract.)

Calibration of small grating spectrometers from 166 to 600
cm~!, L. R.Blaine, E. K. Plyler, and W. S. Benedict. (See
above abstract.)

Franck-Condon factors to high vibrational quantum numbers
I1: SiO, MgO, SrO, AlO, VO, NO. R. W. Nicholls.

Oxidation of aldoses with bromine. H. S. Isbell.

An analysis of the solid phase behavior of the normal paraffins
M. G. Broadhurst.

Methylene groups in determination of disulfide and methylene
sulfide crosslinks in polycaprolactam fibers. S. D. Bruck.

Purification by automatic gas chromatography. M. Tenen-
baum and F. L. Howard. (See above abstract.)

High resolution investigation of some infrared bands of carbon
disulfide. D. Agar, E. K. Plyler, and E. D. Tidwell.

Journal of Research 65A (Phys. and Chem.) No. 4 (July—
Aug. 1962) 70 cents.

Dielectric properties of semicrystalline polychlorotrifluoro-
ethylene. A. H. Scott, D. J. Scheiber, A. J. Curtis, J. I.
Lauritzen, Jr., and J. D. Hoffman.

Thermal degradation of fractionated high and low molecular
weight polystyrenes. 8. L. Madorsky, D. MecIntyre, J. H.
O’Mara, and S. Straus.

Synthesis of 2-propoxy-5-methylbenzoic acid. G. M. Brauer
and L. Simon.

Gamma-ray distribution from oriented cerium-141. J. F.
Schooley, D. D. Hoppes, and A. T. Hirshfeld.

Light source for producing self-reversed spectral lines. J.
Sugar. (See above abstract.)

A diamond cell for X-ray diffraction studies at high pressures.
G. J. Piermarini and C. E. Weir. (See above abstract.)
Thermal conduectivity of gases. I. The coaxial cylinder cell.

L. A. Guildner. (See above abstract.)

Thermal conductivity of gases. II. Thermal conduectivity of
carbon dioxide near the critical point. IL. A. Guildner.
(See above abstract.)

Derivation of the relaxation spectrum representation of the
mechanical response function. R. S. Marvin. (See above
abstract.)

Intermediate phases in superconducting niobium-tin alloys.
L. L. Wyman, J. R. Cuthill, G. A. Moore, J. J. Park, and
H. Yakowitz.

Journal of Research 66B (Math. and Math. Phys.) No. 2,
(Apr.—June 1962) 75 cents.

Hindsight technique in machine translation of natural lan-
guages. I. Rhodes and F. L. Alt. (See above abstract.)

An extension of Jensen’s theorem for the derivative of a
polynomial and for infrapolynomials. O. Shisha.

Two matrix eigenvalue inequalities. S. Haber.

Graphs for determining the power of Student’s #-test. M.
C. Croarkin. (See above abstract.)

Journal of Research 66D (Radio Prop.) No. 3, (May-June
1962) 70 cents.

A theory of radar reflections from a rough moon.
Winter.

A lunar theory reasserted. K. M. Siegel and T. B. A. Senior.

Statistical distribution of the amplitude and phase of a mul-
tiply scattered field. P. Beckmann.

Amplitude distribution for radio signals reflected by meteor
trails, II. A. D. Wheelon.

High resolution pulse measurements of meteor-burst propaga-
tion at 41 Me/s over a 1,295-km path. R. J. Carpenter
and G. R. Ochs.

Tonospheric irregularities and long-distance radio propaga-
tion. H. A. Whale.

On the role of the process of reflection in radio wave prop-
agation. F. du Castel, P. Misme, A. Spizzichino, and J.
Voge. (See above abstract.)

Correlation between hourly median scattered signals and
simple refractivity parameters. A. S. Dennis.

Observations of radio wave phase characteristics on a high-
frequency auroral path. J. W. Koch and W. M. Beery.

Diurnal and seasonal changes in structure of the mid-latitude
quiet ionosphere. J. W. Wright.

Schumann resonances of the earth-ionosphere cavity—ex-
tremely low frequency reception at Kingston, R.I. C.
Polk and F. Fitchen.

Propagation of plane electromagnetic waves past a shoreline.
J. Bazer and S. N. Karp.

Currents induced on the surface of a conducting circular
cylinder by a slot. G. Hasserjian and A. Ishimaru. (See
above abstract.)

D. F.

Journal of Research 66D (Radio Prop.) No. 4 (July—Aug.
1962) 70 cents.

Propagation problems with space radio communications. K.
Rawer.

On the absolute intensity of incoherent scatter echoes from
the ionosphere. K. L. Bowles, G. R. Ochs, and J. L.
Green.

On the forward scattering of radio waves in the lower iono-
sphere. T. Hagfors. )

The representation of diurnal and geographic variations of
ionospheric data by numerical methods. W. B. Jones and
R. M. Gallet.

The interaction between an obliquely incident plane electro-
magnetic wave and an electron beam in the presence of a
static magnetic field of arbitrary strength. K. H. B.
Wilhelmsson. (See above abstract.)

An analysis of VLF mode propagation for a variable iono-
spheric height. J. R. Wait.
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A method for the determination of lower ionosphere prop-
erties by means of field measurements on sferics. F. B.
Harris, Jr., and R. L. Tanner.

Defocusing of radio rays by the troposphere. R. I£. Wil-
kerson.

Magnetotellurie fields in the frequency range 0.03 to 7 cyecles
per kilosecond: Part I. Power spectra. C. W. Horton
and A. A. J. Hoffman.

Magnetotelluric fields in the frequency range 0.03 to 7 cycles
per kilosecond: Part II. Geophysical interpretation. C.
W. Horton and A. A. J. Hoffman.

The impedance of a circular loop in an infinite conducting
medium. M. B. Kraichman. (See above abstract.)

Standard X-ray diffraction powder patterns, H. . Swanson,
M. C. Morris, R. P. Stinchfield, and E. H. Evans, NBS
Mono. 25—Section 1 (March 9, 1962) 40 cents.

Theory and methods of optical pyrometry, H. J. Kostkowski
and R. D. Lee, NBS Mono. 41 (March 1, 1962) 25 cents.

Report of the 46th National Conference on Weights and
Measures, 1961, NBS Misc. Publ. 239 (Jan. 1962) 65 cents.

Standard materials issued by the National Bureau of Stand-
dards. A descriptive list with prices, NBS Mise. Publ.
241 (March 12, 1962), Supersedes C 552, 3d edition, 30
cents.

Computer simulation of street traffic, M. C. Stark, NBS
Tech. Note 119 (PB161620) (1961) $2.25.

A tabulation of the thermodynamic properties of normal
hydrogen from low temperatures to 300 °K and from 1
to 100 atmospheres, J. W. Dean, NBS Tech. Note 120
(PB161623) (1961) $1.25.

Papers from the symposium on collision phenomena in astro-
physics, geophysics, and masers, M. J. Seaton, M. J.
Dalgarno, and C. Pecker, NBS Tech. Note 124 (PB161625)
(1961) $1.00.

Provisional thermodynamic functions for para-hydrogen,
H. M. Roder and R. D. Goodwin, NBS Tech. Note 130
(PB161631) (1961) $3.00.

Photoionization of atoms and molecules, F. L. Mobhler,
NBS Tech. Note 131 (PB161632) (1962) $1.25.

Technique for calculating infrared absorptance by a regular
band, L. R. Megill and P. M. Jamnick, J. Opt. Soc. Am.
51, No. 11, 1294-1297 (Nov. 1961).

Polymorphism of ABO; type rare earth borates, E. M. Levin,
R. S. Roth, and J. B. Martin, Am. Mineralogist 46, 1030—
1055 (Sept. 1961).

Sun storms and the earth: The aurora polaris and the space
around the earth, S. Chapman, Am. Scientist 49, No. 3,
249-284 (Sept. 1961).

Colorimetric determination of 5, 6-dichloro-2-benzoxazoli-
none in leathers, 8. Dahl, J. Am. Leather Chemists Assoc.
LVII, No. 1 (Jan, 1962).

Lower bounds for eigen values of Schrodinger’s equation,
N. W. Bazley and D. W. Fox, Phys, Rev. 124, No. 2,
483-492 (Oct. 1961).

Formation of polymer crystals with folded chains from
dilute solution, J. I. Lauritzen, Jr., and J. D. Hoffman,
J. Chem. Phys. 31, No. 6, 1680-1681 (Dec. 1959).

This works for us, approval books for a science library,
V. S. Barker, Special Libraries 52, No. 3, 471-472 (Oct.
1961).

Chemical reactions at very low temperatures, A. Thomas,
Trans. Faraday Soc. 57, No. 446, Pt. 10, 1679-1685 (Oct.
1961).

Theoretical dielectric behavior of an ethyl sterate-heneico-
sane mixture, M. G. Broadhurst, J. Chem. Phys. 33, No.
1, 221-226 (July 1960).

5, 6-dichloro-2-benzoxazolinone as a leather fungicide, S.
Dahl and A. M. Kaplan, J. Am. Leather Chemists Assoc.
LVI, No. 12, (Dec. 1961).

Departure from the Saha equation for ionized helium. II.
Atmospheric thicknesses too small to satisfy detailed
balance in the resonance lines, R. N. Thomas and J. B.
Zirker. Astrophys. J. 134, 740-746 (Nov. 1961).

Electron diffraction studies on solid a-nitrogen, K. M. Horl
and L. Marton, Acta Cryst. 14, No. 11, Pt. 1 (Jan. 1961).

Franck-Condon factors and the shape of ionization efficiency
curves, M. E. Wacks and M. Krauss, J. Chem. Phys.
35, No. 5, 1902-1903 (Nov. 1961).

On the average atmospheric radio refractive index structur
over North America, B. R. Bean and J. D. Horn ]gfallltlre
Phys. Atmos. 34, 92°104 (1961). ’ )

Concerning the bi-exponential nature of the tropospheric
radio refractive index, B. R. Bean, Beitr. Phys. Atmos
34, 81-91 (1961). '

Atomic beam frequency standards, R. C. Mockler, Advances
in Electronies and Electron Phys. 15,. 1-71 (1961).

Memory effects in irreversible thermodynamics, R. Zwanzig
Phys. Rev. 124, No. 4, 983-992 (Nov. 15, 1961). '

A study of the fluorescence of cellulosic polymers, K. F. Plitt
?ﬂ?ﬁ% D. Toner, J. Appl. Polymer Sci. 5, No. 17, 534-538

Fornguﬁg: f(‘)Ir z]L:)n %qct;_ratfg intermediary orbit of an artificial
satellite, J. P. Vinti, Astronomical J. 66 . 9, 514-516
N So6D). A s No. 9, 514-516

Drift mobility of an ionic impurity in an electric field, J. R.
Manning, Phys. Rev. 125, No. 1, 103-108 (Jan. 1962).

Some observations of metal distribution, G. Ogburn and M. A.
Morris, Plating Mag. 49, No. 1, 72-75 (Jan. 1962).

Cointfnetnts ogll I”(J \;{)zgg’st pJapér “Calibration of pulsation
detector coils,” J. R. Wait, J. Geophys. Res [
3603 (Oct. 1961). ' phys. Hesearch 86, No. 10,

Precision of reverberation chamber measurements of sound
absorption coefficients, R. V. Waterhouse, Book, Proc. 3d
Intern. Congress on Acoustics, Stuttgart, Germany, p. 886.
(Elsevier Publ. Co., Amsterdam, The Netherlands 1959).

A (:;(l)mmcnt onKR‘\(fsclr’ﬁ “nonxal and integral implies in’cidvnce”

eorem . Goldberg, Am. Math. Monthl N
7702771 (Oct, 1961). ° ke

Concerning radiosondes, lag constants, and radio refractive
index profiles, B. R. Bean and E. J. Dutton, J. Geophys
Research 66, 3717-3722 (Nov. 1961). o

On the interpretation of prominence spectra IV. The Balmer
and Paschen continua in a quiet prominence, J. T. Jefferies
and F. Q. Orrall, Astrophys. J. 134, No. 3 (Nov. 1961).

Tonospheric effects associated with the solar flare of September
112(8)6‘)1)961’ K. Davies, Nature Letter 193, 763-764 (Feb. 24,

Sferic observations of the severe weather on May 19, 1960
C. A. Samson and R. F. Linfield, J. Geophys. Research 67.
627-635 (Feb. 1962). ’ ’

On the mean temporal variations of electron density at a
fixed height in the F region, A. J. Hirsh and R. W. Knecht
J. Geophys. Research 67, No. 2, 595-600 (Feb. 19(32).’

Low temperature thermometry, R. P. Hudson, Experimental
Cryophys., pp. 214-253 (1961).

Photolysis of acetone-ds in the presence of propane-2, 2-d,
Decomposition of the n-propyl radical, W. M. J:l,(',kh‘()ii
(1{1{()1(1.1) R. McNesby, J. Am. Chem. Soc. 83, 4891-4896

961).

Comparison of United States and Canadian free-air ionization
chambers, J. H. Aitken, L. De LaVergne, W. H. Henry
and T. P. Loftus, Brit. J. Radiol. 35, No. 409, 65-70
(Jan. 1962). ’

Analysis of the absorption spectrum of YbC13.-6H,0. J. C.
:flgi?ﬁr)lstein, J. Chem. Phys. 35, No. 6, 2097-2100 (Dee.

A string language for symbol manipulation based on ALGO
60, J. H. Wegstein and W. W. Youden, Commun. ACM i
No. 1, 54-61 (Jan. 1962).

Polymorphism in monobromoacetic acid and the diagram
of state of dichloroacetic acid at elevated pressures, A. R.
Glasgow and J. Timmermans, Bull. Soe. Chim. Befges 70

N 623-641 (1961). ’
ay-tracing formulas for uniaxial crystals, O. N. Stav
7. Opt. Soc. Am. 52, No. 2, 187-191 (Feb, 1962). roudis

Doppler studies of the ionosphere with vertical incidence
K. Davies, Proc. IRE 50, No. 1, 94 (Jan. 1962). ’

An introduction to flame photometry and a review of recent
studies, M. Margoshes, Book, Physical Techniques in
Biological Research, W. L. Nastok, Ed., IV, 215-260
(Academic Press, New York, N.Y., 1962). ’

The ionization constant of p-nitrophenol from 0 2
G. F. Allen, R. A. Robinson, and V. E. Bower, J PLog
Chem. 66, No. 1, 171-172 (1962). ’ ;

Oscillator models in unimolecular reactions, M. I. Vestal
and H. M. Rosenstock, J. Chem. Phys. 35, No. 6, 2008—
2016 (Dec. 1961) ’
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Some physical properties of monochloro-, dichloro-, and
monobromoacetic acids at 1 atmosphere, A. R. Glasgow
and J. Timmermans, Bull. Soe. Chim. Belges 70, 599-622
(1961).

Auroral zone geomagnetic micropulsations with periods of
5 to 30 seconds, W. H. Campbell and S. Matsushita, J.
Geophys. Research 67, 555-573 (Feb. 1962).

On the interpretation of prominence spectra. V. The emission
lines in quiescent prominences, J. T. Jefferies and F. Q.
Orrall, Astrophys. J. 135, 109-121 (Jan. 1962).

Intramolecular rearrangements: IV. Photolysis of 2-pen-
tanone-4, 5, 5-d;, R. P. Borkowski and P. Ausloos, J. Phys.
Chem. 65, 2257-2260 (1961).

Electrophoretic mobilities and surface adsorption in the
polystyrene latex-aliphatic soap system, C. L. Sieglaff and
J. Mazur, J. Colloid Seci., V, 17, No. 1, 66-85 (Jan. 1962).

An equation of state for calculating the thermodynamic
properties of helium at low temperatures, R. D. McCamy
and R. B. Stewart (1962 2d Symp. Thermophysical
Properties, January 24-26, 1962, Princton University,
Princeton, New Jersey), Progress in International Re-
search on Thermodynamics and Transport Properties, Am.
Soc. Mech. Engrs., (New York, N.Y.), p. 107 (1962).

A lattice with an unusual frequency spectrum, R. J. Rubin
and R. Zwanzig, J. Math. Phys. 2, No. 6, 861-864 (Nov.-
Deec. 1961).

National Bureau of Standards, Washington, D.C. and
Boulder, Colorado, C. E. Moore, Astron. J. 66, No. 10
(Dec. 1961).

The standards challenge, A. H. Scott, Insulation 8, No. 2,
48-50 (Feb. 1962).

Average decay laws for VLF fields, J. R. Wait, Proc. IRE
50, No. 1, 53-56 (Jan. 1962).

Net heat of combustion and other properties of kerosine and
related fuels, G. T. Armstrong, L. Fano, R. S. Jessup,
S. Marantz, T. W. Mears, and J. A. Walker, J. Chem.
Eng. Data 7, No. 1, 107-116 (Jan. 1962).

On the thermodynamic properties of fluids, E. H. Brown,
Inst. Intern. Du Froid, Intern. Inst. of Refrigeration,
Commission 1, 169-178 (1960).

Characteristic electron energy loss measurement at low
temperatures, E. M. Horl and J. A. Suddeth, J. Appl
Phys. 32, No. 12, 2521-2525 (Dec. 1961).

Compton scattering by K-shell electrons, J. W. Motz and G.
Missoni, Phys. Rev. 124, No. 5, 1458-1468 (Dec. 1961).
Intramolecular rearrangements. III. Formation of l-meth-
yvleyclobutanol in the photolysis of 2-pentanone, P.
Ausloos and R. E. Rebbert, J. Am. Chem. Soc. 83, 4897—

4899 (1961).

Re-examination of the polymorphism of dicalcium silicate,
D. K. Smith, A. J. Majumdar, and F. Ordway, J. Am.
Ceram. Soc. 44, No. 8, 405-411 (Aug. 1961).

Fluorine calorimetry, G. T. Armstrong, Books, Experimental
Thermochemistry II, Chapt. 7, 129-145 (Interscience
Publ., London, England, 1962).

*Publications for which a price is indicated (except for
Technical Notes) are available only from the Superintendent
of Documents, U.S. Government Printing Office, Washington
25, D.C. (foreign postage, one-fourth additional). Technical
Notes are available only from the Office of Technical Services,
U.S. Department of Commerce, Washington 25, D.C. (order
by PB number). Reprints from outside journals and the
NBS Journal of Research may often be oblained directly from
the authors.
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