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Synthesis and Ring Structure of 7-Acetamido-7-deoxy
L-galacto-heptulose 

Emma J. McDonald * 
(J anuary 8, 1965) 

7-Acetamido·7-deoxY-L-galacto-heptulose was prepared by oxidation of l-acetamido-l-deoxy-o
glycero-o-galacto-heptitol with Acetobacter suboxydans. The new acetamido-deoxY-L-heptu lose was 
shown to be a pyranose by compari son with ,B-o-fructopyranose. The following eq uat ions represent 
the optical rotation of 7-acetamido-7-deoxy-a-L-galacto-heptulopyranose in water at 20 °C and 3 .5 °C, 
respec tive ly : 

[aJ'°o =- 15.5e- ·o3961 - 97.1, 

[aJ'-' o =- 1l.ge-·o1oll - 105.8, 

where t is the tim e in minutes after dissolution of th e sample. 

1. Introduction 2. Results and Discussion 

Several years ago, exploratory work in this labora
tory, as well as work by others [l]!, showed that 
Acetobacter suboxydans oxidizes certain acetamido
deoxY-D-alditols to the corresponding acetamidodeoxy
ketoses. According to the Bertrand-Hudson rule 
[2], one would expect A. suboxydans to produce 
7-ace tamido-7-deoxyheptuloses from eight l-ace tamido
I-deoxyhe ptitol s . This paper re ports th e pre paration 
and properties of a new heptulose, 7-acetamido-7-
deoxY-L-galacto-heptulose, obtained by oxidation of 
l-acetamido-l-deoxY-D-glycero-D-galacto-heptitol. 

The new ketose (I) is closely related to D-fructose 
(II) and perse ulose (III). The optical rotations and 
the magnitude and direction of the mutarotations given 
in table 1 can be used for the assignment of s truc ture. 
Isbell a nd Pigman [3] es tabli shed that crystal line 
D-fru c tose is a {3-D-pyranose and that its mutarotation 
arises from a pyranose-furanose inte rconve rsion . The 
molec ular rotation of I (-28,300) does not differ great ly 
from the molecular rotations of II (- 23,800) and III 
(-21,400), but diffe rs widely from th e molec ular rota
tion (+3,060) of D-fru ctofuranose (Hudson's "a-fru c-

TABLE 1. Optical rotation 0/ certain ketoses 

Spec ific rotati o n 
Ketoses Temp f----,----/ k' [ajl) = Ae- k'f+ C 

In itial Final 

·c min- 1 

7-Acetamido- 7- deoxy-a- L-galaclO-
hept uiopyranose (I ) 20 - 11 2.6 - 97.1 0.01 72 [a ]:;' = - 15.5e- ·o396l - 97. 1 

3.5 - 117.7 - 105.8 .0044 [aJ~:> = - 11.ge-·o lOlI - lOS.B 

!3-D·Fructopyranose (II) 20 - 132.2 - 92.4 .055 [a]~O = -39.8e- ·12ti6t - 92.4 

- 132.9 - 103.4 .0090 [a]~) = - 29.5e- ·ow11 - 103.4 

a.L-galacto-Hep tulopyranose (III) 
(perseulose) 20 - 102 - 86 .059 ......... ... .. ... .. 

"k = l It log (ro - r-s;)/(r-r-s;). Measurements condu cted as described in refere nce [12J. 
h New measure ment. 
c 0.00 IN potass ium acid phthalat e. 

*Re tired . Inquir ies conce rning thi s papc r s hould bt' directed to the Division of Analyti · 
cal C hemistry, National Bureau ofSlandards, Was hington. D.C. 20234. 

1 Figures in b rackcts indicate the li tera ture refere nces at the e nd of this paper. 
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tose" [4]). One would expect small differences .in 
molecular rotation because of differences in the 
substituents on C·6. The parallelism in the molecular 
rotations, however, is sufficient to indicate that the 
three compounds have similar structures. Com
pounds I, II, and III also show marked parallelism in 
the magnitude and direction of mutarotation. In 
each instance, the optical rotation decreases rapidly 
at a unimolecular rate. The rate for I (approximately 
one-third that for II and III) is not surprising because 
of the differences in the substituents on C-6. The 
effect of a change in temperature on the equilibrium 
rotation of I and II is much the same. In each in
stance, lowering the temperature shifts the equilib
rium in the direction of the isomer known in the 
crystalline form. From these considerations (molecu-

lar rotation, mutarotation, and effect of temperature), 
it follows that I is a pyranose and that it has the 
configuration corresponding to that of ,B-D-fructopyr
anose. According to accepted nomenclature, anomers 
in the L-series having the same configuration for the 
anomeric carbon as a ,B-D-pyranose are designated as 
a-L-pyranoses, and I is named 7-acetamido· 7-deoxy-a
L-galacto-heptulopyranose. Presumably, the mutaro
tation of I (like that of ,B-D-fructopyranose) arises from 
a pyranose-furanose interconversion. 

The infrared absorption of I (fig. 1) shows bands at 
6.02,6.38, and 7.7 /-L indicative of the free amido group. 
Hence, the nitrogen of the amido group is not part 
of a ring as it is in certain 5-acetamido-5-deoxypentoses 
[5 to 81. 
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I. 7-Acetamido-7 -deoxy-a-L-galacto-heptulopyranose. 
II. ,B-D-Fructopyranose. 

III. a-L-galacto-Heptulopyranose (perseulose). 
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FIGURE 1. Spectrogram of 7-acetamido-7-deoxy-a.-L-galacto-heptulopyranose in Nujol mull. 
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Several properties of the new 7-acetamido-7-deoxy
L-galacto-heptulose were determined for characteri
zation_ With i-butanol: pyridine: water (3: 2 : 1) as 
an ascending developing solvent, the mobility of the 
compound on Whatman No. 1 paper is 0.88 that of 
fructose. Color formation with staining reagents 
sensitive to ketones is as follows: phloroglucinol, vio
let; urea phosphate, yellow (bright yellow fluores
cence); resorcinol, tan (viole t fluorescence); orcinol, 
purple (red fluorescence). The compound reacts 
with Somogyi's copper-reducing reagent at approxi
mately the same rate as fructose . It melts at 139 to 
140°C and yields a phenylosazone, mp 210 0c. 

In conjun c tion with the synthesis of I, methods for 
the preparation of l-amino-l-deoxyalditols were ex
amined. Catalytic reduction of glycosylamines proved 
to be un satisfactory because of the ins tability of the 
glycosylamines in neutral or slightly acid solution [9]. 
Reduction of sugar oximes [10] was satisfac tory, and 
this me thod is recommended for small-scale prepara
tions of l-amino-J -deoxyalditols from readily availa
ble aldoses. Reduct ion of I-nitro-l-d eoxyaldit ols, 
prepared from the lower sugars by co nde nsa tion with 
nitrome thane [11], proved to be the most satisfactory 
method; reduction takes place readily and gives the 
amines in high yield. 

3. Experimental Procedures 
3.1. I-Nitro-l-deoxy-D-glycero-D-galacto-heptitol 

Nitromethane was condensed with a-D-mannose and 
the resulting I-nitro-l-deoxY-D-glycero-D-galacto-hep
titol and I-nitro -l-deoxY-D-glycero-D-talo-heptitol were 
separated by the procedure of Sowde n and Sc haffer [11]. 

3.2. l-Acetamido-l-deoxy-D-glycero-D-galacto
heptitol 

A slurry consis ting of 2 g of I-nitro-l-deoxY-D-gly
cero-D-galacto- heptitol, 0.65 g of 10-percent pallad ium 
on carbon, and 50 ml of water was shaken for 1.5 hr, 
at room temperature, with hydrogen under a pressure 
of 30 psi. The res ulting suspension was filtered, and 
the filtrate was evaporated to dryness under reduced 
pressure. A solution of the residue, crude l-amino
I-deoxY-D-glycero-D-galacto-heptitol,2 in 15 ml of 
warm water was cooled, treated with 2 ml of acetic 
anhydride, and filtered. Additional acetic anhydride 
(2 ml) was added to the filtrate, which was kept for 
1.5 hr at room temperature and then treated with 
e thanol to the point of slight turbidity . After 20 hr, 
the resulting crystalline, l-acetamido-l-deoxY-D-gly
cero-D-galacto-heptitol was separated and air-dried ; 
yield , 1.65 g; mp, 200°C (uncor); [a] 20D =-15S(c 2.1, 
water). 

~ In a scparah' cxpt:rinwn1. lil t:.' rt'ciuction prod uct. 011 treatme nt with oxa li c acid. gav(' 
t ht' previously know n lllj nYf' tallint' 1.a millo-l ·deox y- D-glyaro- u-ga/aclo.heptilol oxalatt ' . 
mp 193 to 195°C with dec ompos ition: laf' n =- I;{.2° (c ;';'4. waler). ".' he direc t ion (If 
optic al rotation was nol givf' 1l in the publ ication cited. but Ihe compound IS now s ho wn til 
be levorotator::. 

Anal. Caled. for C9H I9N07: C, 42.7 ; H, 7.6; N, 5.5. 
Found: C, 42.7; H, 7.4; N, 5.4. 

3.3. 7 -Acetamido-7 -deoxy-a-L-galacto
heptulopyranose 

l-Acetamido -1- deoxy- D- glycero- D- galacto- hepti tol 
(5.1 g), D-mannitol (0.25 g), potassium dihydroge n 
phosphate (0.025 g), and yeast extract (0.25 g) were dis
solved in 50 ml of water. Two 25-ml portions, in 125-
ml flasks, were sterilized for 20 min in s team under a 
pressure of 20 psi, cooled, and inoculated with A. 
suboxydans. The readio n flasks were kept at 20 to 
30 °e, and the reaction was followed by paper chro
matography. After 10 days, the combi ned product was 
treated as follows : One ml of a 20-percent sol ution of 
zinc sulfate was added, and the mixture was neutral
ized to phenolphthalein with a saturated so lution of 
barium hydroxide. The suspension was filtered, and 
the filtrate was deionized with a mixture of catio n
and anion-exchange resins, and evapora ted to dryness. 
The residue was extrac ted with 80-percent aqueous 
methanol; the solid material (unoxidized l-acetamido
I-deoxY-D-glycero-D-galacto-heptitol) was removed by 
fi ltration, and the filtered solution was evaporated 
under reduced pressure. The residue was' dissolved 
in water and lyop hilized to remove all solve nt. The 
solid material was di ssolved in a minimal amount of 
methanol, and e thyl ethe r added to the point of in
cipient turbidity. After several weeks, crys talline I 
se parated . The co mpound was recrystall ized from 
me thanol ; yie ld , 3. 18 g; mp, 139 to 140°C. The sub
s tance ex hibits the mutarotation represented in table 
1. [aFoD=-1l2.6° initiall y, and -97.1° at equi
librium ; [aY 5D=-117.7° initially and - 105.8° at 
equilibrium (c 3.3, water). 

Anal. Caled. for C9H 17N07: C, 43.02; H, 6.82; N , 5.58. 
Found: C, 43.15; H, 6.85; N, 5.6. 

3.4. 7-Acetamido-7-deoxy-L-galacto-heptulose 
Phenylosazone 

7 -Acetamido-7-deoxY-L-galacto-heptulose (200 mg), 
phe nlyhydrazine (35 mg), acetic acid (200 mg), and 
water (5 ml) were heated in a boiling-water bath for 2 
hr. The resulting phenylosazone was separated by 
filtration and washed successively with dilute acetic 
acid, 95-percent ethanol, and ether; yield, 243 mg. 
After recrystallization from ethanol, the phenylosazone 
melted with decomposition at 209°C. 

Anal. Caled. for C21H27N505: C, 58.7; H, 6.3 ; N, 16.3. 
Found: C, 58.1; H , 6.3; N, 16.1. 

3.5. 7 -Acetamido-7-deoxy-L-galacto-heptulose 
Phenylosotriazole 

The phenylosazone of I (191 mg) was refluxed for 
2 hr with a solution prepared from 121 mg of copper 
sulfate pentahydrate and 15 ml of water. The hot 
suspension was filtered to re move cuprous oxide and 
unreacted phenylosazone, and the filtrate was passed 
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through a column of mixed cation- and anion-exchange 
resins. After the eluate had been evaporated under 
reduced pressure, the phenylosotriazole of I crystal
lized; the compound was recrystallized three times 
from hot water; mp, 210°C. 

Anal. Caled. for CSH20N40s: C, 53.6, H, 5.99. 
Found: C, 53.6; H, 5.5. 

The author expresses her appreciation to H. S. Isbell 
for suggesting the research problem and for highly 
valued counsel, and to R. 1. Hall and 1. K. Taylor for 
microanalyses. 

(Paper 69A3-349) 
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Excitation of acoustic waves in plasmas, W. A. Saxton, Radio 
Sci. J. Res . NBS/USNC-URSI, 69D, No. 4 (Apr. 1965). 
This paper report s ea rly results in an experimental study to deter· 
mine the ' effec ts of perturbing weakly ionized gaseous plasmas with 
acoustic waves emanating from transducers that operate in the a udio 
and ultrasonic fre que ncy ranges. Compact loudspeakers incor· 
porated into cyli ndrical plas ma discharge tubes provide the source 
of acoustic s ignal s. Modulation of electromagnetic waves by the 
acoustically·disturbed plasma is measured in a unique rectangular 
cavity whose output is de tected and fed to a wave analyzer. Result· 
ant wave·analyzer responses indicate that the collision frequency 
is modulated in addition to the plasma frequency, and suggest that 
the variations in both are proportional to the magnitude of loud· 
speaker diaphragm defl ection, as predic ted by simple aco usti c 
theory. Knowing that two form s of modulation occur simultane· 
ously, a calibration sche me was developed to separate the variation 
t:.fp in the plas ma fre quency from the total response. Measure· 
ments to date indi cate that t:.Ne/Ne = M /N (where Ne and N are 
electron and neutral· molecule de nsities, respectively) for slightly. 
ionized gases whic h are subjected to low·frequ ency pressure vari· 
ations in the order of 10- 5 mm Ag, and that suc h variation s produce 
plasma·frequency perturbations of 0- 140 kc/ s at plasma fre quencies 
up to 800 Mc/s. 

Wave interaction in oxygen magnetoplasmas, K. V. Narasinga 
Rao, Radio Sci. J. Res. NBS/USNC-URSI, 69D, No.4 (Apr. 1965). 
Electron cyclotron resonance absorption of microwaves in decaying 
oxygen magnetoplasmas is utilized to alter the plasma parameters 
s uch as the "temperature" and number density of the e lectrons. 
The technique of c ross modulation of microwaves in partially filled 
plasma waveguides is used in this investigation. It is shown that 
for small amplitudes ( - 120 m W at 5.3 Gc) of the resonant heating 
signal the inelastic colli s ion of low e ne rgy electrons int roduce a 
barrier for rapid heating the electron gas. For higher incident 
amplitudes ( - 500 m W at 5.3 Gc), not only does rapid heating of 
the electron gas occur, but al so additional e lectron produc tion and 
loss mechanisms are observed. The implications of these res ults 
on (a) apparent d iscrepancies in me asurements of attachment 
coefficient by mic rowave me thods , and (b) contro l of ionos pheri c 
plasma parameters by radio wave absorption are disc ussed. 

Test of the constancy of the ve locity of electromagnetic 
radiation in high vacuum, P. Beckmann and P. Mandics, Radio 
Sci. J. Res. NBS/USNC-URSI 69D, No.4 (Apr. 1965). 
It is pointed out that Einstein's postulate of the constan t velocity 
of light is verified only indirectly by e le mentary·particle experiments 
leaning more or less heavily on present e lectromagnetic theory, 
the latter being verified only for low velocities. Direct experiments 
can be explained by the ballistic theory of light if transparent media, 
suc h as gases, reradiate as a secondary source. A direct experiment 
with coherent light reflected from a moving mirror was performed , 
in vacuum better than 10- 6 torr. Its result is consistent with the 
cons tant velocity of light. 

Trans mission and reflection of electromagnetic waves by a 
hot plasma, E. C. Taylor, Radio Sci. J. Res. NBS/USNC-URSI 
69D, No.5 , (May 1965) . 
The relativisti c form of the Vlasov equation is used to solve the 
problem of transmission and re fl ection of normally incident electro· 
magnetic waves, Tra ns mission and reflection coefficients are 
derived for a plasma half·s pace and for a plasma slab, using the 
assumption that elect rons are specularly reflected at the boundaries. 
These coefficient s are functions of the ratio of the electron thermal 
speed to the vacuum s peed of light , indicating that temperature 

dependence in these cases is a relativistic e ffect. Nevertheless, 
it is seen that the nonre lativistic limits of these coeffici ents differ 
from those obtained by using the cold·pl asma equations since the 
transition to the zero· temperature limit has a nonuniform charac te r. 

Microwave spectral tables. Diatomic molecules, P . F . Wacker, 
M. Mizushima, J. D. Petersen, and J. R. Ballard, NBS Mono. 70, 
(Dec. 1, 1964) $2.00. 
For about 1500 spectral ljnes of diatomic molecules observed by 
coherent radiation techniques, measured frequ encies, assigned 
molecular species, assigned quantum numbers , and newly com· 
puted intensities are given. Molecular data, suc h as rotational 
co nstants , dipole moments, and variou s coupling co nstants, de te r· 
mined by suc h techniques, are also tabulated , as are other molec ul ar 
constants used in the intensity computations. References a re 
given for all included data. For de termination of hype rfine spectra, 
both Casimir's function and the inte nsity splitti ng factor are given 
for both integra l and half·integral quantum numbe rs J and / , pe r· 
mitting application to additional molecules with unclosed e lectronic 
shells a nd with hyperfine s plitting produced by more than one 
nucleus. 

Microwave spectral tables . Line stre ngths of asymmetric 
rotors, P . F. Wacker and M. R. Prauo, NBS Mono. 70, Vol. II 
(V ee. 15, 1965) $3.00. 
Line strengths of asymmetric rotors are tabu lated as a function of 
Ray's asymmetry parameter K for rotational quantum numbers J 
from 0 to 35. Procedures for interpolation as a func tion of K and 
extrapolation to larger J values are di scusse d. 

On the statistical theor y of e lectromagnetic waves in a fluctu
ating medium (II) Mathematical basis of the analogies to 
quantum fie ld theory, K. Furutsu, NBS Mono. 79 (Dec, 7, 1964) 
35 cents. 
Many analogies to quantum field theory are inherent in the statistical 
theory of waves , This is due to the fac t that basic equations exjst 
in the la tte r theory whic h corres pond closely to the fundam ental 
equations of the form e r theory; i.e., to the commutation relations 
and the Heisenberg equation of motion. A probability de nsity 
functi on of waves is introduced here whic h corresponds to the proba· 
bility amplit ude function in quantum mechan ics . The boundary 
conditions at infinity for thjs probability de nsity fun ction are the n 
found to be expressed in the same form as the vac uum boundary 
conditions in fi e ld theory. The theory of the s tatistical Green's 
functions and their relationships to the expectation values of the 
physical variables is a lso exte nsively developed, using auxiliary 
external sources of the wave and of the flu ctuat ing medium. It 
is found that there exis ts a one·to·one correspondence between the 
formalism of Green's functions presented here a nd that used in 
field theory. The above correspondence may be important for a 
further development of the statistical theory of waves, ju st as the 
advanced techniques of fi e ld theory have greatly influe nced the 
development of thermodynamics (or stati s tical physics). 

On the formulation and numerical evaluation of a se t of 
two-phase flow equation modelling the cool down process, 
S. Jarvis, Jr., NBS Tech . Note 301 (Jan. 4, 1965) 55 cents. ' 
A model of transie nt two·phase flow in a pipe is constructed in 
Eulerian coordinates assuming a s ingle ve locity but independe nt 
temperatures in the two phases. Experime nts on the numeric al 
integration of the system for cooldown problem by both Lax and 
Courant·lsaacson·Rees methods indicate that a very fine spatial 
difference ne t must be used to co mpensate for the nume ri cal diffu· 
sion essential to computational stabilit y if a second s urge is to be 
realized, 
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Angular momentum distribution and emission spectrum of 
OH (2~;+) in the photodissociation of H20, T. Carrington, }. Chern. 
Phys . 41, No.7, 2012-2018 (Oct . 1, 1964). 
When water vapor absorbs light of wave length less than 1350 A, 
an elec tronically excited OH fragment may be produced. This 
process has been observed, using wavelengths 1216 A, 1236 A, and 
1302 A, and the rotational and vibrational excitation of the product 
OH2~+ has been determined from its emiss ion spec trum. Most of 
the energy beyond that necessary to produce e lectronically excited 
OH goes into rotation of that molecule . Roughly one· third of the 
OH molecules have one qu antum of vibrational energy, and in these 
molecules too, the highest energe tically allowed rotational levels are 
stro ngly populated. Knowledge of the energy and rotational angu· 
lar momentum of the OH allows estimation of the kinetic energy and 
orbital angular momentum of the H as i·t fli es away from the ce nter 
of mass. This is interpreted in terms of a two body interac tion at 
large distances . 

Morphology of thermally evaporated zinc cleavage surfaces, 
A. W. Ruff, Jr. , J . Chem. Phys . 41, No . 5, 1204- 1213 (Sept. 1, 1964). 
The process of thermal evaporation has been studied on (0001) 
cleaved zinc surfaces . The effects on the evaporated surface struc· 
ture" due to zinc vapor undersaturation, impurities, and crystal di s· 
locations were investigated. For undersaturation ratios be tween 
0.29 and 0.006, evaporation proceeded primarily from localized s ur· 
face regions resulting in s ha llow conical evaporation pit s. The 
number density of these e vaporation pits was in good agree ment with 
the di s location density det e rmined by c he mical e tc hing. It was . 
concluded that the step sources res ponsible for the evaporation 
pits were di s locations terminating at the surfaces. The theory of 
evaporation from di s location sites predicts a c ritical undersaturation 
s imilar to that observed experim entally. The interferometri c ally 
measured e vaporation pit slopes increase d with vapor undersatura· 
tion in agreeme nt with the th eory of Cabrera and Levine near th e 
critical undersaturation . The data extended further into the region 
of higher unde rsaturations. The effects of surface impurities were 
studied by ad mitting oxygen into the evaporation ce ll. For a co n· 
s tant vapor undersaturation, the evaporation pit slopes inc reased at 
the higher oxygen pressures . This increase could be exp laine d 
qualitative ly in terms of a reduction in step veloc it y. 

Statistical sUl·face thermodynamics of simple liquid mix
tures, C. A. Eckert and 1. M. Prausnitz, A. I. C. H. E. J. 10, No . 5, 
677- 683 (Sept. 1964) . 
The surface properties of nonpolar liquid mixtures are derived from 
the application of the grand partition fun c tion to a cell model of the 
vapor-liquid interface. The s urface te nsion and the s urface co m
position are e xpressed in terms of the activity coeffic ients in the bulk 
liquid and pure·compone nt properties . The results are in exce llent 
agreeme nt with e xi s ting da ta for the surface tension of' mixtures . 
This treatme nt provides a sound theoretical basis for the prediction 
of surface properti es of other liquid sys te ms, and is espec ially 
appli cable to cryogenic mixtures. 

The accurate measurement of voltage ratios of inductive 
voltage dividers, T. L. Zapf', Acta IMEKO, pp. 317-331 (1964). 
Several methods have been developed at the National Bureau of 
Standards for the very accurate measurement of audio frequ ency 
voltage ratios associated with induc tive voltage divide rs. Uncer· 
tainties in voltage ratio of less than 2 X 10- ' have bee n obtained in 
measurements with transformer· type c apacitance bridges. The 
attainme nt of such accuracy has provided a firm base for further in
vestigations on induc tive voltage divide rs. An inherent major e rror 
arises from the interac tion be twee n di s tributed shunt impeda nces 
and leakage impedances in the windings . In s pec ifi c designs of 
inductive voltage dividers the relative magnitudes of such errors are 
calc ulable and are characte ri sti c of the des ign. A di videI' may be 
comple tely charac terized by the des ignation of the characte ri s ti c 
relative e rrors co mbined with an absolute measure ment. A method 
involving comple mentary meas ure me nts has bee n developed to 
yield an absolute measureme nt of the inphase and q uadrature co m
ponents of the voltage ratio characte ri s ti c. Single-decade indu ctive 
vo ltage dividers have been cons tructed with ratio magnitude char· 
acte ri s ti cs and residual errors less than 5 X 10- 8. Thi s recent work 
has verified the accuracy of measurements made by othe r methods. 

Correlation factors for impurity diffusion - Bcc, diamond, 
and Fcc structures, J. R. Manning, Phys. Rev_ 136, No . 6A, 
A1758-A1766 (Dec. 14, 1964). 
A general equation for the impurity correlation factor is de rived 
in terms of e ffective escape frequencies. This equ ation app lies 
even when the vacancy jump frequency for association of a vacancy
impurity complex differs from the frequency far from an impurity. 
Parameters in this equation a re calculated for body·cente red cubi c, 
diamond, and face-centered cubic structures. In these c alculations, 
it is assumed that vacancy jumps which do not involve a neares t 
neighbor of the impurity are unaffected by the impurity but that 
association and dissociation jumps, whic h do involve nearest nei gh
bors of the impurity, are affected. Analytical expressions for the 
correlation factor in terms of vacancy jump frequency ratios a re 
obtained. In the bcc a nd fcc struc tures, result s are give n for two 
cases : (A) where all dis sociative jumps are equally likely', and (B) 
where a vacancy which makes a di ssoc iative jump to a second 
nearest ne ighbor site is s till partially bound to the impurity but va· 
cancies which make dis sociative jumps to other sites are not. In 
the diamond structure, case A cannot be distinguished from case B. 
Results for the diamond structure and for case A in the fcc struc
ture differ only slightly from previous more approximate results. 
A compari son is made be tween the present random walk method of 
calculating correlatio.n factors and the pair association method . 

Thermal decomposition of sonte alkyl halides by a shock
tube method, W. T sang, }. Chem. Phys. 41, No.8, 2487-2494 
(Oct . 15, 1964). 
The decomposition of several alkyl halides have been s tudied by 
a comparative rate method using a s ingle pulse s hoc k tube. Rate 
constants for the e limination of hydrogen halide from the parent 
molecule are compared with the rate of e liminatio.n of hydrogen 
bromide from isopropyl bromide. The Arrhenius expression fo.r 
the latte r reac tion has prev iously been found to be k (i- C3H,Br) 
= 10'3.62r 4, ,8oo/"T (sec-I). On this basis, the following rate expres
s ions have been obtained: 

k (CZH5Br) = lO' 3.'ge - 53"oo/RT (sec- I) 740- 940 OK 

k (C2J-I,C I) = 1O' 3. '6e - 56 ,46o/RT (sec- I) 820- 1000 OK 

k (i-C:,H,CI) = 1013.64e-51, IOO/RT (sec- I) 750- 950 OK 

k (i -C 3H,I) = 10'3.6'r45,o65/RT (sec- I) 680- 850 OK 

k (t-C4H9 I) = 10 13 .73e- 38,080/RT (sec- I) 650-760 OK 

These results are co mpared with the results of earlier low tempera· 
ture s tudies. The advantages and reliability of thi s type of kine tic 
st udy are discussed. 

Relaxation of a Lorentz gas with repulsive r- S force law, H. 
Oser, K. E. Shuler, and G. H. Weiss,}. Chem. Phys. 41, No . 9, 2661-
2666 (Nov. 1, 1964). 
The relaxation of a Lorentz gas (dilute light particle subsystem in a 
heavy particle heat bath) has been studied for a repulsive r- S ce ntral 
force law inte rac tion between the light and heavy particles. The 
Fokker-Planck equation for the velocity di stribution functions of the 
light particle subsys tem has been solved numerically for s = 5, 9, 13, 
21 and 00 for various initial co.nditions. The depe ndence o.f the 
rate of relaxation and of the form of the time dependent velocity 
distribution function on the force law paramete r s is discussed in 
light of the above results . 

Modulus of rupture of glass in relation to fracture paltern, 
M. J. Kerpe r and T. G. Scuderi, Am. Ceramic Soc. Bull. 43, No.9, 
622-625 (Sept . 7, 1964) . 
Glass broken in flexure s hows a fracture face which normally con
s is ts in part of a smooth area that includes the frac ture origin. The 
area of this s mooth portion of " mirror" has been found to bear a 
re lations hip to the magnitude of the stress caus ing rupture. This 
re lations hip has bee n studied for e ight glasses tes ted under a variety 
of conditions . It was observed that the conditions of the glass s ur
face, the test temperature, difference in exposure time to tes t tem
perature, and rate of loading, all had an effect on the strength of 
glass but did not affect the relationship between modulus of rup-
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ture and the mirror size. The co mposition did , however, affect thi s 
re lations hip. This relationship is gene raUy expressed as a power 
func tion where the modulus of rupture times the radiu s of the mir
ror to the one half powe r is equal to a co ns ta nt. Thi s express ion 
is not, however, valid for th e full ra nge of the data. 

Mass-spectrometric study of the reac tions of 0 atoms with 
NO and N02 , F. S . Kl ein and J . T . He rron, J. Chem. Phys . 41, No.5, 
1285-1290 (Sept. I , 1964) . 
The reac tion of 0 a toms with NO a nd NO, have been s tudi ed us ing 
a mass s pectromete r to direc tl y meas ure the 0 a tom partial press ure. 
The result s obta ined are as follows : 

NO + 0 + M ---> N02 + M k, (M = NzJ = (1.44± 0.20) 

X 1015 exp (1930 ± 100/RT)cc2 moles - 2 sec - I. 

NO,+ O --->NO + O, k , = (1.95 ± 0.61) X 10 ' 3 

expo (-1060 ± 200/RT) cc. moles - I sec- I 

These reac tions a re di scussed in te rms of the ge neral mecha ni s m 

O + XO i (OXO)* + M ~ X02 + M 

C ---> X +O,* 

0 ---> XO, + hv 

From the overalJ ra te constants a nd prev ious res ult s on the isotopi c 
exc hange rates of 0 ' 8 with O2, NO , and NO, (J. T . He rron a nd F. S. 
Klein , J. Che m. Phys. (1964)) the ra tes of the e le menta ry reaction 
steps have been calc ulated. 

Infrare d s tudies of the photolysis of H N" in inert and I'eactive 
matrices, The infrare d s p e ctl·um of NH, D. E . Milliga n and 
M. E. J acox, J. Chem. Phys. 49, No . 9, 2838- 2841 (Nov. 1, 1964) . 
Infrared and ultraviole t observat ions have been made on the prod· 
uc ts of the photolys is of HN" and ON" suspe nded in Ar, N2 , and 
CO" matrices at 4, 14, a nd 20 oK. Appreciable concentra ti ons of 
N H (NO) in the groun d (-) s ta te a re p rodu ced. The vibrationa l 
fu nda ment a l of N H has been observed d irec tl y at 3133 ± 2 cm- I in 
Ar and N, matri ces. The ide ntification of H atoms in the photo
lys is of HN" requires that so me of the HN" molecules undergo 
photolytic rupture a t the H - N bond . Co nsideration is give n to the 
secondary reactions whic h occur be t ween NH and itself or HN3 . 

It appe ars like ly th at HN = N H a nd/o r HN = N - N = NH may con
tribute to the observed produc ts of these seco nda ry reac tions. 

Contributions to the th e ory of s hell c orrections, U. Fano 
and J. E. Turne r, ch. 4,49-67, NL,clear Sci. Series Report No. 39, 
Natl . Acad. Sci.-Nat l. Res . Co uncil Publ . 1133 (1964). 
Sum rules pe rta ining to the inelas ti c form fac tor F ,,(q ) are calcu
lated and applied to the e valuation of she ll correc tions to the stop
ping power formul a, to orde r l /v· in the veloc ity of the inc ident 
particle. De tails are give n pertaining to the evalu ation of the she ll 
corrections in the paper reproduced in Appendix A. Comments 
are presented regarding the possible generality of a Lindhard
Winther e quipartition rule. 

Electrode potentials in fused system, VIII. Oxidation 
kinetics of silver in sodium chloride, K. H. Stern and W . E. 
Reid, Jr., }. Phys. Chem. 68, No. 12,3757-3764 (Dec. 1964). 
The oxida tion rate of metallic silver in molten sodium c hloride has 
been studied by a galvanic old technique as a function of oxygen 
partia l pressure, 0- 1st and temperature (800-900 OK). The results 
are accounted for by two forward reactions : (A) 2Ag+ 1/ 2 O2 kl 2Ag+ 
+ O~ , (B) AgO + Na+ k2 Ag+ + Nao. k, is a linear func tion of Po in 
the range 0 < p ~ 1 atm. For Po,= 1 at 870° k, = 11.9 X 1015, k2 
= 0.35 X 10'52 atoms cm- ' sec- I. With inc reas ing time d I Ag+ J /dt 
decreases because of the re ve rse of reaction (A), for which 

k, + k, . . . . 
k" =~, where KA , th e eqUIlibrium constant for (A), I S 8.3 X 10- 7 

A P02 

on the mole fraction scale. The gene ral diffe rential equation for 

thi s sys tem is de rived and numerica ll y integra ted . T he mecha nis m 
of the reac tion is di sc ussed in te rms of absolute reac tion rate theory. 
It is co ncluded tha t the rat e de te rmining s te p for (A) is the che mi
so rpti on of O2 , which is hindered by an adsorbed laye r of c hloride 
ions, and that for (B) the form ation of Ag + is rate-dete rmin ing. 

Election scatte ring without atomic or nuclea,' e xcitation, 
J . W. Motz, H. O lsen, and H. W. Koch, Rev. Mod. Ph ys. 36, No . 4, 
881-- 928 (Oct. 1964). 
This survey is concerned with the process of sin gle e lec t ro n sca tt e r
ing by a n a tom without exc ita tion of the atom or the nu cleus. Res ult s 
are given whic h pert ain to the kine matics, the radi ative e ffec ts, 
the polari za tion be ha vior, and t he c ross sections fo r t hi s process 
over a wide range of e lectron e ne rgies ex te nding fro m the nonre la
ti vis ti c (> 10 ke v) to t he extre me rela tivi s ti c regions . 

K-ionization CI'OSS sections fOl' relativistic electrons, J . W. 
Motz and R. C. Plac ious, Phys. Rev. 136, No . .1A, A662-A665 
(Nov. 2, 1964). 
Experimental values of the K-s he ll io ni zation cross sec tion a re de te r
mined from scintillation s pec tromete r measureme nts of the K x rays 
e mitted when thin targe ts of tin and go ld a re bombarded by 50, 100, 
200, a nd 500 ke Y e lec trons. For these ene rgies a nd atomic numbe rs, 
the experime nta l result s s how diffe re nces wi th the c ross sec tions 
give n by Bu.-hop's nonrelati vis ti c calculations and by Perlma n's 
rela tivi s ti c calc ul ations, but show good agree me nt with the predic
ti ons of Arthurs and Moiseiwit sc h who e mployed re lativi s ti c free 
partic le wave fun c tio ns for the projec til e e lectron and nonre la
tivi s ti c wave fun c tions for th e ato mi c e lec tron. 

Tables of e nel'gy losses and ranges of e lectl'ons and posi
trons, M. J . Berge r and S. M. Seltze r , NaIL. AeronatLl. Space Admi n. 
NASA S P-301 2, 1-127 (/964). 
T ables a re presented for a pproxim ate ly forty mate ri a ls, and energies 
betwee n 10 ke v a nd 1000 Mev, whic h cont a in the followi,rg in fo rm a
tion: mea n energy loss of e lec trons by co lli s ions with a tomic e lectrons 
a nd by bre mss trahlung, the mea n ra nge, a nd the radiation yie ld 
(con ve rs ion of e lec tron kine ti c e nergy into bre mss tra hlung energy). 
Auxili a ry tabl es conta in information about res t ric ted colli s ion losses 
in water, c riti ca l energies (a t whic h the colli so n a nd bre mss tra hlung 
losses are equ al), and e lec tron-pos itron diffe re nces in regard to 
e ne rgy loss a nd range: So me co mpari so ns are made be tween ca l
c ul ated and experimenta l values of the mean e nergy loss. 

Tablcs of e n e rgy losse s and rangcs of h cavy c harges parti
cles, W. H. Barkas and M. J. Be rge r, NaIL. Aeronaut. Space Admin. 
NASA SP-30n, 1-131 (/ 964). 
T wo- vari able proton s topping power and range tab les a re given as 
fun c tions of the pa rti c le e ne rgy T and of the mea n excitation e ne rgy 
ladj of the medium, fo r 160 valu es of T betwee n 1 a nd 5000 Mev, a nd 
for 36 values of l adj. These tables can be ap plied to any medium 
with s pecified mean ex ic ta tion e ne rgy. By s imple scaling, they 
can a lso be ap plied to other heavy parti cles with mass and c harge 
different from th a t of the proton. The tabul ated va lues be low 8 
Mev a re based on experime ntal s topping-power a nd range da ta 
as summarized by a 9-para mete r leas t- squares range formul a. 
Above 8 Mev they are based on the Be the s topping powe r theory, 
except for the she ll correc tions which a re calcula te d by an e mpiri ca l 
formula in the variables T and l adj de rived fo rm the an alys is of 
experime nta l data. 

Application of the theory of absorbing Markov chains to the 
statistical thermodynamics of polymer chains in a lattic e , 
J. Mazur, }. Chem. Phys. 41, No.8, 2256-2266 (Oct. 15, 1964) . 
A concept of absorbing Markov processes is e mployed in orde r to 
s tudy the stati s ti cal thermodynami cs of infinite ly long polymer 
chains, s imulated by a random fli ght on a lattice. These polymer 
cha ins inte rac t in the se nse that ce rtain cha in conform ations a re 
associated with intramolecular inte ractions, de fin ed by s hort-range, 
s teplike potentials. Various the rmodynamic fun c tions are de rived 
from the polymer partition func tion , which, in turn , is obta ined fro m 
the largest eigenvalue of the matrix of transition probabiliti es. The 
thermodynamic function s of thi s s implified polyme r model are e valu
ated for some lattice models and fo r diffe re nt forms of the inte raction 
pote ntials . The results thu s obtained a re the n co mpa red with more 
accurate , but mu ch more length y, Monte Ca rl o or direc t-counting 
computations . 
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Other NBS Publications 

J. Res. NBS 69C (Eng. and Instr.), No.2 (Apr.-June 1965), 
75 cents. 
Temperatures of thermocouple reference junctions in an ice bath. 

F. R. Caldwell. 
Superimposed birefractory plates. L. H. Adams and R. M. Waxler. 
A self-calibrating instrument for measuring conductance at radio 

frequencies. L. E. Huntley. 
Exact inductance equations for rectangular conductors with appli

cations to more complicated geometries. C. Hoer and C. Love. 
Common volume of two intersecting cylinders. 1. H. Hubbell. 
Steady-state heat conduction in an exposed exterior column of 

rectangular cross section. B. A. Peavy. 

Radio Sci. J. Res. NBS/USNC-URSI, 69D, No.4 (Apr. 1965), 
$1.00. 

Waves in Plasma Papers 

Dispersion of waves in a cold magnetoplasma from hydromagnetic 
to whistler frequencies. H. G. Booker and R. B. Dyce. 

Study on the guiding mechanism of whistler radio waves. S. Adachi. 
Electromagnetic waves along an infinitely long and thin conducting 

wire in a magneto-ionic medium. Y. Mushiake. 
Use of the phase-integral method to determine the reflection prop

erties of a s tratified ionosphere. C. Altma n. 
E·mode propagation in a plane-stratified plasma. P. Hirsch and 

J . Shmoys. 
Radiation from an infinite axial slot on a circular cylinder clad with 

magnetoplas ma. ·P. de Marchin and G. Tyras. 
Index of refraction surfaces for plasma waves. T. Ye h and M. H. 

Cohe n. 
Impedance of a short dipole in a compressible plasma. K. G. 

Balmain. 
Waves circulating around a rigid cylindrical obstacle in a com

press ible plasma. 1. R. Wait. 
Wave propagation in a two component warm plasma. S. R. Seshadri. 
Harmonic currents excited by an electromagnetic wave in a plasma. 

L. Wetzel and T. W. Tang. 
Excitation of acoustic waves in plasmas. W. A. Saxton. (See 

above abstracts.) 
Wave interaction in oxygen magnetoplasmas. K. V. Narasinga Rao. 

(See above abstracts.) 

Regular Contributions 

Test of the constancy of the velocity of electromagnetic radiation in 
high vacuum. P. Beckmann and P. Mandics. (See above 
abstracts.) 

Signal degeneration in laser beams propagated through a turbulent 
atmosphere. P. Beckmann. 

High frequency backscatter from the earth measured at 1000 km 
altitude. R. C. Chia, A. K. Fung, and R. K. Moore. 

Observation of NPG VLF transmissions at Tracy, Calif., during path 
equinox. G. B. Carpenter and A. L. Whitson. 

Small magnetic toroid antenna imbedded in a highly conducting 
half space. G. R. Swain. 

Radio Sci. J. Res. NBS/USNC-URSI, 69D, No.5 (May 1965), 
$1.00. 

On electromagnetic radiation from a magnetic dipole with arbitrary 
orientation embedded in a lossless magneto-ionic medium. H. 
Motz. 

A systematic s tudy of the radiation patterns of a dipole in magneto· 
plasma based on a classifi cation of the associated dispersion 
surfaces. R. Mittra and G. L. Duff. 

Propagation of vertically polarized electromagnetic waves in a hori· 
zontally stratified magnetoplas ma. R. Burman and R. N. Gould. 

A note concerning the reflec tion of waves in inhomogeneous layers 
with asymmetric profiles. R. Burman. 

On the terrestri al propagation of ELF and VLF waves in the presence 
of a radial magnetic fi e ld. J. Galejs . 

Electron density profiles in cylindrical plasmas from microwave 
refraction data. B. A. Anicin. 

St udy of the waves supported by a warm plasma slab. P. R. Caron. 

Transmission and reflection of electromagnetic waves by a hot 
plasma. E. C. Taylor. (See above abstracts). 

Radiation from electrons in a magnetoplas ma. H. B. Liemohn. 
Radiation from a uniformly moving charge in an anisotropic, two 

component plasma. S. R. Seshadri a!ld H. S. Tuan. 

Sound insulation of wall, floor , and door constructions, R. D. Ber
e ndt and G. E. Winzer, NBS Mono. 77, (Nov. 30, 1964), 40 cents. 
Consolidated Supplement to Building Materials and Structures 
Report 144 (Supersedes Supplements 1 and 2 of BMS Report 144). 

Legibility of alphanumeric characters a nd ot her symbols I. A 
permuted title index and bibliography, D. Y. Cornog, F. C. Rose, 
and 1. L. Walkowicz, NBS Misc. Pub!. 262-1, (Dec. 15, 1964), 
60 cents. 

Radio path length stability of ground-to-ground microwave links , 
M. C. Thompson, Jr. , and H. B. Janes, NBS Tech. Note 219, (Nov . 
15, 1964),45 cents. 

An atlas of VLF emission spec tra observed with the "Hiss recorde r", 
1. A. Koch and V. C. Edens, NBS Tech. Note 226, (Nov. 13, 1964), 
40 cents. 

VHF ionospheric scatte r system loss measurements European
Mediterranean area, V. H. Goerke and O. D. Remmler, NBS Tech. 
Note 230, (Dec. 25, 1964), 40 cents. 

Disclosures on various subjects; a plumbing vent manifold, a micro
adjuster, a glass joint or stopcock, and a miniature puller, ed. , 
D. Robbins, NBS Tech. Note 253, (Nov. 30, 1964), 10 cents. 

Effect of elec tri ca l fi elds in the gamma radiolysis of propane, P . 
Ausloos and R. Gorden , Jr., J. Chern. Phys. 41, No.5, 1278- 1284 
(Sept. 1, 1964). 

Mass spectrometric investigation of the yttrium chlorine surface 
reaction , 1. D. McKinley, J. Che rn. Phys. 49, No.9, 2914-2817 
(Nov. 1, 1964). 

Kinetics of the acid-catalyzed hydrolysis of acetal in dimethyl 
su lfoxide-wa ter so lvent s at 15,25, and 35°, R. K. Wolford , J . Phys . 
Chern. 68, No. 11,3392-3398 (1964). 

Simple arc dev ices for spectral exc itation in controlled atmospheres, 
M. Margoshes and B. F. Scribner, Appl. Spectry. 18, No. 5, 154-
155 (1964). 

Collision·induced microwave absorption in comp ressed gases. Ill. 
CO2·foreign-gas mixtures, A. A. Maryott and S. 1. Kryder, J. Chern. 
Phys. 41, No.6, 1580-1582 (Sept. 1964) . 

Making precision measure me nt s lOf zener diode voltages, W. G. 
Eicke, Jr. , IEEE Trans. Commun. Elec. 83, No. 74, 433-438 
(Sept. 1964). 

Ethylene-propylene copolymers : crys tallinity, infrared and creep 
studies, F . J. Linnig, E. J. Parks, and L. A. Wood, 1. App!. Polymer 
Sci. 8, 2645-2651 (1964). 

The National Bureau of Standards, E. L. Graminski, Capital Chern· 
ist 14, No.9, 2778-2781 (Dec. 1964). 

Sampling and statistical design, W. J. Youden (Proc. Symp. Environ
mental Measurements, Cincinnati, Ohio, Sept. 4, 1963), Public 
Health Service No. 999- AP-15, pp. 35-39 (July 1964). 

Plasti cs and the den tal market, G. M. Brauer, Plastics World 12, 
12 (Oct. 1964). 

NMR studies of asymmetric ethanic rotators: 1,2·disubstituted pro
panes, H. Finegold, 1. Chern. Phys. 41, No.6, 1808-1818 (Sept. 
15,1964). 

Triplet - state energy transfer from acetone to aliphatic aldehydes in 
the gas phase, R. E. Rebbert and P. Ausloos, 1. Am. Chern. Soc. 
86,4803-4807 (1964). 

The needs of the s ta ti st ical engi neering programs of the National 
Bureau of Standards, C. Eise nhart, Proc. 9th Conf. Design of 
Experiments in Army Research Development and Testing, Di· 
rec torate of Research and DevellOpment, U.S. Army Missile 
Command, Re dstone Arsenal, Ala., Oct. 23-25, 1963, ARO-D 
Report 64-2 (1964). 

Impact parameter treatme nt of vibrational exci tation, F . H. Mies, 
1. Chern. Phys. 41, No.3, 903- 904 (Aug. 1, 1964). 

The inverse multiplier for abelian group difference sets, E. C. John· 
sen, Can. J . Math . 16, 787-796 (Sept. 4, 1964). 

Studies on the tungsten.rhenium thermocouple to 2000 °C, D. B. 
Thomas, Proc . 18th Annual ISA Conf. and Exhibit, Sept. 9-12, 
1963, C hicago, Iil. , Preprint 57.3.63, pp. 57.3.63-1-57.3.63-9 
(1963). 
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Gas·phase photolysis of methyl radicals with added organic com· 
pounds, R. D. Doepker and D. Ausloos, J. Chern. Phys. 41, No.6, 
1865-1871 (Sept. 15, 1964). 

18·cm spectrum of OH, H. E. Radford, Phys. Rev. Letter 13, No. 17, 
534-535 (OcL 26, 1964). 

Low temperature magnetic transitions in lanthanon trichlorides, 
Physics Letters 12, No.1, p. 5 (Sept. 1, 1964). 

An investigation of plasma boundaries with electromagnetic surface 
waves, H. W. Wassink and A. J. Estin,./. Appl. Phys. 35, 2795-
2800 (Oct. 1964). 

Effect of particle shape and size distribution in a reinforced polymer, 
R. L. Bowen, J. Am. Dental Assoc. 69, 481-495 (OCL 1964). 

Growth of oxalic acid single crystals from solution: solvent effect 
on crystal habit, J. L. Torgensen and 1. Strassburger, Science 
146, No. 3640, 53- 55 (Oct. 2, 1964). 

Investigation of the hydraulics of horizontal drains in plumbing 
systems, R. S. Wyly, NBS Mono. 86 (Dec. 18, 1964), 35 cents. 

Aluminum nails, CS263-64 (Nov. 1, 1964),10 cents. 
On the pictorial structure of chinese characters, B. K. Rankin, III, 

W. A. Sillars, and R. W. Hsu, NBS Tech. Note 254 (Jan. 4,1965), 
30 cents. 

Characterist ics of the earth· ionosphere waveguide for VLF radio 
waves, J. R. Wait and K. P. Spies, NBS Tech. Note 300 (Dec. 30, 
1964), 50 cents. 

National standard reference data system, Plan of operation, E. L. 
Brady and M. B. Wallenstein, NSRDS-NBSI (Dec. 30, 1964), 
15 cents. 

Error bounds for asymptotic expansions, with an application to cyl. 
inder functions of large argument, F. W. J. Olver, Book, Asymp. 
totic Solutions of Differential Equations and Their Applications, 
ed. C. H. Wilcox, pp 163-183 (John Wiley & Sons, Inc., New York, 
N.Y., 1964). 

Spectral study of active nitrogen Aames exhibiting CN "tail" bands, 
R. L. Brown and H. P. Broida, J. Chern. Phys. 41, No.7, 2053-
2060 (Oct. 1,1964). 

Note on the partition functions, N. Newman, Am. Math. Mo. 71, 
No.9 (Nov. 1964). 

Automatic optical design, O. N. Stavroudis, Book, Advances in Com· 
puters 5,227-252 (Academic Press Inc., New York, N.Y., 1964). 

Free·field correction for condenser microphones, W. Koidan and 
D. S. Siegel, J. AcousL Soc. Am. 36, No. 11, 2233 - 2234 (Nov. 
1964). 

Infrared spectrum of HCO, D. E. Milligan and M. E. Jacox, J. Chern. 
Phys. 41, No. 10,3032-3036 (Nov. 1964). 

A magnetic fixed point for thermometry below 1 0 K, J. C. Eiscnstein, 
R. P. Hudson, and B. W. Mangum, App!. Phys. Letters 5, No. 11, 
231 (Dec. 1, 1964). 

Continuum descrjption of a high temperature plasma, L. S. Klein 
and 1. L. Jackson, Proc. VI Intern. ConL Ionization Processes in 
Gases, Paris, France, 1963, II, No. 11,215-216 (June 1964). 

Gas thermometer, 1. A. Guildner, Encyclopaedic Dictionary of 
Physics, pp. 405-406 (Pergamon Press, New York, N.Y., 1961). 

Configurations 4['6s and 4['6p in doubly ionized Pr, N. Spector, J. 
OpL Soc. Am. 54, No. 11, 1359- 1362 (Nov. 1964). 
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