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A the rmodynamic a pp roac h based on the regular so lution conce pt is app li ed to the description 
of mi sc ibilit y gap boundaries in the a lk ali ·borate syste ms. It is s ugges ted that in each syste m the 
structural unit s whi ch co ntrol the entropy of mixing a re the s toic hiometri c compou nds a t the appa rent 
limit of th e a lkali · ri ch ed ge of the gap, and a complex boron trioxide stru cture. (The form er is infe rred 
by the shape of the gap, and the latte r is chosen to fit the regular mixin g equation. ) The same boron 
trioxide complex is used for a ll the sys tems ana lyzed. The physical implication s of thi s analysi s are 
di sc ussed. 
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1. Introduction 

While miscibility gaps have been measured in a large 
number of systems [1] I, there have been few attempts 
to analyze their shape. Concentrating on the oxide 
glass systems, we find that the majority of these gaps 
have been observed in co mplex sys tems consistin g 
of more than two compone nt oxides. Since it is not clear 
whether these systems separate into two or more 
phases [2], and since the exact c he mical ide ntiti es of the 
coexistent phases have largely escaped de finition, a 
first principle analysis of the thermodynami cs of th eir 
phase-se paration is not possible. There are , however, 
several bin ary oxide mixtures which exhibit immisci
bJ:ity at high glassformer concentrations. These 
are largely the alkali silicates [3, 4] and borates [5]. 
Despite this apparent simplification, attempts to 
describe the shape of the miscibility gap boundaries 
in these binary systems have not been generally 
successful [6 , 7]. 

The regular-mixing approach [8] which depends 
upon balancing the exothermic entropy of mixing and 
an e ndothermic enthalpy of mixing results in a co
existence or miscibility gap boundary curve which is 
symmetric in terms of the relative concentration s 
of the two immiscible liquids. The alkali-borates 
and silicates, which represent the major binary oxide 
systems with miscibility gaps, show highly asymmetric 
gaps. In the case of th e alkali-silicates, the misci bility 

·Work done at CathoH c University was supported by Contract Number AF72-2203. 

1 Figures in bracke ts indicate the litera ture refere nces at th e end of thi s paper. 
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gap is limited at one branc h by silica and at the othe r 
by the first stoichiometri c crystalline co mpound 
e ncountered as alkali oxide is added. Assuming that 
the two demixing liquids are Si02 and this stoichio
metri c compound s till leads to an asymmetri c gap [6]. 
This be havior has di scouraged the use of regular
mixing equ ations [8] to describe such gaps. The borates 
pose a more serious problem to thi s approach, since 
their misc ibility gaps reach beyond several stoichio
metric crystal co mpou nds. 

The most serious atte mpt to describe the thermo
dynamics of phase separation in binary oxide systems 
was recently presented by R. 1. Charles [7]. Assuming 
that the enthalpy of mixing in the silicates resulted 
principally from changes of coordination and valence 
of oxygen ions in the melt and changes in bonding 
energy at oxygen sites, he was able to show that the 
enthalpic heat of mixing of transition metal oxide
silica mixtures was endothermic. The addition of this 
endothermic enthalpy contribution to the exothermic 
entropy contribution in the Gibbs free energy leads to 
phase-separation. Following the same considerations, 
he found that the heat of mixing for the alkali-metal 
and alkaline-earth oxide mixtures with silica was exo
thermic thus negating any possibility for phase separa
tion . Since these systems do exhibit phase separation, 
it was concluded that the partial molar heat of solution 
of silica, which had been previously overlooked, was a . 
prime candidate for the necessary large endothermic 
contribution to the heat of mixing. The implications of 
such an assumption are interesting, since they point to 
the formation upon phase-separation of a complex 



silica structure larger than a single Si04 tetrahedron. 
This hypothesis, proposed by Charles, serves well 

to introduce the concepts of our model, although the 
two were developed independently. Below we propose 
a model to describe the thermodynamic processes 
which control liquid-liquid immiscibility in the binary 
oxide glasses. This is based upon the concept that 
molten oxides are made up of small structural units 
which control the physical properties of their melts . 
The configurational entropy of mixing is therefore 
determined by the possible rearrangements of these 
units. As a result, the free energy of the system is 
not expressed in terms of molar concentrations of the 
component oxides, but rather in terms of the relative 
concentrations of the dominant structural units. This 
approach allows the use of the regular mixing equation 
and replaces the arbitrary assumption that the glass
former, say B20:1, mixes as a cell containing two borons 
and three oxygens, with the more physically acceptable 
concept that the cell consists of a complex structure, 
(B20 a)m, with m being an integer. In this paper, we 
will cons ider the alkali-metal oxide-boric oxide mix
tures, since their gaps occur in similar temperature 
ranges, thus reducing the number of undetermined 
parameters. The alkali-silicates are covered in a 
separate paper [3]. 

2. Structural Units in the Melt 

The existence of small stable species made up of 
several molecules in the melts of oxide glassformers 
has long been suspected. A number of authors have 
proposed complex species for various structures in 
order to describe structural, thermodynamic and 
kinetic measurements [10-17]. 

In these various studies it seems clear that the struc
ture of the primary network formers - Si02, B203 
and Ge02 - extends well beyond the nearest neighbor 
coordination, but the definition of a molecule of 
glassformer is not clear and may easily depend upon 
the property analyzed. 

The smallest unit which retains its identity when 
two liquids are mixed may be defined in several ways. 
Following a correlation function approach, a size cor
responding to an ordered region may be obtained. 
A geometrical approach, emphasizing the structural 
units (e.g., boroxol rings for B203) may be tested by 
x-ray diffraction. However, it appears that the different 
investigators do not agree on the various interpreta
tions of the x-ray data. A thermodynamic approach 
is also possible, whereby the exact nature of the struc
tural units is not specified and only the thermodynamic 
behavior of the system is analyzed. 

In this paper we will restrict our analysis to thermo
dynamic concepts, since we are only concerned with 
investigating the variables which determine the shape 
of miscibility gaps in the oxide mixtures. 
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3. Complex Molecule Model for 
Miscibility Gaps 

In considering the thermodynamic properties of 
binary mixtures, simple mixing between the glass
formers, B20 a or Si02, and the alkali oxides, M2 0 or 
MO can be rejected on structural grounds, as done by 
other authors [6], since it is unlikely that such 
molecules exist in the melt. Let us analyze , instead, 
mixing between more complex and hopefully, more 
realistic structures. 

As an example, in the phase diagram of the lithium
borate system it will be assumed that mixing occurs 
between the network former and a stoichiometric 
chemical compound whose composition can be obtained 
by extrapolating the immiscibility or coexistence 
curve to zero Kelvin. By inspection it appears that the 
coexistence c urve can best be extrapolated to the 
co mpound Li20· 4B203 at low te mperatures . The 
model which we propose thus considers the Li20· 
4B20a composition as one of the mixing liquids. 

The choice of this stoichiometric compound as one 
of the mixing liquids is not inconsistent with the exist
ence of a crystalline compound at LitO· 5B203, since 
it is well accepted that borate melts have far different 
structures than the crystalline states: Thus, it is un
likely that a correspondence would develop between 
the structures of compounds in the melt and those of 
crystals, in the high B20 a region of the systems. 

The significant contribution presented by this paper 
involves choosing a complex boron molecule, 
[(B20:J)m] , as the second liquid. The complex molecule 
is a somewhat stable grouping of boron and oxygen 
atoms which can be identified as a single species in 
the entropy calculation. This species, however, once 
identified for a particular glassformer in a given tem
perature range, must contribute to the entropy calcu
lations of the other miscibility gaps of that glassformer 
(i.e., in the alkali-borates) occurring in the same 
temperature range. 

Without committing ourselves as to the geometrical 
appearance of these species, we propose to use the 
complex molecules, [(M20 . nB203)] and [(B z03)m] , in 
the calculation of the entropy of mixing. In the alkali
borates only one value of m will be used for all the dif
ferent alkalis, since the miscibility gaps occur in the 
same temperature range. The silicates, however, 
present more difficulty due to the vast temperature 
differences between their miscibility gaps [3]. 

The composition of the alkali-borate melt is 
normally written xB 20:J • yM20, where x and yare 
the respective molar fractions of B2 0 3 and M20. In 
terms of the new components used here the melt 
composition will be expressed as x[(B2 0 3 )m]· y[MzO 
·nB20 3], where i and yare the respective mole frac
tions of [(B 20 3 )m ] and [M20' nB 2 0 a]. It is easily 
shown that 

y = y/{y+ [1- (n+ I)y]/m} 
x=l-y (1) 



Once the identities of the two separated liquids are 
found, then each original composition (molar concen
trations) can be converted to relati ve concentrations 
of the two separated liquids (i.e., x and j) and then 
the data can be compared with the ideal mixing 
equation for the system [ (B2 0:3)",J and [M2 0 . n(B20 3 ) ] . 

The value of n in the formula [M20· n(B2 0:1) ] can 
be obtained in most instances by visual inspection of 
the data. The complex glassformer molecule must 
then be inferred from the data by choosing the value of 
m necessary to symmetrize the coexistence curve with 
respect to concentrations of the immiscible liquids. The 
crucial test then is to see whether all gaps are likewise 
symmetrized by the same glassformer complex 
molecule in the alkali-borates. 

4. Calculation of the Regular Mixing 
Equation 

The regular mlxmg equations are well known (see 
ref. 8, for instance) and we will only review the basic 
derivation here, for comple te ness . The free e nergy of 
mixing can be expressed in terms of an enthalpy and 
entropy of mixing. When the e nthalpy is positive, 
phase separation may ultimately occur. Th e molar 
enthalpy of mixing is expressed in terms of the two 
concentrations x and j, and an interaction e ne rgy 
parameter w(w > 0) as follows: 

!J.H = xyw (2) 

Contributions to the entropy of mixing of two liquid s 
come from two sou rces. In general , most authors have 
ignored the effec t due to changes in the inte rnal 
degrees of freedom of each liquid, and have only been 
concerned with configurational states [6, 9]. Both 
terms will be examined here. The co nfigurational molar 
entropy of mixing is written as: 

b.S 1 =- R[xlnx + yln yJ 

=-R[(I- j) ln(l- y)+jln j ] (3) 

The molar entropy of mixing arising from changes in 
the internal degrees of freedom upon mixing is ex
pressed as: 

!J.S2 =xy8S (4) 

The structural implications of the magnitude of this 
term will be discussed later. The molar free energy of 
mixing now becomes: 

!J.G=!J.H - T(!J.S 1 + !J.S2 ) 

!J.G = y(l- y) (w- T8S) 

+RT[jlnj+ (I-j) In (l-j)] (5) 

Phase separation is now obtained by minimizing th e 
free energy of mixing with respect to composition: 
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( aa!J.~) = 0= (l-2 y)w 
y P . T 

+RT[iny-In(l- j )-(l-2y)8S/R] (6) 

This condition leads to a temperature-composition 
relationship which represents the coexistence curve : 

_ { [(1 - j) ] Tcoex= (w/R) . (l-2y) · In -y 

+ (1- 2y) 85/R r (7) 

The criti cal te mperature, Tc , corres pon din g to th e top 
of the miscibility gap is found by maximizin g T eocx: 

Tc = (w/R)/ (2 + 85/R) (8) 

The de pe ndence of the normalized coexis te nce tem
perature on concentration can the n be expressed as: 

Teoex/Tc = (2 + 8S/R)· (1- 2y) 

{ In [ (1 ~ j) ] + (1 - 2j) ~ }-I (9) 

Once the coexiste nce curve has been established, it 
is of interest to calculate the spinodal c urve, by lett ing 
the seco nd de rivative of the free energy of mixing 
with respect to composition go to zero: 

( aZ!J.G ) 
aj2 =0=-2(w- T8S) +RT[l/j+I/(I-j)J 

(10) 

The spinodal curve is now written as: 

T,,=2(w/R) [y(~_y) + 285/R ]-1 (11) 

Ts/Tc=2 (2+8S/R) [j(l~j) + 28S/R ]-1 (12) 

These results may now be transformed into functions 
of the usual molar fractions of M20 (e.g., y) by substi· 
tuting the expression for j, eq (1), into the coexiste nce 
and spinodal equations (eqs (9) and (12» . These 
solutions are represented in our subseq uent graphs 
by solid and dashed lines , respectively. 

5. Comparison with Data I 

5.1 . Lithium-borate System 

The data by Shaw and Uhlmann [5] were used to 
tes t the equation s obtained above. The phase diagram 
of the lithium-borate syste m exhibits a liquid-liquid 
me tastable miscibility gap between 4 and 16 mole per
cen t Li2 0. The maximum of the coexist ence curve 
appears at 10 mole percent Li20. The stoichiometric 



compound Li20' 4B203, therefore, appears to limit 
the gap in the high alkali region. This then will be one 
of the immIscible liquids at zero Kelvin. 

Let us now consider the immiscible liquid on the 
borate·rich side of the gap. Assuming regular mixing 
between [B203] and [Li20 . 4B203] yields a maximum 
in the coexistence curve at 50 percent (B203) and 50 
percent (Li20' 4B203) which corresponds to the 17 
mole percent Li20 concentration. This result dis
agrees with the measured maximum near 10 percent 
Li20. The choice of a boroxol ring as suggested by 
Krogh-Moe [IS] yields a maximum near 15 mole percent 
Li20, which is also unsatisfactory. The [B406] cages of 
Ottar and Ruigh [12] are no more successful with 14 
mole percent Li2 0 for the maximum. The complex 
(B203)'" molecule which allows symmetrization of the 
gap and leads to a maximum at 10 mole percent Li20 
turns out to be the [(B203)S]. 

While this choice of a complex [(B203)s] molecule 
appears arbitrary in this case, it must be remembered 
that since the other alkali-borates have miscibility 
gaps in the same temperature range, we are restricted 
to the same complex for these other gaps. The data are 
plotted in terms of concentrations of the two demixing 
liquids [(B203)5 and (Li20' 4B203)] in figure 1. The 
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FIG URE 1. Miscibility gap in the lithium·borate system, plotted in 
terms of concentrations of the two demixing liquids: [(B203)5] 
and [(Li20 ·4B20 3)]. 

regular-mixing solution is also plotted, and appears to 
fit the data well. In this case the entropy contribution 
from changes in vibrational states of the molecules 
appears to be negligible (~S2 = 0). A plot of the data 
and the coexistence and spinodal curves in terms of 
Li20 molar concentration is shown in figure 2 and also 
demonstrates good agreement between the data and 
the equations. 
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FIGURE 2. Miscibility gap in the lithium·borate system , plotted in 
terms ofLi 20 concentration. 

The solid and das hed lines are the calculat ed coexistence and spinodal boundary curves, 
respeclive ly. 

5.2. Other Alkali-Metal Oxide-Borate Systems 

While we have four adjustable parameters in this 
analysis, In, n, wand as, we may only freely adjust 
oS, in fitting the shape of the coexistence curve in the 
other alkali-borate systems. The value of maximum 
coexistence temperature, T e , in general cannot be 
adjusted by more than 1 percent and determines w 
directly. The identities of the two demixing liquids at 
zero Kelvin (n and In) are fixed by the data at the high
alkali branch, and by the choice of [(B203)s] on the 
boric oxide side. 

Shaw and Uhlmann's measurements in the potas
sium-borate, rubidium-borate and cesium-borate sys
tems show phase separation occurring between 4 and 
20 mole percent K20, 4 and 14 mole percent Rb20, and 
4 and IS mole percent CS20, respectively. The data for 
the potassium and cesium borate systems indicates 
that the compound limiting one of the branches of the 
coexistence curves is at 25 mole percent alkali oxide. 
A lack of data in the rubidium-borate system prevents 
a similar analysis, so we assumed that it would follow 
the same behavior as the other two. Therefore, the 
demixing liquid at the high· alkali side of the gap is 
[M20 . 3B203], where M20 stands for the three alkali 
oxides in question. 

A regular mIXIng between [M20' 3B203] and 
[(B203)S] leads to a maximum in the coexistence curve 
near 11 percent M20. Inspection of the data shows 
good agreement for the K 20 and Cs20 mixtures. 
Figures 3 and 5 show that the data appear symmetric 
when plotted as a function of concentration of these 
immiscible liquids. The regular-mixing equation 
gives a good fit of the data with the vibrational contri
bution to the entropy, 8S, chosen at+0.5R and-O.SR 
for the KzO and Cs2 0 systems, respectively. The data 
for the rubidium system show only fair agreement with 
the model and require a choice of 8S = - O.5R for the 
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Miscibility gap in the potassium-borate system , pLotted 
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FI l?U RE 7. Miscibility gap in the rubidium-borate system, plotted 
III terms 0/ concentrations of the two demixing liquids: [(B20 3)5]_ 
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fit shown (fig. 7). Plots of th e data and the coexistence 
and spinodal curves in terms of alkali-oxide molar 
concentrations are shown in fi gures 4, 6, and 8. In 
general, the model satisfactorily describes th e phase-
separation data_ . . 

The above results confirm our choIce of the specIes: 
[(B20 3)s ] as the molecular co mplex controlling th e 
configurational entropy of the syste m over the observ
able te mperature range, and therefor~ , s up~o:t the 
merit of thi s approach. We see th at In add ItIOn to 
describin g the shape of the coexistence curve, a 
calculation of the location of the spinodal region is also 
possible. This has pote ntial usefulnes~ in the int~r? re
tation of measure ments on glasses wIth compoSItIOn s 
far from the critical composition_ 

We have omitted a description of the sodium
borate syste m, because the data appeared very differ
ent from that for th e other syste ms. Attempts to sym
metrize the coexis te nce curve were relatively 
un successful. An attempt to measure the gap as a 
c heck on the data was equally unsuccessful due to th e 
quick hydration of the sa mples. 

5.3. Lead-Borate System 

Data for the lead-borate sys te m was reported by two 
authors [19,20]. One of us, ]. H. Simmons, has also 
recently reported the results of careful measurements 
of phase separation in thi s syste m [21]. Fi gure 9, 
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FIGURE 9. Miscibility gap in the lead-borate system, reprinted 
from ref[21]. 

The sul id and d ashed line s are the calculated cucxiSlcnce and spinodal boundary curves. 
re spec tively. 

reprinted from his paper, shows his data and the fit 
of the regular-mixing equations. The two immiscible 
liquids at zero kelvin are [(B20:Jh ] and [(PbO' 
4B2 0 3) ]. Because of the pronounced flatn ess of the 
coexistence curve, the contribution to th e entropy of 
mixing from changes in the vibrational states was 
large, 8S =+ lOR. The implications of this result are 
discussed in the next section. 
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6. Changes in the Internal Degrees of Freedom 
The contribution to the entropy of mixing arising 

from chan ges in the internal degrees of freedom or 
vibrational states of the immi scible liquids, tlS2 , is the 
parameter which most affects the shape of the misci
bility gap boundaries in the fit s presented abov~. Its 
e ffect on the regular mixing equation se rves to e Ither 
broaden (8S > 0), or narrow (8S < 0) , the coexiste nce 
curve while maintainin g sy mmetry. This is achieved 
through its effect on the critical temperature, Te: 
eq (8). A positive value for the additional entropy cor
responds to an in crease in the inte rn al degrees of 
freedom. The additional states developed by mixin g 
thus will te nd to suppress phase separation. The 
evidence is mounting in support of the two-dim ensional 
structural description of pure boron triox ide glass. 
The add ition of alkali-metal oxides tends to con vert 
three-coordinated planar borons to four-coordinated 
borons. This helps form a three dime nsional network. 
The c hange is s mall , however, since only the boron 
ions are affected. Because of their low vale nce th e 
a lkali ions cannot form cross linking. In addition, 
however, one must cons id er th e effect of changes in 
th e molecula r vibrational states. As a s imple example , 
we may look at the phonon density of sta tes of a linear 
c hain with a lternatin g different masses (mixed state) 
and compare it with that of two chains with equal 
masses (phase-separated state). The result is a de
crease in the available states or internal degrees of 
freedom upon mixin g. The additional entropy , 8S, 
would be negative thus raising Te. The effect is more 
pronounced for the hea vier alkali-b~rate co mp~)Un.ds. 

The table below li sts the various alkalJ-oxlde 
co mpounds pos tulated with their formula weights and 
the additional e ntropy terms necessary for fittin g the 
regular mixing equation. The potassium oxide co m
pound is the lightest and it appears that the entropy 
contribution from the formation of a three dimensional 
s tructure dominates. As th e mass of the co mpound 
increases to th e cesium oxide system, the change in 
vibrational s tates dominates and the entropy term 
becomes increasingly negative. 

The lead oxide-boric oxide system is also included. 
Despite its heavy compound, the entropy term is 
positive. This is due to the large contribution from 
the change in dimensionality of the system. The lead 
ions with their high vale nce become tetrahedrally 
coordinated in solution and add a large number of 
inte rnal degrees of freedom to the system. This 
apparently dominates over the effect of the mass 
change. 

TABLE 1 

Immiscible com pound Molecular weight OS/R [2 + OS/R] - , 

[K,O' 3B,0,,] 303 +0.5 0.4 
[Li,O' 4B,03] 308 0 0.5 
[Rb,O' 3B2O,,] 396 -0.5 0.67 
[Cs,O' 3B2 O,,] 491 -0.8 0.83 
[PbO · 4B2O,,] 501 + 10.0 0.083 
[(B20 ,,).] 348 



7. Conclusion 

We have sho wn that the thermod yna mic e qu ations 
of regul ar mixin g can be applied 10 ph ase se para tion 
in the alkali-borate glasses. The concept , whic h mus t 
be introduced to accomplish thi s, is th e ass umption 
that the glassformer phase is structurall y re prese nted 
by a complex molecule and the glassforme r-modifie r 
phase by a s toichiometri c co mpound . Thi s trans
form ation symmetrizes th e coexis te nce curve. 

The regular mixin g equation appears to re prese nt 
the data we ll when an additional e ntrop y of mixin g 
ari s in g from c hanges in the internal degrees of freedo m 
of th e sys te m is included in the calc ulation . Followin g 
thi s a pproach, five syste ms were treated successfull y. 
The complex b oron trioxide molecule [(B20 3)sl was 
used in the regular mixing a nalyses of all the borate 
syste ms conside red , since th e miscibility gaps occurred 
approximately within th e same te mperature ra nge. 

The implicatio ns of suc h an approac h are interes ting 
but not surpri s ing. As mentioned before , by othe r 
authors and in so me of our othe r work , the exis te nce 
of co mplex glass-former stru ctures in th e me lt a ppears 
to offe r a good ex pla nation for the be havior of an 
increas ing number of phys ical prope rti es of molte n 
oxide glasses. 

An ac tu al geometri cal desc ription of the co mple x 
boron trioxide s tructure is not access ible to us by thi s 
a nalys is s ince the rmodyn a mi c treatm e nts do not 
afford stru ctu ral descriptions. 
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Res idual and impressed stresses and strains in Fe·3 wt. pct. Si 
alloy transformer sheet were studied. Results were obtained by the 
divergent beam (Kossel) x· ray microdiffraction techniques. The opti · 
call y opaque Fe·3 wt. pct. S i alloy was mapped for residual and im· 
pressed stresses and strains. These maps are roughly analogous to 
polarized light stress analys is of transparent materials. The results 
showed that a variable s train di s tribution existed in the alloy sheet at 
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An extensive compilation is given of the measured valu es of ther
mal conducti vity for nearly a ll so lid mate ri als from room te mperature 
down to 0.01 kelvin. The reviewed mate rial s include e le me nts , a lloys 
and commercial meta ls , se miconductors, se mimetals, ionic and 
valence crystals, minerals, molecular crystals, po lymers , glasses, a nd 
di sorde red dielectri cs. Excluded are foams , powders , earth s, fibe rs, 
laye rs of composites, and similar other heterogeneous solids. Data for 
temperatures below 1 kelvin are prese nted separate ly. The tables and 
graphs are complete for literature refe rences from 1900 to mid·1971. 
Experimental methods and physical phe nomena are d iscussed in the 
text and coded in the tables for references for whic h c urves are 
shown. Supersedes NBS Circular 556. 
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The la ttice compl ex is to the space group what the site set is to the 
point group- an assemblage of symmetry· rela ted equivale nt points. 
Th e symbolism introduced by Carl Hermann has been revised a nd 
exte nded. A total of 402 lattice complexes are de rived from 67 We is· 
senbe rg complexes. The Tables li s t site sets and la tti ce co mplexes in 
standard and alternate representations. They answer the following 
qu estions: What are the coordinates of th e points in a given latti ce 
complex? In which space groups can a given lattice co mplex occur? 
What are the lattice complexes that can occ ur in a given space 
group? The higher the symme try of the c rystal structures is , the more 
useful the la tti ce·complex approach should be on the road to the ulti· 
mate goal of their classification. 



Monogr. 135. Properties of glasses in some ternary sys te m s 
containing BaO and Si02 , G. W. Cleek and C. L. Babcock, Nat. 
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Th e glass formin g regions in s ix ternary oxide systems containing 
BaO, S i0 2 and a third oxide have been de te rmin ed. The properties of 
th e resulting glasses were measured and the result s are reported . The 
data on refractive indices, di spersions and s pecific volumes we re 
evaluated by computer methods in an a ttempt to identify "substru c· 
tures" containing the cation s present in the glasses. 
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Handb. 112, 89 pages (Jun e 1973) $l.l 0, SO Catalog No. 
CI3. 11 :11 2. 
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This handbook presents an operationa l guide for th e field examina· 
ti on of com mercial weighing and measuring de vices. It includ es in · 
spection and test procedures, wi th code refe rences to Nat ional Bu 
reau of Stand ards Handbook 44, Fourth Edition, "S pecification s, 
Tolerances, and Technical Require ments for Comme rcial Weighing 
and Measuring Devi ces." 

SP260-45. S tandard R e fe l'e n ce Materials : Develol)men t of 
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trometry; diffe rentia l cathode ray polarography; e lectrode posi
t ion; lead-based paint; neutron activation analysis; x-ray 
flu oresce nce spectrometry; Standard Refe rence Materia!' 

Th e deve lopment of NBS Standard Reference Material No. 1579, 
Powdered Lead-Based Paint is described. This SRM is intended for 
use in th e ca libratio n of apparatus and methods used in determining 
lead in paint re moved from old housing. 

Paints sc raped from the interior surfaces of old hou sing were co l· 
lected, ble nded. homogenized , a nd characterized for lead content. 
The ave rage lead conten t was found to be 11.87 ± 0.04 percent lead 
by weight d etermined by atomic absorption spectrometry and by 
difere ntial cathode ray polarograph y. 

The analytica l procedures involved sample dissolution by dry ash· 
ing in a furnace at 450-550 °C followed by exhaustive extractions of 
th e insoluble residue with a cids and wi th ammonium acetate solution. 

SP370. R esea r c h and tes t in g fac ilities of the Enginee ring 
Mechanics Section , National Bureau of Standards, 
Washington, D.C. , by the Staff of the NBS Engineering 
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(U.S.), Spec. Pub!. 370. 23 pages (Jan . 1973) 55 cents. SO Catalog 
No. CI3. 10:370. 

Key words : Engi neering Mechani cs Section ; force gene rating 
equipment ; research facilities; testing machines. 

The princ ipal characteristics of the force measuring and generat· 
ing equipm ent and related research fa cilities available in the En
gineering Mechanics Section of the National Bureau of Standards a re 
described. 

SP374. Me thod for determining the resolving power of photo
graphic le n ses, F. E. Washer and I. C. Gardner. Appendix added 
by C. E. Kuyatt , Nat. Bur. S tand. (U.S.), Spec. Pub!. 374, 32 pages 
(June 1973) $3.00. SO Catalog No. C I3.1O:374. 

Key words: Photographic lenses; resolution test cha rts; reso lv
ing power. 

This pub lication supersedes NBS Circular 533, issued May 20, 
1953. It contains the original data a nd a new appendix describing the 
NBS Microcopy Resolution Test Charts No. 1010a. It p rovides the 
photographer with two sets of charts by which the resolving power of 
a photographic lens may be numerically measu red with respect to a 
definite scale of valu es. A detailed description is given of the 
procedu re and techn ique to be followed in order that comparable 
values may be ob tained by diffe rent observers. The test provides an 
objective method of testing a photographic lens. The s ix c harts of one 
se t are printed in black on a white background to form a high-contrast 
chart. The six charts of the other set are printed with gray ink on a 
gray background to form a low-contras t chart. Additional uses of 
th ese charts are also described. These uses include the testing of gog
gle lenses for definiti on and pri smatic power and the testing of 
telescopes and binoc ulars for definiti on. S upersedes NBS C irc ular 
533, issued May 1953. 
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in/:, those standards and s pecifications issu e d b y S tat e 
Purchasing Offices of the lJnited States, L. L. Grossnic kle . 
Ed itor, Na t. Bur. Stand. (U.S.). Spec. Pub!. 375. 394 pages (Sept. 
1973) $3. 70 . SO Catalog No. CI 3. 10:375. 

Key word s : Ind ex of State spec ifications and sta ndards; Key
Word-In-Context index of S tate specificat ions and standard s; 
purchase specifications a nd sta ndards, State; s pecification s. 
State ; standards, State; State s pecifications and standards. 

Th is computer-produced Index contains the permute d titles of 
more th an 6,000 State purchas ing specifi cations and standard s issued 
by 37 State Purchasing O ffi ces thru 1971. The title of each specifica 
tion a nd standard ca n be found unde r all the significant key words 
which it contains. Th ese key words are arranged alphabetically down 
the center of each page toge ther with their surrounding context. The 
date of publication or latest revision, the specification or stand ard 
number. and an abbreviation for each State appear as part of each 
entry. A li st of these abbreviat ions and the names a nd addresses of 
the State Purchas ing Officials are found at the beginning of the Tn 
dex. 
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S P377. Index to the reports of the National Conference on 
Weights and Me asures. From the First to the Fifty-sixth 
1905 to 1971 , F. C. Bell. Nat. Bu r. Stand. (U.S.), Spec. Pu bl. 
377. 46 pages ( Feb. 1973) 75 cent s , SO Catalog No. CI 3.1O:377. 

Key words : Index; measures; National Conference; reports; 
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This pub lication comprises a subject index and a speaker index for 
the Reports of the National Conference on Weights and Measures 
from the First (1905) through the Fifty-Sixth (1971). Supersedes 
Miscellan eous Publication 243. 

SP383. The c r ea tive partne r ship: Government and the profes
sio nal services, Proceedings of the Fourth Users·Producers Con
ference S pon sored by the Technical Analysis Division , Institute for 
Applied Techno logy, National Bureau of Standards , in Cooperation 
with the Center for the Study of P rivate Enterprise, Th e American 
University, held a t the National Bureau of Standards. Gaithers
burg, Md., January 23, 1973, J . D. Johnson, Ed., Nat. Bur. Stand. 
(U .S .), S pec. Pub!. 383, 142 pages (Aug. 1973) $2.10. SO Catalog 
No. C13.1O:383. 



Key words : Creat ive· partners hi p; manage me nt ; operating; 
procurement; se rvices ; Users· Producers. 

Th ese proceedings are written for th e 4th Use rs·Produ cers Con · 
ference held at the National B ureau of Standard s on January 23 . 
1973. The Confe rence was des igned to highlight the problems and ad · 
va ntages in our present procure ment system when Government util · 
izes the se rvices of profess ional a nd P rofess ions Servi ce firm s. 

Th e s peake rs addressed the mselves to th e many face ts of the 
procurement process. They re prese nt both the private a nd Govern · 
ment side and bring their vie ws forward in a c lear and concise 
man ner. S peake rs are grouped into three panels. Th e firs t panel 
describes the development of the probl em, th e second pane l co n· 
s ide rs the procureme nt process, and the third panel discusses 
managing the projec t. At the end of eac h group of pane l s peeches , 
the re is a genera l di sc uss ion with comments and questions by a U at · 
tendees. 

Th e re is also a se parate presentation given by the Honorable James 
C. Corm a n. United S tates Co ngress man (Calif.)_ C ha irman, Sub· 
Committee on Gove rnm ent Pro cure me nt of Profess ional Services. 
These proceedin gs in.clude th.eJollowing papers (in rienled): 

Managc m c nt infol-mation a nd computc r systc ms, R. M. 
Davis. 

Managcmcnt consulting, W. P. Somme rs. 
Architcchll'c and c nginceri ng , 1. R. Dunn . 
Ollerating level pl-obl e m s in Pl-oc lll-c m c nt , W. E. Cushen. 
Governmcnliwoclll-cm c nt poli cy, P. Watc rman . 
The I-elationship of pl-iva tc e nt cqll'isc to Govcl-nmc nt 

proc ure m e nt , R. W. Kreuger. 
Legal a spccts ofGovc I'nm e ntl}J'oc uI-e m e nt , G. P. Bond. 
A proposc d Gove rnme nt sys te m fOl- professional sC I-vi ccs , 

1. E. Mori art y. 
Govel-nmc nt Iwoj ect manage m c nt, T. F. Noble. 
Managing the pl-iva t c contrac tOl- , R. A. Walbrecke r. 
Managinl( thc univc r sity r cse 'lI'ch team, R. P. Boynton. 

SP384. Annotate d bibliogl-aphy of th e lit e ratul-c o n resourcc 
sharing comput c I- n e twOI-ks, R. P. Blanc, !. W. Collon, T. N. 
Pyke . J r .. and S. W. Watkins_ Na t. Bur. Stand. (U.S.) . Spec. Pu b!. 
384,95 pages (Sept. 1973) $1.25, SD Catalog No. C I3.10:384. 

Key words: Bibliograph y; co mputer network ; data commun ica· 
tions; reso urce sharing. 

This bibliography consists of references with crit ical ann otat ions 
to the lite rature on computer networks. A classi fi ca tion schemc has 
bcen deve loped to placc cach annotat ion in a category refl ec tive of its 
content. Five indexes to the bibl iography are in cluded: author index. 
corporate au thor index. network index. key word out of context index, 
and repo rt number index. 

NSRDS·NBS46. R eactivity o f thc h ydroxyl radi cal in aqu eou s 
solutions, L. M. Dorfman , G. E. Adams, Nat. Stand. Ref. Data 
Ser. _ Na t. Bur. Sta nd. (U.S.) , 46. 72 pages (Jun e 1973) 90 cents, SO 
Cata log No. Cl 3.48:46. 

Kcy word s: Abstraction reactions; addit ion reac tion s; aqu eous 
solution; biological molec ules; electron tra nsfer react ions; 
hydroxyl radica l; oxidc radical ion; radical react. ions; rate con· 
stants; refere nce data. 

The reaction rate data of the hydroxyl radical in aqueous solution 
are compiled a nd eva luated in thi s criti ca l rev ie w. The values a re reo 
ported in a se ries of tables covering additon , hydrogen abs traction, 
inorganic electron transfer and radical reactions. Rate constants for 
the hydroxyl radi cal with biological molecules are included. In addi · 
tion , the rate constan t data for the ox ide radical ion are given. Physi· 
cal pro perties a re li sted and the expe rimental methods e mployed in 
OH rad ical che mistry are revie wed. An a nalys is involvin g rate con· 
s tant data comparisons is made. 
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NS RDS·NBS 50. R csonanccs in e1cctron impact on atoms and 
diatomic molcculcs, G. J . Schulz, Nat. Stand. Ref. Data Ser. , 
Nat. Bur. S tand . (U.S.), 50, 118 pages (Oct. 1973) $1.35, SD Catalog 
No. CI3.48:50. 

Key words: Atoms ; compound sta tes; c ross·sections; diatomic 
molecules; e lectron im pact; energy levels; resonances; tempora· 
ry negative ions. 

Two re views are presented on the e ne rgies. configuration and other 
properties of resonances in electron impact on atoms a nd diatomic 
molecules. Included are discuss ions of the experim ental methods 
which a re useful for s tudying resonances and of th e results obtained 
by various inves tigations. Much of the inform ation is presented in the 
form of ta bles and e ne rgy level diagra ms. 

BSS45. D ynami c th e l'mal pcrfol-man ce of an cxperimcntal 
masolll-y building, B. A. Peavy. F. J . Powe ll . and D. M. Burch . 
Nat. Bur. Stand. (U.S.). Bldg. Sci. Ser. 45 . 103 pages (July 1973) 
$1.25 . SD Catalog No. C I3.29/2:45. 

Key word s : Building heat transfe r; compu ter progra ms; d yna mo 
ic the rmal performa nce; hea t fl ow analysis; heating and cooling 
loads; te mpe rature predictions; th ermal ana lys is; therma l 
behavior; tran s ient heat fl ows. 

Meas ure ment s of the dyna mic hea t tra nsfe r in an ex pe rimenta l 
maso nry bui lding were mad e in a large e nvi ronmental cha mber to ex· 
plore the va lid ity of a compu te r progra m developed at NBS. labe led 
NBSLD, for computing hea ting and cooling loads, and indoor a ir te m· 
peratures. Thi s study was jointl y s upporte d by the Na tional Burea u 
of S tandards a nd the De partment of Housing a nd Urban De velop · 
ment . a nd is a part of a broade r research program being supported by 
both agenc ies to iml)rOve performance tes t proced ures a nd crit e ria 
for housing. 

The e xpe rim enta l s tructure was a one· room house 20 ft long 20 ft 
wide. and 10ft high with wa ll s of so li d concre te blocks and a fl at roof 
made of rein forced precast concrete slabs. Durin g th e tests changes 
we re made in fenes tration. the amount and locati on of insulat ion, a nd 
the indoor mass; a nd the bu ilding was exposed t.o a d iurna l t.e mpe ra· 
ture cycle. 

It was found tha t the co mbina tion of mass in the masonry wa ll s and 
roof. a nd in sulation placed on the ou ts id e of the mason ry was very ef· 
fec ti ve in reducing and controlling the va ri a tion of indoor air te m· 
peratu re. The NBS LD compu te r program rea li sti ca ll y predi cted the 
hea t s torage effec ts . and maximum hea ting loads du ri ng these tes ts. 
For five heating tes ts. the greates t difference between computed 
maximum heating load and measured val ues was 8 percent and the 
average diffe rence was 4.3 percent. It was shown th at s teady·sta te 
methods of heating load calcu lation could result in overs izing heating 
equipment by 30 percent or more for thi s particula r bu ilding and im · 
posed exterior conditions if the lowest outdoor te mpe rature was 
se lected as the des ign tempe rature. 

BSS46. Building practices for disastc I- mitigation. Proceedings 
of a workshop s ponsored by The Na tional Science Foundation _ 
Research Appli e d to Nat iona l Needs Program . and The Na tional 
Bureau of S ta ndard s. held at the National Bureau of Stand ards. 
Boulder. Colo .• Aug. 28·Sept. 1. 1972. R. Wright. S. Kramer. and C. 
C ulver. Editors. Nat. Bur. Stand. (U .S.) . Bldg. Sc i. Ser. 46 . 483 
pages (Feb. 1973) $5.30, SO Catalog No. C I3.29/2:46. 

Key words: Bu ilding; ea rthquakes; haza rds; land li se; stru ctural 
engineering; wind effects. 

The national workshop on buildin g practi ces for di saster mitigation 
was concerned with earthquakes. extre me winds . and similar dy na mo 
ic hazards. These proceedings present recommendations de rived at 
the workshop and addressed to policy makers in government and in· 
du stry. as welJ as practitioners in engineering, architec ture. land use 



planning, and the earth and meteorological sciences. The recom men· 
dations evaluate current building practices, define opportunities for 
improving current practice from doc umented research findings, and 
recommend research to fill gaps in knowledge. Recommendations are 
made for imple mentation of improved practices at professional and 
policy levels. The objectives include avoidance of human suffering, 
reduction of property loss, and maintenance of vital fun ction in 
buildings under conditions threatening disaster. Fifteen review arti· 
cles were prepared by experts in the professions and research 
disciplines to define the state·of·the·art in disaster mitigation and to 
guide discussions at the workshop. These articles are included in the 
proceedings as follows: 

Workshop Recommendations . 
Values and costs, H. Kunreu ther. 
Approachcs to imple mentation, P. E. Baseler. 
Earthquake hazards for buildings, N. C. Donovan. 
The problem of seismic zoning, S. T. Algermissen. 
Wind hazards for buildings,]. W. Vellozzi a nd J. J. Healey. 
Land use planning and natural disaste r mitigation, W. J. 

Petak, M. McCoy, W. J. Monasch, J. E. S iosson, D. F. Moran , J. 
H. Wiggins, Jr. 

Architectural approaches to hazard mitigation , E. C. Hill · 
man Jr. , A. E. Mann. 

Procedurcs and c riteria for ea,·thquake resistant design , 
C. W. Pinkham. 

Procedures and criteria for e arthquake resistant d esign, 
N. M. Newmark and W. J. Hall. 

Procedures and c"iteria for wi nd resistant d esign, J. W. Vel· 
lozzi and J. J. Healey. 

Criteria for building services and furnishings, J. M. Ayres 
and T.·Y. S un . 

B e havior of structural elements. A review, B. Bresler. 
Behavior of s truc tural systems under d ynamic loads, R. L. 

Sharpe, G. Kost, and J. Lord. 
Survey and evaluation of existing buildings, F. E. McClure. 
Abnormal loading on buildings and progressive collapse, 

N. F. Somes. 

BSS47. St,'uctural d e flections. A literature and state·of·the
art survey, T. V. Galambos, P. L. Gou ld, M. K. Ravindra, H. Suo 
ryoutomo , and R. A. Crist, Nat. Bur. Stand. (U.S.), Bldg. Sci. Ser. 
47,104 pages (Oct. 1973) $1.25, SD Catalog No. C]3.29/2:47. 

Key words: Analysis; deflection; design; dynamic; experimen· 
tal; human sensitivity ; loading fun ctions; specifications; s tati c; 
structural engineering; su bsystems; vibration. 

A literature survey and state-of·the·art study was compiled using 
233 primary source documents, research papers, and texts. Over 800 
documents were scanned to arrive at the primary source documents. 
The problem of s tructural deflections is discussed and reviewed in its 
compone nt areas of sta tic and dynamic deflections as related to forc· 
ing fun ctions and structural characteristics. Also the interactions of 
major structural deflections with building structures subsystems and 
human occupants is reviewed. Emphasis is placed on serviceability 
limit states of deflections. Detailed comparisons of human response 
to structural vibrations are also made. This report is broad in scope 
and covers the areas of analysis, design and experimentation. 

FIPS PUB 6·2. Counties and county equivalents of the states of 
the United States, H. E. McEwen , Standards Coordinator, Nat. 
Bur. Stand. (U.S.), Fed. Info. Process. Stand. Publ. (FIPS Pub) 6-2, 
35 pages (1973) 65 cents, SD Catalog No. C13.52:6·2. 

Key words: ADP standards; computers ; data elements and 
codes; data processing; Federal Information Processing Stan· 
dards; geography ; information processing standards; informa· 
tion systems; national government ; representations and codes; 
standards ; statistical data. 
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This publication provides names and cod es for representing the 
Counties of the 50 States or county equivalents thereof for use in the 
inte rchange of form atte d machine sensible data. Also included in the 
set of codes are the indepe ndent ci ti es of Maryland , Mi ssouri , 
Nevada, and Virginia and the Cens us Divisions and boroughs of 
Alaska. Supersedes NBS FlPS Pub 6·1. 

FlPS P UB 8-3. Standard m etropolitan statistical areas, H. E. 
McEwen, Standards Coordinator, Nat. Bur. Stand. (U.S.), F ed. 
Info. Process. Stand. Publ. (FIPS PUB) 8-3 , 20 pages (1973) 55 
cents, SD Catalog No. C13.52:8-3. 

Key words: Computers; data processing; F ederal Information 
Processing Stand ards Publication; representations and codes; 
Standard Metropolitan Statistical Areas. 

This publication provides standard identifications and cod es for 
representing Standard Metropolitan Statistical Areas for the in
terchange of machine sensible data a mong agencies. It supersedes 
FlPS PUB 8-2, Standard Metropolitan Stati s tical Areas, dated ]972 
November 1. The ge neral concept of a S tandard Metropolitan 
S tati stical Area, comm only referred to as "SMSA" is one of an in· 
tegrated economic an d social unit with a recognized large population 
lIucleus. The codes are avai lab le on Hollerith punched cards. The fol
lowing data elements are provided: SMSA Title (Name) a nd SMSA 
Code. S upersedes FIPS PUB 8·2. 

FIPS PUB 23. Objec tives and ,'equireme nts of the F e d e ral In
formation P"ocessing Standards Program, H. S. White , Jr. , 
Nat. Bur. S tand . (U.S.), Fed. Info. Process. Stand. Pub!. (FlPS 
Pub.) 23 , 8 pages (1972) 35 cents , SD Catalog No. C13.52:23. 

Key words: Computers; data processing; F ederal Information 
Process ing S tandards; management; standards; U.S. Govern
ment. 

Public Law 89-306 (the Brooks legis lation) was e na cted to provide 
for the econom ic and effi cient purchase , lease, maintenance, opera· 
tion and utilization of au tom atic data processing equipment by 
Federal departments and agencies. Among the other provisions of 
PL89·306 , the Secretary of Com merce is a uthorized to make ap· 
propriate recommend ations to the President relating to the establi sh
ment of uniform Federal automatic data processing standard s. The 
Federal Information Processing Standards Program was established 
in response to this part of the legislation. The purpose of this docu
ment is to outline the objectives of the F ederal Information 
Process ing Standard s Program and to identify requirements for 
specific standards necessary to accomplish these objectives. 

FlPS PUB 26. One-inch perforated paper tape for information 
interchange, P . S. J ohnson , Standards Coordinator, Nat. Bur. 
Stand. (U.S.), Fed. Info. Process. Stand. Pub!. (FIPS PUB) 26, 4 
pages (1973) 20 cents, SD Catalog No. C13.52:26. 

Key words: Data processing; Federal Information Processing 
Standard; information interchange; information processing; 
paper tape; paper perforator tape. 

This standard s pecifies the physical dimensions and tolerances of 
one·in ch wide paper tape , including the size and location of the per
foration s used for recording information. 

PS54-72. Body measurements for the sizing of girls' apparel, 
C. W . Devereux, II , Technical Standards Coordinator, Nat. Bur. 
Stand. (U.S.), Prod. Stand. 54·72, 19 pages (July ]973) 30 cents , SD 
Catalog No. C13.20/54-72. 

Key words: Apparel, girls' ; body measurements , girls'; classifi
cations, girls' size; grading charts, girls ' size; size designations, 
girls' ; span charts , girls' s izing. 

This Voluntary Product Standard establishes a nationally recog
nized sizing system for girls , based on body measu rements. The stan· 



dard co vers th ree class ifications : slim s, regul ars, a nd chubbies. In 
each class ifica tion, sizes 7, 8. 10, 12, 14, and 16 are de fin ed by 33 
body measurements. 

T N627. Computation of spec tl'al data for a Josephson junc
tion cir'cuit , E. G. John son, Jr. and D. G. McDonald , Na t. Bur. 
Sta nd . (U.S.) , Tech. Note 627, 63 pages (No v. 1972) 60 cents, SO 
Catalog No. Cl3.46:627. 

Key words : Differential equ ation; fas t Fourier transform ; 
Joseph son junction ; nonlinear integral ·differential eq uation; 
s pline theory. 

A computer program has been developed to s tudy powe r fl ow 
between different frequency cha nnels in a Josephson junction circuit. 
This paper di scusses the mathe matical ass umptions used to get such 
results. They are the trapezoida l approxim ati on from s pline th eory 
and the use of a finite ran ge of frequ encies to characterize the 
frequency spectrum . This pape r describes the program a nd provides 
the FORTRAN lis ting, flow cha rts, and di scusses ho w to use the pro
gram . A di scuss ion of poss ible so urces of e rrors is also in cluded. 

TN629. Superconducting quantum inte l·fe r e n ce d evices : An 
Ol}el'ational guide fOl' I·f-biased systems, D. B. Sullivan, Nat. 
Bur. Stand . (U.S.), Tech. Note 629, 47 pages (Nov. 1972) 50 cents , 
SO Catalog No. C13.46:629. 

Key word s: El ec trica l measure ments; quantum inte rference 
d evices; supe rconductivity. 

The report di scusses a num ber of practi ca l considerations con· 
cerning th e operation and appli ca tion of rf· bi ased Supe rcondu cting 
Q Uantum Interfe rence Devices (SQ UID's). In the course of routine 
ope ration of these devices one amasses a se t of operational rules, 
ma ny of which ne ver reach the open literature. Thi s re port is aimed 
at fillin g th at void. Topics of discuss ion in clude: the readout circuitry, 
ope ra tional limits of th e SQUID , rf-coupling to th e SQ UID, flux trans· 
form e rs, and shielding. 

TN630. De ve lopments in cl'yoelectl'onics, R. A. Ka mper and D. 
B. Sullivan, Nat. Bur. S ta nd. (U.S.), Tech. Note 630, 73 pages (Nov. 
1972) 70 cents, SO Catalog No. CI3.46:630. 

Key words: Electroni cs; J ose phson effec t ; precise measure' 
ments; supercondu ctivit y. 

This is a survey of progress to date in the developme nt of new e lec
tronic in strum ents taking adva ntage of the uniq ue IJroperti es of suo 
percond uctors. 

TN633. Critical two-phase flow for cl'yogenic fluid s, R. V. 
Smith , K. R. Randa ll , and R . Epp , Na t. Bur. Sta nd. (U.S.) . Tech. 
Note 633 . 80 pages (Jan. 1973) 70 cents, S D Catalog No. 
Cl3.46 :633. 

Key words: Ana lyses; ana lytical models; c hoking flow; critical 
flow; cryogenic fluid s; heJjum ; hydrogen; oxygen; reviews; two· 
phase flow. 

This work presents a s tate·of-the·art survey inte nded to be useful 
to a designe r of equipment involving two· phase flow of cryogenic 
fluids. It is des irable to assess the probability of criti cal , or choking, 
flow in such a system and, if possible , estimate the criti cal fl ow rate. 
The lite rature is surveyed, primarily since Smith (1963), and the pre· 
dictive results for several analy ti cal models a re el'alu ated and com· 
pared with experimental data. These results are di scussed ; howe ver. 
no firm con clu sions are reached because, ofte n, the spread of experi · 
mental data is equivale nt to the predi ctive results from th e models. 
Finally, computer evaluations are presented for oxygen, hydrogen 
and helium a long with some design recomme ndations. 

T N638. A synchronous satellite time delay compute r , W. F. 
Hamilton and D. W. Ha nson , Nat. Bur. Stand. (U.S.), Tech. Note 
638,39 pages (July 1973) 45 cents, SO Catalog No. CI 3.46:638. 
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Key word s: Satellite timing; slant range; synchronous satellites; 
tim e delay. 

A special purpose slide rul e des igned to compute the free space 
propagation de lay between a synchronous satellite and points on the 
earth 's surface is di scussed. The s lide rule was de veloped to provide 
users of time inform ation rel ayed by geostationary satellites a means 
of computing the propaga tion de lays without dealing directly with the 
satellite's orbital elements. Th e de lays co mpute d with the slide rule 
a re compared with th e va lues obta in ed fro m orbital e le ments us ing a 
high precision digitia l computer. The limitations a nd accuracy of the 
s lide rule are discussed. A sample s lide rule which may be cut out 
and used is included in th e report. 

T N639. Publications and se l'Vices of the National BUI'eau of 
Standards , Cryoge nics Division , Ins titute for Basic Stan
dards, Boulde l', Colo. 80302, 1953-1972, J . R. Mendenhall , 
V. J . John son, and N. A. Olien, Nat. Bur. Stand. (U.s.), Tech. Note 
639, 82 pages (Aug. 1973) 75 cents, SO Catalog No. C I3.46 :639. 

Key words: Author indexes; bi bliogra ph y; cryogenics; liquefac· 
ti on; me trology; properties of fluid s; prope rti es of solids; subj ect 
indexes; superconduc tivit y; trans port processes. 

Thi s NBS Technical Note ca talogs the publi cations of the 
Cryogenics Division, a long with a uthor and subj ect ind exes, for th e 
period 1953 through 1972. It a lso contain s a li sting of ava ilabl e th er
mod yna mic properties cha rts. bibliographies . and misce llaneaous re
ports of cryoge nic interes t. 

A resum e of the ac tiviti es of and se rvices provid ed by the 
Cryogenics Di vi sion is also included. 

T N640. Conside ration s for th e preeise m eas ul'e m e nt of ampli
fier noise, D. F. Wa it , Na t. Bur. Stand. (U.S.) , T ech. Note 640, 129 
pages (Aug. 1973) $1.25, SO CataJog No. C I3.10.46:640. 

Key words: Am plifie r noise; effecti ve input noise te mperature; 
mi smatch e rror; mismatch uncertainty; noise fi gure. 

For the best accuracy in measuring noise fi gure , atte ntion needs to 
be given to the choice of the hot a nd the co ld noise s tandards and to 
mis ma tch probl e ms. Tables and gra phs are presented to aid in choos
ing the IJrOper measure ment conditions, and an exa mple is given to 
demonstrate their use. This pa per essentia ll y s up pleme nts a previous 
paper (in cluded in a n ap pendix), trea ting in more deta il topics that 
become important whe n sta te·of·th e·a rt meas ure ments are required. 

TN643. Measlll'em e nt of rf powe r and atte nuation using su
pereonducting quantum int e rfe r e nee d e vices , R. A. 
Kampe r, M. B. Simmonds, C. A. Hoer, and R. T. Adair, Nat. Bur. 
Stand. (U.S.), Tech. Note 643, 93 pages (Au g. 1973) $1.00, SO 
Catalog No. CI 3.46 :643. 

Key word s: Josephson effect ; qu antum interfere nce; rf attenu a· 
tion ; rf measure ment ; rf power; superconducti vity. 

This re port is the product of the first two yea rs' work on a project 
to exploit an entirely new principle for the measurement of rf power 
and attenuation, namely the S uperconductin g Q Uantum Interfe rence 
De vice (SQUID). This is a simple circuit of supercondu cting metal , 
ope rating at a ve ry low te mperature in a bath of liquid helium. It fun c
tions as a sensor of magneti c flu x with a n almost perfectl y periodic 
response over a wide dyna mic ra nge. It may th erefore be used to 
measure dc or rf elec tri cal quantiti 'tes such as current, power, at· 
tenuation , e tc., in circuits inductively coupled to it. Measurements of 
th ese quantities can be made by counting off periods in the res pon se 
of the SQUID (flux quanta) in the same way that we measure length 
with a lase r by counting off wavele ngths of light. 

This work is partl y funded by the CCG under projec t number 72-
72. It has reached the stage of a demonstration that th e ne w princ iple 
ca n indeed be used for precise measure ment. We have developed 



and tested prototype systems for measuring power and attenuation as 
accurately as we can test by the conventiona l means avai lab le to us. 
A single calibration with dc is required to measure absolute rf power 
in the range of frequency from 0 to 1 GHz at levels from lO -HW to 
lO - ' W with an uncertainty of ± 0.1 dB at the port of the SQUID. 
Tran sferring thi s measurement to calibrate a source of power would 
require a proper evaluation of th e intervening network ove r the full 
range of frequency. We have demonstrated the feasibilit y of extend· 
ing our measurements of power to much lower levels. No external 
calibration is required to measure rf attenuation directly over a 
dynamic range of 45 dB with an rm s deviation of ± 0.002 dB from 
calibration s performed by the NBS Calib ration Service. 

After an elementary ex position of the basic princ iples of our 
tech nique. we describe: the SQUIDs the mselves; the prototype 
systems we have developed to measure rf power and attenuat ion; 
systemati c errors and fundamental limitations of the measurem ents 
that can be performed with them ; and the obvious and imm ediate im· 
prove ments that can be applied to them. We rese rve an appendix for 
detail ed dra wings and instruc tions for the fabrication of co mponents. 

Tn order to make thi s re port se lf-conta ined, we have inc luded the 
mate ri al from previous reports that has successfu ll y with stood the 
test of time. 

TN748. An adjoint gamma-"ay mome nt s com llUt e ,' code , ADJ
MOM-I, G. L. S imm ons. Nat. Bur. Stand . (U.S.). T ech. Note 748. 
23 pages (Feb. 1973) 30 cents. SO Ca talog No. CI3.46:748. 

Ke y word s : Adjoint; buildup fac tor; dosimetry; gamma-ray 
transport; moment methods; shie lding. 

In thi s papcr we discuss a comput er code for ge nera ting spatial
angu lar moment s of the adjoint gam ma-ray Aux in an infinit e medium. 
Th e equat ion for the flux mome nts is give n and techniques used for 
the so lution are described. Detail s of th e input data and a sample 
proble m are also supplied. 

TN751. Studies of calibration slalHlards use,l in the Della"l
ment of Defense Equillment Oil Analysis P"og"am, D. W. 
Golightly a nd J. L. Weber, Nat. Bur. Stand . (U.S.). T ec h. No te 751 , 
48 pages (jan. 1973) 75 cents, SO Catalog No. CI3.46:751. 

Key words: Calibration standards; concentration validity; flash 
po int ; lubricating oil; pour point; spect rometric an a lysis; stabi li
ty ; trace e le ments; viscosity. 

At the request of the Naval Systems Air Command. Department of 
the Navy. studies have been condu cted on organ o-meta llic ca libration 
standards and d ilu ent oil used in the Department of Defense Equip
ment Oil Analysis Program. Consultation on standards has been pro
vided, and measurements of physical properties of base oil. concen
tration s of major e le ments in standards , concentrations of trace con
taminants , and stabi lity of solutions have been performed. Results of 
s tudies accompl ished in fi scal year 1972 are detailed in thi s report. 

TN752. Directory of law enforcement and criminal justice as-
sociations and research centers, B. J- Latka, Nat. Bur. Stand. 
(U.S. ), Tech. Note 752,49 pages (june 1973) 80 cents, SD Catalog 
No. CI3.46:752. 

Key words: Associations; criminal justice; directory , law en
forcement ; research centers. 

This directory lists national , non-profit professional and volunteer 
social action associat ions and research centers which are active in 
the fields of law enforcement and c riminal justice. The Inte rnational 
and foreign organizations which are listed either have a large number 
of American members, have a United States chapter, or are doing 
work which is applicable to the United States. The local organizations 
which are li sted either cover several s tates or are of national interest. 
The organizations are listed alphabetically with a subject index in
cluded. The format of an entry is: title of organization; mailing ad-

dress ; officer; te lephone number; year when founded; number of 
me mbers, number of s taff; description of purpose and acti vities; af
filiations; publications. meetings. 

TN753. NBS Special FO"eign Currency Program in Yu
goslayia 1971-72, H. S. Peise r, S . E. Chappell, E. Horowitz. H. 
Yakowitz , and D. Bluebond. Nat. Bur. Stand. (U.S.) , Tech. Note 
753,72 pages (Jan. 1973) 90 cents, SD Catalog No. CI3 .46 :753. 

Key words: Binational research cooperation; international 
scientifi c cooperation; physical science research administration; 
research planning ; scientific research abstracts ; Special Foreign 
C urrency Program; Yugoslavia science and technology. 

An overview is given of grants awarded by the National Bureau of 
Standards under the Special Foreign Currency Program (SFCP) in 
Yugoslavia , au thorized by Public Law 480 and other legislation. Each 
grant is identified by title. principal investigator. institution in Yu
gos lavia, NBS monitor, and the monitor's organiza tional unit within 
NB~ . The work is then described briefly under th e three headings 
"S ummary Description of Projec t Goal s." " Result s and Implications 
to Date" and "Lis t of Publications that Res ulted from the Projec t. " 
To demonstrate the relevance of such gran ts to th e programs of NBS, 
the grant descriptions are ordered by the elements of that Program 
Structure. The sign ifi c ance and purpose of the NBS/SFCP gran t pro
gram are discussed in the Fore word. the Introduc tion and an Appen 
dix . The NBS monitors and the program manager judge thi s grant 
p rogram to have had a high benefit to cos t ratio from the viewpoint of 
NBS. 

TN754. Methods of 'neas u,'em e nt fOl' semiconducto,' male"i
als, Ilrocess control, and d eyices. Quarte rly rellort July 1 
to Septembe,' 30, 1972, W. M. Bullis , Editor, Nat. Bur. S tand. 
(U.S.) , Tech. Note 754, 55 pages (Mar. 1973) 80 cents, SO Catalog 
No. C I3.46:754. 

Key words: Aluminum wire; base transit time ; carrier lifetime; 
di e attachment ; e lectrical properties; e pitaxial si licon; gamma
ray detec tors; generat ion centers; germanium; gold-doped sil
icon; infrared res ponse; methods of measurement; microelec
tronics; mic rowav e diodes; nuclear radia tion de tectors; probe 
techniques (a-c); recombination cen ters ; resistivity; ribbon wire 
bonding; semiconductor devices; semiconductor materials; 
semiconductor process control ; silicon; thermal resistan ce; 
trapping cente rs; ultrasonic bonding; wire bonds. 

This quarte rly progress report, seventeenth of a series, describes 
NBS activities directed IowaI'd the development of methods of mea
s urement for semiconductor materials, process control, and devices. 
Significant accomplishments during this re porting period include 
design of a pl an to provide standard si li con wafers for fo ur-probe re
s isti vity measurements for the industry. publication of a s ummary re
port on the photoconductive decay method for measuring carrier 
life time, publication of a comprehensive review of the field of wire 
bond fabrication and testing, and successful completion of organiza
tional activity leading to the establishment of a ne w group on quality 
and hardness assurance in ASTM Committee F-l on Electronics. 
Work is continuing on measurement of resistivity of semiconductor 
crystals; characterization of generation-recombination-trapping cen
te rs in s ilicon; study of gold-doped silicon; development of the in 
frared response technique; evaluation of wire bonds and die at 
tachment; and measurement of thermal properties of semiconductor 
devices , delay time and related carrier transport properties in junc
tion devices , and noi se properties of microwave diodes. New effort s 
were initiated in both the die attachment and wire bond evaluation 
tasks. Supplementary data concerning staff, standards committee ac
tivities, tech nical services. and publications are included as appen
dixes. A description of breakdown tracks , a primary failure mode of 
monolithic integrated ci rc uits stressed with voltage pulses, is given 
in a separate appendix. 
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TN755. Some aspects of the setti n g and IUlI'dening of gyps um 
1)laster, J. R. Clifton, Nat. Bur. Stand. (U.S.), Tech. Note 755,33 
pages (Jan. 1973) 55 cents, SD Cata log No. CI3.46:755. 

Key words: Co ll oidal theory; c rys talli za tion theory; gypsum ; 
hydrat ion ; induction period; plas te r of paris; setting 
mechan isms. 

Th e mechanis ms by whi ch gy ps um plaster sets and harde ns have 
been investigated and the resu lts genera ll y are consistent with the 
crystallization theory. No evide nce for th e presence of colloidal inter· 
media tes has been found. The c rystallization th eory is modified to in · 
c1ude, as an intermediate s pecies , solvated ca lcium sulfate 
he mihydrate molecules. Eviden ce is present ed th at s upports the be· 
lie f that more than one reaction is responsi bl e for the setting and 
harde ning of gypsum plaster. 

Th e roles of acce lerators and re tarders have been studied by 
calorimetric, differential thermal analysis, and scann ing e lec tron 
microscopi c techniques, The ca tion is more effective than the anion 
in accelerating the setting and hard ening of gypsum pl asters; the 
catalytic order fo ll ows the sequence M+ M2+ M"+ Small a mounts of 
retarders can severely re ta rd the se tting and harden in g processes, 

Influences of teml)erature , impurities, and production condition s 
on the settin g rates of gy psum plasters are discussed. 

TN757. The smoke density c hambel' method fOI' evaluating 
the potential smoke generation of building matel'ials, T. C. 
Lee, Nat. Bur. Stand. (U.S.), Tech . Note 757, 20 pages (jan . 1973) 
45 cents, SO Catalog No. C I3.46:757. 

Key words: Buildin g material s ; fire; fire se rvi ces; smoke; smoke 
density chamber; smoke potential; test method ; vis ibility. 

Th e paper rev iews th e S moke Density Chambe r Tes t Method and 
illustrates its use and application to assess smoke generation of build· 
ing mate rial s in fire s ituations . It s hows how test results may aid th e 
Fire Serv ices and code au thori ties in eva lu ating and redu cin g th e 
potential light-obscuration hazard of smoke in buildings. An exampl e 
is given for calculatin g visibility in a s implified fire situation involving 
mate rial of know n smoke generation. The s moke generation of some 
com mon interior finish a nd constru ction materi als is given. 

TN759. The NBS lead paint poisoning pl'Oject: Housing and 
othe r aSI)ects, H. W. Berge r, Nat. Bur. Stand. (U.S.), Tech. Note 
759, 25 pages (Feb. 1973) 30 cents, SO Cata log No. C I3.46:759. 

Key words: Hazard elimination; lead analysis; lead paint; lead 
poisoning. 

Th e National Bureau of Standards is providing technical support 
required by the De partment of Hou sing a nd Urban Development to 
carry out its research respons ibilities unde r PL 91-695, The Lead 
Based Paint Poisoning Prevention Act. The program at NBS has in
volved three major areas of research: (1) an estimation of the num 
be rs of children at risk and with excessive body burdens of lead and 
the geographical distribution of those children; (2) the capabilities 
and cha racteristi cs of analytical methods for the detection of lead in 
paint and other building materials; and (3) the identification and 
evaluation of material s , techniques and systems for removing or 
eliminating the lead paint hazard from housing. This paper is a brief 
presentation of the activities and conclu sion s of NBS in the areas 
lis ted above. 

TN767. Microelectronic interconnection bonding with rib
bon wil'e, H. K. Kessler and A_ H. Sher, Nat. Bur. Stand. (U_S.) , 
Tech. Note 767, 31 pages (Apr. 1973) 50 cents , SO Catalog No. 
C13.46:767. 

Key word s: Aluminum wire; bonding; fabri cation (wire bonds); 
mi croelectroni cs; ribbon wire; round wire; testing (wire bond); 
ultrasonic bondin g; wire bond. 

----------
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The feasibility of using aluminum ribbon wire for ultrasonic bond 
ing of semiconductor microelectronic interconnecti ons was s tudied, 
and several advantages over the use of round wire of eq uiva lent 
cross-sectional area were found. Ribbon wire bonds e xhibited little 
deformation or heel damage, and a greate r percentage of bonds of a 
ce rtain quality (as judged by pull s trength a nd appearance) cou ld be 
made over mu ch greater ranges of the bonding machin e param eters, 
time and tool tip displaceme nt, using ribbon wire than was poss ible 
with round wire_ The ease of positioning ribbon wire was indicated by 
making multiple ribbon wire bonds side-by-side on a 5-mil square 
pad, or by stacking up to four bonds one on top of another. Howeve r, 
bonding with harder than normal wire , previou sly thou ght to offer 
certain advantages with respect to higher bond tensile strengt h, 
yielded in cons istent result s. 

TN769. A rigol'Ous conection I)rocedure for quantitative 
e lectl'on probe micl'Oanalysis (COR 2), J. He noc, K. F. 1. 
Heinrich, and R. 1. Myk lebus t, Nat. Bur. Stand. (U.s.), Tech. Note 
769, 132 pages (Aug. 1973) $2.10 , S D Catalog No. C I3.46 :769. 

Key words: Con tinuum flu oresce nce; data reduction; elec tron 
probe microanalys is; flu orescence correction; quantitative anal
ysis. 

This publication describes a rigorous data red uction procedure for 
quantitative elec tron probe microanalysis, which avoids simplifica
tions present in conventional schemes. In ad dition, th e program con
tains a correc tion for flu orescence due to th e co ntinuum , and 
separate computation of the flu oresce nt effects of each exciting pri
ma ry x-ray line. Constant.s c haracte ri s ti c of elements are stored in a 
perman ent data fil e, and the constants and pa rameters needed for the 
calculation of mass absorption coeffic ient s are con tained in a s ub
program . These provisions and decision-making sec tions in the 
development of the flu orescence corrections reduce the required 
input considerabl y. 

TN777. Cost analysis of blood banking alternatives, T. Mille r, 
M. King, J. Flannagan , E. Nilsson, a nd B. Lemieux , Nat. Bur. 
Stand . (U.S.), Tech. Note 777, 121 pages (Sept. 1973) $1.35, S D 
Catalog No. C.13.46:777. 

Key words: Blood bank s; blood utilization stat istics; cost benefit 
a nalysis; donor profiles; peer review; regulatory activities; sen 
s itivityanalysis. 

This report provides a descripti on of the c urrent blood banking 
sys tem and of the co llection and derivation of quantitative informa
tion concerning system operation and blood cost. A reasonablyaccu
rate but somewhat incomplete profile of practices, attitudes, and like
ly costs of present and alternative sys te ms has been developed. 
Among the topics presented are: 1) a discuss ion of the blood coUec
tion process including statistics on present use and future needs; 2) 
information relating to donor motivation, attitudes and incentives; 3) 
a brief su mmary of demonstration programs in the U.S. and national 
blood program s in other countries which provides some ins ight con
cerning means for improving blood qu ality and avai lability; 4) a 
description of blood process ing, storage and di stribution procedures; 
5) narrative and stat istical information relating to blood utilization 
practices; 6) discuss ions of post transfus ion react ions and frozen 
blood program s; 7) a discussion of c urren t governmental and profes
sional s tanda rds, regulations and controls which influence many, but 
not a ll , concerns involved in blood collection and processing_ 

This informat ion serves as the bas is for the selection of alternatives 
analyzed in a cost effectiveness analys is of eight apparently viable al
ternatives to the current syste m. Because of the possible variation 
which might be asc ribed to many of the parameters used as a basis 
for cos ting alternatives, the sensitivity analysis is crucial in the com
parison of alternatives. 



TN779. Data communications system throughput p e r
formance u sing high speed terminals on the dial t e le phone 
network, O. S. Grubb, Nat. Bur. Stand. (U.S.), Tech. Note 779, 40 
pages (May 1973) 65 cents, SO Catalog C I3.46 :779. 

Key words : Data comm unications; modems; terminals; 
throughput ; TRIB. 

Throughput performance of high speed data te rmina ls using the 
dial telephone network is calculated for signaling rate of 1200 to 4800 
bits per second using the ANSI X3.28·1971 control procedures a nd 
measured in terms of the proposed ANSI strand TRIB described in 
X3S35/80. The performance calc ul ations are shown graphicall y with 
TRIB as a fun c tion of block length , erro r rates of the telephone con· 
nection , signaling rate a nd telephone line delays. Error rates are 
based on a published survey involv ing several hundred telephone 
conn ections to geograph ically di stri buted part s of the United States. 

T N783. Durability and maintenance as r e late d to the sclec
tion of flooring, W. C. Wolfe, R. F. Robert s. and M. Russell. Nat. 
Bur. Stand . (U.S.), Tech. Note 783,68 pages (A ug. 1973) 90 cents. 
SD Cata log No. CI 3.46: 783. 

Key words: Carpets ; durability; economics; fi e ld studies; floor· 
ing; fl oor cove rings; life·cos t; maintena nce; user needs. 

This re port is addressed to the proble m of se lection a nd main · 
tena nce of fl ooring to the best advantage in terms of durability, type 
and severity of service, appearance, comfort , and safety. The selec· 
tion of fl oo ring is di scussed with respect to service life. maintenance, 
obso lescence, a nd trade·off ad vantages. Two art icles by maintenan ce 
admini stra tors include inform ation and discuss ion helpful in deter
mining maintenance cost, trade-offs, and selection of fl oorin g for d if
ferent types of se rvice. Field observations and prelimi na ry fie ld tests 
by the Nationa l Bureau of S tanda rds ind icate areas in which 
research is needed , as in labo ratory tes ts for wea r and sli p res istance. 
Observations a nd fi eld tes ts a re im practi cable to use for procure
ment. 

This report is helpful in the se lection and maintenance of floo ring 
and floor fini shes. More importan t, it points up areas in which 
research is needed to develop information for thi s purpose. 

T N785. Scanning e lec tron microscope e xamination of wire 
bonds from high-re liability d e vices, K. O. Leedy, Nat. Bur. 
Sta nd. (U.S.), Tech. Note 785, 35 pages (Aug. 1973) 55 cents, SO 
Catalog No. 0 3.46:785. 

Key words: Alu minum wire; high reliabilit y; integrated circuit ; 
metallization; scanning electron microscope; transistor; ul 
trasonic bonding; wire bonding. 

An examination with a scanning elec tron microscope was made of 
the wire bonds of ove r 75 high-reliability mic roelectronic devices. 
Th e device interconnects were ultrasonically bonded aluminum 
wires. Of prim ary interest were the bonds themselves; their ap· 
pearance a nd its significance are described. Also described is the a p
peara nce of the metallization and the wire. Comme nts a nd explana
tions are given where the phenome na are understood. Although the 
de vices stud ied had passed preliminary electri cal tests and pre-en
caps ulation vi sual examinations, ma ny potential reliabil ity problems 
were identified s uch as weak bonds, electri ca l shorts and contamina
tion. 

TN786. Methods for t esting wire-bond electrical connec tions, 
H. A. Schafft , Nat. Bur. Stand. (U.S .), Tech. Note 786, 23 pages 
(Nov. 1973) 50 cents, SD Catalog No. CI3.46 :786. 

Key words : Bonding; electrical connection; failure (wire bond); 
integrated c ircuits; microelectronics; reliab ility; semiconductor 
devices ; testing (wire bond); wire bond. 

A significant fraction of the fa ilures that occur in integrated cir-
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c uits are due to failures of the wire-bond electri cal connections that 
a re used. The refore, a criti ca l area for reliability improve ment is in 
the methods for testin g and e va luating wire bonds. Seve ral of these 
methods are surveyed. In particular, analyses with regard to the 
stress that the test imposes on the wire bond in the pull , centrifuge , 
mecha nical shock, vibration, and temperature cycl ing tes ts a re 
presented and used in di scuss ing the capabilities and limitations of 
these methods. 

T N788. Me thods of m e asurement for semiconductor materi
als , process control, and d evices , quarterly report January 
1 to Marc h 31 , 1973 , W. M. Bullis, Editor , Nat. Bur. S ta nd. 
(U.S.), Tech. Note 78B, 79 pages (Aug. 1973) 95 cents, S O Catalog 
No. CI3.46.788. 

Key word s: Base t ransit time; carrier lifetime; delay time; die 
attachme nt ; electri cal properties; electronics; epitaxial silicon; 
four·probe method ; generation centers; germanium ; gold-doped 
silicon; infrared response; methods of measure ment ; microelec 
tronics; microwave diodes; probing techniques (a-c); pull test; 
recombina tion centers; resistivity; res IstIvIty s tandards; 
sem iconductor devices; se miconductor mate ri als; semicond uc
tor process control; silicon; S-parameters; s witching tra nsients; 
therma l res ista nce; the rmall y s timulated prope rti es; trapp ing 
centers; wire bond s. 

This qua rte rl y progress report , nineteenth of a se ri es, desc ribes 
NBS acti vities directed toward the developme nt of methods of mea
sure ment for semiconductor materi als, process control, a nd devices. 
S ignifican t accomplishments durin g thi s re porting period inc lude (1) 
de velopment of a comprehensive. large-area test pa tte rn for eva luat
ing planar junction st ructures , (2) completion of experim ental wo rk 
on th e evalu at ion of the destru ct ive. double- bond pull test for wire 
bonds , (3) initia tion of a scanning electro n microscope facility, and (4) 
completion of the investigation of the mechanis m of emitter-base 
junction reverse breakdown du rin g rapid switc hing of transistors. 
Because of the general a pplicability of the last of these, details a re 
presented in a se parate appendix. Work is continuing on measure
ment of resisti vity of semiconductor c rystals; characteri zation of 
generation-recombinati on-trapping centers in silicon; study of gold
do ped silicon; develop ment of the infrared response techniqu e; 
evalu ation of wire bonds and die attachment ; measureme nt of the r
mal pro pert ies of semi conductor de vices; dete rmination of S-parame
te rs, delay time, and related carrie r transport prope rties in junction 
devices; development of a-c probing techniques; a nd characterization 
of noise and conve rsion loss of microwa ve detector diodes. Sup ple· 
mentary data concerning staff, standards co mmittee acti vities, 
technical services, and publications are included as appe ndices. 

TN789. T echnical options for energy conservation in 
buildings , National Confe rence of States on Building Codes a nd 
Standards and Natio nal Bu reau of Standards l oint Emergency 
Workshop on Energy Conservation in Buildings held at the U.S. 
Department of Commerce Washington, D. C. , June 19, 1973, Nat. 
Bu r. Sta nd. (U.S.), Tech. Note 789, 184 pages (July 1973) $2.35 , SO 
Catalog No. C I3.46:789. 

Key words: Building design; energy conservation; mecha nical 
systems. 

The purpose of this report is to provide refe rence material on the 
technical options for energy conserva tion in buildings. It was 
prepared for the National Confe rence of States fo r Building Codes 
and Standards-National Bureau of Standards l oint Emergency 
Workshop on Energy Conservation in Buildings held at the U.s. De · 
pa rt ment of Commerce in Washington, O.c. on June 19, 1973. 

This re port describes actions pertinent to existing buildings and 
new buildings. Regard ing existing buildings, principal topics include 
sum mer cooling, winter heating, and other energy conserving fea
tures- i.e. , insulation, fenestration , lighting, appliances, domestic 



hot water, and hum an comfort. Suggested actions include those 
which ca n be accomplished vo lunta ril y or without expense, and a lso 
actions which require some modest effort or expense on the part of 
the bui lding uwner or occ upant. 

Regarding new buildings, ene rgy conservation actions are 
described that deal with building des ign and mec hanical syste ms. 
The report conc ludes with a s ummary of mechan isms for implemen· 
tation of such actions and criteria for use in evaluation of the m. 

TN790. MIDAS modular inte ractive data acquisition 
system- description and s pecification, C. H. Popenoe and M. 
S. Ca mpbell , Nat. Bur. Stand. (U.S.), Tech. Note 790, 49 pages 
(Aug. 1973) 75 cents, SO Catalog No. C I3.46:790. 

Key words: Computer·controll ed experiment ; computer inter
fac ing; data acquis ition system; digi tal interface; instrum enta
tion; laboratory automatio n; MIDAS ; programma bl e controller. 

The task of interfacing experim ents to computers and data-logging 
systems should be made as painless as possible for the sc ienti s t. With 
thi s inte nt , MIDAS , a use r-ori ented , modular digital in terface system 
based on CAMA C hardware and USASCII-bu s data comm unication 
has bee n deve loped. MIDAS modules ena ble the experim ente r to se t 
up , program, modify and operate au tomated or compute r-controlled 
experime nts independently of the expert s. Salie nt features of the 
concept a re described and operating configurations discussed both 
with and without computer control. System inte rface re quire me nts 
are specified in suffi cie nt detail to enabl e one skill ed in the art to 
design and construct modules ope rable within a MIDAS sys tem. 

TN791. Dose calibratol- pilot study, S. B. Ga rfinkel and G. J. 
Hine, Nat. Bur. Stand. (U.S .), Tech. Note 791 , 7 pages (Aug. 1973) 
30 cents, SD Catalog No. C I3.46 :791. 

Key words : Dose calib rators ; indium-113m ; molybdenum-99; 
nuclear medic ine; radiopharmaceuticals; technetium -99 m; tin -
113. 

Result s of measureme nts of s ix sources in dose cali brators used in 
nuclear medicine facilities at eight hospitals in the Washington 
metropolitan area are give n. 

TN792. Investigation of viscous flow in glass during phase 
separation, J. H. Simmons, S. A. Mill s, A. Napolitano , D_ H. 
Blackburn , and W. K. Halle r , NaL Bur. Stand. (U.S.), Tech. Note 
792, 43 pages (SepL 1973), 65 cents, SO Catalog No. CI3.46:792. 

Key words: Glass; microstru cture; phase separation ; vi scos ity_ 

Th e isothermal viscosity of two borosilicate glasses, of which one 
is a commercial glass widely used for che mical glassware, shows a 
large increase (4 to 5 orders of magnitude) with heat-treatment time 
(ranging up to 100,000 min) near the annealing point. The two glasses 
have similar compositions, but differ greatly in their phase separation 
cha racteristics. Electron mi c rographs are used to a nalyze the 
development of microstructure during the suspected phase separa
tion. In both glasses, it is found that the st ructure de velopment is 
primarily responsible for the viscosity in crease. An a nalysis of the 
data , and a theoreti cal interpretation of the effect are presented. 

TN793_ Development of a procedure for measuring the noise 
of paper caps, M. A. Cadoff, D. E. Mathews, and D. S_ Blomquist, 
Nat. Bur. Stand. (U.S.), Tech. Note 793 , 23 pages (OCL 1973) 50 
cents, SO Catalog No_ CI3_46:793. 

Ke y words : Acoustics; cap guns; children; consume r safety; 
hearing damage; noise; paper caps; standard apparatus; toys. 

In recent years, a great concern has been expressed for consumer 
protection and safety, especially for children. As an outgrowth of this 
con cern , acoustical testing of potentially hazardous noise-produc ing 
toys has been carried out at the National Bureau of Standards for the 
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Bureau of Product Safety (FDA) und er the a uthorit y of the Toy Safety 
Act of 1969. This paper discusses in detail the tes tin g work carried ' 
out on commercial cap guns and caps , which culm inated in the 
deve lopment of a standard firin g apparatus for testing paper caps. 
Engineering drawings of the standard apparatus are given as well as 
a recommended procedure for using thi s apparatus to test paper 
caps. 

TN795. Review of network management problems and issues, 
A. J. Neumann , Nat. Bur. Stand. (U_S.), Tech. Note 795 , 77 pages 
(Oct. 1973) $1.00, SO Catalog No. CI3_46:795. 

Key words : Academic computing; networks; network manage
ment; regional networks; research computing_ 

Computer networking is broadly considered including hardware, 
software , procedures and people. Networking e ncompasses many ac
tiviti es; such as, creation of network products , distribution processes, 
user activities, and supporting services like marketing, docum enta
tion, info rmation services and maintenance. Network manage ment 
cove rs both the establi shment of ne tworking opera tions and actual 
operation of the network fac ilities. It includes a ll manageme nt fun c
tions performed at s uch network nodes as co mputing centers, docu 
mentation faci lities, and se rvice di stribution centers. In order to sur
vey the problems facing de ve lopment of ne twork manageme nt , user 
require ments and syste m require me nts are outlin ed in a qua litative 
mann er. Exa mples of poli ti cal, economic and legal constraints a re 
summarized, such as the economic impact of exte nded networks on 
regional and local co mputin g activiti es. Critical issues for networking 
management , and other areas of significan t ma nageme nt concern are 
outl ined_ Organizational alternati ves are conceived in terms of a four 
layer organization model. Conclu sions deal with continuing problem 
areas, th e need for a stru ctural mode l for network management , criti
ca l expe rim ents and tasks to be unde rtaken to furth e r networking 
capab ili ties, and a suggest ion to estab li sh planning tea ms to initi ate 
some of the initial s te ps required for further networking develop
menL 

T N796. FRAME: An on-line correction p.-ocedure for quan
titative e lectron probe mic roanalysis, H. Yakowitz , R. L. 
Myklebust , and K. F. J. Heinrich , NaL Bur. Stand . (U.S.) , Tech. 
Note 796, 51 pages (O cL 1973) 80 cents, SD Catalog No. 
C I3.46:796. 

Key words: Electron probe; mini-computer; on-line correction ; 
quantitative microanalysis. 

A procedure using a mini-compute r for on-line correction of x-ray 
data from electron mi croprobe analysis has been developed. This 
program , called FRAME , allows mass fractions to be computed on
line by the ZAF approach. Besides x-ray intensities , the only input 
data required are the atomic numbers of the elements present , the 
analytical line being used , and the operating voltage. Other required 
parameters such as atomic weights and x-ray mass attenuation coeffi 
cients are stored or calculated by the program. FRAME is in FOR
TRAN IV , and requires about 4K of computer core. Results from 
FRAME are very close to those of COR2 , which is cons idered to be 
the most accurate program available for quantitative electron probe 
mi croanalysis. 

TN797. Static language analysis, G. Lyon , NaL Bur. Stand. (U.S.), 
Tech. Note 797 , 23 pages (Del. 1973) 50 cents , SO Catalog No. 
CI3.46 :797. 

Key words: Data archives; language use; programming aids; 
programming languages ; source-statement analysi s; syntax anal
ysis. 

Although many variants of progra mming languages exist , little in
formation is available on how language features are actually used by 
programmers. Several data collection schemes are discussed here; 



each would provide empirical data on language use. Some internal 
detail s are given for analyzers for FORTRAN and COBOL. In addi· 
tion , a s uggestion is made for a special systems option which would 
allow a compiler to continuously record source statement charac· 
teri s ti cs or progra ms given to it. 

CIS7. What About Metric?, L. E. Barbrow, Nat. Bur. Stand. (U.S.), 
Consum. Inf. Ser. 7, 16 pages (Oct. 1973) 80 cents, SO Catalog No. 
C13.53:7. 

Key words : Metric system; SI; weights and measures. 

The metric syste m of measurement , how it compares with our 
customary system. and how it will affect everyday life are described 
in everyday terms. Exampl es of computations of the type frequently 
encountered by the average citizen are included to illustrate the rela· 
tive simplicity of the metric syste m. Although extensive use of the 
metric system in the United States is en vision ed to be several years 
in the future, the reason s for at least becoming acquain ted with th e 
system now are discussed. The necessary acquaintanceship for 
everyday life involves the learning of fe we r than ten metri c units of 
measurement. 

Th e following Bibliography Series are available by purchase from 
the National Technical In/ormation Service (NTIS), Springfield , Va . 
22 151. 

COM·73·10281. Inde x and c umulative lis t of pape r s on radia
tion chemistry, Vol. V. Nos. 27-52. Jul y through Dec. 1972, 
Radiation Chemistry Data Center. Radiation La boratory. Uni vers i
ty of Notre Dame, J an. 1973 ,$6.00. 

Key words : Biological sys tems; ES R; hot atom chemistry; lu 
minescence ; photochemistry; polymers; radiation chem is try; 
radiation chem istry theory. 

The Radiation Chemi stry Data Center , as part of its operati ons, 
coUects, keywords . and stores literature of fund amental radiation 
che mistry and severa l related fi elds. S ince 1968, references to thi s 
literature have been stored in computer fil es. These file s have bee n 
used for re trospec tive researches and for th e Weekly Li st of Pape rs 
on Radiation Chemistry which has been used as a current·awareness 
aid by radiation che mists since 1968. This inde x to and cumulation of 
e ntries in the Wee kl y List of Papers on Radiation Chem istry for the 
period July through December 1972 is intended as a guide to the 
recent literature and as a searc hing tool for those who would find a 
prin ted index valu ab le. 

This column lists all outside publications by the NBS staff, as soon 
after issuance as practical. For completeness , earlier references not 
previous ly reported may be included/rom time to time. 

Achen bach , P . R. , Phillips, C. W., Performance characteris tics 
of pressure -actuated water-re gulating valves for 
refrigerant condensers, (Proc. XII Int. Congress of Refrigera
tion , Mad rid , Spain , 1967) , Paper in Progress ia Refrigeration 
Science and Technology 2 , 1107-1118 (GrMicas Reunidas , Madrid , 
Spain. 1969). 

Key words: P erformance characteri stics; refrigeration accesso
ri es; valves; water-flow regulation. 

Water-regulating valves are used on the condensers of water
cooled refri gerating units to maintain a sati sfactory refrigerant con · 
densing pressure and to conserve water. Both pressure-actuated and 
temperature-actuated valves are used for this purpose. A study was 
made of three sizes of pressure-actuated water-regulating valves from 
each of three sources to determine their range of condenser pressure 
control , the change in condensing pressure required to move the 
valves from fuUy-c1osed to fully-open position , the hysteresis in the 
control mechanism , and the water-flow characteri stics near th e fully
closed posi tion. These and other performance characteristics related 
to water conservation and reliable operation of refrigerating units 
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were investigated to provide guidance to the U.S. Army Natic k 
Laboratories in writin g performance specifications. The stud y 
revealed that the nomina l pipe size of the valves was not a good indi 
cation of water-flow capacity, that the sensitivity of the various valves 
to change in condensing pressure differed widely, and that the dif
ference between opening and c los ing pressure was in excess of 10 psi 
(0 .7 kg/cm 2) in some valves. Moreover, the condensing pressure at 90 
percent maximum water flow rate ranged from 118 to 172 psig (8.3 to 
12.1 kg/cm 2) for the several valves whe n the opening pressure was set 
at 80 psig (5 .6 kg/cm2). 

Acquisita , N., Abramowitz , S ., Vibrational spectrum of MoF:,, }. 
Chem. Phys . 58, No. 12 ,5484·5488 (June 15, 1973). 

Key words: Infrared; matrix isolation; MoF,; Raman spec
troscopy. 

The infrared s pectrum of matrix isolated MoF, as well as the 
Raman spectra of the liquid and pol ycrystalline s pecies have been 
observed. The use of doub le boil e r Knudsen ce ll s has fac ilitated a 
vibrational ass ignm ent for monomeric MoF:. based on a trigonal 
bipyramid (0,1/,) struc ture. 

Albers, J., Deutc h, J. M., On the rate equation desC ril)tion of 
spectral lines, Chern. Phys . I, No.2, 89-98 (Mar./Apr. 1973). 

Key word s : Correlation fun ction; density expan sion; kineti c 
equations; Langevin equation; rate equations; scatte ring theory. 

We present a derivation of an exact, low-density equ ation of motion 
for the gene rating operator Gij(t) = exp (iLt)V)(i I. For the case of 
foreign gas press ure broadening, the equation for Gij(t) may be used 
to obtain an exact rate equation for the line amplitude operator. 
Unde r ce rtain well·defined app rox im ations, thi s rate equation 
reduces to the form of a n equation proposed by Gordon. The origin of 
the linear de nsity te rm is considered. We discuss th e implications of 
the use of onl y completed collis ion s to describe the spectrum. 

Anderson, R. L. , The hilth temperature s tabi lity of platinum 
J'esis tance thermome ters, (proc. 5th Symp. on Te mperature. Its 
Measure ment and Cont rol in Science and Industry. Washington, 
D. C., June 21 -24, 1971), Pape r in Temperature, Its Measurement 
and Control in Science and Industry, H. H. Plumb, Editor-in-Chief, 
4, Part 2, 927-934 (Instrument Society of Ame rica, Pittsburgh, Pa., 
1972). 

Key words: Chemical changes in platinum resistance ther· 
momete rs; high te mperature platinum res istan ce thermometers; 
phys ica l changes in platinum res istance thermometers; stability 
of platinum res istance thermometers. 

Some of the che mical and physical parameters that affect the sta 
bility of platinum resistance thermometers have been studied , par
tic ularly at temperatures near the gold point (1064 °C). A si mpl ifi ed 
form of resis tance thermometer sensor was designed to aid in these 
s tudies. The new design, designated as the " steeple," allowed the 
fabrication of some thermometers from single crystals. Measure
ments were made of th e resistance at the triple point of water after 
the thermom eters had been held above 1000 °C for extended periods. 
Further info rmation on the aging of platinum wires at high tempera
tures was obtained with the scanning electron microscope. Some of 
the results are shown to be appli cable to s tandard thermometers 
when used above 400 0c. 
Aras, N. K., Zoller, W. H., Gordon, G. E. , Lutz, G.]., Instrumental 

photon activation analysis of atmospheric particulate 
material, Anal. Chem. 45, No. 8 , 1481-1489 (July 1973). 

Key words: Air pollution ; atmospheric particulate material ; 
electron linac; photon activation analysis. 

Concentrations of fourte en elements in atmospheric particulate 
matter have been measured by irradiation of the samples with 



bre msstra hlung from electrons of 35 MeV from the NBS electron 
li nac and observation of y rays from the react ion products with Ge(L i) 
detectors. The e leme nts routinely obse rved by thi s nond estructive 
method a re: Na . C I. Ca . Ti , Cr. Ni, Zn, As. Br, Zr, S b, I. Ceo and Pb. 
Several other elemcnts such as Fe, Se. Rb. and Yare marginally ob
se rvable . Although. in general. instrumental photon ac tivation analy
sis (IPAA) is less sensitive th an in strumental neutron activation anal 
ysi s (INAA). with IPAA one can measure concentrations of severa l 
ele me nts that are diffi c ult or imposs ible to measu re in urban particu· 
lates with INAA, especially T i, Ni, As, I , and Pb. Measu re me nts of 
Ni, As. and Pb are quite important because of the ir kn own toxicities. 

Armstrong. G. T. , Calorimetric refer'ence materials-status of 
the l)I'imary standard, Proc. 1st Int. Can! on CaLo r£rn.etry and 
Therrn.odynam£cs, Warsaw, Poland, Aug. 31·Sept. 4, 1969, pp. 261-
267 (polish Scienti fic Publish ers, Warsaw, Poland , 1971). 

Key words : Benzoic acid; calorimetric refere nce materials. 

Reference materi als for reaction calorim etry a re briefly rev iewed. 
The value of 26434 Jg- 1 for the energy of combustion of the primary 
standard, be nzoic acid , has been co nfirm ed by three recent careful 
determinations, and give thi s value a very sound basis. Any future in · 
vestigations leading to a possib le cha nge in this valu e wiLl req uire ex
tremely careful docum enta tion of precis ion a nd accuracy of measu re · 
ment. Poss ibl e sources of sys tematic error are discussed. 

Arvidson , 1. M .. Durcho lz, R. L.. Reed. R. P. , Compr'essive propcr'
ties of polyurethane and polystyrene foam s from 76 to 300 
K, (Proc. 1972 Cryogenic Engineering ConL , Boulder. Co lo. , Aug. 
9·11, 1972), Paper E-4 in Advances in Cryogenic Engineering 18, 
194·201 (plenum Press, New York, N. Y., 1973). 

Key words : Comp ress ion ; foam s; te mpe rature. 

The compressive properties of 4 differen t polyurethane foams a nd 
2 polyst yrene foa ms have been measured at 300, 195 and 76 K. 
Similar to tensile properties. the Youn g's modulus, yield s trength . 
and compress ive strength in creased with decreasing te mperature, 
while th e elongation to fra cture dec reased. An ap proximate linear de · 
pe nde nce on dens ity was fou nd for Youn g's modulu s in compress ion 
a nd the proportional limi t. Longi tudinal s peci mens were usually 
stronger than transverse specime ns. Specimens pulled in te ns ion 
were co nsiderably stronger than specimens loaded under compres· 
sion. but these differences diminished at lower temperatures. 

Atkinson , G. H .• La ufer , A. H. , Kurylo . M. J. , De tection of free 
radicals b y an intracavity d ye lase r t echnique, J. Chern. 
Phys. 59, No. L 350·354 (Jul y 1, 1973). 

Key words: Abso rption; flas h photolysis; free radical s; laser; 
spectra. 

A new technique for the de tection of free radicals inside the cavity 
of a dye laser is described. This intracavity absorption phenomenon 
has two im portant advantages: (1) It has the potentia l for quantitative 
detec tion suitable for kineti c s tudies of transient chemical species 
and (2) it has a high degree of sensitivity. In the present work, the 
technique is shown to be at least as sensitive as, and most probab ly 
several orders of magnitude more sensitive than , previous methods 
for the detection of transients. It is presently a powerful tool for ob· 
taining high resolution spectra as well as obtaining precise informa
tion about the energy distribution of transien t species produced 
photolytically or kinetically. Spectra for both NH, and HCO 
(produced flash photolytically) are presented. 

Barnes, I. L. , Murphy , T. 1., Gramlich, 1. W. , Shields , W. R. , Lead 
separation by anodic deposition and isotope ratio mass 
spectrometry of microgram and smalle r samples, Anal. 
Chern.. 45,No.11 , 1881·1884 (Sept. 1973). 

Key words: Anodic deposition; isotopic analysis; lead; mass 
spectrometry. 
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A method is reported for th e separa tion by anodic deposit ion and 
subsequ ent analyses by isotope ratio mass spectrome try of sma ll 
sam ples of lead from a variety of matrices. The combine d procedure 
is applicable to samples containing from 10 /Lg to less than 10 ng of 
lead and the electrode pos ition is more than 95% effi cient a t these 
levels. Only a few elem en ts interfere with the deposition. most 
notably iron and cerium , and procedures for removing th e interfe ring 
elements are give n. Th e op timum conditions for the anodic de posi· 
tion of lead as PbO, were s tudied. Th e mass spec trometri c procedu re 
described permits a prec ision of 0.1 % (95% lim it of error) or better for 
the measured isotopic ra tios. 

Barnes, 1. D. , Neut"on ine lasti c scatte ring study of the " "ota
tor" phase t"ansition in n-alka nes, (Proc. 5th Symp. on 
Neutron Inelastic Scattering, Grenob le, France, Mar. 6-10, 1972), 
C hapter in Neutron Inelastic Scattering, pp. 287·299 (International 
Atomic Energy Agency . Vienna. Austria , 1972). 

Key word s : n-Alkanes; n·nonadeca ne; neu tron inelastic sca tter· 
ing; phase trans ition; rotational diffusion; rotator phase. 

Many n·alkanes exhibit a solid-solid phase transition a few degrees 
bel ow their melting points. S uch characteristics of th e phase trans i· 
tion as transition te mperatu res, volum e c hange on trans ition, and 
heats of trans ition are very sensitive to cha in le ngth in th ese materi
als. To characte rize the role whic h molec ular motions play in thi s 
phase tran sit ion. inelastic neutron scattering expe rim ents we re car· 
ried ou t on the Ferm i chopper time-of·n ight spectromet.er at th e Na· 
tio nal Bureau of Standards Reactor. Experime nts were peJformed on 
n-nonadecane at tem pe ratures of 77,291,297.301 an d 307 K and on 
n-e icosane at 301 K. Momentum transfers ranged between .42A- ' 
and 3.3 A - I for 2.467 A ne utron s. The full wid th at ha lf maximum of 
elast ica ll y scatte red ne utrons was found to be 1.58 ps - I from mea· 
sure ments of sca ttering from vanadium (t,.,\ / A= 4.6%). 297 K and 301 
K are above the te mperature of the " rotator" phase tra ns ition for n· 
nonadecane. The spectra taken under these cOllditions cons ist of a 
broadened elas ti c peak superimposed on a continuous spectrum ari s· 
ing from the vibrational modes of the system. T he broadening of the 
elast ic peak is found to depe nd on mome ntum transfer and is 
ana lysed in terms of models in vo lving rotation a] diffusion of the 
molecule abou t the long axis of the chain. The data a t 307 K. where 
th e material is molten , revea] a further in crease in the quasi·e lasti c 
co mponent of the scatte ring. 

Bedford , R. E. , Ma, C. K., Barber, C. R., C handler. T . R. , Quinn . T. 
j" Burns, G. \Y. , Scroger, M., New r'cfc r e nce tables for 
platinum 10% rhodium/platinum and platinum 13% 
rhodium/platinum ther'mOCOUI)lcs, (Proc. 5th Symp. on Tern· 
perature, Its Measureme nt and Control in Science a nd Indu stry , 
Washington, D.C. , Jun e 21-24, 1971), Paper in Ternperature, Its 
Measurernent and Control in Science and l ndustry, H. H. Plumb. 
Editor-in Chief, 4, Part 3,1585·1602 (Instrument Society of A mer· 
ica, Pittsburgh, Pa., 1972). 

Key words: Blackbodies ; calibrations; optical pyrometer; 
platinum resistance thermometer; platinum·rhodium vs 
platinu m thermcouples; refe rence tables; thermome tric fixed 
poi nts. 

New reference tables for platinu m 10 percent rhodium/platinum 
and platinum 13 percent rhodium/platinum thermocouples have been 
prepared as a resu lt of a cooperative program among the National Bu
reau of Standards (USA), the National Physical Laboratory (UK), and 
the National Research Council (Canada). High puri ty pla tinum wires 
(a "" 1.3924 X 10- ") a nd a lloy wires of as closely as poss ible 10 percent 
and 13 percent rhodium co mposition , respectively, we re supplied by 
seven American and British manufacturers, from which thirty·two 
Ptl0Rh/Pt and thirty·six Pt13Rh/Pt thermocouples were con· 
structed. Primary calibrations below 1064.43 °C were performed at 
NBS and NRC; primary calibrations above 1064.43 °C were done at 



NPL; thermocouple intercomparisons over the whole te mperature 
range were done at NBS and NRC. The reference tables derive from 
polynomials fitted , by means of least squares orthogonal polynomial 
techniques, to a selected group of thermocouples of each type . 

Birky, M. M. , Calorimeter for laser energy measurements, 
Appl. Opt . 10, No.1 , 132·135 (Jan. 1971). 

Key words: Calorimeter; e nergy; laser; neodymium ; ruby. 

A calorimeter enclosed in a constant te mperature environment has 
been constructed to measure the output energy of a conventional 
mode ruby or neodymium laser. The calorimeter was designed ac· 
cording to the measure ment theory and has an estimated uncertainty 
of ± 2% in the range 5J to 100]. The time·temperature curves were 
analyzed according to the theory with the aid of a computer program. 

Brower, W. S., Parker, H. S., Roth , R. S ., Synthesis of mercury 
bismuth sulfide HgBi2S4 , Mater. Res . Bull . 8 , 859·862 (1973). 

Key words: Bismuth ; mercury; sulfides; syn thesis. 

The compound HgBi2S" was found to be the only phase present , 
other than the e nd mem bers , in mixtures ofHgS and Bi,S". The com· 
pound is apparentl y a new structure type with monocl inic symm etry , 
space group C2, Cm or C2/m a = 14.179, b = 4.0555, c= 13.986 A, {:l = 
118°13.8'. 

Brown , W. c., Buchana n, C. J., A study of the strength capabili
ties of children ages two through six, NBSIR 73- 156,56 pages , 
(Aug. 7, 1973). (Available as COM 73·11286 from the National 
Technical Information Service, Springfield, Va. 22151.) 

Key words: Children; children's strength ; pull ; push; safety; 
strength; squeeze; test methods; toys; toy safety ; twist. 

The Child Strength Study was condu cted to provide inform ation 
which can be used to develop reliable and realistic s tandards and test 
methods for children's toys. The study was conducted on over 550 
children in the Washington Metropolitan area, and includ ed both 
black and white clUldren with varying econom ic and social 
bac kgrounds. 

Four tes t devices were used to measure the forces exerted by chil · 
dren when pu shing, pulling, twisting, and squeezing. Quantitative 
relationships were found to exist between these four types of mea· 
surements. The study also provided quantitatively precise and useful 
information about the effects of age and sex on the strength capability 
of children two through six years old. The results of the study are ex
hibited in tables of averages, standard deviations , coefficients of 
variation, and 95th percentiles for each age and sex group tested. A 
number of graphs are also included for a quick a ppraisal of the test 
results. 

Brown, W. E. , Solubilities of phosphates and other sparingly 
soluble compounds, Chapter 10 in Environmental Phosphorus 
Handbook , E. J. Griffith , A. Beeton , 1. M. Spencer and D. T. 
Mitchell , Eds., pp. 203-239 (John Wiley & Sons, Inc., New York, 
N.Y. , 1973). 

Key words: Calcium carbonates; calcium phosphates; hydrox· 
yapatite; limnetic phosphate; phase diagrams ; phosphate poilu· 
tion; solubility. 

Solubilities of five calcium phosphates, Ca, (PO,),OH, f3-
Ca3(P04)" CaSH2 (P04)6) 5H20, CaHPO" and CaHP04 . <l:H20 must 
be considered as factors that may limit the concentrations of calcium 
and orthophosphate ions in natural waters. In the three-dimensional 
plot pH vs [Ca(OH),] and [H3PO.] for all solutions in the ternary 
system, Ca(OH),-H3P04-H20, one obtains a surface that (i) has an im
portant bearing on the positions of the isotherms for the five calcium 
phosphates and the fact that the isotherms have negative slopes, and 
(ii) is a consequence of the fact that H3PO. is a polybasic, weak acid. 
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The phase diagram for the te rnary system can be expanded to ap
proximate a four component system in which the effects of all other 
components are incorporated into a single variable which is a mea
sure of their net basic ity or acidity. This diagram should have con
siderable value in the interpretation of field data. Lines of constant 
pH on this diagram can be used to determine whether a solution is 
undersaturated or sup ersaturated with respect to the salt under con
sideration . Other lines on thi s diagram define compositions along 
which the chemi cal potentials of Ca(OH)2, H3P04 and the various cal
cium phosphate salts are all constant. 

Poten tial diagrams ( - log of the activity of Ca(OH), plotted vs that 
of H"P04) are useful for establishing (i) the degr ee of saturation of a 
given solution with respect to anyone or all of the calcium 
phosphates , and (ii) the CalP ratio of the saturating solid phase. 

A variety of theoretical and experimental factors must be taken 
into account in the design of solubility measurements and in the in
terpretation of results_ Their application to calcium phosphates and 
other sparingly solubl e salts of polybasic acids is described. 

Burns, G. W. , Hurst , W . S., Studies of the pe rformance ofW-RE 
type thermocouples, (Proc. 5th Symp. on Te mperature, Its Mea
surement and Control in Science and Industry, Washington, D.C., 
June 21-24, 1971), Paper in Temperature , Its Measurement and Con
trol in Science and r ndustry, H. H. Plumb, Editor-in·Chief, 4, Part 
3, 1751-1766 (Instrument Society of America , Pittsburgh , Pa., 
1972). 

Key words: Bery llium oxide; ductility; emf-temperature rela
tionship; microstructure; th ermocouple drift ; W·Re alloys; W
Re type th ermocouples; WoRe thermoelements. 

The effect of exposure of bare· wire and BeO·insulated comm ercial 
WoRe thermocouple m aterials to high te mperatures in gaseous en· 
vironments has been investigated. The temperature range of interest 
has been primarily 2000 to 2400 K, and the investigations have been 
confined to thermocouple wires of 0.25 mm diameter. With high tem · 
perature exposure of the bare thermoelements, an initial shift in the 
emf-temperature relationship of the exposed thermoele ments versus 
an unexposed "as received" thermoelement was exhibited, and 
thereafter no discernible drift occurred with exposure in en vi ron· 
ments of Ar , He, H, or N2 for periods up to 1000 hours. Aging studies 
were performed to determine the time-temperature parameters of the 
shift. The rmoele me nts were examined for metallurgical structural 
changes and chemical changes by conventional methods . In the tem
perature range of interest, grain growth was inhibited in the chemi
cally doped W-3 percent Re alloy, and excellent room tempe rature 
du ctility was retained s ubsequent to the exposure. The compatibility 
of high purity (in excess of 99.8 percent), sintered BeO insulators with 
the thermoelements diffe red , depending upon whether the BeO-insu
lated thermoelement assemblies were self-heated electrically or 
heated in a furnace; in tests in argon environments, highly reliable 
performance occurred when the assemblies were heated in a furnace. 
BeO-insulated W-3 percent Re vs W-25 percent Re thermocouples, 
constructed with degassed and aged materials , exhibited drifts 
equivalent to about 3 mKlh during 1000 hours of exposure at 2073 K 
in argon while in the presence of tantalum. 

Canfield, L. R., Johnston , R. G. , Madden, R. P o, NBS detector stan
dards for the far ultraviolet, Appl. Opt. 12, No.7 , 1611-1617 
(July 1973). 

Key words: Detectors ; far ultraviolet; ion chamber; 
photodiodes; radiometry; thermopile. 

A program at NBS leading to the realization of practical, stable 
transfer detector standards for the far ultraviolet is reviewed. Three 
basic detector types, one covering the region of 584-1216 A and the 
other two covering the region of 1164-2537 A, are described. Exam
ples of these detectors have been calibrated at NBS and distributed 



to laborato ri es throughout the United States and Europe, where they 
are being used as prim ary radiometri c calibration refere nces in a 
variety of far-u v experime nts. 

Cataland , G. , P lumb, H. H. , The r ea lization of low te mpe rature 
fixed points on the NBS acoustical and th e NBS-1955 te m
p erature scales, (Proc. 5th Symp. on Te mpe rature, Its Measure
me nt and Control in Science and Industry , Washington, D. C., June 
21-24, 1971), Paper in Temperature, Its M easurement and Control 
in Science and Industry, H. H. Plumb , Editor-in-Chief. 4, Part 1, 
183·193 (In strument Society of America, Pi ttsburgh, Pa. , 1972). 

Key word s: Acoustical therm ometry ; e·H, NBP-e- H2 TP fixed 
points; neon NBP. 

The norma l boiling and tripl e points of equilibrium hydrogen have 
been rea lized a nd re lated to th e NBS (1955) te mperature scale. From 
isoth erms that were dete rmin ed with the NBS acousticalthermome
ter , values of T(acoustical) can be associated with the above fixed 
points and also with the normal boiling point. 

Cezai rli yan , A. , A high-s peed (millisecond) syst e m for s tudies 
of phase tl'ansitions and the l'mophysical prope rties of e lec
trical conductol's above 2000 K, Proc. Int. Conf on Etude des 
Transf ormations Cristallines a Haute Temperature, Odeil/o, 
France, Sept . 27-30, 1971, No. 205, 25-32 (Centre Na tional de la 
Reche rche Scientifique , Paris, France . 1972). 

Key word s: High-speed me thods; high temperature; phase 
tran sition ; refractory metals; thermoph ys ical prope rti es. 

A high-speed syste m is described for condu cting studies on phase 
tran sitions, and for measuring se lec ted th ermolJhys ica l properti es of 
electri cal conductors a t te mperatures above 2000 K. The syste m ca n 
measure s pecifi c hea t electrical res istiv ity, hem isphe ri ca l tota l 
emittance, and me lting poi nt in subsecond duration experime nts. 
Temperature measure ments a re made with a milli second resolution 
photoelectri c pyrometer. Experim ent al quan titi es are recorded with 
a high-speed digital data acquis ition sys te m. The entire sys tem has a 
tim e resolution of approx imately 0.4 milli second. An ex periment 
simulating the conditions of phase tran s itions is described. Resu lts of 
measure me nts on so lid- liqui d phase trans itions in niob ium , molyb· 
denum , and tungs ten a re presented. High-speed measurements of 
selected thermophysical properti es of niobium. molybdenum , tan
talum , and tungs ten are summ a rized. Sources and magnitudes of er
rors are di scussed. 

Cezairliyan, A., Measurement of the heat capacit y of graphite 
in the range 1500 to 3000 K b y a pulse heating method , 
(Proc. 6th Symp. on Thermophys ical Properties, Palm Springs, 
Calif. , Aug. 1973), Paper in Proceedings of the 6th Symposium on 
Thermophysical Properties , P . E. Liley, Ed ., pp. 279-285 (Am erican 
Society of Mechanical Engin eers , ew York , N.Y., 1973). 

Key word s: Graphite; hea t capacity; high-speed measurements; 
specific heat; thermodynamics. 

Measureme nt of the heat capacity of a grade of graphite (AXM-5Q, 
POCO) in the tempe rature range 1500 to 3000 K by a subsecond-du 
ration, pulse·heating technique is described. The smoothed results 
for a single specimen corresponding to two different heating rates are 
in agreement within 0.1 % on the average. The smoothed results for 
two different specimens are in agreement within 0.6%. The heat 
capac ity of graphite in the temperature range 1500 to 3000 K based on 
the present results is expressed by the followin g function (standard 
deviation = 0.5%): 

c,,= 19.12 + 4.236 X 10-3 T - 5.919 X 10- ''[2, 

where T is in K and Cll is in J mol- 'K- '. The inaccuracy of the re
ported results is estimated to be not more than 3%. 
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Cezairli yan, A. , Measuring transient high temperatures byop
tical p y rome try, (Proc. 5th Symp. on Temperature, Its Measure
me nt and Control in Science and Industry, Washington , D.C. , June 
21-24, 1971), P ape r in Temperature, Its Measurement and Control 
in Science a.nd Industry, H. H. Plumb, Editor-in-Chief, 4 , Part 1, 
657·664 (In strume nt Society of America, Pittsburgh , Pa. , 1972). 

Key words: High·speed measureme nts; high temperature; 
pyrometry; radiation ; te mperature meas ureme nt. 

Various pyrometric (optical) methods , us ing photoelectri c a nd 
photographic detectors, are described for measuring high te mpera· 
tu res. Emphas is is placed on techniqu es of measuring trans ient te rn · 
perature of solids above approximately 1500 K with subsecond (u pper 
milli second to upper microsecond) resolution. Advantages a nd lim ita · 
tions of the various method s are d iscussed and es timates of uncer· 
tainties are give n. Examples of application of th e hi gh·speed te rn · 
perature measureme nt methods to various field s of inves tigations. in · 
c1ud ing dete rmination of the rmoph ys ical properties, is presented. 

Churney, K. L. , Wes t, E. D., Armstrong, G. T. , A cell mode l for 
isope ";bol calol'imc te l's, NBS IR 73- 184, 100 pages (A pr. 1973). 
(Ava il able as COM 73-11110 from the Nat ional Technical Informa· 
tion Service, Springfield, Va. 22151). 

Key words: Calorim etry; ene rgy equivalents; energy measure· 
ment ; hea t transfer; intern al e nergy measurement; isope ribol 
ca lorime ters; measurement theory. 

A calorim eter can be modeled as a large number of volum e e le· 
me nts or ce ll s in each of which the te mperature may be considered 
uniform , and each of wh ich can store hea t a nd exchan ge hea t with 
other ce ll s. Application of the firs t law of thermodynami cs to thi s set 
of ce lls leads to represe ntations of the usual ca lorime tric equ ations 
for internal energy change ex pressed in te rms of meas urable or es ti · 
mata ble heat capac it ies. heat transfer coeffi cie nts , temperatures. and 
work term s for the individual ce ll s. Ana lys is of th e res ults yields a 
fra mework within whi ch most of th e des ign and measure me nt 
proble ms of isope ribol calorim eters can be treated. 

Cohe n, J . , Edelman, S., Vezzelli, C. F., P Yl'oe lecll'i c ily and 
pi ezoelectricit y in ol'ic nt c d film s of polyvinyl fluorid e and 
pol yvinylid e n e fluorid e, (proc. Conf. on Elec trets, Cha rge 
Storage and Transport in Dielec tri cs, Miami Beach, Fl a. , O CI. 8·13. 
1972), Paper in Electrets , Charge Storage an.d Tran.sport ill Dielec· 
tri es, Martin M. Perlman , Ed ., pp. 505-516 (The Electrochem ical 
Society , In c., Princeton , N.J. , 1973). 

Key words: Piezoelectri city; poling; polyvinyl flu orid e; 
polyvinylid ene flu oride; pyroelectri c coeffi cient ; pyroelectri cit y. 

Imp roved pyroelectric and piezoe lectri c activities have been 
produ ced in film s of polyv in yl flu oride (PVF) and polyvi nylidene 
fluoride (PVF2) . The phenomena are asc ribed to ori entation of dipoles 
norm a l to the plane of the film. Activity is developed or e nha nced by 
applying inte nse electrica l fi e lds ac ross th e film s at e le vated tem
perat ures and cooling to room te mperature with the fi e ld still applied 
(poling). The PVF2 film s are usually s tretched before poling, and thi s 
is found to increase both pyroelectri c and piezoelectric effec ts. Roo m 
tempe rature pyroelectri c coeffi c ients for these materi a ls have been 
estimated from measurements of vo ltage responsivity, and pyroelec
tri c coefficients comparable to that of triglycine sulfate (TGS) have 
been ob tained. Obse rvations of th e correla tion between the the rm al 
radiation effects a nd the piezoelectri c act ivity s uggest that th e former 
are pyroelectri c. A method has bee n de veloped to study the poling 
process. 

Corli ss, E. L. R., R e mark on "Fixed-scale m echanism of ab
so lute pitch," J. Acoust. Soc. Amer. Letters to Editor 53 , No. 6, 
1737-1739 (June 1973). 



Key words: Absolute pitch sense; a udition; aud itory memory; 
hearing; musical acoustics; pitch recognition. 

Several aspects of this author's subjecti ve experiences concerned 
with perception of pitch are at variance with the experiences reported 
by Paul T. Brady, J. Acoust. Soc. Am. 48,883-887 (1970). In pa rti cu
lar, my recognition is not tied to a specific scale (though, of course, 
nomenclature must be); the precision of recognition shows little flu c
tuation, if any; and changes in tuning do not influence the recognition 
of pitch, although such changes may influence the performance of re
membered music and the ease of transposi tion. Tonal me mory over
rides motor memory for the pe rformance of mu sic lea rn ed on instru
ments tuned to initially differe nt keys. 

C raw, A. R ., A comparison of sevet'almethods for forecasting 
U.S. tt'affic fatalities , NBSIR 73- 189 , 45 pages (May 1973). 
(Avail ab le as COM 73-11173 from the National Technical Informa
tion Service, Springfield , Va. 22151.) 

Key words: Exponen tia l s moothing; forecasting; time-series; 
traffi c fata li t ies. 

This is a second report to the Mathematical A nalys is Div is ion of 
the National Highway Traffi c Safety Administration (NHTSA) on the 
subject of forecasting an nual highway fata lities. This report concerns 
a comparison of several time series ana lysis programs based on ex
ponentia l smoothing and nondecompositional methods curre ntl y em 
ployed by N HTSA for projec ting the ann ual tmffic fata lities for the 
entire U_S. Several method s of data aggregat ion are studied. 

It is found that the re is some advantage in using lumped (pooled) 
data for each region aggregated either quarterl y or half yearl y, and 
using the S um of Regional es tim ates to estimate the national value. 

Also, the re does not appea r to be any great diffe ren ce in the resu lts 
ob tai ned using th e nondecompositional methods and those obta ined 
by time-series analys is programs based on exponent ial smooth ing 
methods. 

Estimates for the 1972 and 1973 national traffic fata lities by a 
variety of methods were made. For 1973 the es ti mates ranged from a 
low of 54186 to a hi gh of 55994, with a mean of 55055. 

Craw , A. R., Analyses fot· d ecision in th e office of flammable 
fabt'i cs: thc level of th e standard , NBSIR 73- 182,90 pages, 
(Apr. 1973). (Ava il ab le as COM 73-1 1284 from the Nat ional Techni
ca l Information Service, Springfie ld , Va. 22151.) 

Key words: C hildren 's sleepwear; deci sion analysis; flammable 
fabrics; probability assessment; standards; utility theory . 

The fundamentals of a single-stage decision problem are discussed 
and illustrated in the proble m: The Level of th e Standard for Chil 
dren's S leepwear, originally discussed by M. Tribus. Outcomes are 
identified , and various potential measures of disutility are discussed. 

Given a particular alternative is in effect one must ass ign the con
ditional probabilities of arriving at each outcom e. This process is 
a ided by introducing intermediate events (extending the conversa
tion). For the child ren's sleepwear problem this is done by consider
ing for each of two age groups and three income levels the probability 
tree with branches: alternatives (a), technology (1'), night wear (N), ad
ditional cost to the consumer (C) , Use (U) or non-use (u) , existence of 
a hazard (H), exposure (E), ignition (I), burn (B) and burn-severity (B;), 
survival (S) or death (D) and body image (tl). 

Attention is given to the prelim inary assignment of each of the con
ditional probabilities needed. Suggestions are made as to sources of 
information. Much of the needed information is not available, espe
cially that dealing with the social and behavioral aspects of the 
problem. The concept of exposure to an ignition hazard , for which an 
operational definition does not exist , is discussed. 
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Craw, A. R. , Ku, R., The se n stltvtty of certain indices as
sociate d with two-vehicle accidents, Accident Anal. Prevo 5, 
137-146 (1973). 

Key words: Highway traffic accide nts; indices; sensitivity ana l
ysis . 

This study describes in mathematica l terms a procedure employed 
by the National Hi ghway Traffic Safety Administration of the Depart
ment of Transportation for the ana lysis of two-ve hicle accidents. The 
procedure contains an Assignment Rule in which one of the involved 
driver-vehicle combinations is ass igned to the class of active involve
ment and the other driver-vehicle combination is ass igned to the class 
of passive in volvement. Once case of interest is the Random Assign
ment Rule , and this is contrasted with the results of a Fixed Assign
ment Rule . Results are derived that show the effect on specific in
dices of (1) errors in assignment and (2) a Composite Assignment 
Rule (a mixture of Fixed and Random Rules). 

Cruz, J. E., Rogers, E. H. , Hi ester, A. E., Continuous liquid level 
m easure m e nts with tim e-domain r e fl ectome tt·y, (proc. 1972 
Cryogen ic Engineering Conf. , Boulder, Colo. , Aug. 9-11 , 1972), 
Paper H-4 in Advances in Cryogenic Engineering 18 , 323-327 
(Plenum Press, New York , N. Y.,1973). 

Key words: Coaxial probe; emptying rate; fill rate ; liquid level; 
t im e domain refl ec tometer. 

A time domain reflectometer is considered a closed-loop, one 
dimensiona l radar system. Applyi ng th e principle of time domain 
reflect.ometry to the detection of c ryoge nic liquid leve ls, measure
ments on the order of ±O.3 % of tota l liquid level probe length are 
possible. 

The tim e domain reflectom eter liquid leve l measure ment is inde
pendent of liquid de nsity variations and is s imple to calibrate and 
operate. Const ruction of the liqu id level sens ing probe is desc ribed. 

Daney, D. E. , McConnell , P. M. , S trobridge, T. R. , Low-tempet'a-
tut'C nitroge n ejectot· p e rfot'mance, (Proc. 1972 Cryoge nic En 
gineering Conf. , Boulder, Colo., Aug. 9-11 , 1972), Paper L-4 in 
Advances in Cryogenic Engineering 18, 476-485 (Plenum Press, 
New York , N .Y., 1973). 

Key words: Cryogen ic ejector; ejector; ejec tor pump; jet pump; 
low tempe rature refrigeration ; refrigeration. 

The primary objective of the test program reported here was to ob
tain a nit rogen ejector to replace the l ou Ie-Thomson valve in a Joule
Thomson refrigerator. The des ired primary nozzle inlet conditions 
were 200 atm and 161 K with a flow rate of 16.6 gis , and the required 
entrainment ratio was 0.145. In an attempt to find a near optimum 
ejector for the above conditions, and in order to obta in a more general 
kn owledge of low temperature nitrogen ejector performance, the 
tests were run over a range of operating condi tions. The prim ary noz
zle supply pressure ranged from 35 to 200 atm with a temperature 
near 161 K. Th e discharge pressure varied from 1.2 to 1.6 atm , and 
the entrainment ratio varied from 0.0 to 0.5. Combinations of three 
primary nozzles with three mixing sections resulted in a range of ll8 
to 365 for the ratio of the mixing tube area to the primary nozzle 
throat area. For the des ign conditions given above, a suction pressure 
of 0.27 atm was obtained. This corresponds to a liquid nitrogen satu
ration temperature of67.7 K. 

Dhez, P ., Ederer, D. L. Photoionization resonance profile 
parameters of the 3s3p 'P, two-e lectron excitation in He I, 
}. Phys. B: At. Mol . Phys. Letter to Editor 6, L59-L64 (Apr. 1973). 

Key words : Autoionization; cross section; Fano parameters; 
helium ; photoionization; resonance profile. 

The cross section profile of the 3s3p 'P, two-electron excitation has 
been measured in He I. The cross section was ass umed to have the 
form 
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(E) =C(E ) (E - E o}t fa + U f )2 b 
0' + (E - Eo)2 + (tf) ' 

whe re the adjustab le Ilarameters a, b, 1/2 1' and Eo were determined 
by a least squares fitting process. The pa ra meter va lues obta ined in 
the expe riment we re: a = 0.86 ± 0.16 c m- I , b= 0.27 ± 0.13 cm- I , 

1/2 1' = 65.9 ± 7.0 meV, Eo= 69 .91 9 ± 0.007 e V. The F ano pa ra meters 
q and 0'" we re determined from a and b a nd had the va lu es 1.36 ± 0.20 
and 0.32 ± 0.08 c m- I res pectively. 

Edelsack, E. A., Kro pschot, R. H., Olie n, N. A .. Ol sen, J . L. , A 
Dit'e c lot'y o f Eu,'opean Low Tempe"alu" e Resea,'ch, 
Cryogenics 13, No. 3, 132-133 (Ma r. 1973). 

Ke y words: C ryogenics; European low te mperature research. 

The pub lication of a Direc tory of Low Te mperature Research in 
seve nteen European countries is described. The Directory conta ins 
th e nam es of some three hundred researchers , their addresses . 
tele phon e numbe rs, a nd bri ef descri pti ons of their research int e rests. 
Information for obtaining free copies of the Direc tory is incl uded. 

Eisen, H., Rosenstein, M. , S il verm a n, J. , E leClt'On dosi m e l,'y 
u sin g Ch a lkl ey-M c Laughlin d ye-cya nide Ihin films , (proc. 
Int. Symp. on Dosimetry in Agriculture, Indu stry, Biology a nd 
Medicin e, Vienna , Austri a, Apri l 1972). Pape r in Dosimetry in 
Agriculwre, Industry, Biology alld Medicine, pp. 615-625 (lnterna· 
t ion al Atomi c Ene rgy Agency, Vie nna , Austria, 1973). 

Key word s: Calorim etry; dep th dose; dose di s tributions; d ye 
film s; electron bea ms; inte rface; Monte Carlo t ra nsport ; 
stopping power; thin film s. 

The purpose of this work was to measure elec tron energy de posi
tion profi les in a va rie ty of absorbin g materi als a nd to eva luate the 
Cha lkley-Mc La ughlin radiochromic dye-cyanide fi lm dos imeter. In · 
form ation of thi s type is useful for effective utiliza tion of elec tron 
beams in indu stry a nd medicine whe re adju stme nts in sample 
thickn ess, elec tro n beam energy. a ngle of electron bea m in cide nce, 
and bac king mate ri als may provid e more advantageous bea m utili za
tion . Experim e ntal de pth-dose di s tributions were dete rmined for 
broad bea ms of 2.00 MeV elec trons in cid ent on polys tyre ne, alumini 
um , coppe r, tin , go ld , a nd severa l two- la ye r sla b absorbers. Data we re 
obtained for both semi·infinite and finite homogeneous absorbers at 
in cident beam angles ranging from 0 (normal incidence) to 75 
degrees. Radiochro mi c dye-cyanide film s were used as solid-sta te 
ca vity dos imete rs, with an expe rime ntal reproducibility of ± 6% (20'). 
The stopping power ra tio necessary to convert from film dose to ab
sorbe r dose was evalu ated several ways. Depth-de pendent s topping 
powe r ratios, obta ined by accounting for the changing electron ener
gy s pectrum with a bsorber depth by two me thods, were compared 
with a constant stopping power ra tio for each materi al. The dif
ference between the constant ra tio a nd a depth ·dependent ra tio was 
1 % to 2% for aluminium , 3% to 5% for copper , 3% to 7% for tin , and 
3% to 8% for gold. The data demonstrate the decrease in the depth
dose di stribution and the total absorbed dose in fin ite slabs as co m
pared to equivalent laye rs in semi-infinite slabs. The effect of the 
atomic number of the absorbe r and the angle of beam in cidence on 
the s hape of th e e ne rgy de position profi le is also de monstrated. The 
data for th e two·compone nt sla b absorbers illustrate the modification 
of the de pth-dose profile in a finite slab of mate ri al if a diffe rent 
mate rial is placed adjacent to it. From the dose received by a film 
placed at the inte rface, the surface doses a t that pos ition were esti 
mated using the materi al-to-film stopping- powe r ratio appropria te for 
each mate ri a l. The data are compared to theoreti ca l depth-dose 
profi les obtain ed using Monte Carlo tran sport codes. The agreement 
is generaU y bet ween 5% to 10% for homogeneous cases and in most 
cases beller than 10% for the two-com ponen t cases. 

Eisenhower, E. 1-1 ., Safe ty ,'econtnte ndation s in ANSI doc u
m e nls, (proc. Symp. on Rad iation Safety a nd Protection in In dus· 
tria l App lications , Washin gton , D.C., Au g. 16,18,1972), DHEtri 
Pub. No. (FDA) 73·8012, H. F. Klein , Ed .. pp. 240-252 (U. S. Depa rt · 
ment of Health , Education, and Welfa re, Pub lic Hea lth Service, 
Food and Drug Administra tion , Burea u of Rad iological Hea lth , 
Rockvi lle, Md. , Oct. 1972). 

Key words : Rad iation safe ty ; radiograph y; voluntary standards; 
x rays. 

This paper di scusses American National Standards relating to 
safety in industria l applica tions of ionizing radiation. It includes 
methods by which voluntary sta nd ards are produced. and outlines ap · 
proval procedures requ ired for designation as an American National 
Standard. The structure a nd relevant activiti es of Standards Com mit · 
tee N43 , of the America n National Standards Institute (ANSI) a re 
described. Maximum pe rmiss ible dose equ ivalent va lues recom · 
mend ed by the National Coun cil on Radiation Protection and Mea · 
sure ment s are prese nted as the bas is for requireme nts in ANSI sta n
dard s. Existing and fu ture stand ards of inte res t to radiation safety in 
industrial appli ca tions are outlined. 

El y, J. F .. Hanl ey, H. J . M., S traty, C. c. , Analysis of the press ul'e 
vi rials a nd Cla u sius-MosSOlli fun c lion for polyalomic 
gases, ) . Chem. Ph ys . 59 , No.2, 842-848 (Jul y 15, 1973). 

Key word s : C laus iu s-Mossotti fun ction; die lec tric virial coeffi · 
cients; m-6-8 pote ntial; polari zability; polya tomic gases; pres· 
sure second vi ri a l coefficie nts; quadrupole moment; s tati sti cal 
mechanics. 

S ta ti sti ca l mecha nical equ ations for the second pressure vir ial 
coeffi cie nt and th e second a nd thi rd dielec tri c vi ri a l coeffi cie nts for 
qu adrupolar molecules are e va lu ated us ing th e m-6-8 potenti al fun c
tion. The result s are compared wi th experime nta l data for nitrogen 
and flu orine. An approxima te valu e for the qu adrupole mome nt of 
flu orine is es timated. Agree me nt between theory and experim ent is 
generall y good. 

Evans, J. P. , Hi~h le mpe ,'atu,'e plalinum I'esis tan ce the ,'
monte l,'y, (Proc. 5th Sy mp. on Te mpe ratu re, Its Measure me nt 
and Control in Science and Industry, Washington, D.C., June 21 -
24, 197]), Pa pe r in Temperatllre, Its Meas llrement and Co ntrol in 
Science and Industry, H. H. P lumb. Editor-in ·C hief, 4, Pa rt 2, 899-
906 (In strument Society of America, Pittsburgh, Pa., 1972). 

Key word s: Freezing point ; gold poin t; high te mpe rature; 
platinum res ista nce thermometer; s tanda rd the rm ocouple; te m
perature sca]e. 
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During the past decade a number of investigators have worked on 
various aspec ts of high temperature platinum resis tan ce ther
mometry with the aim of de veloping thermomete rs suitabl e for use 
as interpolating instruments on a practi cal temperature scale up to 
the go]d point. Long-time stability s tudies have been made of the r
mometers e mployin g several designs and a va ri e ty of ins ulating and 
protecting materials; factors affecting the use of therm omete rs for 
tempe ratu re measure ment have been investigated ; new electri cal in 
strum ents, using both direct and alte rnating current , have bee n 
developed to facilita te th e meas ure ment of thermometer resistance; 
and the inves tigation of me tal freezin g points as fi xed points for 
ca li brating thermome ters has been extended to higher temperatures. 
An intercompa rison of s tanda rd th ermocouples and high te mperature 
platinum res istance th ermometers has shown th at a practi cal tem
perature scale based on res istance thermometry can be reali zed at 
least an order of magnitude more precisely than a scale based on 
thermocouples, and several wo rk ers have sugges ted inte rpolation 
sche mes for res istance the rm ometer sca]es. This paper reviews 
recent de velopments in high temperature plat inum res istance the r
mometry, its c urrent status, and some of the proble m areas that need 
furth er a ttention. 



Feldman , A. , Horowitz, D. , Waxler , R. M. , Lase r damage in 
materials, NBSIR 73·119, 52 pages (Feb. 1973). (Available as AD 
757789 from the National T echnical Information Service, Spring· 
fi eld , Va. 22151.) 

Key words: Absorption coefficient ; damage threshold ; electros · 
tri ctive self·focusing; electrostriction; Kerr effect; laser damage ; 
nonlinear index of refraction ; se lf·focusing; thermal self.focus· 
ing. 

The relative contributions of the Ke rr , electrostric tive, and the rmal 
effects to the self·focusing thresholds of boros ilicate crown glass, 
fu sed silica , and dense flint glass have been estim ated from an analy· 
sis of damage threshold data for linearly polarized and circularly 
polarized radiation. The measurements were made with a Nd:glass 
laser operating in the TEM.o mode with a te mporal pulse width of 25 
ns . The Kerr effect ap pears to be the largest effect. The thermal ef· 
fec t is al so significant. The electrostrictive effect is smallest. 
Reasonable values of a bsorption coeffi cient are calculated from the 
thermal contribution. The results are in qualitative agreeme nt with 
the work of others. Self· focusing data obtained with linea rl y polarized 
and circularly polari zed radiation are presented for yttrium aluminum 
garnet (YAG) and five commercial Nd :doped lase r glasses. The YAG 
data agree with the th eory of self·focusing. Near the threshold the 
laser glass data appear to indicate intrins ic damage rather than self· 
focusing. Differences between the various laser glasses are s mall. 
Self·focusing d ata obtained in dense flint glass with a longer focal 
length lens are also presented. An electro· optic shutte r actuated by 
a lase r trigge red spark gap is discussed. 

Ferguson, J . B. , Summary of flame spread and smoke g e n e ra
tion test s conduc te d for ope ration BREAKTHROUGH , 
NBSIR 73·228, 27 pages (July 1973). (Availa ble as PB 222425 from 
the National Technical Information Service, Springfie ld , Va. 
22151. ) 

Key words: Carpets; flam e spread; kitchen cabinets; Operation 
BREAKTHRO UG H; s moke generation; wall and ceiling. 

This docu ment is a li sting of the fl ame spread and smoke genera· 
tion results of a range of materials th at were tes ted under the Opera· 
tion BREAKTHRO UG H hous ing evaluation program. The tes t results 
reported he re were obtained under differing conditions and should 
not be considered the results of . a comprehensive and unified 
resea rch program for e valuation of interior finish materials. T ables of 
test results and a brief discussion of the results are presented for 
wa ll s, ce ilin gs , kitchen cabin ets and floor cove rin gs. 

Fic kett , F . R., Prope rties of nonsuperconducting t echnical 
solids at low temperatures , Proc. 4th Int. Con! on Magnet 
Technology, Brookhaven National La boratory, Upton, N.Y., Se pt. 
19·22 , 1972, pp. 498·516 (Atomi c Energy Commission, Washington, 
D.C., 1972). 

Key words: Composite materials; electrical properties; 
mechanical properties; metals; plastics; review; thermal proper· 
ties . 

A numbe r of physical and mechanical properties of materials used 
in low te m perature applications are described with references to both 
theory and compiled data. These properties, which fall into three 
main groups , thermal , electrical , and mechan ical , are given for pure 
metals, alloys, and a few nonmetals. In essence, this paper is a re view 
of concepts and available data for low temperature engineering appli· 
cations of nonsuperconductors. 

Finkel, P. W., Rowen , 1. W. , Clinical laboratory performance 
analysis using proficiency t es t statistics, NBSIR 73·197, 61 
pages (June 1973). (Available as COM 73-11253 from the National 
Technical Information Service, Springfield , Va. 22151.) 

Key words: Accuracy; CLlA '67; clinical che mistry; hematolo· 
gy; microbiology; precision ; profi ciency testing. 

The profi ciency testing aspects of the Clinical Laboratory Im 
prove ment Act of 1967 program were assessed. The overall ability of 
licensed or volunteer la boratories to accurately determine mean 
values for any of the 13 constituents was not significantly alte red duro 
ing the firs t two years of program operation. However , the varia bility 
of th e laboratories has decreased over the two-yea r period. It appears 
that the program has increased consistency of labora tory per
formance. 

The general level of la boratory capability seemed to be indepen· 
dent of involve me nt in state·s upported or voluntary proficie ncy test 
ing programs other tha n thc C DC progra m and of wheth er the work
ing supervisor had a B.5., M.S . . Ph .D. , or M.D. degree. C hoice of 
analyti cal method did significantly affect performance. Although in
sufficient evidence was availa ble to make a definitive state ment , the 
data do not appear to support a rguments favoring esta blis hment of 
method-de pendent refe re nce group target values. 

Finally, it appears that conside ration should be given to alternative 
sampling methods, such as reduced or skip-lot sampling, for those 
cons tituents which appear to present no a nalytica l c hallenge to the 
li censed and volunteer laboratori es. Greate r emphasis might then be 
placed on those constitue nts which give the laboratories the most dif· 
fi culty (cholesterol and creatinine, for example). 

Fl ynn , D. R. , Inte r-Noise 72 Pane l: Noise m easure
m e nt- proble m s, pe rils and pitfalls, Noise/News 2 , No. 1, 7·9 
(J an. ·Feb. 1973). 

Ke y words: Acoustics; noise measure ments; sound levels. 

This short paper di scusses some of the proble ms involved in noise 
measurements. It is pointed out that noise measure me nt s tandard s 
should specify environ mental and operational constra ints in addition 
to precise, accurate measurement and operational proce dures. A few 
examples are given of sources of significant measurement e rrors. The 
Measure ment Assurance Program s of NBS are briefl y described as 
a means that has been used in othe r disciplines to improve measure· 
ments in a total system context. 

Fraker, A. c. , Ruff, A. W., The effe ct of solution pH on t h e 
saline water corrosion of titanium alloys, (Proc. 2d Int. Conf. 
on Titanium , Boston, Mass., May 2-5, 1972), Paper in Titanium 
Science and Technology, R. I . J affee and H. M. Burte, Eds. , 4-, 
2655-2663 (Plenum Publishing Corp., New York , N.Y., 1973). 

Key word s: Corros ion; elec tro n microscopy; pressure ; salt 
water; titanium. 

The initial stages of corrosion attack on several titanium alloys in 
saline wate r so lutions have been studied. Transmission elect ron 
microscopy and electron diffrac tion were used to study the cor ros ion 
film s formed on the exposed surfaces of thin foil specimens and to 
dete rmine the ir degree of crystallinity and composition. The corro· 
sion sensitivity of each material to pH variation was studied. S ix dif. 
fe re nt alloys were examined ove r the range 100-200 °C in a Hastelloy· 
C pressure vessel containing the 3.5 wt. pct. NaCi solution. S ulfuri c 
acid , hydrochloric acid and sodium hydroxide were adde d singly to 
the saline solution for individual tests with pH values ran ging from 
1.8 to 12.5. We find that the surface oxide composition changes with 
different so lution pH values. The oxide covering the surface after ex· 
posing in neutral and acid solutions does not occur in alkaline solu
tions. Examples of local pitting attack were found to occur a t both 
high and low pH values but were more frequent when s pecimens 
were corroded in the alkaline solutions. 

Fra ker, A. c. , Ruff, A. W., Yeager, M. P ., Corrosion of titanium 
alloys in physiological solutions, (Proc. 2d Int. Conf. on Titani · 
um , Bos ton, Mass. , May 2·5, 1972), P aper in Titanium Science and 
Technology, R. I. Jaffee and H. M. Burte, Ed s. , 4 , 2447-2457 
(Plenum Publishing Corp. , New York , N.Y. , 1973). 
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Key words: Alloys; biological; corrosion ; e lect ron mi croscppy ; 
implant; saline solution ; titanium. 

This study intends to determin e corrosive effects of saline and or· 
ganic solutions on seve ral titanium alloys for potential use as biologi· 
ca l implant materials. Experimenta l techniques included elec· 
troche mical measurements and thin foil transmi ssion electron 
microscopy and diffraction. The e ffects of vary ing alloy compos ition, 
method of specim en preparation, and different organic and salt solu 
tions were studied. Thin foil transmission electron microscopy was 
used to examine surfaces of specimens exposed to salt solu tions con
taining albumin , cystine, alanine and uric acid . 

Franzen , D. L., Continuous lase r-sustained plasmas,}. Appl. 
Phys. 44, No.4, 1727-1732 (Apr. 1973). 

Key words: Gas breakdown; laser; plasma. 

Continuous plas mas susta ined by a focused high-powe r CO, laser 
are described. The power re quired for maintaining a c w plasma fol
lowing preionization has been dete rmined for Xe, Kr, and Ar, and at
tempted for Ne and He. Measurements indicate the noble gases with 
the lowest ionization potential s have the lowest s ustaining thresholds. 
Radiative properties of some of the Il lasmas were studied with 
calorimetric techniques. Under certain conditions, more than half of 
the incide nt laser radiation can either be scattered or absorbed by the 
plas ma. A major loss mechanism for the plasma is shown to be radia 
tion in the visible and ultraviolet. Spectra of low-pressure Xe plasmas 
indi cate the presence of ultrav iolet transitions with a high contrast 
over the continuum. 

Frenkiel , F. N., Kle banoff, P. S., Probability distributions and 
corre lations in a turbulent boundary laye ,' , Phys. Fluids 16, 
No.6, 725-737 (June 1973). 

Ke y words: Boundary layer; corre lations ; higher-order mo
ments; high·speed computing; hot-wire anemometry; probability 
di stributions. 

One-dimensiona l and joint probability density distributions for lon
gitudinal components of turbule nt velocities as well as higher-order 
correlations are measured in a turbulent boundary layer on a flat 
plate using hot· wire a nemometry and high·s peed computing methods. 
The effect of the nonlinear response of the hot-wire is taken into ac
count. Data pe rtaining to the general nature of the turbule nt bounda
ry layer are presented and comparison is mad e between the mea
sured corre lations and those corresponding to a Gaussian probability 
distribution of turbulent velocities as well as to non·Gauss ian dis
tributions of the Gram·C harlier type. Similar co mparisons are made 
of the measured one-dimensional and joint probability distributions. 
Probability distributions in the boundary layer are also compared to 
those measured downstream of a grid. The closure of the tails of the 
probability distribution and its effect on the accuracy of the measure
ments of higher-order mome nts is considered. 

Frohlich, c., Geist, J. , Kendall , J. , Sr. , Marchgraber , R. M., The 
Third International Comparisons of Pyrheliometers and a 
comparison of radiome tric scales, Sol. Energy 14, 157-166 
(1973). 

Key words: International Pyrheliometric Scale; irradian ce; pyr
heliometer; World Meteorological Organization. 

The Third International Comparisons of Pyrheliometers organized 
by the World Meteorological Organization and the Davos Observato
ry were held in September 1970 at Davos and Locarno. For this pur
pose the intensity of solar radiation was measured simultaneously by 
the standard radiom e ters (Angstrom compensation and s ilver-disc 
pyrheliometers) from all over the world. For meteorological use the 
intens ity values refer to the International Pyrheliometric Scale 1956 

, represented by the re ference instruments of the Davos Observatory 
and of the Swedish Meteorological and Hydrological Institute at 

Stockholm. At the same time 'measureme nts we re performed by two 
in struments rendering an absolute value of high accuracy. These so
phisticated instruments have been constru cted by Ke ndall and Geist 
res pecti vel y. 

A fully-automatic data acquisition system lol;lether with a computer 
was used to compare simu ltaneously the 22 Angstrom Pyrh eliome
ters and to monitor the auxiliary measurements necessary for defin
ing the state of the atmospheric conditions specified by a turbidity 
coeffi cient of 0'03 < mf3 < 0 '3. The intensity values covered a range 
of 55-100 m W fern'. The results show a significant difference between 
the two radiometeric scales. The intensity value deduced from the 
absolute measure ment is about 2 percent higher than the value based 
on the International Pyrheliometric Scale. 

Fromhold, A. T. , Jr. , Kruger, J., Space-charge and 
concentration-gradient effects on anodic oxide film for
mation,}. Electrochem. Soc. 120, No.6, 722-729 (June 1973). 

Key words: Anodization ; corrosion; oxidation. 

Numerical computations illustrate the effects of space c harge and 
a concentration gradi ent on the steady-state mobile-defect concentra 
tion profile and the kineti cs of anodic film formation. The posit ion·de
pe ndence of the concentration of mobile defects producing growth is 
shown to vary with current de nsity and film thic kness. Of especial in
te rest is a se ries of curves illustrating the total electrostati c pote ntial 
de veloped across the oxide as a fun ction of thic kness for growth 
unde r constant c urrent conditions. Space charge is shown to have the 
capability of being a criti cal factor in retarding the growth rate of the 
anodic film. 

Furukawa, G. T ., Bigge, W. R. , Riddle, 1. L. , Triple point of argon, 
(Proc. 5th Symp. on Temperature, Its Meas ure ment and Control in 
Science and Industry , Washington, D.C. , June 21-24, 1971), Paper 
in Temperature, Its Measurement and Control in Science and Indus
try, H. H. Plumb, Editor-in-Chief, 4, Part l C, 231-243 (Instrume nt 
Society of America, Pittsburgh , Pa., 1972). 

Key words: Argon; fixed point; triple point; temperature scale. 

The ave rage triple-point (TP) te mperature of two argon cells was 
determined to be 83.7997,K, the two ce ll s be ing within 0.38 mK of 
each other and the estimated uncertainty of the valu e being ± 0.5 mK. 
(The uncerta inty includes imprecision of the measurements and 
possible systematic errors.) The temperature value is based on ther
mometers calibrated in terms of the NBS-1955 temperature scale ad
justed to the International Practical Temperature Scale of 1968 
(lPTS·68). The value of temperature obtained by extrapolating the 
deviation function , t.W.(T) , s pecified for the temperature inte rval 
90.188 K to 273.15 K by the IPTS-68, is about 0.3 mK lower. The 
argon TP is recommended as a defining fixed point to replace the ox· 
ygen normal boiling point. 

Furukawa, G. T., Riddle , 1. L. , Bigge , W. R. , Investigation of 
freezing temperatures of National Bureau of Standards tin 
standards, (Proc. 5th Symp. on Temperature, Its Measu rement 
and Control in Science and Industry, Washington , D.C. , June 21-
24, 1971), Paper in Temperature, Its Measurement and Control in 
Science and Industry, H. H. Plumb , Editor-in-Chief , 4, Part 10, 
247-263 (Instrument Society of America, Pitts burgh , Pa. , 1972). 

Key words: Fixed point; freezing point; standards; tin; tin point. 

The intercomparison of freezing points was made on selected sam
ples of tin from two series of standards that are nominally 99.9999 
(6N) and 99.999 (5N) pe rcent pure. The freezing point of each tin
point cell prepared from the samples is reproducible within 0.05 mK 
from freeze to freeze; the freezing points of the cells from each series 
agree with each other within ± 0.1 mK. The freezing points of the 5N 
standard are on the average 0.5 mK lower than those of the 6N stan
dard. On the basis of the chemical purity information on the samples, 
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the freezing-point of the 6N samples is expected to be within less than 
± 0_7 mK of the freezing point of 100 percent pure ti n_ 

Furukawa. G. T., Vapor pressures of 2°Ne and " Ne, (P roc. 5th 
Symp. on Te mperature , Its Measure ment and Control in Sc ience 
and Indu stry, Washington , D.C. , June 21-24 , 1971), Paper in 
Temperature, Its Measurement and Control in Science and Indus 
try, H. H. Plumb, Editor-in-C hief, 4 , Part IB, 127-135 (Instru ment 
S~ciety of Ame rica, Pittsburgh , Pa., 1972). 

Key word s: Fixed point ; ""'Ne; ,oNe; 22Ne; neon; vapor pres 
sure. 

The results of the va por-pressure measurements with pure neon 
isotopes ,oNe and 2'Ne are described. The meas urement precision is 
± 0.1 to ± 0.2mK. The vapor pressures of ""'Ne calculated fro m th e 
law for ideal solutions and the data on the pure neon isoto pes are in 
agreement with the observed values on ""'Ne within about ± 0.5 mK. 
A table of normal boiling point temperatures as a fun ction of com
position of HllfltNe" is g iven. 

Gadzuk, J. W. , Lucas, A. A., Field-emission tails and tunnel
ing life times, Phys. Rev. B 7, No. 11,4770-4775 (Jun e 1, 1973). 

Key words : Fie ld e mission; surfaces; tunne ling. 

Recent observations of high- and low-energy tail s in field -emi ss ion 
e ne rgy di stribution s can be inte rpreted in te rm s of quas i- stationary
state sin gle-part icle tunneling. This imposes a restri ction on the ob
servable range of ene rgies in s uch studies. The ta il s result from the 
predic ted breakdown of the transfe r Hamiltonian theory of tunn eling 
when fourth-ord e r te rms in the perturbation expansion of the tunn e l
ing matrix e le me nt become la rge. The tunneling lifetimes - 10- 12 sec 
required to fit th e experim enta l data are consistent with both the RC 
tim e con stant di scussed by Thornbe r , McG ill , and Mead and a lso a 
s imple intuitive pi cture. Alternate theories of tunneling lifetimes are 
criti ca lly evaluated. 

Garvin , D. , Chemical kinetics data surve y IV . Pre liminary ta
bles of ch e mical data for modelling of the stratosphe r e , 
NBSIR -203, 95 pages , (May 1973). (Available as COM 73-11288 
from the Nati onal T echnical Information S ervi ce, S pringfie ld , Va. 
22151.) 

Key words: Atmospheric chemistry; che mical kineti cs; data 
evalua tion; ene rgy transfer ; gas phase; high temperature air 
che mis try ; ion-molecule reactions; optical absorption cross sec
tions; photochemis try ; quantum yield ; ra te cons tants. 

Chemical kinetic a nd photochemical data fo r gas phase reactions 
pertinent to the c he mistry of the stratosphe re are presented in four 
tables. These ta bles give recommended values and also cite recent 
experimental work. They give data in the following subject areas : 
che mical rea ctions and photochemistry of neutral species, energy 
transfer reac tions, high temperature air reactions, and ion-molecule 
reaction s. 

Garvin, D., Chemical kinetics data survey V. Sixty-six con
tributed rate and photochemical data evaluations on 
ninety-four reactions, NBSIR 73 -206, 121 pages , (May 1973). 
(Available as COM 73-11262 from the National Technical Informa
tion S ervice , Springfield , Va. 22151.) 

Key words : Atmospheri c che mistry ; chemical kinetics; data 
evaluation; gas phase reactions; optical absorption c ross sec 
tions; photochemistry; quantum yields ; rate constants. 

This report records the data e valuations cont ributed to the C li 
matic Impact Assessment Program chemical kineti cs survey during 
the pe riod Nov. 1972-Apr. 1973 by various kine ti cists and 
photochemists. Data are included on reac tions ofO('D) , O('S), O2(,1'.), 
CH"ONO , CH30 , CH,0 2, Hz0 2, H02 , SO , SO, and the Hz-N2-O, 
system. 

Garvin , D. , Hampson , R. F ., Evaluated rate and photochemical 
data for modeling of the stratosphere, (proc. 2d Conf. on Cli 
matic Impact Assessme nt Progra m , Cambridge , Mass., Nov. 14-17, 
1972), DOT Report No. T SC-OST-73-4, 12 pages (Transportation 
Syste ms Center, Departm ent of Transportation , Cambridge , 
Mass. , 1972). 

Key words: Atmospheric che mistry; chemical kine tics ; data 
evaluation; nitrogen oxides ; ozone; photochemistry; strato
sphere; wa te r. 

Three important types of input d ata for studies of the chemistry of 
the stratosphere are rate constants , absorption coefficients, and 
quantum yie lds for elementary processes. About 135 of these data 
ite ms a re needed fo r studies tha t will define the chemis try of the 
stratosphere. These da ta are bein g obtained both by experime nt and 
by review and eva lua tion of ex isting measurements. 

The data-eva luation program has two parts: e va luation by a group 
at NBS, and a coopera tive surve y by a large number of gas 
kineti cists. The evalua ted data now avail able a re summarized in a ta 
ble. The possible inte ractions amo ng 42 species that may be present 
in the stratos phe re a re di splayed on a reaction grid. Wher e possible 
the importan ce of a reaction and th e s ta tu s of its data are indi cated. 

P ollutants introduced into the s tra tos phere will interact with the 
existing compl ex 0 ,,/02/NO.r/HOx photolytic system. La boratory stu
dies of the 0 ,,/02 and 0 ,,/H 20 , photolytic systems and rate measure· 
ments in an O/O:./ NO.r syste m illu s trate the types and magnitud es of 
effects to be expec ted. 

Garvin , D. , Progress in rate e valuations, (Proc. 7th Ther
mochemi stry Working Group , Interagency Chemical Rocket 
Propul sion Group , Cle ve land . Ohio, Apr. 9·1] , 1969) . CPIA Pub. 
189, I , 109-U8 (Chemical Propulsion Information Age ncy, J ohns 
Hopkins Unive rsity, Applie d Physics Laboratory, Silver Spring, 
Md ., Aug.1969). 

Key word s: Art of e valu ation ; chemical reactions ; quality con 
t rol measures; rate constants; ra te eva lua tions . 

A survey is given of recent activities in the a rea of evalu ation of 
rates 'of chemi cal reactions. The problem of quality control is 
di scussed. A recent evaluation of rates of reactions of oxygen is used 
to illu strate the uses of evaluated data and conclusions that can be 
drawn from th em. A plan for expa nding evaluation efforts is offered. 

Ge ist , J., New NBS scale of irradiance, Appl. Opt . 12, No. 4 , 907-
908 (A pr. 1973). 

Key word s: Electrically calibra ted de tectors; irradiance; tota l ir
radiance. 

This le tter presents a s hort repo rt on the ne w NBS scale of total ir
radiance that was recentl y realized with an electrically calibrated de
tector. The results of inte rcompari sons of two s uch detectors as well 
as a compa ri son of the new scale with the old scale as maintained at 
NBS a re presented. 
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Geist , J., Theoretical analysis of laboratory blackbodies. 1: A 
ge n e ralize d integral equation , Appl. Opt . 12, No. 6 , 1325-1330 
(June 1973). 

Key word s : Blackbod y; holra hm radiation ; radiomet ry; thermal 
radiative transfer. 

Th e integral equations d esc ribing radiative equilibrium in a 
blackbody cavity a re presented. S olving these equations in terms of 
the power sources in the furnace s urrounding the cavity is not practi 
cal. However , if provi sions are made for measuring the temperature 
over some surface between the power sources and the cavity interior, 
the analysis is feasible. This restri ction and some realistic assump
tions lead to a s ingle, linear , inllOmoge neous integral equation that 
approximately describes the inte raction of the cavity geometry, the 



thermal radiative properties of the cavity waU , and the temperature 
gradients within th e cavity in reducing the quality of th e blackbody. 
Th e formul ation is gene ral enough to accomodate rea li sti c 
refl ectance and temperature distributions for hi gh quality 
blackbodies, and the acc uracy of ca lculations based upon it will 
probably not be limited by approximations involved in its d erivation, 
but by the present s tate of the art in th e knowledge of the the rm al 
radiative prope rti es of material s. 

Geltman, S., Free-f"ee radiation in e lectron-neut"al atom col
lisions, J. Quant. Spectrosc. Radiat. Transfer 13,601-613 (June 
1973). 

Key words : Bre msstrahlun g; elas ti c scatte ring; free-free radia 
tion. 

Free-free absorption coeffi cients are calc ulated for th e elect ron
neutral atom systems involving He, C, N, 0, Ne, Ar, Kr, and Xe. Th e 
calcu lations are based upon model atomic potentials which have been 
adjusted to fit experime ntal scattering cross sections or electron af
finities. Some angular di stri butions are presented and thermal 
averages are eva luated in the ranges A= 0.5 - 20 J.Lm and T = 500 -
20,000 K. 

Ginnings, D. c. , Reill y, M. L. , Calorimetric m easuremen t of 
thermod ynami c Icmperat ures above 0 °C using total 
blackbody "adiation, (Proc. 5th Symp. on Temperature, Its 
Measure ment and Control in Science and Industry, Washington, 
D. C., June 21-24 , 1971), Pape r in Tem.perature, Its Mea.surement 
and Control in Science and Industry, H. H. Plumb , Editor-in-Chief, 
4, Part 1, 339-348 (In strum ent Society of Ame ri ca , Pitts burgh , Pa. , 
1972). 

Key words : Blac kbody; ca lorimeter; ice point; s team point; 
Stefan-Boltzmann la w; the rmodynam ic te mperature scale. 

Using th e Stefan-Boltzmann law, a th ermodyna mic te mperature 
can be determined by measuring th e ratio of blackbody radiation at 
the unknown te mperature to that at the triple point of water. This 
meas ureme nt requires no knowl edge either of radiation constants or 
of geometry. For the above measu rements, there has been de veloped 
a hea t-flow calorimeter operating at liquid helium tempera tures in 
which extre mely small powers can be accurately measured. The radi
ant power absorbed by the calorimeter is meas ured by substituting 
known electri ca l power; if these powers are equal the substitution 
results in no change in th e te mperature of the ca lorimeter. 

Th e calorimeter was originall y intended for measuring the th er
modynamic te mpe rature of the melting point of go ld , but as a check 
on its performance, measure me nts are being made of the ratio of 
radiation at 100 °C to that of 0 °C (IPTS-68). P erformance tes ts show 
the calorimeter to be sensitive to a change of about 0.002 °C in the 
temperature of the radiator with the chosen aperture syste m. There 
is now in progress an investigation of possible errors of the measure
ments, inc luding any effect of diffraction. 

Gonano, R., Isothermal comparisons of He" and He"' vapor 
pressures, (Proc. 5th Symp. on Temperature, Its Measureme nt 
and Control in Science and Industry, Washington , D.C., June 21-
24, 1971), Paper in Tem.perature, Its Measurement and Control in 
Scien.ce and Industry, H. H. Plumb , Editor-in-Chief, 4, Part 1, 121· 
126 (Instrument Society of America, Pittsburgh , Pa. , 1972). 

Key words: Helium ; pressure measureme nt; te mperature scale; 
vapor pressure. 

Isothermal measure me nts of He" and He 4 vapor pressures are 
being made in order to compare proposed vapor pressure scales in 
the region 0.90 to 3.32 K. Preliminary results in the range 1.40 to 3.25 

I K show that the currently accepted scales, T 62 and T 58, are in close 

I agreement with each other as was inte nded during the construction 
of T"2. Observed differences are less than 0.6 mK (rms deviation = 

0.22 mK), which is within the experimen tal uncertainty of th e present 
comparison. No systematic pattern is detectab le in the deviations. A 
comparison of germanium res istance therm omete rs calibrated on the 
NBS Provisional Scale 2-20 (1965) with the vapor pressure scales 
shows that T2.,o - T,w ranges from 6 mK at2.3 K to 10 mK at4.2 K, in 
agreement with other published values. We also discuss the 
techniques used to redu ce or elimin ate the e ffects on vapo r pressure 
measure me nts of the aerostatic and thermomolecular pressure 
gradie nts and of the heat load due to superfluid film flow . 

Grabner, 1., Wong, E. Y., Zeeman effect of no-phonon 'A2!! - "'T 2!! 
transition of Cr:l+ in Ti02, Phys. Rev. 8 8, No.3, 1032-1037 
(A ug. 1, 1973). 

Key word s: C rH in Ti02; identification of excited state; "'A,y
"T 'y transition; Zeeman effect. 

The site sym metry of CrH in TiO, is D2" which splits the c ubic (0,,) 
4T,!! state into '8,!!, 48,y, and 48,,!!. Spin-o rbit interaction furthe r splits 
th ese states into six Krame rs doublets all of symmetry r,+. Prev ious 
optical work on TiO,: CrH es tablished the lowes t-lyin g s harp lin es at 
12685 and 12732 cm - ' as no-phonon lin es of magneti c dipole 
cha racter. It proposed these lin es as du e to t ra nsitions between the 
4A2!! ground state and two of the above six states. The prese nt re port 
ex te nd s thi s work by a Zeeman stud y, in emiss ion, at 4 K of the line 
a t 12685 cm- '. The results are: Th e Zeeman sp litting of thi s line 
identifies the excited state of thi s transition as the M,=±3/2 s pin
orbit component of an orbital state consisting of 77% 48,y, 17% 48, y, 
and 6% ' 8 ,,!! with an effective g = 1.73. Furthermore , the line at 12732 
cm - ' is identifi ed as the M.,=± 1/2 spin-orbit co mpone nt by its effect 
in second ord er in the magneti c fi e ld on the Zeeman pattern of the 
lin e a t 12685 c m- '. For th e excited s tate th e sp in is quantized along 
the x direction of the magneti c axes whi le for th e ground stale it is 
quantized along the z direction. The reason for spi n quantization 
along the x ax is is discussed. 

Gu ildner, 1. A., Anderson , R. 1., Edsinger, R. E. , Effects of sorp
tion on the realization of the thermodynamic scale, (P roc. 
5th Symp. on Temperature, Its Measurement a nd Control in 
Scie nce a nd Industry, Washington, D.C., June 21-24, 1971), Pdper 
in Temperature, It s Measurem.ent and Control in Science and Indus 
try , H. H. Plumb , Editor-in-Chief, 4, Part IE , 313-322 (In strum e nt 
Socie ty of America, Pittsburgh, Pa., 1972). 

Key words: Gas thermometer; so rption; s team point; th er
modyna mi c te mperature sca le. 

The NBS Gas Thermometer is of the consta nt volume type. It has 
a 450 em" platinum -20% rhodium bulb connec ted by a 0.9 mm inter· 
nal d iameter tube to a diaphragm at roo m te mperature. The mea· 
sured quantities contribute an es timated uncertainty of 5 parts per 
million. The gas th ermometer has such stability that , upon return to 
the fidu cial temperature , the pressure is reprodu ced within one or 
two parts per million for periods of a week or more. This stability is 
attributed to a marked reduction of sorption effects achie ved by the 
followin g: (1) The th ermometer bulb is subjected to prol onged pump
ing at high te mperatures prior to measure ments. (2) With most of the 
contaminants removed by thi s procedure, and the use of very pure 
helium as a thermometri c fluid , there is too little active gas left to 
produce erra tic resu lts from sorption. The value of the te mpe rature 
a t th e s team point on the thermodynamic Celsius scale has been 
dete rmined as 99.973 'c. A final certainty is not ass igned. 

Hall, J. 1., Borde, C. , Measurement of methane h yperfine slruc
tU" e using laser saturated absorption, Phys. Rev. Lett . 30, 
No. 22 , 1101-1104 (May 28,1973). 

Key words: Hyperfine spectrum; laser sta bilization ; methane; 
s pectoscopy. 

With optical resolution above 10' °, we study hyperfine structure in 
the methane vibration-rotation line at 3.39 J.Lm. Doppler-generated 
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crossing resonances were observed in addition to the resolved t:.F = 0 
and - 1 lines. Splittings in both ground and excited states were 
determined. Differential saturation of such hyperfine structure will 
lead to an intensity-dependent shift in many molecularly stabilized 
lasers. 

Hamilton , C. A. , Analog-computer s tudies of mixing and 
parametric effects in Josephson junctions, l . Appl. Phys. 
44, No.5, 2371-2377 (May 1973). 

Key words: Analog; Josephson junction ; mixing; parametri c. 

Analog-computer studies are ma de on a variety of mixing and 
parametric effects in Josephson junctions. The predictions of the 
constant-voltage model are compared with the more general behavior 
of a junction in a resistive circuit. A simple approximate method is 
developed for calculating frequency conversion efficiency and the 
matching condition for a junction operating in the oscillator mixer 
mode. A similar calculation is made for the second mode of operation , 
in which an external local oscillator is used. In either of these modes, 
frequency conversion gain is possible even in a purely resistive c ir
cuit. The conditions for parametri c amplification without frequency 
conversion are also studied and it is found that ga in occurs only when 
the self-oscilla tion frequen cy is near the s ignal frequency. 

Hastie, J. W., Mass spectrometric studies of flame inhibition: 
Analysis of antimony trihalides in flames, Combust. Flame 
21,49-54 (1973). 

Key words: Ant imony trihalid es; flam e inhib ition; flam es; mass 
spectrometry. 

The che mistry of SbBr, and SbCh in 1 atm pre mixed fu el ri ch CH. 
O 2 and CH,·02-N2 flames has been studied. Us ing line·of- sight mass 
spectrometric techniques, concentration profiles were obtained for 
the major species SbX3, HX, CH,x , X, Sb , and SbO, where X = Br or 
CI. Reaction mechanisms are indicated and the ir relation to flam e in
hibition discussed. Evidence for a negligible perturbation of the flame 
kineti cs by the sampling procedure is given. 

Hauge, R. H. , Margrave, J . L. , Hastie , ]' W. , Infrared spectra of 
matrix isolated ZrF2' ZrF3' and ZrF., High Temp. Sci. 5,89-96 
(1973). 

Key words: Entropy; geometry; infrared spectra; matrix isola
tion ; stabilit y; ZrF2, ZrF3 , ZrF., CaF 2• 

By using the multiple Knudsen cell technique the equilibrium spe
cies ZrF2, ZrF3 , and ZrF. have been produced and isolated in rare gas 
solid matrices. From infrared spectra , the antisymmetric stretch 
freq uencies have been assigned for each species. Isotope shift mea
surements indicate a 120o ± 4° bond angle for the C2v-ZrF2 species , 
the symmetry being verified by the observation of the symmetric 
stretch frequency. The results are compared with those of the Ti·F 
and similar systems. The measured frequencies and bond angle of 
ZrF 2 we re used to determine the entropy and FEF data for ZrF 2 at 
various temperatures. 

Heinrich, K. F. J., Errors in electron probe microanalysis , Proc. 
of the Seminar on Quantitative Analysis with Electron Microprobes 
and Secondary Ion Mass Spectrometry, lillich, Germany, Oct. 18-
20,1972, pp. 68-79 (Mar. 1973). 

Key words: Data reduction; electron probe; errors; microanaly
sis; x-ray measurement. 

Errors in quantitative electron probe microanalysis are due to er
rors in the measurement of relative characteristic x-ray intensities 
and in the interpretation of the experimental measurements. The ran
dom errors in the x-ray measurement include those due to Poisson 's 
statistics, but other sources must not be excluded from consideration. 
Systematic errors may be committed in the estimation of coincidence 
losses (dead-time) and background. Those arising in the evaluation of 
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the data may be due to the theoretical models , or to the parameters 
and constants which enter the calculation. Satisfactory models 
require adjustment to empirical measurements , and improvement in 
the accuracy of elec tron probe microanalysis requires the performing 
of criti cal experiments which can lead to further adjustment of the 
models . It is also important to adjust the conditions of measure ment 
so as to minimize the effects of uncertainties and errors in models 
and parameters. 

Heinrich, K. F.]. , The application of Monte-Carlo calculations 
in electron probe microanalysis, Proc. of the Seminar on 
Quantitative Analysis with Electron Microprobes and Secondary 
Ion Mass Spectrometry, lillich, Germany, Oct. 18·20, 1972, pp. 149-
155 (Mar. 1973). 

Key words: Data reduction; electron probe; Monte-Carlo calcu
lations; thin layers. 

The simulation of electron trajectories by means of the Monte
Carlo calculations offers an attractive alternative to the conventional 
data reduction procedures in electron probe microanalysis. It is par
ti cularly fl exible with regard to specimen geometry , and should be 
very useful for the analysis ofthin film s and similar materials. How
ever, as in the conve ntional procedures, ap proximations and empiri
ca l adjustme nts are necessary for the development of a useful model. 
The expe ri ences derived from such a model can in turn be used to im
prove the conventional algebraic correction schemes. 

Hessel, M. M., Lucatorto, T. B., The rotating h eat-pipe oven; a 
universal device for the containment of atomic and 
molecular vapors, Rev. Sci. Instrum. 44, No. 5, 561-563 (May 
1973). 

Key word s: Heat pipe; ind ium iodide; laser ap;>lication; sodi um; 
s pectroscopic ap plication. 

A new type of heat-pipe oven has been developed that uses cen· 
trifugal force as a return mechanis m for the co ndensed vapors in con
trast to capillary return forces for the conventional heat-pipe oven. 
Since thi s new oven is no longer limited to materials that wet wicks, 
it can be used to contain any material that does not react with the 
walls of the containing vessel. We describe the operation of thi s oven 
with sodium and Inl even when the Inl is solid. Spectroscopic and 
laser applications of the "rotating" heat-pipe oven are discussed. 

Hsieh , c., Thom son, R. , Lattice theory of fracture and crack 
creep, l. Appl. Phys. 44, No.5 , 2051-2063 (May 1973). 

Key words: Creep of crack; fracture; latti ce theory. 

A quasianalytic solution for the atomic displacements of a discrete 
two-dimensional lattice containing a crack is obtained. We assume 
that the force laws are linear up to a critical displacement when the 
bond snaps, which is the basic assumption of the lattice static ap
proximation. When compared to the classic Griffith continuum 
description , new re sults are: (i) a predicted and observable lattice 
trapping of the crac k, (ii) difficulties with the interpretations of the 
crystal surface energy in a cleavage experiment, and (iii) a predicted 
characteristic crack creep phenomenon under external constant 
stress. The present theory shows how two separate "surface ener· 
gies" are infe rred from the stress to open and to close a crack, and on 
our model these energies differ from one another by a large factor of 
5.7. The thermodynamic "surface energy" is not related to either of 
these quantities. Experimental verification of the lattice trapping of 
cracks is thought to be most readily and directly obtained by observa
tions of the creep of a crack under high vacuum conditions. 

Hudson, R. P., Pfeiffer, E. R. , Temperature scale for cerous 
magnesium nitrate, (proc. 5th Symp. on Temperature, Its Mea
surement and Control in Science and Industry, Washington , D.C. , I 
June 21-24,1971), Paper in Temperature, Its Measurement and Con-



troL in S cience and Industry, H. H. Plumb, Editor·in·Chief, 4, Part 
2, 1279-1285 (In strument Society of America, Pittsburgh, Pa. , 
1972). 

Key words: Cerous magnesium nitrate; low temperature; mag
netic te mperature; tempe rature scale; thermometry. 

Below 1 K, cerous magnes ium nitrate (CMN) s hould obey the C urie 
Law over a wide temperature range and show de viations only in con
sequence of the dipolar coupling between ions. Th e s usceptibility 
deviation should be accounted for by a very smaU C urie-Weiss e 
(theoretica l value , 0.27 mK) and the entropy should vary as In 2 -
AT- 2 + BT- :l - CT - 4 + ... , with theoreti ca l values now available for 
A, B and - somewhat less firml y based - C. These show that 
representation of S(T) by the term in A alone is justifiable only above 
0.1 K. We present experime ntal values for A, B, and C arising from 
recent meas urements togeth er with new results for the magneti c tem
perature, T *, sca le derived from y-ray heati ng calorimetry. 

Huggett , c., Carpet flammability and the NBS corridor fire 
program, ASTM Stand. News 1, No.5, 16-20 (May 1973). 

Key words: Carpets; corridor fires; fire tes t ; fl am mability; floor 
coveri ngs. 

The NBS corridor fire program was designed to study the effec ts of 
configuration , fu e l loading and distribution , venti lation , and other 
design parameters on the spread of fire through corridors in mul t iple 
occupan cy buildings. A full y in strumented 8 ft X 8 ft X 30 ft corridor 
is used to ca rry ou t full- scale experim ents. Fires are started in a con
necting 8 ft X 8 ft X 9 ft fire room and the ra te and inte nsity of fire 
s pread in the corridor is observed_ 

Fl oor coverings have received special attention during the initi al 
phase of the program. With a suffi cie ntl y intense room fire source. 
fire can spread rapidly ove r th e surface of a carpet in th e co rridor, 
even with noncombustible wall and ceiling surfaces. Rad iative energy 
tran sfer to the carpet surface appears to be the contro lling 
mec hanism. When the carpet starts to burn, additional ene rgy feed
back causes an accelerated propagation down the corridor. The fire 
s pread is characterized in terms of critica l ene rgy input necessary to 
cause propagation , rate of fire sp read, and ene rgy contribution of the 
carpet to the fire. 

Results of typical experime nts are described. Preliminary experi
me nts relating to the de velopment of a test method to assess the 
haza rd pote nti al of fl oor coverings in building, based on a c riti ca l 
e nergy concept, are described. 

Hust, J . G. , Clark , A. F., A survey of compatibility of materials 
with high pressure oxygen service, Cryogenics 13, No.6, 325-
336 (June 1973). 

Key words: Co mpatibility data; high pressure; oxygen; safety; 
survey. 

The lite rature on high pressure oxygen compatibility has been sur
veyed in order to present the existing state of knowledge. Searches 
have been conduc ted of NASA and NBS data retrieval sys tems. In 
addition , many individuals , active in the field , were contacted in 
order to re trieve useful unpublished information. Compatibility data , 
such as mechanical impact , pneumatic impact , ignition temperature, 
and flash-and-fire point, were com piled for pressures above 200 bar 
(2 X 10' Nm - 2) . Lower pressure data were included if they were use
ful for extrapolation to pressures above 200 bar. These data, too nu
merou s to be given he re, are availabl e from the authors. Brief 
descriptions of the trends of these data are gi ven. Recommendations 
for additional high pressure studies are included. 

Hust , 1. G., P owell , R. L. , Sparks, L. L., Methods for cryogenic 
thermocouple thermometry, {proc. 5th Symp. on Tempera
ture, Its Measurement and Control in Science and Industry, 

525-013 0 - 74 - 6 

Washington , D.C., June 21-24. 1971), Pape r in Temperature, Its 
Measurement and Control in Science an.d In dustry, H. H. Plumb, 
Ed itor-in-Chief, 4, Part 3, 1525-1535 (Ins trument Society of Amer
ica, Pittsburgh, Pa. , 1972). 

Key words: Cryogenics; thermocouples; the rmom etry. 

Accurate cryogenic thermocouple thermometry is onl y possible if 
ca re is taken in material selection , general experimental design, ther
mocouple calibration and assembly, and measurement tech niques. 
After several years' research on both calibration a nd usage of ther
mocouples, we have de veloped proced ures and tests that minimize 
experimental temperature errors a nd give realistic estimates of the 
inacc uracies. 

Some material se lection criteria are li st ed and recommendations 
are given for a few common experimental conditions. Simple experi
mental syste ms are described that may be used for tests to determine 
stati c or dynam ic short range inhomogenei ties. variability and in
terchangeability of diffe rent lots. and deviations from standard 
values. Methods for adding correction s to the s tandard ta bles are also 
given. 

Good design criteria and methods of thermocouple assemb ly can 
lead to signifi ca nt im provement in accu rac ies. Specific topics of 
discuss ion include refe rence junction place me nt, the rmal tempering. 
hea t condu ction and radiation s hielding, elec trical conn ections. and 
electrical shi elding. 

J acox, M. E., Milligan . D. E.. Matrix isolation s tudy of the 
vacuum-ultraviole t photolysis of m c thanol. The infrare d 
Sl)ectrum of th e CH ,OH frce radical , J. Mol. Spec/rosc. 47, 
No.1, 148-162 (July 1973). 
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Key words: C H20H; fo rce constants; infrared spectrum; matrix 
iso lation; meth ano l; vacu um -ultrav iolet photolys is. 

Infrared stud ies of the products of the 1470 A photolysis of normal 
and isotopicall y s ubstituted methanol isolated in argon and nit rogen 
matrices at 14 OK have provided ev ide nce for the stabilization of a sig
nificant yield of CH,OH. Assum ing a slightl y non planar stru cture for 
the molecule , it has been possib le to obtain an approximate va lence
force potent ial field which provides a reasonable fit to vi rtu a ll y all of 
the data. The CoO bond of C H,OH is s lightl y s tronger than that of 
methanol, and the tors ional barrier is significantly greater. in accord 
with previous elec tron spin resonance observations. The re is no 
evidence for the production or stabi lization of CH"O in the matrix. 
C H,O H undergoes photodecomposition upon expos ure to radiation 
in the 2300-2800 A spect ral region, leading to a growth in the HCO 
absorptions. 

Jones, F. E. , Air density and helicopter lift , Joint Army-Navy Air
craft Instrumentation Research, JANAIR Report No. 72 120 1, 54 
pages (Available as AD 754420 from the National Technical Infor
mation Service, Springfield, Va. 22151 , Jan. 1973). 

Key words: Air densi ty ; helicopter lift ; ideal gas law. 

An analysis has been made of ideal and real gas equations as they 
apply to the calc ul ation of air density in the region of interes t for 
heli copter flight. The uncertainties in calc ul a ted air density due to 
un certainties in measurements of temperature, press ure a nd humidi 
ty have been investigated and estimates have been made of measure
ment accuracies which would be required to e nable ca lculation of air 
density with a desired relative uncertainty. A refe re nce sys tem has 
bee n assembled to provide measurements of temperature , pressure 
and dew-point temperature aboard a helicopter. This system is to be 
used in making calculations of reference air density for flight tests of 
a system for computing hover lift margin and several devices for mea
su ring air density. The effects on hover lift margin , defin ed by a sim 
ple equation, of relative uncertainties in air density and power have 
been investigated. Nuclear statisti cs as they apply to " direct" mea-



surements of air density by application of nuclear radiation are 
discussed. 

Kamper, R. A., Simmonds , M. B. , Adair, R. T. , Hoer, C. A., 
Quantum mechanical measurement ofrf attenuation , Proc. 
1972 Applied Superconductivity Con!, Annapolis, Md., May 1·3 , 
1972, pp. 696·700 (IEEE, Inc., New York, N.Y., 1972). 

Key words: Josephson effect; quantum interference; rf attenua· 
tion; rf measurements; superconductivity. 

We have used a broadband Superconducting QUantum Inter· 
ference Device (SQUID), operating at a frequency of9 GHz, as a sen· 
sor of current at lower radio frequencies. The periodic nature of the 
response of the SQUID enabled us to measure variations in rf at· 
tenuation directly. The results of such a measurement were in agree· 
ment with the NBS Calibration Service to within ±0.004 dB over a 
dynamic range of 40 dB. We also discuss other applications of this 
SQUID to rf measurements. 

Kamper, R. A. , Survey of noise thermometry, (Proc. 5th Symp. 
on Temperature , Its Measurement and Control in Science and In· 
dustry, Washington, D.C. , June 21·24, 1971), Paper in Temperature, 
Its Measurement and Control in Science and Industry, H. H. 
Plumb, Editor-in-Chief, 4, Part 1,349-354 (Instrum ent Society of 
America, Pittsburgh , Pa., 1972). 

Key words: Absolute temperature ; thermal noise; the rmometry. 

This survey covers various techniques which have been developed 
to estimate relative or absolute temperatures by meas uring various 
parts of the spectrum of thermal noise at frequencies in the 
microwave range and below. It in cludes a report of the author's own 
work on absolute noise thermom etry in the millikelvin range of tem
perature. 

Keplinger, M. S., The case for invisible copies, Proc. 33d Annual 
Meeting oj the American Society Jor InJormation Science, Philadel 
phia , Po., Oct. 11-15 , 1970,7,241·243 (1970). 

Key words: Computers; copyright; information storage and 
retrieval ; infringement; input; intellectual property; proprietary 
rights. 

The problem of control of the use of copyrighted works in compu
terized information storage and retrieval systems is discussed. It is 
concluded that such input may be considered copyright infringement 
under the current Copyright Revision Bill as interpreted through the 
teachings of recent court decisions , as well as being an infringement 
under the current copyright statute. 

Kirchhoff, W. H., Microwave spectroscopy, Chem. Eng. News 47, 
88-98 (Mar. 24, 1969). 

Key words: Dipole moment; microwave spectroscopy; molecu
lar rotation; molecular structure; qualitative analysis; quantita
tive analysis . 

A review of microwave spectroscopy is presented with special 
emphasis on its applications to problems of chemical interest. The 
fundamental concepts of molecular rotation are discussed using clas
sical mechanics , and the relationship of molecular structure and 
forces with the molecular rotation is presented. The quantum 
mechanical model is then presented with sufficient detail to un
derstand the nature of rotational spectroscopy. The Stark effect and 
its dependence on the molecular dipole moment is briefly described. 
Recent instrumental advances as well as the application of 
microwave spectroscopy to quantitative and qualitative analysis are 
mentioned. 

Koonce, C. S., Enhancement effects: Theory, (Proc. of a Summer 
Course on The Science and Technology of superconductivity, held 
at Georgetown University, Washington , D.C., Aug. 13-26, 1971), 

Paper in The Science and Technology oj Superconductivity, W. D. 
Gregory, W. N. Mathews, J r. , and E. A. Edelsack , Eds., 1 ,389-403 
(Plenum Press , New York, N. Y. , 1973). 

Key words: Dielectri c function; superconductor; transition 
metal; transition temperature. 

A discussion of whic h modifications of normal state properties 
such as phonon frequencies and electronic density of states as a func
tion of energy are likely to enhance the superconducting transition 
temperature will be given. A disc ussion of the methods of modifica
tion of the material properties such as alloying, doping applying pres
sure and forming thin films will also be given. 

Koonce, C. S., Theory of superconducting semiconductors, 
(Proc. of a Summer Course on The Science and Technology of Su
perconductivity, held at Georgetown University, Washington, D.C., 
Aug. 13-26, 1971), Paper in The Science and Technology oj Super
conductivity, W. D. Gregory, W. N. Mathews, Jr. , and E. A. Edel
sack, Eds. , 1,373-387 (plenum Press, New York, N.Y., 1973). 

Key words: Energy gap equation; semiconductors; supercon
ductor; transition temperature. 

The BCS theory of superconductivity will be applied to degenerate 
semiconductors. Methods of calculating superconducting properties 
of degenerate semi-conductors will be compared with method s used 
to calculate superconducting properties of metals. The normal state 
properties of degenerate semiconductors which are important in 
determining the superconducting properti es will be discussed. 

Kruge r, J" Application of ellipsometry to electrochemistry, 
Chapter in Advances in Electrochemistry and Electrochemical En
gineering, R. H. Muller, Ed., 9,227·280 (John Wiley & Sons, Inc., 
New York , N.Y. 1973). 

Key words: Corrosion; electrochemistry; electropolishing; ellip
sometry; electrodeposition. 

A review of the application of ellipsometry to electrochemistry is 
given which considers the electrochemical phenomena of passivation 
and corrosion, electroadsorption, electrode position and electropolish
ing. The ellipsometry of bare surfaces and gaseous adsorption as re
lated to electrochemistry is discussed. Both the advantages and 
limitations of the techniques are considered. Over a hundred 
references are cited. 

Kuriyama, M. , Dynamical diffraction equations for imperfect 
crystals, Z. NaturJorsch. 28a, No.5, 622·626 (1973). 

Key words: Canonical transformation; dynamical diffraction; 
imperfect crystal. 

The ray theory of Kato and Kambe for imperfect crystals is derived 
in a formal way from a general dynamical theory of diffraction . This 
development together with the results from a previous paper con
cerning Takagi's equation (the wave theory) helps to clarify the mean
ing and limits of various phenomenological theories that have been 
extended to an imperfect crystal from the dynamical diffraction 
theory for a perfect crystal. 
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LaFleur, P. D., Retention of mercury when freeze-drying 
biological materials, Anal. Chem. 45, No.8, 1534-1536 (July 
1973). 

Key words: Freeze-drying; lyophilization; mercury; mercury 
loss; methylmercury; nuclear activation analysis; phenylmercu
ric acetate. 

The retention on freeze-drying of three compounds of mercury 
tagged with mercury-203 and fed to experimental animals , has been 
measured. The compounds employed in the investigation were 
methylmercuric chloride, phenylmercuric acetate and mercuric 
nitrate. The retention of mercury was determined radiometrically on 



individual ti ssues a nd on blood a nd fece s. The effec t of prefreezing 
the samp les , prior to the lyophil ization cycle, was a lso studied. 

LaV ilia . R. E. , M,.,,-R egion x-I'ay emission sp ectl'um f"om gase-
ous krypton, Phys. R ev. A . 8, No.2, 1143-1145 (A ug. 1973). 

Key words: Doubl e e lectron single vacancy process; fin al state 
configuration interaction ; krypton; Mi ." x-ray emiss ion; s ingle 
electron doubl e vacancy process. 

The M,." x-ray e miss ion spectrum of gaseous krypton excited by 
direc t electron bomba rdment has been recorded with a scanning sin
gle-fiat c rys tal spectrometer. The most prominent spectral features 
are two peaks at 187 and 203 eV , with the 187-e V peak having a n ex
tended Jow-energy tail. This low-energy tail is attributed to double
e lectron single-vacancy transitions owi ng to the stron g mixing of th e 
final- state configuration 4s4p'; 'S with the even levels 4s'4p4ns 'S and 
4s'4p4 nd 'So The 203-eV peak is id entified as probably the single-elec
tron double-vacancy Mu M,." -> M,."N, multiplet com plex. 

Leasure, W. A., Jr. , Rubin , A. 1. , Fath , J. M., Fisher, R. L., Flynn, D. 
R. , Fundamentals of noise : Measul'e me nt , rating schemes, 
and s tandards, Environmental Protect ion Agency Report No. 
NTID300. 15, 163 pages (Available as PB 206727 from the Nat ional 
Technical Informa tion Service, Springfie ld , Va. 22151, Dec. 31, 
1971)_ 

Key words: Acoustics; e nvironme ntal pollution; noise; sou nd . 

This report is intended to serve as a n introduction to noise , includ
ing the in ter-re lationship between physical measures a nd psychologi
cal res ponses. The basic principles of sound ge ne ration and propaga
tion are discussed as well as the measurement of both the ph ysica l at 
tributes of noise a nd the effec ts of noise on people. The suitability 
and effective ness of various noise exposure rating sche mes, used to 
estimate or predict the effects of noise on man , are discussed and 
c ritiqued. Included are sample calcul ations of sound level, loudness 
level, and pe rce ived noise level for five selected spectra . The need is 
s tressed for inclusion of well-defined environm ental and operational 
requirements into measurement procedures for those devices wh ere 
the noise produ ced is dependent on the surroundings and the opera
tion of the device. Also presented are a glossary of pertinen t acous ti c 
terminology and a compilation of ex isting sta ndards related to noise , 
including a brief description of the intent and scope of each. 

Lee, R. D., Kostkowski , H. J. , Quinn, T. J. , Cha ndle r, P. R., Jones, T. 
P. , T app ing, J. , Kun z, H., Intel'compa l'ison of the IrTS 68 
above 1064 °C b y four national laboratol'ies, (Proc. 5th 
Symp. on Te mpera ture, Its Measurement and Control in Science 
and Industry, Washington, D.C. , June 21-24, 1971), Paper in 
Temperature, Its Measurement and Control in Science and Indus
try, H. H. P lumb, Ed itor-in-Chief, 4, Part 1,377-393 (Instrument 
Society of America , Pittsburgh , Pa., 1972). 

Key words: Inte rnational temperature scale; pyrometry; stan
da rds; te mperature. 

The International Practical Temperature Scale above the melting 
point of gold , as realized and maintained with high precision 
photoelectri c pyrometers at NBS, NPL, NSL and PTB , has been in
t erco mpared. Six speciall y selected tungsten strip la mps , four 
vacuum and two gas , were used in the intercomparison. Determina
tions were made at a numbe r of brightness temperatures from 1064 
to 1700 °C a nd at 2200 °C with the laboratories agreeing to within a 
few tenths of a degree up to 1700 °C a nd 2.0 °C at 2200 DC. 

Lee, T . G., Huggett, C., Intel'laboratory evaluation of the tun
n e l test (ASTM E 84) applied to floor coverings, NBSIR 73-
125, 56 pages, (Mar. 1973). (Available as COM 73-11189 from the 
National Technical Information Service, Springfield, Va. 22151.) 

Key words: ASTM E 84; building materi als; carpets; fire tests; 

fl ame spread tes ts; inte rlaboratory evaluation ; round robin; 
statistical a na lys is; tes t method standard. 

Result s of an interlaboratory evaluation of the ASTM E 84 tunnel 
test method involving e leven labora tories and nine material s, includ
ing four ca rpets , a re re ported. Data on fl ame spread, smoke , and fu el 
contribution are analyzed stati s ti ca ll y. Selected physical charac· 
te ri st ics of each tunnel a re tab ulated and compared re lative to 
specifications in the test method. The bet ween·laboratory coeffi cie nt 
of variation (reproducibilit y) in flam e spread classification (FSC) was 
found to range from 7 to 29% for the four carpets a nd from 18 to 43% 
for the oth er mate ri als tested. The between-laboratory coeffi cie nts of 
variation for smoke developed and fu el contribution ranged from 34 
to 85% and from 22 to 117% respectively for all mate ri als tested. The 
causes of highe r variability in smoke and fu el contribution measu re· 
ment bet ween laboratories is not defi nitely known but may 
reasonabl y be attributed to variations in tunnel construction, main · 
tenance, and ope ration, in the location of photometers, a nd in the 
mounting of the rmocouples in different laboratories. Some variability 
of res ult s may possibly be due to variation in test specimens. Varia· 
tion in construction and measurement techniques a mong tunnels may 
be minimized by updating the test method s tanda rd. 

Le Neindre , B. , Tufeu , R. , Bury, P. , Senge rs, J . V., Thel'mal con
du c tivity of cal·bon dioxide and ste am in the SUI)ercritical 
I'egion, Ber. Bu.nsenges. Physik. Chem. 77 , No.4, 262-275 (1973). 

Key words: Carbon dioxide; criti ca l phenomena; stea m; thermal 
conductivit y; transport properti es. 

The the rmal condu c tivity of carbon dioxid e and s tea m has been 
measured as a fun ction of tempe rature and density using a concentric 
cylinder method. Earlier measurements of the thermal conductivity 
of CO" obtained with a pa ra llel plate method, covered a range of te m
peratures from 25 to 75 °C and revealed the existence of an a noma · 
lous the rmal condu ctivity in the criti cal region. In thi s paper the ex· 
perimental temperature range for the thermal conduc tivity of CO, is 
extended to 700 °C. The high temperature data e nable us to deter
min e a " background " thermal conductivity needed for a qu antitative 
a nalys is of the anomalous thermal conductivity in the criti cal region. 
In addition , we provid e experimental ev ide nce that the the rmal con
ductivity of steam exhibits an anomalous increase in the c riti cal reo 
gion similar to the behavior obse rved for the the rmal conductivity of 
CO,. 

Lew , H. S. , The effec t of impact loadings on the pe rformance 
of wood joist subfloorin g systems, NBSIR 73- 187,49 pages 
(May 1973). (Available as PB 221188 from the National Technical 
Information Service , Springfi eld , Va. 22151.) 

Key words: Concentrated loads; deflection; floor hardboard; 
housing; impact energy; Operation BREAKTHRO UG H; 
plywood ; subfloors; underIayment; wood; wood joists. 

This report presents the results of an experimental study of wood· 
joist subflooring systems subjected to impact load. Six diffe rent types 
of subflooring systems were tes ted foll owing the tes t method 
described in the ASTM Standard Methods (ASTM Designation E-72). 
The magn itude of impact load was varied by dropping a 60-lb bag 
fro m differen t heights. 

A concentrated stati c load of 400 Ib was applied to th e su'bfloor 
after it was exposed to impact load. It is sugges ted th at the defl ection 
under this concentrated load be used as a measure of the impac t re o 
sistan ce of the subfloor. 

Liebman , J. F., On the electron affinity of perfluorocycloal. 
kanes and perfluoroalkanes, J. Fluorine Chem. 3, 27-33 
(1973/74). 

Key words: Electron affinity; fluorocarbons; orbital; per· 
fluoroalkanes; perfluorocycloalkanes. 
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There is an increasing body of evidence showing that perfluoro
cycloalkanes have a higher electron affinity than their open chain 
analogs, the perfluoroalkanes. A new molecular orbital model is 
presented to explain these results and compared with the electro
static model of Mittal and Libby. Explicit experiments are suggested 
which would allow comparison of the two models. 

Linsky, 1. L. , A recalibration of th .. quiet sun millimeter spec
trum based on the moon as an .. bsolute radiometric stan
dard, Solar Phys. 28, No.2, 409·418 (Feb. 1973). 

Key words: Millimeter absolute radiometry; millimeter solar 
continuum; solar chromosphere. 

The solar millimeter continuum between 1 and 20 mm is re
calibrated using observations of the average lunar brightness tem
perature at the center of lunar disk and new Moon brightness tem
peratures. The solar data are placed on a common scale according to 
the average lunar brightness temperature distribution proposed by 
Linsky. A least-squares parabolic regression curve is proposed for 
the solar millimeter continuum. A small departure from this regres
sion curve near 8 mm may indicate the existence of an absorption fea
ture. 

Lozier, D. W., Maximon. L. c., Sadowski, W. L., A bit comparison 
p rogram for algorithm testing, Compul. J. 16, No.2, 111·117 
(May 1973). 

Key words: Algorithm testing; bit comparison testing; computer 
algorithm; mathematical function subroutines. 

In view of the increasingly important role of the computer in scien· 
tific calculations, the development of computer algorithms for ele· 
mentary and special functions has been given a great deal of atten
tion. The development of algorithms cannot be divorced from their 
evaluation. for a computer algorithm is judged solely on the basis of 
its performance characteristics. These include storage requirements , 
speed and accuracy. The present paper will deal only with the accu
racy aspect of algorithm testing. The other two aspects must be eval· 
uated in the context in which the algorithm is used. In this paper by 
an algorithm we mean a computer algorithm, i.e. , an implementation 
of a mathematical algorithm in a specific environment. The environ
ment is taken to include factors that may affect the algorithm , e.g., 
the operating system under which the program is run and hardware 
algorithms for arithmetic operations. Whereas in some instances 
mathematical algorithms have been successfulIy used to locate hard
ware malfunctions that were not traceable by normal trouble shooting 
tests , any malfunctions of the software or hardware will not be con
sidered here to be part of the environment. 

Maienthal, E. J .. Determination of trace elements in metals by 
differential cathode ray polarography, Arner. Lab., pp. 25-33 
(1972). 

Key words: Alloys; analyses; cast irons; differential cathode ray 
polarography; high purity materials; metals; steels; trace e1e· 
ments. 

Some of the recent applications of cathode ray polarography at 
NBS to the determination of a number of trace elements in different 
metal matrices will be discussed. Some of the elements could be 
determined directly with no separations. The elements determined 
included aluminum, antimony, copper, cadmium, iron , lead , bismuth , 
and tellurium in matrices such as steels , high temperature alloys , 
white cast irons , brasses, bronzes, and high purity metals. The results 
will be compared with those obtained by other techniques. 

Maki, A. G., Sams, R. L., Olson, W. B., Infrared determination of 
Co for phosphine via perturbation-allowed .ilk -ll = ± 3 
transitions in the 3V2 band, J. Chern. Phys. 58, No. 10,4502-
4512 (May 15, 1973). 
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Key words: Forbidden transitIOns; ground state splitting; in
frared spectrum; perturbation allowed transitions; phosphine; 
rotational constants. 

The 3v,(A I) and 4V2 - v2(A I) infrared bands of PH3 have been mea
sured with high resolution. In the V2 = 3 state an interaction between 
the K and K ± 3 levels gives rise to perturbation allowed tJ.K = 3 
transitions through a weak high order interaction. Since only one 
component of the K = 3 levels is of the proper symmetry to interact 
with the K = 0 levels there is a splitting of the K = 3 levels. Also de
tectable is the splitting of the K = 3 levels of the ground vibrational 
state. The measurements have been combined with microwave mea
surements to give accurate values for the ground state rotational con· 
stants Bo, Co, DoJ, DoJ", Do", Ho·J, HoJJ" , and Ho./K". The absence of ob
servable inversion effects sets an upper limit of about 0.02 cm - I for 
the inversion splitting of the 4v21evel. 

Martin, W. c., Some aspects of the energy-level structures of 
lanthanide atoms and ions, Opl. Pura Api. 5, No.3, 181-191 
(1972). 

Key words: Atomic spectra; energy levels; rare earths. 

The development of our understanding of some main features of 
these structures is reviewed, and the present degree of completeness 
of the analyses and theoretical interpretations of the spectra is in
dicated. Energy differences of the type 4fS- lnl(6s 'l~ - 4fV(6s.l~(with 

each configuration represented by its lowest level) are of special im
portance, both for the analyses of a number of the spectra and for the 
interpretation of certain basic data for metals and compounds of 
these elements. The general behavior of such differences as a func· 
tion of N is understood, and the resulting graphs are very similar to 
the d·shell energy-difference graphs studied by Catalan, Rohrlich, 
and Shenstone , and by Racah. The data confirm striking regularities 
among the f-shell graphs, first used by Racah , that yield predictions 
of unknown system differences and , for third and higher spectra, of 
inonization energies (M = 0, n = 00). 

McCamy, C. S., Pope, C. I., Redox blemishes-their cause and 
prevention, (Proc. National Microfilm Association , Boston, 
Mass. , May 7,1969),./. Microgr. 3, No.4, 16:'·170 (June 1970). 

Key words: Archival records; microfilm; redox blem ishes. 

A type of small spots and character-associated defects on some 
microfilm were investigated by a variety of techniques. The 
blemishes result from the displacement of image silver by an oxida
tion-reduction reaction caused by peroxides and other gaseous 
products of degradation of the paper cartons in which the films are 
stored. A method of producing blemishes for test purposes was 
developed. Recommendations cover the materials, processes, and 
storage conditions for microfilm preservation of records of permanent 
value. 

McCamy, C. S. , Pope, C. I. , The stability of silver-gelatin 
images, (Proc. 2d Int. Congress on Reprography, Cologne, Ger
many, Oct. 25-31 , 1967), Paper A3-1 in Section A3 of Reprographie 
II, 112-115 (Verlag Dr. Othmar Helwich, Darmstadt, Germany und 
Wien, Austria, 1969). 

Key words: Aging blemishes; blemishes, microfilm; film 
storage; microfilm; microfilm image stability. 

Though microfilm has been in commercial use in the United States 
for 40 years, recent observations of blemishes on film have occa
sioned a re·evaluation of factors affecting long-term stability. Six 
types of blemishes appear to be the result of oxidation-reduction 
reactions initiated by gaseous reactants. These reactants are tracea
ble to the cardboard containers in which reels of film have been 
stored. Statistical analysis of data gathered by 100 film inspectors 
supports this conclusion. Laboratory experiments ruled out biological 
causes. Experiments prove the existence of oxidizing and reducing 



agents, formaldehyde , and formi c acid in the atmosphere within card · 
board containers. Appropriate film s, properly processed and stored 
in inert containers, at a relative humidity under 40 percent and tern· 
perature under 21 °C, should be as durable as the best record paper. 

McCamy, C. S., Properties of photographic films relaterlto in· 
formation recovery, SPIE Seminar Proc. on Image InJormation 
Recovery, Philadelphia, Pa. , Oct. 24·25, 1968, 16,11·19 (Society 
of Photo·Optical Instrumentation Engineers, Redondo Beach, 
Calif.,1969). 

Key words: Image processing; photographic film s; photographic 
information. 

New concepts, terminology, and symbolic notation simplify the 
precise treatment of optical density, which is the fundam e ntal quanti· 
ty in information recovery. The resolving power of optical and photo· 
graphic systems may be treated as discrete or sta tistical, visua l or in· 
strumental and may be a guide to information capacity. The photo· 
graphic spread fun ction is the key to unde rstanding image formation. 
The ambiguity of the modulation tran sfer fun ction requires recourse 
to more rigo rous analytic methods. Granularity, spatial effects of 
process ing, temporal effects, and dime nsional stability are important 
considerations in information recovery. 

McCamy . C. S. , The evaluation and manipulation of photo
graphic images, Chapter in Piclllre Processing and Psychopictor· 
ics, A. Rosenfeld and B. S. Lipkin , Eds., 57·74 (Academic Press, 
Inc. , New York. N.Y .. 1970). 

Key word s: Image evalu ation ; image manipulation; image op· 
ti cs ; photography. 

The scientific use of photography in the study of the psychophysics 
of images requires a knowledge of the techniques employed in s peci· 
fyin g the characte ri stics of optical and photographic systems and the 
available techniques for manipulating photographic images. Th e pri· 
mary measure of the photographic effec t is optical density, a quantity 
which depends on the method of measurement in a complex way. The 
photographic process is quantitatively characterized by sensitometry. 
Image structure is characterized by resolving power, spread function, 
modulation transfer fun ction, pupil fun ction , acutance, and gra nulari· 
ty. Photographic images may be manipulated by various forms of 
dodging, masking, and special processing. 

McClenon , R. , General purpose scientific document code 
operations under Exec 8, NBSIR 73·198,21 pages, (May 1973). 
(Available as COM 73·11289 from the National Techni cal Informa· 
tion Service, Springfield , Va. 22151.) 

Key words: Character codes for sc ientific text; computerized 
text processing; NBS computer system; scientific text; users 
manuaL 

Operating procedures for the use of the General Purpose Scientific 
Document Code text handling system are described. These apply to 
the use of the system on the NBS 1108 computer under control of the 
Exec 8 supervisor. Control cards , file definition and handling, com· 
pilation of routines and execution of programs are described. Exam· 
pies of typical runs are given. The report is a manual for users of the 
system. 

McLaughlin , W. L , Bjergbakke , E. , Electrochemical dosimetry 
using ferric-fluoride ion complex formation, (Proc. Int. 
Symp. on Dosimetry in Agriculture, Industry, Biology and 
Medicine, Vienna, Austria, Apr. 1972), Paper in Dosimetry in 
Agriculwre, Industry, Biology and Medicine, pp. 383·396 (Interna· 
tional Atomic Energy Agency, Vienna, Austria, 1973). 

Key words : Dosimetry ; electrochemistry; fe rric·fluoride com· 
plex; ferrous sulfate solutions; fluorid es; Fri cke dosimeter; ion 
selective e lectrodes; lanthanum fluorid e; potentiometry. 
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Irradiated aqueous ferrous sulph ate solutions conta ining flu oride 
ions can be a nalysed for ferric ion yield by means of electrochem ical 
potentiometry. For certai n applications thi s approach has advantages 
over the usual method of spectrophotometri c determination of ferri c 
ion concentration , which also varies linearly with absorbed dose up 
to about 40 krad : (1) S mall dosimeter volumes down to 10 microlitres 
are functional ; (2) Solid ge ls may be used, thus allowing for thin ·film 
geo metries ; (3) The potentiometric method permits real·time (current 
readings) or integrated (EMF readings) measurement of radiation 
dose. The electrochemical analysis of ion·complex yield is fairly sim · 
pie. A fluoride ion electrode of the so lid·sta te type serves as an ion· 
selective sensor. The electrochemical potential (or its rate of change 
in some instances) between the fluorid e ion electrode and the 
refere nce electrode is then read on a pH·meter. Since the Fe:l+ cat ion 
complex with F - is not passed by the lanthanum flu oride crystal 
membrane at the end of the electrode probe, and since th e free F - ion 
concentration diminishes linearly with dose up to about 40 krad (cor· 
responding to approximately O.4mM Fe:l+ ion concentration at pH 
2.7). the dose or dose rate can be determined from readings of linear 
change in miUivoitage or rate of change of millivoltage. For cobalt·60 
gamma· ray irrad iation of a 1.00mM solution of Fe'+ and F - made to 
pH 2.7 with H,SO." the G·value of Fe:lt ·F - complex formation is 13.7 
± 0.3 per 100 eV energy absorbed. This G·va lue is in good agreement 
with the initial G·value 13.75 of the Fricke dosimeter at pH 2.74. 

McLaughlin , W. L , Hjortenberg, P. E., Radak, B. B. , Absorbed
dose measurements with thin films, (Proc. Int. Symp. on 
Doismetry in Agriculture, Industry, Biology and Medicine, Vienna, 
Austria, April 1972), Paper in Dosimetry in Agriculture, Industry, 
Biology and Medicine, pp. 577·597 (International Atomic Energy 
Agency, Vienna, Austria, 1973). 

Key words: Absorbed dose; ca lorimetry; cavity theory; depth 
dose; dosimetry; dye dosimeters; elec tron beams; gamma rays; 
plastic dosimeters; rad iochromic dyes; thin films. 

Thin films of plastic, coatings. papers, cera mics, emulsions, 
cleaved crystals, microtomed ge l sections, and metal foils have aU 
been used with advantage to measure large radiation absorbed doses. 
The three mos t successful methods of relati ng the radiation effects in 
the f ilm to the dose are: Calorimetry. which measures temperature 
rise; photometry, which measu res changes in light em iss ion. trans· 
mission or reflection; and electrometry, which measures e lectrical 
changes such as variations in resistivity, e.m.f., current, etc. The 
chief problems in making good measurements of radiation dose or 
dose rate with thin films are: (1) quality control of the dosimeter it · 
self; (2) di scontinuity problems, that is, how the energy imparted to a 
thin probe is related to e nergy imparted to surrounding matter; (3) 
meaning of the calibration, that is, how the radiation effect in the film 
material is related to the absorbed energy as a function of spectrum 
dose rate , temperature, etc. The first of these can be dealt with effec· 
tively by control of film thickness, chemical composition and environ· 
mental influences. The second is often more complicated, especiaJJy 
if the thin probe differs appreciably in absolute density and atomic 
number from its surroundings, since proper application of cavity 
theory may be diffi cult for some geometri cal arrangements. The third 
proble m is usually the most diffic ult of a ll , because the radiation ef· 
fect in a thin material used as a dosimeter often depends on many 
variables leading to systemati c errors in dose interpretations. In this 
work, methods are given for calibrating in electron beams the radia· 
tion response of thin ·film dosimeters calorimetricall y. accounting for 
the sources of error cited above. The cal ibration procedures include 
the use of appropriate cavity· theory correc tion factors needed to reo 
late the response of the thin probe of one material held in another 
medium. Finally, a su itable film dosimeter material is described. It 
consists of radiochromic dye film s, which can measure doses from 
about 104 to 108 rad in various media under different irradiation con· 
ditions. 



McLaughlin , W. L. , Kosanic , M., Draganic, I. G., Extending the 
,'esponse of the pararosaniline dye system, (Froc. lnt. Symp. 
on Dosimetry in Agriculture, Industry, Biology a nd Medicine, Vien· 
na , Au stria , Apr. 1972), Pape r in Dosimetry in Agricu.lture, Indus 
try, Biology and Medicine, pp. 362-366 (Inte rn a tional Atomic En er
gy Agency, Vienna, Austria, 1973)_ 

Ke y words : Dosimetry; dyes; gamma rays; nitrobenzene; oxida
tion; pararosaniline cya nide; radiochromic dyes; triphenyl
metha ne dyes. 

Organic solutions of triphenylmethane dye precursors, pa rt icularly 
pararosaniline cyanide (4, 4' , 4" -triamino-triphe nylacetonitrile) and 
hexa (hydroxyethyl ) pararosaniline cyanide (4, 4 ', 4" -tris- (di-{3-
hydroxyeth ylamino) triphenylacetonitrile, have been used success
full y in measuring gamma- ray absorbed doses in the range from I to 
100 krad. With conventional slightly acidified and aerated ether a l
cohol solutions of the d ye precursors, the optical dens ity read at the 
a bsorption maximum in the visible portion of the spec trum increases 
linea rl y with dose up to a bout 100 krad. Saturatio n and bleaching of 
the so lutions at doses between 100 and 200 krad limit the usefulness 
of these liquid syste ms. A recent study has been perform ed at the 
Bori s Kidri c In stitute of Nuclear Sciences a nd the Danish Atomic 
Energy Commission , Research Esta blishment Ri sS'l, for the purpose 
of making chemical adjustme nts in the solutions so that higher ab
sorbed doses may be measured with a linear optica l density-versus
dose response. 

Meijer, P . H. E., Calculations on the specific h eat and the 
susceptibility of inte rac ting spin systems, (P roc. 5th Sym p. 
on Te mperature, Its Measure me nt and Control in Science and In· 
du stry, Washington, D.C., June 21-24, 1971), Pa pe r in Temperature, 
Its Measurement and Co ntrol in Science a.nd Industry, H. H. 
Plumb, Editor·in-Chief, 4, P art 1, 1267-1278 (Instrum ent Society 
of America, Pittsburgh, Pa., 1972). 

Key word s : Dipole-dipole interactions; low te mperatu re salts; 
specific heat; susceptibility. 

The corrections on the specific heat a nd susceptibility due to 
dipole-dipole interactions in a number ofl ow tem pe rature compounds 
a re calculated. A general description of the method is given, followed 
by a short di scussion of the properties of the most used low te mpera 
ture compounds. Eight representative salts were chosen and the 
devia tions from the id eal specific heat and susce ptib ility in second 
and third order were determined. 

Milligan , D. E. , Jacox, M. E. , Infrare d spectroscopic evidence 
for the s tabilization of HAr,, + in solid argon at 14 K, J. Mol. 
Spect rosc. 46, No.3 , 460·469 (June 1973). 

Key words: Argon reactions; H(2' S) reaction with Ar: HAr,,+ ; 
infrared spectrum ; interstitial H atom spectrum ; matrix isola · 
tion; proton affinity ; vacuum ultraviolet photolysis. 

Absorptions which have been observed at 905 and at 644 cm- I 

upon 1216-A photolysis of hydrogen- and deuterium-containing com· 
pounds, respectively , in an argon matrix correspond well with similar 
absorptions reported in studies of the trapped products of a glow 
discharge through Ar:H2 and Ar:D 2 mixtures. Evidence is presented 
supporting the assignment of these two absorptions to HAr,, + and to 
DAr" + rather than to interstiti al H and 0 atoms trapped in octahedral 
sites in the argon la ttice. 

Mitchell , R. A. , Woolley, R. M. , Chwirut , D. J ., Composite-overlay 
r e inforcement of cutouts and cracks in m e tal sheet , NBSIR 
73-201 , 96 pages, (Feb. 1973). (Available as COM 73-11121 from the 
National Technical Information Service, Springfield , Va. 22151.) 

Key words: Adhesively bonded joints; composite materials; 
composite-overlay reinforceme nt ; contour plotting; cracks, rein
force ment of; cutouts, reinforcement of; debond analysis, 
progressive ; finite element analysis; joints, a dhesively bonded; 

nonlinear analysis , shear; reinforcement , composite overlay; 
reinforcement , cutouts and cracks; s hear analys is, nonlinear. 

Finite element computer programs were developed for the plan
form analysis and the lon gitudinal cross-section analys is of metal 
sheet reinforced by adhesively bonded overlays of composite materi· 
al. The analyses artic ulate the separate responses of the metal sheet , 
the composite ove rlays, and the adhesive layers. All materials are as 
sumed to be orthotropic and linear elastic, with the provision that 
nonlinear inte rl aminar shear deformation can be approximated by a 
series of stepwise- linear so lutions. The computer programs were 
developed specificall y for the study of three general configurations: 
(1) a sheet with a reinforced cutout ; (2) a sheet with a reinforced cu· 
tout with two sy mm etrical transverse cracks, within the shee t, radiat
ing away from the cutout edge; and (3) a sheet with a reinforced trans 
verse crack. The progra ms a re also suitable for the study of bonded 
lap joints. Th e prin cipal output of the compute r programs is a set of 
contour plots of st ress and strain field s throughout the sheet, the 
overlays, a nd the adhesive layers. A series of laboratory tests was 
condu cted to demonstrate the validity of the a nalyses . Strain s mea
s ured on the surfaces of specime ns representin g the ge neral configu
rations stud ied we re, for the mos t pa rt , in good agree ment with 
strains predi cted by the finite element a nalyses. S ignificant correla
tions between certain fai lure modes and the stresses co mputed by the 
finite ele ment analyses were ap parent. S imilariti es between the 
modes of fa il ure unde r stati c and fa tigue loading we re also e vide nt. 

Mittag, K. , Kapitza conductance and th e rmal c onduc tivity of 
coppe ,' niobium and aluminum in the ranl!e f,'om 1.3 to 
2 , 1 K, Cryogenics 13,No. 2, 94-99 (Feb. 1973). 

Key word s : Alum inum; coppe r; heat transfer; Kapitza con
ductance; niobium ; superfluid heliu m; therm o I conductivity. 

The Ka pitza condu ctance and therma l condu ctivity of ofh c·copper, 
niobium , ultra high purity a luminium , and of th e aluminium alloy 
6061 Al have been measured in the te mperature ra nge from 1.3 to 2.1 
K, yieldi ng both qu anti ties in the sa me stead y sta te experim ent. The 
temperature de pendence of the Kapitza cond uctance , ho, was 
between p.:J a nd T 4.fi for the differe nt sa mples, which is higher than 
the most frequently observed P depend ence, The magnitude of ho for 
both ofh c·copper a nd aluminium agrees well at 1.9 K with an e mpiri 
cal prediction, but fo r niobium it is a factor of two to four lower than 
the value predicted. At 1.9 K, ho is highe r by a factor of two for an an
nealed and chemically polished niobium sample than for an untrea ted 
sample. The therm al conducti vity measured from ofh c-cop per and 
6061 Al as in good agreement with the value ca lculated from th e re
sisti vity of these materia ls and the Wiede mann-Franz la w. The mea
sured thermal conductivity obtained for an an nealed niobium sample 
is a fac tor of 2.8 higher than the highest published value. 

Molino, ]. , P e r ceiving the range of a sound source whe n the 
direc tion is known , J. Acoust . Soc. Amer. 53 , No.5, 1301-1304 
(May 1973). 

Key words: Audition and ranging; physiological and psychologi
cal acoustics; psychophysics; space perception. 

A modification is proposed in Hirsch 's equation for de termin ing 
the range of a sound source of unknown strength [H. R. Hirsch, J . 
Acoust. Soc. Am. 43 ,373-374 (1968)] . The modified formula applies 
to the case where the direction of the sound source is known. 
Greene's comments on Hirsch 's letter are investigated for their abili
ty to predict the limitations on the resolution obtainable in human a u
ditory ranging [D. C. Greene, J. Acoust. Soc. Am. 44, 634 (1968)]. In 
a brief experiment , two subjects were unable to make distance 
judgments for sustained pure- tone sources over ranges of 3 to 48 ft. 
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Moore, R . T ., Pene tration tests on J-SIIDS barrie rs, NBSIR 73-
223, 86 pages, (J une 4, 1973). (Available as COM 73-11120 from the 
National Technical Information Se rvice, S pringfield , Va. 22151.) 



Key word s : Barrier penetration ; intrusion res is ta nce; phys ical 
securit y. 

A series of pene tra tion tests were made on three simulated a rm s 
roo ms which in co rporated a va ri ety of s tructural barr ie rs which were 
inte nded to be re presentati ve of the broad range of constru ction like· 
ly to be e ncounte red in exi sting arms rooms. 

The observed pe netration tim es va ried from 1.3 minutes for a dou
ble-planked wooden wall, 11.31 minutes for an eight-inch thick, rein 
forced co nc rete wall and up to 18.27 minutes for a GSA Class 6 vault 
door. All pe ne tra tions were made with portable readily available tool
ing and produced acoustical or vibrational or both types of 
disturba nces which are readil y detec tabl e. 

The test results provid e a basis for estimating the time in which 
response to an intru sion alarm must occur in order to adequately 
safeguard an arm s room , a computer room or any other sensitive 
area. 

Moriarty, J. E. , City I: Playe ,"s Manual, NBSIR 73- 710 , 149 pages 
(Mar. 1973). (Availa ble as COM 73-11191 from the Nationa l Techni · 
cal Information Se rvice, Sp ringfi eld , Va. 22151.) 

Key word s: C ity; compute r; directors; economic; games; 
gove rnm e nt ; metro polita n; playe rs; sectors; simulation; social; 
urba n. 

City J is a n operationa l s imul ation game in which parti cipa nts 
make economic, governme nt , a nd social decisions affecting a 
hypotheti ca l metropolita n area. Through the use of a computer, the 
simulated urban sys te m res ponds to the parti cipa nt's decisions as 
any real c it y would . Each playe r in C ity 1 is assigned to a tea m which 
shares an economi c and governm ental role. This ma nual describes 
the playe r deta il s for the economic and governme nt sectors along 
with genera l informa tion required for ga me play. It is one of three 
manuals necessary for game play. (Playe r's Manu al, Director's 
Manual . Computer Ope ra tor' s Manual). Each of these manuals a re 
designed to be used for refere nce and by the mselves will not describe 
enough d eta il s for a co mpl ete ga me play. 

Negas, T. . The S,'MnO"_x-Mn"O ,, s ystem, J. Solid State Chem. 7 , 
85-88 (1973). 

Key words : Nonstoichiometry; phase equilibria; SrMnO ,,_.,.
Mn"O" syste m; S rMn"O,; _x. 

Phase rela ti ons we re determin ed in the S rMnO"_ •. -Mn,,O, system 
at elevat e d te mpe ratures in air us ing quenc hing, gravim etri c, and x
ray diffraction techniques. The system contains one inte rm ediate 
compound , S rMn"O,;_x (0 ,,;;; x ";;; 0.10 between 900-1200 0q, which 
decomposes to S rMnO"- r plus Mn"O., near 1215 0c. The existe nce of 
an oxyge n de ficient S rMnO ,, _.- having the hexagonal 4-layer struc 
ture was confirmed. C rys tals of perovs kite-like S rMn03_x (x < 0.25) 
were gro wn from its prima ry fi eld located in the syste m. 

Okabe, H., S plits tone, P_ L., Ball , 1. 1. , Ambient and source SO, 
dctec tor based on a fluorescence method, J. Air PoUut . 
Contr. Ass. 23, No.6, 514-516 (June 1973). 

Key words: Air pollutant ; detector, fluorescence; SO,. 

The principl e of thi s de tector is based on the measure ment of the 
intens ity of the ultraviolet flu orescence of SO, produ ced by absorp
tion of th e Zn 2138 A or Cd 2288 A lin e. The flu orescence intensity 
was found to be linear from 0.1 to 500 ppm of SO, in air with the Zn 
lamp and from 0.1 to 1600 ppm with the Cd lamp. The detec tion limit 
at present is about 20 ppb. Th ere is no detectable interfere nce from 
0 ", H,S , NO" CO" CO , or H" although the presence of a large con · 
centrati on of CS, (500 times as mu ch as 5 0 2) NO (500 times) or C 2 H., 
(4000 tim es) interferes with the meas ure ment. The presence of 2 per 
cent H,O redu ces the signal by 25 pe rcent , while up to 1 percent CH, 
has almost no effect. 
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Olien, N. A. , Sarkes , 1. A., Keeping up with LNG- a new literary 
aware n ess se ,'vice h e lps to do the job, Amer. Cas Ass. Mon. 
55, No. 7-8 , 29 a nd 31 (July-Aug. 1973). 

Key words : C urrent awareness se rvi ces; information re trieval; 
inform ation sys te ms; Liqu efied Natural Gas ; methan e; methane 
mixtures. 

A description-is given of the methods used by th e C ryogenic Data 
Center in covering the c urrent published and pate nt lite rature. The 
se rvices provid ed to th e C ryogenic industry are a lso discussed. The 
Liquefied Natural Cas Quarterly whic h has been published sin ce 
1970 is cove red in detail. It is noted that nea rl y 2,000 arti cles, papers, 
reports, and patents dealing with LNG have been li s ted in th e twelve 
issues of the quarterl y publis hed to date. A se ries of comprehensive 
bibliographies on LNG , methane, and methane mixtures is also 
described. 

Omont , A., Smith , E. W. , Cooper , 1.. Redistribution of resonance 
radiation_ I. The effect of collisions, Astrophys . J. 175, No. 1, 
P art 1, 185- 199 (July 1972). 

Key words : Collisional de polarization; le vel degeneracy; redis· 
tribution fun ctions; resonance radia tion. 

The techniques of modern lin e-broadening theory are used to in 
ves tigate th e scalte ring of polarized radiation in the res t fra me of an 
a tom undergoing colli s ions. Th e formulation e xpli city includ es both 
elas ti c and in elas ti c (quenching) co lli sions. When the lowe r state has 
zero width. a form for th e re distribution fun c tion similar to that of 
Zanstra is obtained , but with the redistribution in the neighborhood 
of the resonance line bein g caused so le ly by elasti c collisions. In the 
limit of no colli sions, but with both leve ls of finite life tim e, the result 
of Weiss kopf and Woolley is obta ined. The effect of leve l-degene racy 
is also expli citl y in cluded ; in thi s case the res ults a re a fun ction of the 
polarization of the light and the different re laxation ra tes for the mul · 
tipolar compone nts of the a tomic states. 

Omont , A., Smith , E. W. , Cooper, J. , Re dis tribution of resonance 
radiation_ II. The e ffect of magnetic fields, Astroph ys . ./ . 
182 , No. 1, Part 1, 283·300 (May 15, 1973). 

Key word s: Irreducible tensor formali s m; magnetic fi elds; 
resonance radiation. 

Pre viously obtained results for scattering of radia tion in the 
presence of collisions are res tated in a density matrix form alis m 
which e mploys an irreducible- tensor desc ription of the radiation 
field. This formalis m is particularl y useful for proble ms associated 
with radiative transfer theory. The redi stribution is then extended to 
include the effect of a weak magnetic fi eld. By averaging over a finite 
band with which is on the order of the Doppler width , simplified ex· 
pressions of physical significance for the scattering in the Doppler 
core and the Lorentz wings are obtain ed. Expressions are al so ob· 
tained for the corresponding source function of radiative transfer 
theory. 

Orcutt, R. H., Jnterlot density variation of a siloxane manome
ter fluid , ./. Vac. Sci. Technol. 10, No. 4 , p. 506 (July- Aug. 1973). 

Key words: Diffusion pum p fluid ; micromanometry; silicone. 

The mean value of densi ty for six samples of a s!loxane manometer 
fluid is 1.06311 gJcm" with an estimated s tandard de via tion of 11 X 

10 - 5 gJc m" for the lot-to· lot variation in dens ity of thi s fluid. From this 
result it is concluded that for use of thi s mate ri al in manometry to the 
0.01 % le vel the de nsity of the ac tual fluid used must be determined. 

P eise r , H. 5 ., Corru ccini , R. 1. , Newman , S. 8. , Standardization 
and measurement services in Turkey,NBSIR 73·172, 90 pages 
(Oct. 14·28, 1972). (Available as COM 73-11175 from the National 
Technical Information Service, Springfield , Va. 22151.) 



Key words: AID; assistance; economics; LDC's (less developed 
cou ntries); measurement services; standardization ; survey; Tur
key_ 

The survey of standardization and measurement services for 
developing industries in Turkey has been carried out by NBS with 
funding by AID, with participation by representatives of Ecuador and 
Korea, and under the guidance of the Turkish Standards Institute_ 
The Survey Team spent two weeks in Turkey where it inspected 
representative laboratories and plants, and had discussions with 
leaders of Government. the USAID Mission, principal universities 
and indu stry_ The Report describes the preparation for the Survey, a 
summary of the economy of the country soon to be a full member of 
the European Common Market, notes on Turkish science and 
technology and the independent Turkish Standards Institute recog
nized by law as the national standards body_ Issues addressed are 1) 
Standards Development, 2) Test Methodology, 3) Product Certifica
tion, 4) Product Testing,S) Calibration, 6) Weights and Measures 
Control, 7) Export Control. 8) Quality Control , 9) Consumer Protec
tion, 10) Indu strial Extension, ll) Building Codes, 12) International 
Contacts, and 13) Publications_ The principal conclusion is that the 
Turkish economy would benefit from a strengthening of standard iza
tion and measurement se rvi ces_ A ppropriate recom mendations are 
offered _ 

Peiser, H. So, Coyle_ T_ D_ , Eby, R_ K. _ A report on a survey in 
Korea on s tandardization and measure m e nt serviees in 
s upport of indust.-ialization /?:oals of Korea_ NBSIR 73-18.5, 
41 pages_ (June 19-30_ 1972)_ (Available as COM 73-11287 from the 
National Technical Information Service, Springfield , Va_ 22151.) 

Key words: AID; ass istance; economics; LDC's (less developed 
countri es); measurement services; s tandardization; su rvey; 
Korea_ 

The survey of standardization and measurement se rvices for 
developing industries in Korea has been carri ed out by NBS with 
funding by AID, participation by representatives of Ecuador and Tur
key , and under the guidance of the Korean Ministers for Commerce 
and Industry , and for Science and Technology_ The Korean Director 
of the Survey was backed by six Korean Survey Team members and 
seven senior staff. The Survey Team spent two weeks in Korea where 
it inspected representative laboratories and plants, and had discus
s ions with leaders of government, the USAID Mission, principal 
universities and industry_ The report describes the preparation for 
the Survey, a summa ry of the economy of the country , notes on Kore
an science and technology, and relevant Korean institution s and laws. 
Nineteen problems were identified as of concern to national capabi li
ty for standardization and measurement services_ A summary 
desc ription is given of the various existing and needed functions that 
Korean government should provide_ The idea is endorsed to create a 
single agency to address all these functions. 

Peterson , R. L., Kinks in the magnetophonon oscillations of 
semiconductors, Phys. Rev. B 7, No. 12, 5405-5408 (June 15, 
1973). 

Key words: Magnetophonon effect; semiconductors; transport 
theory. 

Exact expressions for the discontinuities in the magnetic field 
derivative of the longitudinal drift mobility at the magnetophonon 
resonance and pseudoresonance fields are given for nonpolar 
semiconductors with combined optic- and acoustic-phonon scattering 
of carriers. The reasons for the discontinuities are discussed in physi
cal terms. 

Pierce, E. T., Kelly, K. L., McPherson, M. A., Howett, G. L., Booker, 
R. L. , Emergency vehicle warning devices: Interim review 
of the state-of-the-art r elative to performance standards, 
LESP-RPT-0.501-00, 73 pages. Available as PB 211938 fro!'" the Na-
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tional Technical Information Service, Springfield, Va. 22151, (U.S. 
Department of justice, Law Enforcement Assistance Administra
tion, National In stitute of Law Enforcement and Criminal justice, 
Washington, D.C., May 1972). 

Key words: Action; communication; conspicuity ; controlled en
vironment; effectiveness; flashing lights; guidelines; informa
tion; laboratory testing; people; response ; si rens ; standards. 

This interim progress report describes the activiti es carried out, 
from the initiation of the program through july 1971, concerning the 
preparation of performance standards for emergency vehicle warning 
devices (lights and sirens). A partial survey of present standards and 
specifications indicated that there now are very few mean ingful per
formance standards for emergency warning lights and essentially 
none for sirens. Brief descriptions of those s ta ndards which were 
found are included. Manufacturer's lite rature on available warning 
devices rarely includ es meaningfu l quantitative data on the physical 
performance characte ri sti cs of either lights or s irens. The program 
strategy described in this report includes (a) quantitative physical 
characterization of the spectral content. directionality, level. and 
time duration of the signals from a representative sampling of emer
gency vehicle warning equipment; (b) literature and laboratory study 
of the effective ness of representative signals in a lerting drivers to an 
emergency situ ation requiring appropriate reac tions; and (c) develop
ment of draft standards. In conjun ction with the physica l charac 
terization of lights and sirens, examples are given of the type of data 
which will be taken and detailed descriptions are given of the facili
ties which will be used for these measurements_ A discussion is given 
of th e various factors which influence the effec tiveness of warning 
signals. It is proposed to s tud y both the time e laps ing between the oc
currence of a signal and the complet ion of the required res ponse 
(complex reac tion time) and the distance at which an obse rver fir s t 
notices and correc tl y interprets a signal (recogn ition distance). Per
formance standards can then be prepared which are clea rly related 
to the approp riate human responses. 

Pike, R. C., Hay, R. E., Clifton, J- R., Beeghly, H. F., Mathey, R. C .. 
Nonmetallic coatings for concrete reinforcing bars, Public 
Roads 37, No.5, 185-197 (June 1973). 

Key words: C hlorides; concrete; corros ion; epoxy coatings; or
ganic coating; stee l reinforcing bars. 

The study reported here was conducted to determine th e feasibility 
of using organic coati ngs, especially epoxies, to protect steel reinforc
ing bars em bedded in concrete from corrosion accelerated by 
chloride ions. 

Coatings were evaluated on the basis of their chemical and physi
cal durabilities as well as the ir protective qualities. In thi s study, at
tention was also directed to the application methods and su rface 
preparation of the stee l reinforcing bars. Four different material s ap
pear to be suitable for such coatings_ 

Powell , C. J" Contrasting valence-band Auger-electron spec
tra for silver and aluminum, Phys. Rev. Lett. 30, No. 23, 1179-
1182 (June 4,1973)_ 

Key words: Aluminum; Auger electron transitions; electronic 
density of states; final state effects; silver; transition probabili
ties. 

Measurements of the L2 • 3VV (V=valence) Auger spectrum of alu
minum and the M4. 4VV Auger spectrum of silver cannot be simply re
lated to the valence-band density of states. The data for Al indicate a 
strong energy variation of the transition probability. For silver, the 
position and shape of the Auger spectrum are associated with mul
tipl et splitting of localized double-d-hole final states_ 

Powell, C. j" High-resolution measureme nts of Auger-elec
tron and photoelectron structure in the secondary-elec-



tron energy distributions of aluminum, nickel and copper, 
(proc. Int. Conf. on Inne r Shell Ionization Phenomena and Future 
Applications , Atlanta , Ga., Apr. 17·22, 1972), Paper in Proceedings 
of the International Conference on Inn er Shell Ionization 
Phenomena and Future Applications , R. W. Fink . S. T. Manson, J . 
M. Palms and P . V. Rao , Eds., CONF·720404 , 1, 743·756 (U.S. 
Atomic Energy Commission, Technical Information Center , Oak 
Ridge, T enn. , Jan. 1973). 

Key words: Aluminum; Auger·transitions ; copper; elec tronic 
density of states; nickel; photoelectron energy distribution; 
secondary-electron energy distribution ; x-ray photoe miss ion. 

Measurements are reported of selec ted structure in the secondary 
electron e nergy di stributions of e vaporated aluminum , ni cke l and 
copper. The specim ens were bombarded with 3 keY electrons and 
the secondary stru cture was measured with a resQlution of 0.1 eV. 
For each metal , attention was given primarily til. data that eQuid give 
infQrmation on the valence-band density of states. 

Atte mpts we re made to observe the AIKL2;,M Auge r·electron ener
gy distributiQn expected at about 1470 e V. Structure was, howeve r. 
Qbserved with a high·e ne rgy edge Qf 1485.9 ± 0.5 e V and a bread th of 
8-9 eV. This s truc ture was interpreted as being due to photoe miss ion 
Qf valence electrons by internall y generated Ka x-rays and was 
similar to uv photoelectron distributions and to the ca lculated density 
of states. Inelastic scatte ring of the photoelectrons obscures the ex· 
pected AIKL2 •3M structure. 

Auger electron peaks in the ranges 730-800 eV and 820 to 865 eV 
were measured in the ene rgy spectra for nickel and coppe r, respec
tively. Structure was observed in the L"M2 ."M ... ; transition whic h 
could be associated in part with solid·s tate effec ts a nd in part with 
the final atomic states of each element. De nsity-of· s tates data could 
not be derived from th e Auger spectra without more deta iled 
knowledge of the final s tates expected after the Auger tran sition of 
interest. 

Powell , R. L., Hall , W. J. , Hust, J. G., The fitting of resistan ce 
thermometer data by orthogonal functions, (proc. 5th Symp. 
on Te mperature, Its Meas ure me nt and Control in Science and In 
dustry , Washington , D.C. , June 21-24, 1971), P aper in Temperature, 
Its Measurement and Contro l in Science and Industry, H. H. 
Plumb, Editor-in-Chief, 4, Part 2, 1423-1431 (Instrum ent Society 
of America. Pittsburgh , Pa., 1972). 

Key words: Numerical ana lysis; orthogonal fun ction s; re
sista nce the rmometer. 

Analyses of highly accurate thermal data require sophisti cated 
fittin g methods so that expensively obtained experimental precision 
will not be negated by inadequate mathematical techniques. This ar
ticle describes fittin g methods using orthogonal fun ctions that have 
been used for several years to fit many types of data , including ger
manium resistance curves . The method is a generalization and exten
sion of ideas s uggeste d earlier by Lanczos for fitting noisy data. The 
method usually cleanly separates noise from the fundam ental signal 
in a straightforward manner, allowing one to avoid either an oscillat 
ing overfit or an inaccurate underfit. The procedure consists of five 
parts: (1) tran sform ation of variables so that the c urve is as linear as 
possible in the transform ed variables; (2) weighting of data to sati sfy 
the Gauss-Markoff condition s with the weighting fun ction inverse ly 
proportional to the expe rimental variance; (3) orthogonal fun ction 
generation and coeffi cient determination using Gram-Schmidt type 
algorithms de veloped by Bjorck; (4) separation of noise coeffi cients 
from the fundam ental signal coefficients based on their diffe rent de · 
pendence on the number of terms; and (5) calculation of smoothed 
data using th e proper number of coeffici ents. 

Powell , R. L. , R evision of the standard reference data for ther
mocouples, (Proc. 5th Symp. on Te mperature , Its Measurement 
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and Control in Science and Indu stry, Washington , D.C., June 21-
24, 1971), Paper in Temperature, Its Measurem.ent and Control in 
Science and Industry, H. H. Plumb, Editor-in-C hief, 4 , Part 3, 
1579·1584 (In strument Society of America, Pittsburgh. Pa., 1972). 

Key words: Standard Reference Data; the rm ocouples. 

Revision of the International Practical Te mpe rature Scale requires 
that there be changes for a ll accurately ta bulated thermoph ys ical 
va lues. Revised refere nce data for the rm ocoupl es have been 
generated in a cooperative program between groups of th e National 
Bureau of Standards in Boulder and Gaithersburg. The new reference 
data refl ect not only revis iQn s in the te mperature scale. but also slight 
changes in the material s themselves and improvements in data fitting 
meth ods. A new NBS monograph that contains tabl es, analytic ex· 
press ions, various approximations , and explanatory tex t has been 
prepared. A gene ral di scussion of the project and some specific ex
amples will be given. 

Quinn , T. J. , Lee, R. D., Vacuum tungsten strip lamps with im
proved stability as radiance temperature standards, (proc. 
5th Symp. on Te mperature, Its Meas ure ment and Control in 
Science and Industry, Washington. D.C., June 21-24.1971), Paper 
in Temperature, Its Measurement and Control in Science and Indus 
try, H. H. Plumb, Editor-in-Chief, 4, Part 1, 395-411 (In strument 
Society of America, Pittsburgh , Pa., 1972). 

Key words: Pyrometry; source; te mperature; tungs ten. 

This pa lle r describes the changes which tak e place in a piece of 
tungsten strip as it is outgassed and aged during the process ing of a 
vacuum tun gs te n strip lamp. It is shown that by paying suffi c ient at
ten tion to the c leaning of the tungs ten a nd the glass bulb, and to the 
outgassing a nd aging of the tun gs te n, a very stable s trip lamp can be 
produced. Result s are given of a series of s tability tes ts from 1064 to 
1500 °C of a group of lamps made in thi s way at NBS. 

Reader, ]. , Comme nt on: How to mount a Pellin-Broca prism 
for laser work,Appl. Opt. 12, No.7, 1405 (July 1973). 

Key word s: Pellin·Broca prism; spectroscope. 

It is shown that a recently published mounting for constan t devia · 
tion prisms is e quivalent to one published in 1917. An exa mple of the 
use of thi s mounting for a plane gratin g spectrograph at NBS is given. 

Reed, R. P., Arvidson , J . M., Durcholz . R. L. , Tensile prol)erties of 
polyurethane and pol ys tyren e foams from 76 to 300 K, 
(P roc. 1972 Cryogenic En gineering Conf. , Boulde r. Colo., Aug. 9· 
11 , 1972), Pape r E-3 in Advances in Cryogenic Engineering 18, 184· 
193 (Plenum Press , New York, N.Y., 1973). 

Key words: Foams; low temperature; tensile properties. 

The te nsile properties of 17 different polyurethan e foams and 2 
polystyrene foams have been measured at 300, 195 and 76 K. The 
Young's modulus, yield strength and tensile strength increased with 
dec reasing temperature, while the elongation decreased. Strength 
and Young's modulus were found to be approximately li nearly de pen· 
dent on temperature; however, at low temperatures the density de
pe ndence was greater. Specimens whose long ax is was cut parall el to 
th e ce ll rise direction were stronger than those whose long axis was 
cu t normal to the cell rise direct ion. Comparisons between foam ten· 
sile and compressive properties are presented in the accompanying 
paper. 

Reichard , T . W. , Greene, W. E. , Jr. , Cattaneo, L. E. , Masters, L. W., 
Structural tests on housing components of glass fiber rein
forced polyester laminate, NBS IR 73-188,98 pages (Apr. 1973). 
(Available as PB 221183 from the National Technical Information 
Service, Springfield , Va. 22151.) 

Key words: Adhesive bond ; aging; co mposites; compression; 
fl exure; glass fiber; housing system ; innovations; laminate; 



Operation BREAKTHROUGH; racking; rejnforced plastics; 
reinforced polyester; sustained loading; te nsile shear. 

This report describes a series of structural evaluation tests per· 
formed on housing components made with a glass fiber reinforced 
polyester (FRP) laminate. The components tested were: (1) the FRP 
laminate used for the facings and the corrugated core of the basic 
panel; (2) the adhesive bond between the facing and core ; (3) typical 
wall panels; and (4) typical roof panels. Test data include: (1) the ef· 
feet of te mperature and moisture on the tensile and compressive 
strength of the FRP laminate; (2) the effect of temperature , ac· 
celerated aging and sustained loads on the te nsil e shear strength of 
the fa cing·to·core polyester adhesive bond; (3) the short·term 
strength of the wa ll panels under compressive and in·plane shear 
loading; (4) the long·term strength of the wall panels under sustained 
compressive loading; and (5) the short· term and long· term per· 
forman ce of the roof panels under flexural loading. 

Reno, R. C , Swartzendruber, L J., Origin of Mossbaue r 
Iinewidth in stainless steel, (Proc. 18th AlP Conf. on Magnetism 
and Magnetic Materials, Denver, Colo. , Nov. 28·Dec. 1, 1972), 
Pape r in Magnetism and Magnetic MateriaLs , C. D. Graha m, Jr. , 
and J. J. Rh yne , Eds. , No. 10, 1350·1353 (American In stitute of 
Physics , New York , N.Y. , 1973). 

Key words: Hyperfine fields; perturbed angular corre lation, 
Mossbauer effect; stainless stee l. 

The hyperfine interaction s which broaden the Mossbauer effec t 
(ME) spectrum in austenitic s tainless steel have been investigated 
with the aid of " Fe time·differen tial perturbed angular correlations 
(TOP AC). The TOP AC measu rements reveal a distribution of e1ec· 
tri c fi eld grad ients at the "'Fe nuclei with a mean value corresponding 
to a Mossbauer splitting of 0.14 mm/s. This splitting is not s ufficient 
to exp lain the total line width and isomer shifts are invoked to ac· 
count for the re maining width. 

Robertson, A. F. , Rappaport, M. W., Fire extinguishment in ox
ygen enriched atmosphel'es, NASA CR·1211 50 , 60 pages (Na· 
tional Aeronautics a nd Space Administration, Washington, D.C, 
F eb. 1973). 

Key words: Controlle d atmospheres; extinguishing; fire extin· 
guishers; fires; halons; oxygen; spacecraft ca bin atmospheres; 
water. 

Curre nt s tate·of·the·art of fire suppression and extinguishment 
technique in oxygen enriched atmosphere is reviewed. Four classes 
of extinguis hment action are considered: cooling, separation of reac · 
tants , dilution or removal of fuel , and use of chemically reactive 
agents. Current practice seems to show preference for very fast act· 
ing water s pray applications to all interior surfaces of earth· based 
chambers. In space, reliance has been placed on fire prevention 
methods through the removal of ignition sources and use of non· 
flammabl e materials. Recommendations are made for further work 
related to fire suppression and extinguishment in oxygen enriched at· 
mospheres, a nd an extensive bibliography is appended. 

Roder, H. M., A new phase transition in solid hydrogen?, 
Cryogenics Letter to Editors 13, No.7 , 439·440 (July 1973). 

Key words: Hydrogen; phase transition. 

Available but often discordant data on PVT, dielectric constant , 
specific heat, velocity of sound , and melting pressures are in· 
terpreted to indicate the possibility of a transition in solid hydrogen. 
This structural change, suggested by others previously, has not yet 
been investigated as thoroughly as the corres ponding transition in 
solid helium. 

Rosenstock , H. M. , Larkins , J. T ., Walker, J. A., Interpretation of 
photoionization thresholds: Quasiequilibrium theory and 
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the fragmentation of b e nzene, Int . J. Mass Spectrom.Ion Phys. 
11,309·328 (1973). 

Key words: Appearance potential; benzene; photoionization; 
quasiequilibrium theory. 

Quasiequilibrium theory has been applied to the parent ion frag· 
mentation of benzene. Assuming uniform excita tion energy transfer 
in the fragme ntation threshold region and applicability of the step· 
function photoionization threshold law , it is possible to calculate frag· 
ment photoionization threshold curves in good agreement with ex· 
periment. It is concluded that the unimolecular decomposi tion occurs 
via two independent pairs of competing reactions. One pair of reac· 
tions leads to the formation of C"H,, + and C"H.,+, and involves the 
benzene ion ground state. The other pair of reactions, leading to 
C4H. + and C" H,, + involves the first excited state of C.;H,;+ lying 2.25 
eV above the ground state, or an open chain isomer havin g a similar 
heat of form ation. At threshold the C"H, + ion has a phenyl ion struc· 
ture, the C"H" + ion a cyclopropenyl ion stru cture and the C.H. + ion 
may have a cyclobutene ion structure. A heat of formation of - 100 
kcal/mol is derived for the benzyne molecule, in good agreement 
with semi· em pirical estimates. Kinetic shift effects on the fragmen· 
tation thresholds are found to be important. Some difficulties are 
encountered in the comparison of relative abundances of parent ion 
metastable transitions to the relative abundances of the daughter 
ions near threshold. The calc ulated energy dependence of the uni· 
molecular rate of formation of C.H.+ ion is in good agreement with 
experiment. However, the weak energy dependence of the rate of 
form ation of C"H 5+ found experimentally cannot be explained. 
Suggestions for furth er work are outlined. 

Roth , R. S. , Parker, H. S. , Brower, W. S. , Waring, J. L. , Phase 
equilibria, crystal chemistl'y and c rystal gl'owth of alkali 
oxide-me tal oxide systems, (Proc. NATO sponsored Advan ced 
Study In stitute, Belgirate , Italy , Sept. 1972), Paper in Fast Ion 
Transport in Solids, pp. 217·232 (North·HoIland PubL Co., Amster· 
dam, The Netherlands, 1973). 

Key word s: Alkali oxides; crystal chemistry; crysta l growth ; 
phase equ ilibria; system LiTaO:r Ta,O, ; system NaTaO,,·Ta,O, ; 
system KTaO,,·Ta20 , . 

In view of the recently discovered properties of the sodium ion in 
f3·alumina, it is of some scientifi c and practi ca l importance to review 
th e che mistry of alkali ions in oxide syste ms in general. From a prac· 
tical point of view, however , the numbe r of systems of interest will 
necessarily be severe ly limited. For co mmercial utilization of ionic 
conductivity it is necessary to limit systems to those which will con· 
tain little or no electronic condu ctivity and therefore do not contain 
an element which is easily reduced during the synthesis. For fa st ion 
transport it is probabl y advantageous to have an alkalai ion in a "non· 
stoichiometric" crystallographic position. Attention will be concen· 
trated on methods of study of alkali oxide·tantalum oxide systems as 
applied to the search for new crystallographic phases which may be 
of interest. 

New results are presented of phase equilibria studies in the 
systems Li20 , Na20 and K,O with Ta,O, and Li,O with Nb,Os. In ad· 
dition preliminary results will be disc ussed of the ternary systems in· 
volving the binaries with MoO". These ternary systems have been 
utilized for flux· growth of single crystals of many of the new phases 
in the binary systems. Each of the Ta,O" systems has at least one in· 
teres ting non· stoichiometric phase which deserves further study for 
conductivity properties. A phase in the Li20·Ta,O, system has the 
structure of the low·temperature form of Ta,O" the Na,O-Ta,O, 
system contains a phase with a "tetragonal·bronze"·like structure 
and the K,O·Ta20 , syste m has both " tetragonal·" and "hexagonal· 
bronze"·like phases. In the sub·system Ta,O"·KTaO,, eleven distinct 
phases have been found where only two were previously known. 



Roszman , L. 1. , Hooper, C. F. , Jr. , Distribution of the time-de
pendent micl'ofie ld in a plasma, Phys. Rev. A 7 , No.6, 2121-
2130 (J une 1973). 

Key word s : Distribution; Holtsma rk ; ion dynamics; microfield; 
plas ma; tim e-average. 

The theo ry of the distribution of the time average of the time-de
pe den1 mi crofield in a quantum plasma taken over a finite time in 
terval is introduced and developed. The short- and long-time limits 
are de rived. The Wigner phase-space re presentation is e mployed to 
de rive the correc t distribution for a class ical plasma and to es tabli sh 
a formalism which can be used for low-order quantum corrections_ 
Numerical results are presented for a classical gas of c harged nonin 
teracting pa rticles_ It is found that for tim e-averaging intervals , which 
are larger than the time it takes a particle traveling with the average 
thermal velocity to cross the ion-sphere radiu s, the di stribution 
deviates from the corres ponding Holts mark distribution for the quasi
static model. 

Rubin , A. I. , The social impact of noise: A sUl'vey of medical, 
psyc hological, and social consequences, Environmental Pro 
tection Agency Report No . NT! 0 300.1 I , 25 pages (A vailable as PB 
206724 from the National Technica l Information Se rvice, Spring
field , Va_ 22151 , Dec. 1971). 

Key words: Noise; noise sources; socia l im pacL. 

Noise is an environmental pollutant which shares many charac
teristics with othe r pollutants - its le vels are in creasing, more a nd 
more people are being affec ted; its conseque nces are medical, 
psychological and social. Man has been successful in producing 
labor-savin g devices used during work and playas well as to provide 
many form s of transportation. However, an associated by-product is 
inc reasingly in e vidence as the machines have become more power
ful , nam ely Noise. Whereas only midcity a reas, heavy industri es and 
communities near airports were form erl y recognize d a s being "spe 
cial" problems because of the noise le vels associate d with the m; thi s 
is no Longer true. Intru sive noise pervades the home, industry and 
most rec reation areas now since, whe re man has moved , he has taken 
his machin es with him. This pe rvas iveness of noise has led to a ction s 
by individuals, groups, and many levels of government to " do 
something about the problem." Among the method s attempted have 
been regional planning, zoning ordinances, governm ent standard s 
a nd regulations, and individu aL law s uits. Thus far these approaches 
have not been s uccessful. The number of peopl e exposed to 
haza rdous noise leve ls is increas ing, the quality of our aud itory en
vironment is being degraded , and the social impact of noise may sub
sta ntiall y contribute to other problem s in ou r society. 

Rupp, N. W. , Inte l'medim'y base and cementation , C hapter 5 in 
Operative Dentistry, L. Baum, Ed. , pp_ 59-72 (W. B. Sau nde rs Co., 
Philadelphia, Pa. , 1973). 

Key words: Cementation; intermediary base; pulp protection; 
retention; temporary ceme ntation. 

This is a literature review of the dental ce me nts currently being 
used for intermediary bases and cementation . Clinical applications 
of the va rious cements are discussed relative to physical properties 
and biological response of tooth ti ssues. Some recently introduced 
materials a re included. 

Schneid er, S. ]. , Levin , E. M. , Polymorphism ofK2CO", j. Amer. 
Ceram. Soc. - Discuss ions and Notes 56, No.4, 218-219 (1973). 

Key words : DSC; DTA; high te mperature x-ray; K2CO,,; phase 
transformation ; pol ymorphs. 

The polymorphism of K,CO" was investigated by diffe rential ther
mal analysis , diffe rentia l scanning calorimetry and high temperature 
x-ray diffraction techniques. The data indicate that K2CO" is 
dimorphic with a 2nd order transformation from a monoclinic form to 
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a hexagonal modi fi cation occurring at 420 ± 5 0c. Unit cell dimen
sions as a function of te mperature and a representative x-ray powder 
pattern of hexagonal K,CO" a re given. 

Schooley, ]. r ., Enhancement effects, (proc. Summer Course on 
The Science and Technology of Superconductiv ity , held at Geor
getown University , Washington , D.C., Aug. 13-26, 1971), Paper in 
Th.e Science and Tech.nology of Superconductivity, W_ D. Gregory, 
W. N. Mathe ws, Jr. , and E. A. Edelsack , Ed s. , 1,405-428 (Plenu m 
Press, Ne w York , N.Y. , 1973). 

Key words: High transition temperature; press ure effects; prox
imity effec t; supercond uctive alloys; s uperconductive co m
pounds; superconductivity. 

Superconductivity research has had as one of its continuing aim s 
the production of high-transition-temperature materials . This situa
tion arises from the realization t.hat superconductivity can be applied 
to tran sportation , communication , power transmission , and instru 
mentation on a wider and more effi cient basis, th e higher the transi
tion tempe rature. Many of these applications will be discussed during 
thi s course by several of the lecturers. 

In thi s lecture, I will di scuss various ways in which experim ente rs 
have attempted to generate high tran sition te mperatures. 

Schooley, 1. F. , Sou len, R. ]. , Jr., The use of superconductors to 
pl'ovide fixed points on a cl'yogenic tempel'ature scale, 
(P roc. 5th Symp. on Te mperature, Its Measurement and Control in 
Science and Indu stry , Washington , D.C., June 21-24 , 1971), Paper 
in Temperature, It s Measu.rement and Control in Science and Indus
try, H. H. Plumb , Editor-in-Chief, 4, Part 1, 169-174 (Instrume nt 
Society of America, Pittsburgh, Pa. , 1972). 

Key words: Fixed points; OSRM; supe rconductive devices; s u
perconductive transi tion tempe rature; superconductivit y; tem
perature scale. 

It is suggeste d tha t reproducible superconductive tran sition te m 
peratures be used as fixed points for temperature scales below 10K. 
The superconductive transitions of lead , indium , aluminum , zinc, and 
cadmium have been fou nd to be as narrow as one millikelvin and 
reproducible to less than one millikelvin. It is planned that devices in 
corporating these elements will be made ava ilab le through the NBS 
Office of S tandard Refere nce Materials. 

Schooley, 1. F. , Superconductol's in Thermome try, (Proc. 
Summer Course on The Science and Technology of S uperconduc
tivity he ld at George town Univers ity , Washington, D. C., Aug. 13-
26, 1971), Paper in Science and Technology of Superconductivity, 
W. D. Gregory, W. N. Mathews, Jr., and E. A. Edelsack, Eds., 2 , 
625-630 (plenum Press , New York , N.Y., 1973). 

Key words : Critical magnetic field ; heat capacity; 10sephson 
junctions ; noise thermometry; superconductive fixed points; su
perconductivity; thermometry. 

Various properties of superconductors show monotonic tempera
ture dependences , so that in principle the y may be used as th er
mometric parameters. Other properti es can be utilized in devices 
which find convenient application in thermometry. Of the many 
possible examples , we will examine several whic h have found some 
actual use either as thermometers or detectors in th ermometry. 

Schroder, I. G., Em.ission of long-range a-particles in the 
subtherm.al-, therm.al- and resonance-neutron fission of 
23·PU, Nucl. Phys. A195, 257-268 (1972). 

Key words: Alpha-particle; emission; fi ss ion; neutron; reactor; 
2"" Pu. 

An investiga tion has been made of the possible dependence of the 
binary-to-ternary fi ss ion ratio as well as of the energy distribution of 
the long- range a-particles emitted in the low-energy fission of 239 Pu 



on the energy of the incident neutron. To this effect a number of rela· 
tive measurements have been made using three neutron filters cover· 
ing, respectively, the subthermal·, thermal· and resonance-neutron 
regions. Furthermore, a measurement of the binary-to-ternary fission 
ratio has been performed for a reactor beam. The results obtained 
show no variation in the binary-to-ternary fission ratio or in the energy 
of the long-range a-particles for the energy intervals considered to 
within the precision of these measurements. The measurement with 
the reactor beam yielded a value of the binary-to-ternary fission ratio 
of 412 ± 11. 

Siu, C. I., Ellis , W. M., Kusuda, T., Test of a polyester composi te 
wall panel for moisture accumulation and potential 
removal of moisture through venting, NBSIR 73-220,18 pages 
(May 1973). (Available as PB 222437 from the National Technical 
J nformation Service, Springfield, Va. 22151.) 

Key words: Composite wall panel ; condensation; humidity; 
moisture; pressure; temperature. 

A polyester composite exterior wall panel was exposed to ac
celerated winter temperature and humidity conditions for the pur
pose of determining performance with respect to moisture accumula
tion and release as a result of pressure and temperature differences. 
No moisture condensation within the wall system was detected from 
visual examinations made at various times of the testing period; no 
significant increase in gross weight of the wall was found from the 
direct weighings of the wall system. Results also indicate that a wet 
insulation in such a wall system is unlikely to be dried out by natural 
thermal action and convective motion. 

Slattery, W. J., Standards information for your company, 
Stand. Eng. 25, No.3, p. 22 , (June 1973). 

Key words: Company; information ; standardization; standards. 

The Standards Information Services Section of the National Bu
reau of Standards (NBS-SIS) maintains the largest reference collec
tion of engineering and related standards, specifications, test 
methods, codes and recommended practices in the United States. 
From its original holdings of several thousand standards, NBS-SIS 
now maintains an extensive reference collection of over 122.000 stan
dards issued by U.S. industry associations, federal and state govern· 
mental organizations, and foreign national and international stan
dardizing bodies. NBS-SIS serves primarily as a referral activity by 
identifying sources of standards, and directing inquirers to the 
respective standards-issuing organizations to obtain copies of stan
dards. By means of a computer-produced Key-Word-In-Context (K
WIC) Index, more than 4,000 inquiries are answered a year. Although 
the majority of these requests have to date come from agencies of the 
U.S. Federal Government, the staff is particularly interested in 
receiving an increase in the number of inquiries from the corporate 
sector. NBS-SIS also compiles computer-produced indexes designed 
to assist companies and other industry groups, government organiza
tions and anyone interested in information on standards. Requests for 
information may be made by personal visit, telephone or letter. 

Smith, R. 1., Phelan, R. J ., Jr. , Limitations ofthe use of vacuum 
photodiodes in instruments for the measurement of laser 
power and energy, Appl. Opt. 12, No.4, 795-798 (Apr. 1973). 

Key words: Biplanar vacuum photodiodes; lasers; laser energy 
measurements; laser power measurements; vacuum 
photodiodes. 

The effect of the variation in the area sensitivity upon the calibra
tion of instruments incorporating biplanar vacuum photoqiodes for 
the measurement of laser power and energy is discussed. A 
technique for the measurement of the area sensitivity is described , 
and the experimental results for several tubes are given. At the 
present time it would appear to be difficult to use biplanar vacuum 
photodiodes in devices to measure laser energy or power. 
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Somes, N. F., Abnormal loading on buildings and progressive 
collapse, NBSIR 73-221,76 pages (May 1973). (Available as PB 
220849 from the National Technical Information Service, Spring
field, Va. 22151.) 

Key words: Abnormal loading; building; codes; design criteria; 
multistory; progressive collapse; risk; stability; standards; 
strength; United States. 

The document is an interim report of ongoing studies at the Na
tional Bureau of Standards. It defines the several aspects of abnormal 
loading on buildings and the problem of progressive collapse. It docu
ments the extent to which present U.S. Codes and Standards address 
the problem. 

Abnormal loadings are identified , classified and discussed with re
gard to their characteristics and frequencies of occurrence. The re
port reviews the state of international knowledge of the charac
teristics of abnormal loadings and the response of buildings and 
building elements to these loadings. The latter includes discussion of 
several incidents in which multistory buildings have collapsed 
progressively. 

Using currently available statistics an estimate is made of the com
bined frequency of abnormal loadings on residential buildings in the 
U.S. For bui ldings susceptible to progressive collapse, the cor
responding risk of fatality is compared with the levels of risk that 
society will generally accept. The risk is furth er compared with the 
risk of mortality associated with fire in residential buildings, an area 
of considerable public concern and expenditure. 

It is concluded that U.S. standards-writing bodies should adopt ap
propriate rational criteria as soon as possible to reduce the risks of 
progressive collapse. There are several areas in which criteria might 
be introduced to reduce the risk of progressive collapse. These are 
discussed; particular attention is given to the philosophjes behind the 
structural c riteria implemented in the USA and other countries. 

Soulen, R. J., Jr. , Schooley, J. F. , Superconducting transition 
widths and reproducibilities, (proc. XI 11th Int. Congress of 
Refrigeration, Washington, D.C., Aug. 27-Sept. 3, 1971), Paper in 
Progress in Refrigeration Science and Technology 1,399-403 (A vi 
Pub!. Co., Inc., Westport, Conn., 1973). 

Key words : Superconductivity; thermometry, transition tem 
perature. 

As part of a program to investigate the possibility of utilizing super
conductive transitions as reference points on a cryogenic tempera
ture scale, we are examining the transitions of samples with different 
purities and with various metallurgical histories. In our initial efforts, 
we examined the transition widths of Pb, Sn, In, AI , Ga , Zn and Cd 
wires using short mutual inductance coils to avoid end effects. As we 
reported at the XII Int. Conf. on Low Temperature Physics , all but 
the Sn and Cd samples showed transition widths of 10-3 K or less , 
and repeated examination of the widths over an extended period of 
temperature cycling showed no drift or broadening of the five narrow 
transitions larger than 10- 3 K. 

We are now preparing samples of Pb, In, AI, Zn and Cd with vari
ous impurities and with various forming and annealing procedures in 
order to determine the practical boundary conditions for obtaining a 
given transition tern perature and transition width. Weare attem pting 
to extend this study to low temperature (Ir, Tc = 0.1 K) and high-tem
perature (Nb"X, V3Si, Tc= 15 - 20 K) materials, although intitial ex
periments show transition widths of 0.1 - 0.3 K for the latter. 

Smith, R. 1., Honda, T., Impulse rise and fall times of biplanar 
vacuum photodiodes, Appl. Opt. 12, No.7, 1606-1610 (July 
1973). 

Key words: Biplanar vacuum photodiodes; impulse fall time; 
impulse rise time; laser pulses. 



The im pu lse rise and fall times of biplanar vacuum photodiodes are 
experimenta lly investigated by the use of a sin gle ultrashort lase r 
pul se from a train of mode- locked pulses. It was confirmed that th e 
impul se ri se time is a fun ction of th e photoelectrons' transit time 
from photocathode to anode, and that the impulse fa ll tim e is 2.2 
t im es the capacitance of the photodiode and the resist ive component 
of the load. 

Straty , G. c., Younglove, B. A. , Velocity of sound in saluJ"ated 
and comp"essed fluid oxygen , ) . Chern. Therrnodyn. 5, No.3, 
305·312 (May 1973). 

Key words: Compressed liquid ; compress ibility; saturated 
liquid ; sound velocity oxygen; specific hea t ratio. 

In a continuing effort to generate accurate the rmodyn amic and 
transport prope rti es of cryogen ic fluid s, we have measured the 
velocity of sound in saturated liquid oxygen from 58 to 150 K and in 
compressed fluid oxygen along isothe rms from 70 to 300 K at pres · 
sures to 34 MPa. The results have been used along with previously 
measured p , p, T results to obtain the isentropic co mpressibility and 
the heat capacity ratio, and to examine the quality of the p , p , T data 
by compari son of th e measured velocities with velocities calculated 
from these data. 

Sugar, J., Ionization e ne rg ies of the ne utl'al a c tinid es, ) . Chern. 
Phys. 59, No.2, 788-791 (Jul y 15, 1973). 

Key words: Ac tinium ; americium; berkelium; californium; curio 
um ; einsteinium; fe rmium ; ionization ene rgy; mendelevium ; 
neptunium; nobelium; plutonium; protactinium ; thorium ; urani · 
urn. 

Values for the ionization energies of the neutral actinides have 
been derived by utilizing interpolated spectral Ilroperti es of these 
atoms. The results in electron vo lts are Ac: 5.17(12); Th: 6.08(12); Pa : 
5.89(12); U: 6.05(7); Np: 6.20(12); Pu: 6.06(2); Am: 5.993(10); C m: 
6.09(2); Bk: 6.30(9); Cf: 6.41(10); Es: 6.52(10); F'm: 6.64(11); Md : 
6.74(12); No : 6.84(12). 

Su lli van , D. B. , Precise e lectrical measure m e nts at low te m
pe"atul'e, Proc. 1972 AppLied Su.perconductivity Conf , Annapolis, 
Md., May 1·3, 1972, pp. 631·639 (IEEE, Inc., New York, N.Y., 
1972). 

Key words: F'undamental constants; Josephson effect; precise 
electrical measurements; supercondu ctivity. 

The appl ication of low temperature phenomena to electrical 
metrology is revie wed. The review includes a number of recent 
developments which involve measurement sys tems based on the 
quantum of magnetic flux as well as adaptations of classical concepts 
to low temperature devices. Quantities considered include radio 
frequ ency current , infrared frequ ency, and direct current and volt· 
age. Concepts for secondary emf standards are also discussed. 

Swartzendruber, L. J. , Evans, B. J. , Local interactions and spin 
transfer mechanisms in the Heusler-type alloys Pd'+.rMnSb 
and Pd2MnSbo."Sn o. " (proc. 18th AlP Conf. on Magneti sm and 
Magnetic Materials , Denver, Colo. , Nov. 28·Dec. 1,1972), Paper in 
Magnetism and M agnetic MateriaLs , C. D. Graham , Jr. , and J . J. 
Rhyne, Eds., No. 10, 1369-1373 (American Institute of Physics, 
New York , N.Y., 1973). 

Key words: Alloys; antimon y; hyperfine fie ld s; manganese; 
Mossbauer effect; palladium, tin . 

The magnet ic hyperfine fields at '2ISb , HeIASb), in the Heusler-type 
alloys Pd '+.rMnSb are found to be strongly dependent on x, varying 
from about 600 kG for x = 1 to about 300 kG for x = O. As x is 
decreased from unity, the single unique value observed in Pd2MnSb 
is replaced by a di s tribution in HeIAS b), with an average value which 
decreases in a regular mann er with the number of Pd vacancies. In 

93 

Pd2MnSbo."S no." HeIASn) i found to be similar in magnitude to 
HeIASn) in Pd2MnSn. Both these resu lts indicate tha t local spin 
transfer mechanisms are important in determining the magnitude 
and sign of H ell at the Sb site in Heusler- type aLl oys. 

Tilford , C. R., A fringe counting lase.' inte .·fe ,·ome te l· 
manometer, R ev. Sci. l nstrurn. 44, No.2, 180-182 (Feb. 1973). 

Key words: Fringe counting; laser interfe romete r; manome t.e r. 

A prototype sta ndard mercury manometer using a fringe counting 
laser interferometer to measure the differential height of the mercury 
columns has been bu ilt and successfully operated. The 10.6 I-' 
wavelength rad iation from a CO2 laser and specially trea ted manome· 
ter tubes have been used to reduce the effect of disturbances on the 
mercury surface so that reliable operation of the manometer is possi· 
ble. 

Tsai, D. H., MacDonald , R. A., Second sound in a solid under 
shock COmlH"ession , ) . Phys. C: Solid State Phys . Letter to Edi· 
tor 6 , Ll71·Ll75 (1973). 

Key words: Crys talline solid ; iron ; molecular dynamics; second 
sound ; shoc kwave; thermal re laxation ; three dimens ions. 

Th e propagation of a strong shock wave in a perfect, three-dimen· 
sional crys talline lattice is studied by means of molecular-dynamical 
calculations. The results show that behind the shock front there is a 
region of the rmal relaxation which inc reases with time. The the rm ally 
relaxed region, the refore, propagates with a velocity lower than that 
of the shock front. It is be lieved that the wave-bke propaga tion of this 
thermally equilibrated region is a natural extension of second sound 
from the con ventional low-temperature, low-pressure regime to the 
high-temperature, high-p ressure regim e. The impli ca tion of this 
phenomenon on P VT calculation s from shock-wave data is discussed 
briefl y. 

Wate rstrat, R. M., Dickens, B. , The crystal s truc ture of V"Rh, ,). 
Less-Common MetaLs 31 ,61-67 (1973). 

Key words: Atomic ordering; c rystal structures; intermetallic 
compounds; rhodium alloys; vanadium alloys. 

The crystal structure of the phase V"Rh, has been eluc idated. The 
unit cell is orthorhombic with a = 5.420 A, b = 9.276 A, c = 4.320 A 
and Z = 2; the space group is either Crn2rn or Crncrn. The structure is 
close-packed and conta in s both ordered and disordered atomic sites. 
It is intermediate between the structures of the Cu"Au and CuAu 
types except that it possesses a two-layer stacking sequence. 

Waterstrat, R_ M., Manuszewski , R. c. , The chromium-rhodium 
constitution diagram, ). Less-Common MetaLs 32, 331-343 
(1973). 

Key words: Chromium aLloys; constitution diagram ; equilibrium 
diagram ; phase diagram; rhodium alloys. 

The Cr-Rh aLloy system has been studied over the entire composi
tion range by metaLlography, X-ray diffraction and electron 
microprobe methods. There are two inte rmediate phases in this 
system. The /0 phase has a hexagonal close-packed structure and is 
stable over a broad composition range from about 20 at. % Cr at 900 
°C to 68 at. % Cr at 1475 0c. The f3 phase possesses a Cr"Si(A 15) type 
structure and is stable over a narrow composition range from about 
77 to 78 at. % Cr. The location of the face-centered cubic (y Rh) to 
hexagonal close-packed (/0 phase) transition is strongly temperature 
dependent. Precipitation of a metastable hexagonal close-packed 
structure occurs during rapid cooling of the body-centered cubic (a
Cr) solid solution. A peritectic reaction exists at 1700 ± 10 °c, a eutec
tic reaction occurs at 1475 ± 10 °c, and peritectoid reaction is located 
at 1265 ± 12 °C. 



Wells, J. S., A stabilized HeN laser for infrared frequency 
synthesis, IEEE Trans.lnstrwn. Meas. IM·22, No.2, 113-118 (June 
1973). 

Key words: HeN lase r; infrared freque ncy synthes is; laser 
frequency measurements; laser s tabilization ; laser metrology; 
phase locked laser. 

Infrared frequencies have recently been sy nthesized in s uitable 
diodes up to 88 THz with accuracies of parts in 10". Stabilized lasers 
are necessary in order to make frequency meas urements of higher 
accuracy. The hydrogen·cyanide lase r is th e lowest freque ncy bas is 
laser used in these synthesis schemes, and its stabilization has been 
the subject of recent interest. The laser is stabilized by locking it to 
a phase·locked microwave reference chain. Two servo loops are util 
ized. The first loop is a relatively slow frequency· lock loop with the 
correction applied to a piezoelectric·translator driver. This loop not 
only accom modates thermal expansion of the lase r, but also se rves as 
an acquisition aiding loop for the second se rvo. The latte~ is a phase
locked sys te m with the correction applied to the laser di scharge cur· 
ren t con troller. Data regarding the sys te m stability are presented. 
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Zimmerman, 1. E. , S iegwarth , J.D. , POI·table helium de wars for 
use with super-conducting magnetometers, Cryogenics 13, 
No.3, 158-159 (Mar. 1973). 

Key words: Dewar; gas shielded; helium ; liquid ; magnetometer; 
multilayer insulated. 

Simple helium dewars have been cons tructed using gas·cooled 
radiation shie lds and multilayer aluminized plastic in sulation. Th ey 
wiU retain one litre of liquid for up to 40 hours. The shields may be 
made most ly non·conducting so the dewar can be used with ultrasen· 
sitive superconducting magnetometers. For most other applications 
thin sheet metal such as copper or aluminium is suitab le for the 
shield s. 

* Publications with prices and SD Catalog numbers may be 
purchased directly from the Superintendent of Documents , U.S. 
Government Printing Office, Washington, D.C. 20402 (foreign: one· 
fourth additional). Microfiche copies are available from the Nat ional 
Technical Information Service (NTIS), Springfield, Va. 22151. 
Reprints from outside journals and the NBS Journal of R esearch may 
often be obtained directly from the authors. 

V. S. GOVERNMENT PRfNTfNG OFFICE: 1974 0 - 525-013 


	jresv78An1p_53
	jresv78An1p_54
	jresv78An1p_55
	jresv78An1p_56
	jresv78An1p_57
	jresv78An1p_58
	jresv78An1p_59
	jresv78An1p_60
	jresv78An1p_61
	jresv78An1p_62
	jresv78An1p_63
	jresv78An1p_64
	jresv78An1p_65
	jresv78An1p_66
	jresv78An1p_67
	jresv78An1p_68
	jresv78An1p_69
	jresv78An1p_70
	jresv78An1p_71
	jresv78An1p_72
	jresv78An1p_73
	jresv78An1p_74
	jresv78An1p_75
	jresv78An1p_76
	jresv78An1p_77
	jresv78An1p_78
	jresv78An1p_79
	jresv78An1p_80
	jresv78An1p_81
	jresv78An1p_82
	jresv78An1p_83
	jresv78An1p_84
	jresv78An1p_85
	jresv78An1p_86
	jresv78An1p_87
	jresv78An1p_88
	jresv78An1p_89
	jresv78An1p_90
	jresv78An1p_91
	jresv78An1p_92
	jresv78An1p_93
	jresv78An1p_94

