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Infrared absorp t ion s])('etra of CO in the regio n of the first overtone have been obsc rH'cI 
in dilu te (approximately 1 to 10 parts in 1000) liquid solu t ions of oxyge n, ni t rog('n, and 
argon , and clear crystalline nitrogen and argon matrices . Th.e ovcrtone band was founei 
at 4249.0, 4252.4, and 4252.0 em- I with ha lf widths of 18.4, 17 .8, and 13.7 cm- I in l iquid 
oxygen, nitrogen, and a rgon so lu tions at 82,78, and 82 °1(, respect ively. The ha lf width ill 
liquid oxygen varied from 18.'1 to 10.0 cm- I in thc te mperature range 82 to 57 Ole The 
band pos ition was t he same but its width \I'as smalle r in t he crystallin e ni t rogen matrix. 
Two bands were obse rved in the clear crystalline argo n soli d at 4245 anei 4256 cm- I. The 
solu t ion resu lts cannot be in te rpreted with thc recent theory of Bucking ha m. 

Infrared absorptio n spectra of carbo n mo noxid e 
in the region of the first. overtone have been obser ved 
in the liquid solv en ts oxygell , Jl itrogen, a nd a rgo n. 
I n addition, the spectra have been obtained in clear 
crystalline solu Lio ns of argon and of ni t rogen neal' 
t he triple points o( t hese solvents. The purpose of 
these experim en ts was to determine Lhe influence of 
temperature, phase changes, and solven ts on hall' 
width, position , and shap e of the CO abso rp tion band. 

A Perkin-Elmer m odel 99 monocbromlltOl' with it 
2000 lines/cm gr ating blazed at 10° (1.7/L i ll fiJ'st 
order) was used in Lhe first order wi til a spectral sli t 
width of abou t 1 cm - I. An a ntireflecLio n coated 
germanium. filter eliminated the hig her orders from 
the 1000 w tu ngsten filament la rnp used as the light 
source. The quartz a bsorption cell used, r ecen tly 
described by Bass and Broida [1 ], was modified 
slightly by r ecessing the windows fur ther in to the 
coolant t ube. The resultant increased thermal con
tftCt between Lhe refrigerant and the solu tion greatly 
simplifi.ed the growing of the clear crys talline matrices. 
The temperature of the refrigerant, liqu id oxygen , 
was regulated by pumping on i t wi th a small vacuum 
pump (c~Lp acity 14 li ters/ min). The vapor pressure 
of the liquid osygen r efrigerant, measured with an 
aneroid type gauge, provided an indication of the 
temperature. The direct measurement of the vapor 
pressure above the solutio n with a m ercury manom
eter also provided an j nelication of the temperature. 
Solu tions were prepared from the g~lses which had 
been mixed in the ratios of 1 to 10 parts carbon 
monoxide to 1000 parts of the various sol venLs. The 
position , the half width, and the shape of the spectr al 
banel did not depen d on the concentraLion in this 
range. The clear solid solu tions were grown slowly 
from the liquids at or neal' the triple point.s of the 
solvents. 
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The me,tsured fr equencies and half widLhs of Li lC 
0- 2 transition of CO in co ndensed oxygen, nitrogen, 
and argon are summ arizcd in Lable l. In liquid 
oxygen a nclliquid ni t rogen, t iI e b,tncl was symmetri
cal both ttL t ile half' wid Lh and twice the half widLh 
and had n, Loren tzinn shape (using t he wiclLh ,tL 
Lwice Lhe half-band w idLh as l he cri ter ion [2]). 
Ther e were no cha nges in Lhe posi t ion or the shape 
of Lile band in liquid oxygen at temperaLul' es from 
57 to 82 OK. H owever the half-band widLh v,tried 
from 10.0 Lo 18.4 cm- l in t his ternperH,tur e range. 
In Jiquid :l,l'gon t he b,wd is slig h tly ll,sym metri c 
with m or e absorption on Lhe high-freq uency side. 

Al tho ug h t he position o( Lhe band in clear crys Lal
line solid ni trogen is not greatly difl'eren t from t hat 
of t lte corresponding liquid solu LioJl , t he h alf widLIt 
is reduced b y one-third ,\,/ld Lite s hape is asym metric 
and broader on the lliglt-frequellcy side in Lite solid 
matrix . The absorpLio n in Lhe wings of Lbe band 
is less Lhan one would expect [or ot Lorentzian ba,nd 
sbape. This obsel'vaLion is in apparent agreement 
wit h IiViedel' and Doli'S [:3] who r ecen tly Jhwe 
obser ved vibra tional bands of solid C2H 4 and C2D 4 

which had s hapes between the Gaussia n and LOl'ent
zian forms. In clear crys talline argo n, t he band is 
split iuLo Lwo over'htppi ng peaks wiLh the hig lt
fl;eq uellcy peak abou t 50 percen t more in tense Lhan 
the other p eak. 

Results for the band positions obtained in Lhis 
study are in good agreement with th e recently 
published resul ts of' Vu , ALwood, and Vodar [41. 
The band co ntours which are shown by Lhem appeal' 
quite similar to the ones observed in this study bu t 
half widths were not lis ted, so Lhat a fW'thel' com
pariso n of' our l'esuiLs with theirs is not possible. 
These workers did not study the influen ce of tem
perature on the spectrum . 

III an effor t to fi.nd an explan ation for th e ob
ser vations of th e 0- 2 b and of CO in condensed 
phases, several theoretical models have been tried. 
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TABLE 1. The 0 - 2 t!'ansition of CO in condensed oxygen, 
ni trogen and argon 

Solvent Phase 7' Llv» 

° l( cm- l cm-1 
gas _______________ _ 300 4260.0 

0,_ _ _____ _____ ____ _ liq _______________ _ 57 4249. 0 ± 0.5 10.0 ± 0.5 
0 ,_ _ _____ _ _ ___ ____ _ liq _____ ____ __ ____ _ 82 4249.0 ± 0.5 18. 4 ± O.5 N, ________________ liq ___ _ - __________ _ 78 4252.4 ± 0.5 17.8 ± 0.5 
A L _ __ _ ___ _ __ _ _____ liq ___ ______ ______ _ 82 4252. 0 ± 0.5 13.7 ±O.5 
N2 _________________ solicl ___ _ 62 4252.0 ± 0.5 12.3 ± 0.5 
A r. _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ solid _. _. ___ _____ _ _ 67 [4245.0 ±l. 0] 

4256.0 ± 1. 0 25.0 ± 2.0 

Unfortunately none of these theories easily account 
for the band shapes and shifts. 

Ewing [5] has observed the CO fundamental 
vibration in the liquid phase, in nitrogen and argon 
solutions. The bands he observed were not only 
asymmetric but also broader than the 0- 2 bands 
observed in this study. The carbon monoxide 
fundamental had half widths of 26 cm- l and 18 
cm- l in liquid nitrogen and argon, respectively, at 
temperatures comparable to those in this study. 
Ewing ascribed the asymmetry and increased ab
sorption to the high-frequency side of the bands to a 
low barrier to rotation. From the asymmetry he 
estimated the barrier to be 42 cm- l in pure liquid 
carbon monoxide, while slightly lower and slightly 
higher barriers were estimated for carbon monoxide 
solutions in liquid nitrogen and argon, respectively. 
A comparison with the present results (table 1) 
shows that the harmonic band is about two-thirds as 
broad as that of the fundamental. :Moreover, the 
lack of asymmetry of the band in liquid nitrogen 
coupled with its narrowness in comparison to Ewing'S 
observations of the fundamental seems to indicate 
that either hindered rotation is not the disordering 
mechanism contributing to the band width observed, 
or the barrier is several times higher than k T. 

The observation of a variation of the half width of 
the CO harmonic in liquid oxygen from 10.0 to 
18.4 cm- l in the temperature range of 57 to 82 oK is 
surprising in the light of existing theories. If the 
band contour is determined principally by a strong 
collision process, in which the duration of the 
collision is small compared to the time between 
collisions, a Lorentzian band contour should be 
observed. The half width of such a band should be 
proportional to TJ /2 [6, 7]. The observed dependence 
is clearly a function of a higher power of the 
temperature. 

If hindered rotation is responsible for the band 
width, then an increase in half-band width and 
asymmetry to the high-frequency side of the band 
is to be expected with a rise in temperature if the 
barrier is comparable to kT. If the barrier is much 
higher than kT the band width is independent of 
temperature. Since the population of the J levels 
of a rotator is proportional to Tl/2, one would expect 
the width of the band to vary roughly as TI /2 if free 
or hindered rotation is causing the observed breadth. 
The observed dependence of approximately T3/ 2 

coupled with the lack of asymmetry seems to rule 
out this explanation for CO in oxygen. 

It has recently been suggested by Rakov in appli
cation to organic materials that the width of bands 
could be represented by an exponential of the form 

(1) 

where E is the potential barrier for reorientation of 
the molecules [8, 9]. Raleov l1f1,S further indicated 
that if Brownian motion is responsible for the 
observed band widths this E should be equivalent 
to the energy of viscous flow, EvlS) which is defined 
by Glasstone, Laidler, and Eyring [10] through the 
rela tionshi p 

'Y/ = B exp (Evis/RT) (2) 

where 'Y/ is the viscosity of the liquid medium. Using 
the data in table 1 for the band width of the CO 
harmonic in liquid oxygen at 57 OK and 82 OK, one 
may calculate the E appearing in eq (1) . This value 
of E is about a factor of two smaller than the Ev1s 

calculated for liquid oxygen in this temperature 
range from the available data on the viscosity of 
liquid oxygen [11]. It appears therefore that this 
theory does not fit the phenomena observed in this 
study. 

Recently Buckingham [12, 13, 14] presented a 
theory to account for solvent effects on vibrational 
transitions of diatomic molecules. One of the unique 
predictions of this theory is that the (8-1) overtone 
of a diatomic molecule should be 8 times as broad as 
the fundamental. The half widths observed in this 
study of the first overtone of carbon monoxide are 
decidedly smaller than the widths of the fundamental 
in these same solvent systems observed by Ewing 
[5]. This indicates the failure of Buckingham's 
theory in predicting band widths for the simple 
system carbon monoxide in nitrogen and argon 
solutions. The solvent shifts (vvap-Vsol'n) observed 
for the carbon monoxide harmonic in nitrogen is 7.6 
cm- l , which is about 2.5 times the solvent shift of 
3 cm- l for the fundamenta l observed by Ewing. 
Buckingham's theory as well as the earlier theory of 
Kirkwood, Bauer, and Magat [15, 16] predicts that 
the solvent shift of the harmonic should be twice 
that of the fundamental. 

In conclusion, the first overtone of carbon mon
oxide has been observed in condensed phases of 
oxygen, nitrogen, and argon. Both the shape and 
half width are significantly changed in the transition 
of liquid solution to solid solution, while the band 
position is not appreciably altered in the phase 
change. (Changes were not observed for the 
methane-argon system [17].) The recent theory of 
Buckingham as well as the earlier theory ascribed to 
Kirkwood, Bauer, and Magat. have been found not 
to apply to these systems . No explanation is ap
parent for the two overlapping bands observed for 
carbon monoxide in the clear crystalline argon solid. 
The explanation of Vu et al. [4] implies that a com
bination band involving the fundamental band and 
a lattice mode is more intense than the respective 
fundamental. This explanation is not consistent 
with the observation of one band for the Va vibration 
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of methane in a clear crystalline argon solid [17] . 
The variation of the half width of the 0- 2 band of 
CO in liquid oxygen in the temperature range of 
57 to 82 oK cannot be readily explained with existing 
theories. 
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Fringe pat tern of an oscillating Fabry-Perot interferom eter, 
K. D. Mi elenz, J. Res. NBS 68e (En g. and I nst r. ), N o. 2, 
73- 82 (Apr.- June 1964). 
The dependence of th e fringe pa ttern of an oscill a tin g F a bry
P erot interferometer upon the vibration ampli t ude is d is
cussed experim entally an d t heoret icall y . If t he fringcs of 
the stationary interferom eter are I" ide, the frin ge p atte rn 
tends to disappear at certain valu es of t he a mpli t ude . If 
the stationary fringes a re n a rrow, a spl itting of fri nges occurs 
at certain ampli t udes . In both cases, the st at ionary patte rn 
reappears, w ith r edu ced contrast, a t intermedi a t e' ampl it ud e'S. 
The practicability of usin g these effects for t he measure me nt 
of v ibration amp litudes is di scussed. 

Mean electron density vlIri ll tions of the quiet ionosph ere 
No. 12, February 1960, J . W. Wrig ht , L . 11. Wl'scott, and 
D. J . Brown, NBS T ech. N ote 40- 12 (Dec . 6, 1963),35 cents. 
The CRPL has in it iated a program fo r la rge-scale compu t Ht ion 
of electron detl sity profi ll'S from ionosph eri c ve rt ical sound
in gs. Scali ng is perform l'd at fi eld stations, p erm itting com
putat ion of hourI .v profi les at t he Ce ntral T.abo ratory. T hese 
profilC's are combin ed t o form hour ly ml'an qui l' t profil l's for 
each station an d month . Thc results of thi s progra m for 
t he month of F ebrua r.v a re illu strated grap hi ca ll y. Thi s 
report is th e t welfth of a sN ies i lI ustrat i ng th e e lect ron 
density vari ation s in t he mean q u iet ionosph ere bet wee n 
latitudes J 5 ° N and 50 ° N [\Iong th e 75° \V meridi [\n. 

A technique for extrapolating the 1 kc va lues of secondary 
capacitance standards to high er fre((u e ncies, R . N. Jon es, 
N 13S T ech. N ote 201 (Nov. 5, 1963) , 15 cents. 
A simp le t ec hnique is descri bed fOI" extrapola t ing t he 1 kc 
vil lues of certaill t wo-termin al capacit ors to hi g her frcqu l' ll e ics 
without incu rr 'in g se l"i ous losses ill accuracy. The m l' th od is 
in tended fo r use wit h a il' cap acitors hav ing b indin g post or 
ba na na plug ty pe con necto rs. Because of in he l'e nt e lTOI'S, 
sllch connectors a re not appl"opriat (' for meas urement where 
the h ighes t acc u racy is requ ired . Fo r t his reason , it is r('com
mended t hat clJ lib rat ion of t hi s type be pe rform ed by second
ar y laborato l'ies nnd not be s ubmi tt ed to t he N at io nal Bureau 
of Sta nda rds. 

Thermodynamic prope rty values for gaseous and liquid 
carbon monoxid e from 70° to 300 OK with pressures to 300 
atmospheres, .J. G. Hust a nd R . B . Ste war t, N 13S Tech. 
N ote 202 (Nov . 30, 1963), 60 cents. 
The in tern al energy, entropy, enthalpy, and density of 
carbon monoxid e are tabula t ed as fun ct ions of prcss ure 
a nd t empera ture from 70 to 300 OK and 0.1 to 300 atmosph eres. 
A compressibility factor-pressure chart and a t emperature
entropy chart arc also in clud ed. The P-p-7' values have bee n 
cil lculated using t he Su principle of corresp onding st a tes 
w it h nitrogen as a model. Extensive comparisons are 
included , illu stra tin g the deviations of th e calculated villues 
from t he experi m ental da ta a ncl from other correlated data . 
Equations representing th e P-p-7' surface and t he vapor 
pressure a re give n. 

A low-pressure arc source for the e mi ssion s pectrum of the 
FeO mol ecul e, R . K. Dhumwa cl a nd A. ]VI. Bass, A ppl. Opt. 
2, N o. 12, 1335 (Dec. 1963). 
T he e mi ssion s pectrum of F eO has been pl'odu ced w it hout 
interferen ce fr o m a t omi c i ron lin es . The source for t his 
sp ectrum is dcser ibed . 

Dissociat ive ioni zation of H 2 ; A s tudy of a ngular di stribution s 
and e nergy di stribution s of resulta nt fast protons, G. H. 
Dunn and L . J. Kie ffer, P hys . R ev. 132, No . 5, 2109-2117 
(Dec. 1, 1963). 
P roton s w ith en ergies be t wcl'n 2 ('v fi nd 14 ev have bee n 
observed from dissociat ive ioni zation of H 2 using a rotatable 

collis ion ehnrnbel" i n conj un ction with a small 60 sector 
magneti c sp ectrom cter, :1 nd usi ng P1ectrons wi th energies 
r angin g from thres hold to ) 500 ev . The degree of an isotrop.v 
and its elec t l" on e nergy dependence on me~1 s urem ents of 
cross sectio ns and the e nerg.v d is t ri but ion of protons is 
in ves t igat('(1. T he e nerg.v d is tr ibut ion of proto ns is meas ured 
as a function of elect ron c nergy, a nd qui te good agreemcll t 
is found with pred ict ions of t hl' F ra nck-Condo n prin ciple . 
This is in rather s harp co n t rast wi t h r esu lts of p rcv ious 
investigators. 

First-order phase transition in a gas of lon g thin rod s, H.. 
Zwanzig, J . Chem . Phys. 3!), N o. 7, 1714-1721 (Oct . 1, 1963) . 
On sager' s pred iction of a first order phase tra nsit ion in a gas 
of lon g thin rods is verified by exten sive calculations on a 
simple model. The mol ecules arc r ec t a ngUlar paralklop i
peds, of length I and square cross section d X d. The lon g 
molecular aXl'S can p oin t in only t hree mutu ally perpendicular 
di rections. Yirial coe ffi cients, up t o t he seventh, are calcu
lated ('xactly as fun ctions of orientation, in t he li mit 1-> 00, 
d->O, a nd f2d = co nstant. Tile tra nsition predicted by 
Onsager 's them·.v, based on a seco nd vir ial appro xi ma tion to 
t he potent ial of mean for ce in the space of relat ive or il' ll ta
ti OIl S, is obser ved also " 'hcll all v ir ial coe ffi cien ts up to t he 
seve nth a rl' in clud ed . Thl' viria! expa ns ion appl'ars t o con
verge usefull y ill t he vicini ty of t he tra nsition . 

Ga mma irradiation of pol ytetrafiuoroe thyle ne in c hlorine, 
R . E. F lorin a nd L . A. Wa il, S PE 'l'mns. 3, N o.4, 290-299 
(Oct. 1963). 
In c hlor ine polytetrafiu orol'thylene, irradi a tl'd in halogen 
a tm os plwr es, decr ease in ul t i mate tcns il e st rength and elo nga
tio n a t br eak alm ost as rap id ly as in oxygen. The ra te of 
degradat ion is a pprox ima t ely incl e pe nd en t of cll lorin e pressure 
down t o a bout J mm Ilg. The p lle nom ena can be ('x plain ed 
se miquan t ita t ively in t erms of first ord er , cage reactions of 
sciss ion , r l'co rnbin ation , and )"l'act ion wi th ch lorin e, co mpli
cated by difl"usion at loll' prcssul·CS. H OII'l'ver, all r eaction 
a nd d iff us ion p aramet ers must s hift with gradu al in creasl' of 
cr ys t all i n i ty. 
For a give n decrease o f elongati o n at break, polytetrafluor o
ethylene in'adi ated in a vac uum r eta ins a rela t ive ly hi ghe~' 
ultima te te ns ile str(' ngt ll . III t he copoly mer of tetr a fiu oro
ethylene a nd hexaflu oro propylene, t he cha ngcs in ul t imate 
t ensile s t rength a nd l'longation at break are mu ch sloll' l']" 
under aJl conditions. Bot h poly t l'trafluoroet hylene a nd t he 
co poly mer retain apprecia bl e tens ile strcngth but li t t le elonga
t ion up t o a dose of 2X 10'r . 

Th e valid ity of crystal fi e ld theory as apll li ed to rare earth 
ion s : An a nal ysis of the s pectrum of praseodymium tri
ch lorid e, J . C. E ise nstein , Low S Yl1!nosium on P a?'a lnctgnetic 
R esonance r, 253- 260 (A cademic Press, I nc., New }'oTk, 
N . l'. , 1963). 
The sp ectrum of PrCla below 25, 000 cm- 1 is a na lyzrd from 
t he p oint of v iew of crystnl fi eld t heo ry. Cou lomb, spin
orbit a nd crystal fi eld interactio ns a rc ta ken int o accoun t. 
The Coul omb in tegrals, t he sp in-orb it couplin g constant and 
the qu a nt it ies A 7("') w hi ch ehar:LCtpr izc the crys ta l fi eld 
a re treated as p a ra metc rs. The eigc n val ue p robl em for t he 
.f2 configumt io n is solved by di agonali zati on of t he complete 
interaction mat ri ces. 
Thl' calculated posit ion s of t he l'ne rgy levels a re compared 
with t he ex perimenta l resu lts. Th is co mpa ri so n indicat es 
the exi stence o f a pprecia ble in teract ion bet,,'een the .f2 and 
hi gher confi gurat ion s. Also i t appea rs that no single set of 
crys t a l fi eld p aram eters w ill give good ag reem~nt between 
calcul a tecl a lld obser ved levels for all multJp let s . ThiS 
di ffi cult.v may also be ascribable t o ll egleet of confi gura t ion 
iuteraet ion. 

Kinetics of desorption . III. Rb+, K+, a nd Na+ on rh enium , 
M . D . Scheer and J. F ine, J. Chem. P hys. 39, N o.7, 1752- 1755 
(Oct. 1, 1963) . 
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The mean a dsorption lifetimes (T3) of Rb+, K +, and Na+ 
ions on a clean polycrystalline rhenium surface have been 
m easured in the millisecond region as a function of t empera
ture under conditions of very low surface coverage . The 
results of these measurements are given by 

Rb+' - (08 ± 03) X 10- 13 . [ 26,400 ± 350] . T3- · · exp T sec, 

1000 < T < 1250 °Ie ; 

K+. - (10 ± 03) X I0- 13 . [ 27,000 ± 350] · n - · · ~p T ~~ 

1050< T < 1260 °Ie; 

[ 31900 ± 300] N a+:T3= (0.2 ± 0.1) X IO- 13exp , T sec, 

1160< T < 1400 oK 

The interaction of the alkali iOIl with the mcta l surface was 
described b y a one dimensional potential function of the form 

[ 1 (r, )m m ("c)] V (x )= l+ 1+ m - 1 x -m- l x where x is th e 
perpendicular dist ance of the adsorbed ion from the snrface 
and 1+ is the observed desorption energy . By choosing the 
P auling ionic radii ri as the dist a nce of closest approach to 
the surface for an ion with energy 1+ the paramete rs m and r. 
were ca lculated for each alkali ion . It was found that the 
va lues of m increase and (r.- Ti) decrease as the atomic number 
of the alka li ion increases. 

The reactions of methyl radicals in the solid-, Iiquid-, and 
gas-phase photolysis of dimethylmercury, R. E. R ebbert and 
P. Ausloos, J. Am. Chem. Soc. 85, No. 20,3086- 3089 (Oct. 20, 
1963) . 
The gas-phase photolysis of CD 3COCD 3 has been inves ti
gated in the presence of CH3HgCH3 from 376 ° to 453 OK 
From the isotopi c distributions of the methane and ethane 
fraction s, evidence was obtained for the occurrence of the 
reaction: 

CD 3+CH3HgCH3- CD3HgCH3- CH3 

(E.ct = 12.6 kcal/mole) . This rea ction is also postulated to 
occur in the liquid-phase photolysis of dimethyl mercury. 
From the isotopic distribution of the ethane produced in the 
liquid- and solid-phase photolysis of CH3HgCH3- CD 3H g 
CD3 mixtures, it was concluded tha t cage recombination of 
methyl radicals does take place. Contrary to the concitl
sions reached in an earlier work by Derbyshire and Steacie, 
no evidence could be obtained for hot methyl radical effects 
in the liquid-phase photolysis of dimethyl Mercury . 

Radiation-induced polymerization at high pressure of n
tetradecafluoroheptene-l; 1,1,2-trifluorovinyl phenyl ether; 
and 1,2,3,4,5-pentafluorophenyl 1,1,2-trifluorovinyl ether, 
D. W. Brown and L . A. Wall, SPE Tmns . 3, No. 4, 300- 308 
(Oct. 1963) . 
The radiation-induced polymerization of n-tetradecafluoro
heptene-1 was investigated at pressures of 8,100, 11,900, and 
17,100 atmospheres and t emperatures between 90 °C and 
267 °C. Both the r at e of polymeriza tion and the molecula r 
weight of the polymer first increase and then decreases as 
t emperature is increased at constant pressure. The m aximum 
number-average molecular weight was 28,000. The data are 
interpreted in t erms of a free radical m echanism. The poly
mer has a low ceiling t emperature. As t emperature is in
creased the depropagation step becomes important and 
reduces the rate of polymerization . Under some conditions 
transfer seems to be a significant part of the mechanism. 
Several radiation-induced polymerizations at high pressure 
were carried out with 1,1,2-trifluorovinylphenyl ether as well 
as one with 1,2,3,4,5-pentafluorophenyl 1,1,2-trifluorovinyl 
ether. The r esults suggest transfer limits the molecular 
weight of the polym ers. 

On the growth of he lical dislocations, R. de Wit, Trans. M et. 
Soc. f1IME 227,1443-1452 (Dec. 1963) . 
Conclusions r ea ched in a paper b y 'Veertman a re amplified 
in a mathematical and graphical way. It is shown that in a 

stressed cryst al a straight disloca tion may be in a position 
of un stable equi libriu m with respect to helix d evelop
ment ; how a small perturbation may start the dislocation 
off on its helical path. H elix development occurs by 
diffusion; bulk diffusion is necessary for development from a 
screw, but core diffusion is suffi cient for development from 
an edge dislocation. For a mixed dislocation helix develop
m ent can take place by core diffusion if the helix also climbs; 
a diffusion reversal t akes place when the slope of the helix 
equals the slope of the Burgers vector. The work done on a 
crystal by the external forces is graphically shown to be con
sist ent with the direction of motion of the dislocation in 
helix development. Finally a d et a il ed mechanism for tangle 
formation from helices is presented . In t he course of helix 
development a glide sit uation may be reached II' h ere a segment 
of each helix loop lies in a slip plan e in which it can expand b y 
glide. Thus it is visualized how a helix can deteriorate into a 
tangle. 

A study of anthracene fluore scence excited by the ruby giant 
pulse laser, J. L. Hall, D. A. Jennings, and n. M. McClin tock, 
Phys. R ev. Letters 11, No. 8, 364-366 (Oct . 15, 1963) . 
The unfocused red output light of a ruby Q switched laser has 
been used to excite blue f1uorcscence in single crystals of 
anthracen e. The intense normal singlet fluorescence coinci
dent in time with the laser pulse is attributed to two-photon 
processes. Second harmonic gen eration and reabsorption is 
ruled out on thc basis of the measured low SHG effic iency of 
anthracene for the 1.06 micron output of neody mium glass Q 
switched laser. In addition, a much weaker blue fluorescence 
is still observa ble milliseconds after the giant laser pulse. 
This delayed fluorescence is consistent with bimolecular re
combination of tr iplet excitons. N umerical values are ob
t ained for the four parameters of the model which describes 
the observed fluorescence. 

Knight shifts and line widths of the nucl ear magnetic reso
nance of Pb207 in lead-indium alloys, R. J. Snodgrass and 
L. H. Bennett, Phys. Rev. 132, 146,5-1474 (Nov. 15, 1968) . 
The nuclear magnetic resonance of Pb 207 was obser ved and 
accurately measured at room temperature and 77 ° K , in pure 
lead metal powder and in a series of lead-indiu m alloy powders 
conta ining up to 75 % indium. Upon the addition of indium, 
the central frequ ency of the Pb207 absorption line increases 
by a small fraction of the lin e width. At 5 Me/sec, this 
frequency shift between pure lead and 20 at. % In is 800 cps, 
compared to a linewidth of 18 kc/sec in the 20 at. % In 
sample. The increase in frequency is also a small fract ion of 
the Knight shift, t-.kl'=1.3 % up to 20 at. % In. In the 
cubic lead phase, the frequency s hift is linear with composi
tion. From the t emperature d ependence of the line width, 
the spin-lattice relaxation time is found to be TI= 3.6 X 10- 4 

sec at 77 ° K. The absorption linewidth increases rapidly 
upon alloying, du e to a combination of indirect spin exchange 
a nd pseudo-dipolar coupling. The line shape changes from 
Lorentzian to Gaussian. A second moment analysis yields 
a value for the near-neighbor exchange constant h- 1 IAI=2.5 
kc/sec. The pseudo-dipolar exchange constant is found to be 
h- ' IB I= l.l kc/sec. The relatively large value of 0.4 for the 
ratio BA - I indicates that the amount of p-character probably 
exceeds the amount of s-characte, in the electron wave func
tions at the Fermi surface in this alloy . Volume effects which 
are comparable to the observed change in Knight shift pre
clude the possibility of confirming or denying the existence 
of charge oscillations of the type discussed by Fri edel and 
others. 

Calculations of the potential and effective diffusicn constant 
in a polyelectrolyte solution, S. H. Coriell and J. L. Jackson , 
J. Chem. Phys . 39, 2418 (1963) . 
Numerical computations of the electrostatic potential and 
the effective diffusion constant of counterions in a periodic 
polyelectrolyte solution are reported. Some results for the 
potentials for various polyion charge densities and polyion 
sizes are presented graphically . The calculated diffusion 
constants are compared with experimental data on the diffusion 
of labeled sodium ions in polyacrylic acid-sodium h ydroxid e 
solutions as well as with the earlier approximate calculations 
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Recalibration of NBS standards of spectral transmittance, 
II. J . K eegan, J . C. Schleter, and M. A. Belknap, J . Opt. Soc. 
Am. 54, No.1, 69-74 (J a1. 1964). 
In 1934, Gibson, vValker, a11d Brown developed sets of foul' 
colored glass fi lters to serve as workin g s tandards of spectral 
transmittance for checking the reliab ility of spectropllO
tometers. Several sets of these glasses were measured care
fully and reserved and d esignated as future reference 
standards. Duplicate standards evaluated by comparison 
with the reference standards are available b y purcl1ase to the 
public. The current set of reference standa rcls was established 
in the years 1945 to 1947, and one of these reference standa rds 
(selenium-red) was recalibrated in UJ52. This paper r eports 
a recalibration, made in 1961 and 1962, of all foul' glasses 
(seleniu m-red, carbon-yellow, copper-grccn, co balt-blue) on 
three spectl'Ophotometers (Cary 14, Bec kman DU, Konig
Martens) . Except for the cobalt-blue standard, the values of 
spectral trans mittance found differ from thosc pl'evio usly 
assigned by amounts d iffering at some wavelength.s by as 
much as or slightly more tb.an the un certaintics estimated 
for the present values, though not by amo unts exceed ing t he 
combined unccrtainti es of thc prcs~nt and previous deter
minations. The indicated changes for these three standards 
are fa irly reb ular, however, and support the view that the 
selenium-red and carbon-yellow standards arc c han gin ~ chiefly 
by formation of a r eflectance-reducing fi lm on the surfaces. 
The in dicated rate of Llpwal'c1 drift is slow, anel sugges ts that 
it takes about J 0 years for the drift to exceed the assigned 
uncertainty. 

Surface flammability measurements by the radiant-pan el 
method, A. F. R obertson, Am. Soc. Test ing Mat. i'::ip cc. T ec ll. 
Publ. 344,33--(6 (1962) . 
It is suggested that the flammabil ity of solids may be con
sidered as a function of the ratio of heat release rate to crit ical 
ignition energy of the matel'ial being studi ed. Based on this 
concept, the rarliant-panel fl a mmabi lity test met hod Ilas 
shown its usefu lness as a research too l. A review is in clud ed 
of prev ious studies made by usc of this method . 
R ecently obtained expcrimental data a rc presented which 
illustrate the large changcs in flammabi li ty which can occur 
with changes of the relative humidity of the amb ient co ndi
t ioning atmosphere. Data are presented which suggest that 
the subsurface Ileat-d issipation behavior of the material uncl er 
test may have an importa nt in fluence on ftamma bili ty. 
The paper co ncludes with t ile suggestion t llat, although the 
rad iant panel fl ammab ili ty test method has achieved so me 
recogni tion, it would be a mistake to assume that it, or a ny 
other test method, would be ideal for prediction of the surface 
flamma bili ty h azard of a ll materi als in all s ituations. 

Stress-strain relationships in yarns s ubj ected to rapid impact 
load ing. Part X: Stress-strain curves obtained by impacts 
with rifle bullets, J. C. Smith, C. A. Fenstermaker, and 
P . J. S house, T extile Res. J. 33, 919- 934 (Nov. 1963) . 
vVhen a yarn is struck transveIsely, a V-shaped wave of 
transverse motion is caused to spread outwards at a velocity 
U dependjng upon the impact velocity V. In this research 
data on U vs V for impact velocities between 10 m/sec and 
700 m/sec are analyzed to det ermine stress-str a in behavior 
in high-tenacity nylon and polyester yarns. The data arc 
obtained by shooting rifle bullets at a yarn a nd r eco rding 
the resul t ing configura tions by micro flash photography. 
A strain-rate-independent th eory for transverse impact 
behavior is used to calculate stress-strain data. 
It was found that the time required to break a yarn de
pended upon t he impact velocity . Ny lon yarns broke 
10 /Lsec after impact at 650 m/sec with a calcu lated breakin g 
strain of 10.0% and t cnaeity of T7 g/t ex. At 495 m/sec 
velocity the yarn broke within 100 /L ec at 7.4% strain and 
52 g/tex tenacity. The corresponding values in polyester 
yarn were, for a 10-/Lsec break, 620 m/sec, 10.5%, and 67 
g/tex; for a 100-/Lsec break, '120 m/sec, 6 .. 5%, and 40 g/tex. 

Wavelength of Hgl98 Zeeman filter re lative to that of the 
2537- A absorption line of an atomic beam, W. G. Sch\\ eitzel', 
Jr. , and K G. K essler, J . Opt. Soc. A.m. 53, No. 12, 1382-1388 
(Dec. 1963). 

'Ve have made a precise comparison of the wavelength passed 
by a H gl98 Zeeman filter with that of the 2537- A absorption 
line of an atomic beam. This was done by passing the 
light from the filter through the atomic beam and then 
comparing the amplitudes of the two peaks in the resulting 
r eversed lines . A calibration was obtained by measuring 
the ratio of p eak amplitudes with t il e beam tilted at various 
angles to the optic axis so as to in t roduce known Doppler 
shifts. The wavelengths of the Zeeman filter and atomic 
beam are shown to be equal to about one part in 109• 

N umerical sol uti cns of the convolution-hypernetted chain 
integral equation for the pair correlati on function of a fluid. 
I. The Lennard-Jon es (12, 6) potential, M. Klein a nd 
M. S. Green, J. Chem. Phys . 39, No.6, 1367-1387 (Sept . 15, 
1963) . 
The integral equation of the co nvolution-hypel'l1 etted chain 
approximation is solved llumeri call y at fi ve te mperatures 
for the Lennard-Jones (12, 6) potent ial. Due to a ll in con
sistency in the approximation there arc two equations of 
state associated with it. These a rc compared with each 
other, wit h other theor ies, and with the experimental argo n 
equation of stat e. At high temperatures, the two equations 
of state agree both with ex periment and with more a priori 
theory at low densities a nd bracket them at higher densities, 
their mean giving a good representation of both. The integral 
equat ioll is found to be singular at certain tcmperaturc
density poin ts, their locus formin g a dome sh.aped cur ve in 
th() 'l.'-p pla nc. These points arc shown to correspond to the 
li mits of metastability in the van del' Waals gas, the highest 
temperature point bein g the critical point. The nonsingular 
po ints below the critical point correspond either to a homo
geneous gas (low densiti es) or liquid (high densitics) phase. 
The former arc in good agreement with the three-term 
viria l series, as ex pected, a nd the latter a re a consid era ble 
improvement over it . The equ at ion of stat e is a co nsiderable 
impro ve ment over that obtained from the Born- Gree n 
equation by l\:irkll-ood, 1,ewinson, and Ald er, the latter 
predict in g negative prcssures over most of the li quid range 
while these rcs ults show on ly positive pressures. The 
comparisons with experiment arc obscured by the inadequacy 
of the (12, 6) potential fun ction. The usc of temperatu re 
"co mpensated" potential para meter s (as determin ed by the 
seco nd viri al coe ffi cient) indi cates that t he usc of a morc 
reasonable potential fun ction in the theory will give a 
r elatively good representation of the eq uat ion of state of a 
a fluid over a wid e range of temperatures and densities. 

The three-body scatterin g operator in Ilonequ ilibrium 
statistical mechanics, J. Weinstock, Phys. Rev. 132, No.1, 
470- 482 (Oct. 1,1963) . 
A method is presented for calculating the t ime depend ent 
irred ucible clust ers- t3,(t) - which appear in the kernel of the 
equat ion of evolution derived in t he preceding art icle. The 
clusters t31(t) a nd t32(t) - wh ich correspo nd to binary and 
t ernary collis ions, respectively- arc calculated in detail. 
They are eac h found to di vide into t he two fo llo\\' ing parts : 
(1) a "completed" collis ion part which co rresponds to those 
coll isions completed before time t, and (2) an " in completed" 
part wh ich co rresponds to those collis ions not completed by 
time t. The incompleted collision parts contribu te to the 
" memory" of t he equation of evolution and are shown to be 
r elatively small when t is la rge. The completed coll is ion 
parts, whi ch playa central role in t he theory of transpo rt 
coefficients, arc time independ ent scattering operators in 
momentum space and do not contri bute to t he memory. By 
means of t he " bi na ry collis ion expansion" a systematic 
method is presented for the calculation of the three-body 
scattering operator [lim t- 1t32(t) 1 which is directly applicable 

t -'> '" 
to interaction forces with inti nite repulsions. An approxi-
mate formula is then deri ved for this scattering operator in a 
form which can be r eadi ly used to calculate th e density cor
rection to transport coefficients which arises from t ernary 
collisions. 

Macro-pores in leather as determined with a mercury 
porosi meter, J. R. Kanagy, J. Am. Leather Chemists Assoc. 
LVIII, No.9, 524-550 (Sept. 1963). 
A study was made of the pore structure in leather and in other 
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porous materi als with a m ercury porosimcter at absolute 
p ress u res rang ing from 5 to 3000 psi. Pore radii correspond
ing to t hese press ures vary from 50 to 0.04 microns. This 
r a nge is r eferred to as the macro-pore range. Leat her and 
othe r natural collagenous materials wer e compared to micro
porous p lastics and fritted-glass discs. The results indicate 
t ha t a characteris tic pore st ru cture giving rise to many 
different-s ized pores rela ted to the fibrous struct ure exists in 
leather, w he reas t he pores in manufactured materials which 
arc des igned for a specific use are more uniform in s ize. A 
d ifferential analys is of the in tegral volum e-pressure curves 
indicates t ha t a large part of the pore volume of collagenous 
matcrials in t he form of hides occurs at radii of 5 to 0.5 
microns. For rat tail tendons, a large fraction of the pore 
volu me ex ists for pores in close proximity to th is, 2.5 to 0.5 
micron s. The pores which co nstitute t hese volumes arc 
beli eved to exist between the primiti ve fibers. The volume 
from pores s maller than 0.25 micron in radius very probably 
a re within the fibril region. 

Cluster formulation of the exact equation for the evolution 
of a classical many-body system, J . Weinstock, Phys . R ev. 
132, No.1, 454-469 (Oct. 1, 1963). 
An exact non-Markoffian equation is derived for the evolution 
of an infinite homogeneous system. This equ a tion- which 
may be viewed as a time depend ent analogue of the eq uilib
rium viria l exp ansion- may be readily applied when the 
forees between par ticles in clude infinite repulsions. The 
d erivation of this equation from Liouville's eq uation is analo
gous to Mayer 's derivation of the virial expansion from the 
p artition fun ction. Fourier expansion s and expansions in 
powers of the interaction potential are avoided by dealing 
w ith s-bod y Green function s (propagators) wl·jcb are always 
convergent function s of the interaction potential. TheRe 
fun ctions cOlTespond to multiplet collisions in ordinary 
configuration space a nd are time dependent analogues of the 
irredu cible clusters well-kno wn in equilibrium statistical 
mechanics . 
The kernel (menoory) of the equ ation of evolution consists of 
a linear sum of the time dependent irreducible clusters. The 
non-Markoffian behavior of the equation of evolution is, 
t hus, directly given by the time dependen ce of these elustrrs, 
a nd is explicitly related to in co mpleted colli sions. T he 
eq uat ion of evolution is solved in the asymptotic li mit of 
long ti mes o In this li mit it is found (because the kern el 
rapidly van ishes) that the equation reduces to a ]VJarkoffian 
m aster eq uation in volving a scattering operator for both 
co mpleted and incompleted collision s in configuration space. 

An analysis of pressure and stress distribution under rigid 
Bridgman-type anvils, J. W. Jackson and M. Waxnoan , 
Book, High-Pressw'e Measurement, pp. 39- 58, ed. GiaTdini 
and L loyd (Butterworth, London, England, 1963) . 
Analytical expressions arc derived for the pressure and stress 
distribution in a short cyli nder compressed by Bridgman 
type a nvils, assumin g the anvil s to be ri gid p lates. The 
short cylinder is considered to be composed of an inner 
cylin der bound by a n outer shell. The deformation for each 
may be clastic or plastic . 

Interaction energies and transport coefficients of Li + Hand 
0 + H gas mixtures at high te mperatures, P . H . ICrupenie, 
E . A. M ason, and J. T . Vanderslice, J. Chem. Phys. 39, No. 10, 
2399-2408 (Nov. 15, 1963). 
Accurate potential energy curves for the XI1:;+-, A' 1:;;, Bl IT u, 
a nd Cl Il u states of the Liz molecule are calculated from 
o bserved spectroscopic data by the method of Rydberg
Klein-Rees (RICR), and co mpared with previous quantum
m echanical calculation s. Long-range attractive potentials 
a re estimated by extrapolat ion of fun ctions fi tted t o the 
RKR ground-state curves of Li" LiR, a nd OR. From 
t hese, the repulsive potentials derivable fro m interacting 
ground-state atoms are est imated semiempirically . Collision 
integrals co mp uted from the potentials, and transport 
coefficicnts of the gasco us systems Li + Li, Li + H , a nd O + H 
are calcu lated for tcmperatures of 1000 to 10,000 °IC. 
A surprising result is the extraordinarily large values of the 
colli sion integrals for Li + Li (and Li + H ) in teraction s, 
w hi ch result. in un expectedl.v small values of diffusion 
coeffi cient, viscosity and thcJ"Jra l conductivity. For traces 

of Li in Li + H mixtures at low temperature, the thermal 
diffu~ion factor is very iarge. Various approximate formula s for 
viscosity a nd thermal co ndu ctivi ty of mixtures are seen to 
give poor agree men t with exact calculations for t he systems 
considered. 

Inertial effects in the phenome nological theory of thermal 
diffusion in liquids, R. E. Nettleton, Il Nuovo Cimento 28, 
S erie X, 952- 969 (D ec. 7, 1962). 
The energy flux carried by diffusing molecules in a binar y 
liquid solution is shown to obey a rate equation linking 
its time rate of ch ange to energy-exchange and particle
scatterin g terms and to d ri vin g terms propor t ional to th e 
temperature a nd con cen tration gradients. This equation 
togethef with a similar equation for the energy flow carried 
by high-frequency so und waves, is \\Titten in terms of 
t.hermodynamic forc es which arc assu med linear in the two 
heat fiu x components, and it is found t hat t hese forces may 
be calculated by interpreting the rate equations as ther
mod yn a mi c phenolTlCnological r elations an d then applyin g 
Onsager's theorem and l\1axwell 's relations. From the 
forces, on e can det ermine expli citly the depend en ce of t he 
free energy per molec ule A on t he energy flux vectors an d, in 
t he limi t of low acoustic frequencies. the dependence of A on 
the square of the concentration grad ient. The low-frequency 
limits of the rate equation s also give an exprcssion for the 
t hermal diffusion coefficient. 

Mass spectra and metastable transitions of H ,S, HDS, and 
D , S, V. H. Dibeler a nd H. M. Rosenstock, J . Chem. Phys. 
39, No . 11 , 3106- 3111 (Dec. 1, 1963). 
Mass spectra are reported for isotopic hydrogen sulfides. 
The occurrence of metastable transition s and the effect of 
isotopic substitution on the relative abundance are discussed. 
Appearance potentia l are given for the molecul e and frag
ment ions in H 2S, the molecul e ions of HDS and D 2S, and the 
principal metastable transition in each species. The latter 
process is in terpreteel as resultin g from electroni c transition s 
rather than from v ibrational relaxation processes. 

Spectrum (>f N(/3+ in LaCl 3, J. C, Eisenstein, J. Chem. Phys. 
39, N o. 9, 2134-2140 (Nov. 1, 1963). 
The energy levels of the N d 3+ ion in LaCh arc calculated by 
findin g the eigenvalues of t he matri ces for the combined 
Coulomb, sp in-orbit and crystal field interactions within t he 

.f3 configuration. By judicious choice of t he three Slater 
integr als a nd t he spin-orbit couplin g constant the standard 
deviation between the calcul ated a nd the experimental posi
tions of 21 terms can be redu ced to 93 em- I Crystal .fi eld 
parameters can be chosen which yield a standard deviation 
of 0.90 cm- l between the calcul ated and the measured split
t ings of 31 levels in 7 terms. The calcul ated Zeeman spli t 
t ing factors in the direction parallel to the crystal ax is arc in 
good agreement with the measured values, 

Two assumptions in the theory of attractive forces between 
long saturated chains, R. Zwanz ig, J. Chem. Phys. 39, iVo. 
9,2251-2258 (Nov . 1, 1963). 
A recent calculation bv Salem of the attractive forces be
tween two lon g parallel ·hydrocarbon chains was based on two 
assumptions : (1) lo cal pairwise additivity of dispersion forces 
between indi vidual groups on each chain , and (2) local iso
tropy of the polarizability of a group on the chain. The 
validi ty of these assum.ptions is assessed here by means of a 
Drude model calculation of the in teract ion between two 
parallel lin ear lattices of dispersion oscillators. We con
clude that the assurnptions arc not vali d , because of strong 
indu ced dipole interactions between neigp.bors along the 
chain. Salem 's numerical results are essen t iall y correct, ho\\'
ever , due to usc of an experimentall y det ermined bond polar
izabili ty at a cru cial stage of the calculation. Thi s allowed 
f01" t ile effects of intel·actions bet,,·een n eighbors. 

Binary mixtures of dilute bose gases with repulsive inter
actions at low temperatures, D . M. Larsen , Ann. Phys. 24" 
89-101 (Oct. 1963). 
This work is a theoretical in vestigation of the behavior of 
mixtures of two species of bosons with repulsive interactions 
at temperatures in the neighborhood of absolu te zero. Usin g 
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the Bogoliuboy approx imation a nd a no vel canon ical t ra ns
formation we in vest igate the excitation s pectra, ground state 
energy, excitation wave function s, a nd ground state pail' 
correlation fun ction of the mixture, vali d for interact ions of 
short range, ill the low density lim.it . 
A criterion for phase separation is give n a nd varifkd thermo
dynamically for the case in which the interactions a mon g the 
particles can be r ep laced by the two bod y S-wave pse u
dopotential. It is s hown that two d ilu te hard sphere bose 
gases of different mass do not mix in any proportio ns at 
absolute zero. 

S tatis tics of irreversible termination in homoge neous anionic 
polymerization , B. D. Coleman, F. Go rnick, a nd G. 'vVeiss, 
J. Chem. Phys . 39, No. 12, 3233-3239 (Dec. 15 , 1963). 
The effect of irreversible term ination on the molecu la r we ight 
distribution of a po lymer prepared by homogeneous an ion ic 
polymer ization is exa mined for cases in wh ich the init iato r' 
is monofunctiona l a nd ini tiat ion is inst a ntaneous . A genera l 
procedure for the calcu lation of t he cha in lcngth d istr ibution , 
as we ll as its mom ents, is prese ntcd. The procedure is then 
i llustrated by an exact t reatment of a n isothcrm al batch 
po lymeri zat ion for 'which w e obtain the l'iItio 1'.(t) of t he 
weight to nu m be r average mo lecula r weig hts as a fun ction 
of t he fraction of mo no mer co nsumed, t he rat io u of th e 
init ia l terminator concentration to that of the init iator, t he 
ra t io p of the rate co nstant for te rminati o Ll to the rate CO ll 
s tant for propagat ion, and the average degree of polymeriza
tion at t i me t, i/) (t). 
When u is mu ch less t ha n 1In it.v, a nd the lim it in g numbe r 
average D.P. 11)( 00) is ve ry la rge, 1·.(t) app roac hes the follow
ing value as the reaction nears comp letion : 1'.( 00) = 1 + up 
(2+ p)- I. 

The stru cture of gaseous COllper (II) nitrate as de termin ed 
b y e lectron diffractio n, R. E. LaVilla ,wd S. H . Bra ue r, 
J . ri m . Chem. Soc. 85, 3597- 3600 (Nov. 1963). 
Anh.vrlrou s coppe r nit rate has a suffi cient vapor press ure at 
1S0- 200 °C to p e rmit t he recording of electron d iffraction 
photographs. That this gas is monome ri c has been demon
strat ed by Addisop, et al. , by mea ns of vapo r density me::r.s urc
ments and co nfirm ed with mass spectrom et ry; its ra nge of 
s tabi lity Ilas a lso bee n ascerta ined. 
Visua ll v est imated intens it ies were used for t he inversion to 
a rad ia l d istribution , a nd were compa red w ith computed 
inten sity cur ves for ma ny models. The a nalys is indicat es 
the molecula r struct ure of gaseous coppe r ni trat e to be of 
the bidentate fot'll, with the copper atom occupy in g thc 
center of inve rs ion. The central copper atom has four 
n earest oxygen a toms at 2.00 ± 0.02A, a nd two Cu-N 
distances of 2.30 ± 0.03A, < O-N-O = 120 0 ± 2° a nd < O-Cu-
0 "" 70 °. The e r rors s hown a re mean dev iation s. 

S pectrum of Er3+ in LaCI3, J. C. E iscnstein, J . Chem. Phys . 
39, No. 9, 2128-.21.3.3 (Nov. 1, 1963) . 
The energy levels of th e E r3+ ion in LaCb arc calcu lated by 
fi nding t he eige nva lucs of t he matrices for the combined Co u
lomb, spi n-orb it and crystal fie ld in teract ions w it hi n the 
f it configu rat ion. For s uitably chose n va lues of the th ree 
Slate r integrals and the spi n-o rbit coupling co nstant the 
root-mean-square (rms) dev iat ion betwee n the calculated a nd 
the e xper imental pos itions of 20 terms is 140 cm- I . Crystal 
field parameters can be chose n w hich red uce t he rms dev iation 
between the calcu lated and t he meas urcd spli ttings of 72 levels 
to 3.S4 cm- J • Zee man sp litting fa ctors in t he d irect io n 
parallel to the crysta l axis arc a lso calcula ted. The rcs ults for 
Er3+ in LaCb are co mpa red with t hose for Nd3+ in LaCI3. 

Large-a ngle ine lastic scatte rin g of 500-kev elec trons , J. W. 
Motz and R . C. P lacious, Phys, Rev. 132, No.3, 1120- 1.1 22 
(Nov. 1, 196.3) . 
E xperime nta l ]'cs ults a re givl' lI for t hc energy spectra of 
electro ns inelast ically scattcred at .I 00 degrees, w ith 500 kev 
electrons incident on th in ta rgets of gold a nd of alum inu m , 
Th is la rgc a ngle inelast ic scatte ring ar is('s primari ly from t he 
two p rocesses of bremsstrah lung and of atom ic Ie-shell 
ion izat io n with a sma ll contr ibution from do uble or plura l 
scattering e(fect.. I n the 300 kev e nergy region for t he scat
t ered electro n, the s um of the theoret ical cross sect ions 

cvaluated II"ith the Born calculations of Raca h a nd of We bcr 
Deck, and :\Iull in for the respective two processl's is approxi ~ 
mately an order of magn itude s ma ller tha ll the exp erim enta l 
values. Th is disagreeme nt ca n be att ri buted to the b l'ea k
down in th is e nergy regio n of both th e hig h l' nt,rgy approx ima
t io n in the latter calc ula t io n and t he Bo r ll a ppl'oximation in 
both calculat ions. 

In vestiga tion of s ha llow re fere nce cavi ti es for hi gh- te mper a 
ture e mi ttance measure m e nts, I). C . j\f 00 1'(~ (S ymp. JII easure
ment of Ther mal Radiation Propert ies of Solids, Dayton, Ohio, 
Sept. 5- 7, 1962) , NaU . il el'on. and S pace Admin. :::J P- :31 
Session V, Paper 52, p. 515 (/ 968). ' 
Total no rma l em itta ll ce meas u re nw ntSIl'CI'(' IIla dc o n sma il 
specime ns with s ha llow rc fl' I'('n cc holl's of circular c ros~ sl'ct ion . 
The rat io of t he rad ia nt flux dl' nsity from t ill' surfact' to t ir e 
flu x de nsity from the ho le was meas u red a nd this va lue tlwll 
co nverkd to cmittancc by a thcorl'ti cal cx press io n based o n 
hole d imc nsiolls. T he ('xp ression a ppli cs o nly to d iffu sely 
re fl ect in a materials 
:\I{easu re~ne n ts wel'~ made o n four diffe rent diffusely re f1 cct ing 
mater ia ls. Spce im ens o f ox idi zed nickel that had refere nct' 
holes with depth-to-rad ius ratios of 1.7 to 3.7 gave co rrccted 
total normal emitta nce va lues at 1350° I< in t il e range 0.85 
to 0.S7. The em itta nce of oxid ized I ncond , whe n determ ined 
for a s pecimc n with a refc re nce hole hav ing a depth-to- radius 
rat io of 1.7, was fo und to be in good agrce me nt wit h va lut,s 
obta ined by a heatcd skip method . T he emi t tance nwas ur('
ments on foul' s in te rcel a lum ina spec im l' lI s varieel frOI11 0.43 
to 0.47 wh cn Inl'as u rcdin a il' at 1375 ° E:. 
TIll' c\('tcrm il1C'd clllitta ll ce for a polished s peci me ll of hig h
pu rity g ra ph ite with a s hallow refcrt' ll ce ho le ill creasl'd \\' ith 
tempc'raturc lilH'a rly from 0.5!) at 1100° 11: to 0.74 at 2 .1 50 ° Ie 
Till'sc va lul" lI'erc in good agrce me ll t with those rep orted fO I' 
polis hed g raph ite WhCll Ill easu red by the rotati ng spec ime n 
met hoel. 

An approach to therm al e mittan ce s ta nd ards, J. C. R ic h monel , 
W. N. Ha rriso n, and F . J. Shortell (S ymp. M eastl1'ement of 
Thennal Radiatl:on Properties of Solids, Dayton, OMo, S ept , 
5- 7, 1962), Nall. ,t eron. and Space Ad·min. S fJ- 31 , Sessiou 
J V, Paper 41, p. 40.'3 (1963) . 
A doublt'- bea m rat io- reco rd ing ill fra rcd s pect romctc r " 'as 
mod ifi eel to record d irec tly t he no rlll a l s prct ra l l'mittallcl' of 
str ip s pecillH'lIs t hat a ll' heated by pass ing a currell t th roug h 
t hem. A laboratory blac kbody furn ace a nd a hot SpeCillll'1I 
at t he sa me temperat ure se rve as so urces for t hc I'l's peeti\'l' 
beallls. T ell1pl'rature eq ua li zat ion is achieved by ll1 ea ns of a 
differc lltia l t he rlll oco uple . Autolllat ic elata-process ing cquip
Ill e ll t co rrccts for " zl' ro- lille" a nd " 100 % - li lle" e rrors 011 t ir e 
bas is of prev io usl,v-reco rd t' eI ca libra t io ns, allel also co mpu tes 
from t hc s pectral el ata, a s the Ill CaS UI'('Ill l'nt progrcssl'S, tota l 
em ittallce 0 1' abso rp ta nce for rad ia nt c nergy ha\' illg a llY 
known s pectra l d istribution of fl ux. 

Broad e nin g of' the V 3 lin es of' HCN du e to a rgon. car bon di
oxide, and hyd roge n chloride . R. J . Th ibault, A. G. Mai<i, 
a nd E. K. Ply ler, J . Opt. Soc . ilm. 53, No . 11 , 1255-1258 
(Nov. 1963) . 
The press Ul'e broadeni ng effect of a rgo n, ea rbon dioxid e, and 
hydrogen chloride on t he " 3 band of H CN has been measured. 
The broa den ing effec ts o f th e d iffcren t gases a re fo un d to be 
in qualitative agreement with the thco ry. Of particular 
importa nce is the observation of an oscillatory bl' hav io r in 
t he J d epende nce of t he li nc half width fo r H CI+ ll CN. 
This osci llato ry behavior is cxpla ined as due to a dipole
d ipole inte ract ion for which the la rge diffcrl' lI ce bl'tll'l'ell th e 
rotational le ve ls of perturber and abso rbcr moll'cull's causcs 
some levels to be in resona nce whi le othe rs are not. 

Other NBS Publica lions 

J. R es. N BS 6SC (E ng. a nd Instr.) , No.2 (Apr.- June 19(}4) , 
75 cents. 

Fringe pattern of an osci llating Fabry-Perot interferom et er. 
K . D. 'i\l iele nz. (See above abstracts.) 

Interferom eter for testing ext ended s u rfaces s uch as Sllrface 
plates and precision ways. J. B . Saunders and J . Y. 
McDermott . 
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F errimagnetic resona nce in poly crystalline ferrite and garnet 
disks at L-band frequencies. W. E. Case, R . D. Harring
ton, and L. B. Schmidt. 

Cha nges in th e influence of atmospheric humidity during 
fatig ue of an aluminum alloy. J. A. Bennett. 

The t heory of a stable high-speed externally pressuri zed 
gas-lubricated bearing. H . Sixsmith and W. A. Wilson. 

Infrared spectra of asphalts: some aspects of the changes 
caused by photooxidation. P. G. Campbell and J. R . 
Wright. 

Radio Sci. J. Res. NBS/ USNC- URSI, Vol. 68D, No. 2 
(Feb. 1964) , $1.00. 

Generation of an electromagnetic pulse by an expanding 
plasma in a conducting half-space. A. P . Stogryn and 
R. N . Ghose. 

Impedance of a monopole ant enna with a ra dial-wire ground 
syst em on a n imperfectly conducting half-space, part II . 
S. W. M aley and R. J. King. 

Capacitor t ype biconical a ntennas . J. Galejs . 
Simulated a ngular response patterns for transhorizon propa

gation. J . W. Strohbehn and A. T. Wat erman, Jr. 
R adio-star scintillations from ionospheric waves. J . W. 

vVarwick. 
Ionosonde studies of some che mi cal releases in t he ionosphere. 

J. W. Wright. 
Diurna l chan ges and tra nsmission time in the ar t ic propaga

t ion of VLF waves . "V. T . Blackba nd. 
Geometri cal opt ics convergence coeffi cien t for t he whistler 

case. J. H. Crary. 
Comments on a paper " Collis ional Det achment and t he For

mation of an Ionospheric" by E. T . Pierce. H . R . Arnold . 
Tho quasi-lon gitudinal approximation in t he generalized 

theory of radio wave a bsorpt ion. R. F . Benson. 
Diurnal phase variation of VLF waves at m edium distan ces. 

H . Volland. 
Appli cation of ~ffraction s by con vex surfaces to irregular 

t erra in situatio~s. H. T. Dougherty and L. J. M alon ey. 
Effect of lossy ear t h on antenna gain . R . J. Coe and W. L. 

Curt is . 
Propagation of ra , io w aves with frequen cy 99.9 Mhz as a 

fun ction of the vertical structure of the atm osphere de
rived from daily 'adiosonde obser vations. G . P. A. Braam. 

Radio Sci. J. Res. NBS/ USNC- URSI, Vol. 68D, No. 2 
(Mar. 1964) , $1.00. 

An interpret ati on of rapid changes in the phase of hori zontally 
polarized VLF wa ves recorded at night over a s hor t path 
in t he sout hwest ern United St at es . E. E. Gossard and 
M . R. Paulson . 

Precise phase an d amplitude m easurements on VLF signals 
propagated t hrough the Arcti c zone. F. H . R eder, C. J. 
Abom, and G. M. R. Winkler . 

On t he long term phase stability of t he 19.8 kc/s signal 
t ra nsmitted fro m H awaii, and received at Boulder, Colorado. 
A. H. Brady. 

Oblique propagation of groundwaves across a coastlin e. 
Part III. J. R. Wait. 

Impedance of a monopol e antenn a with a ra dial-wire ground 
system on an imperfectl y conducting half space, Part III. 
S. W. M aley and R. J. King. 

A simplified theory of diffraction at an interface separating 
t wo dielectrics. J. K a ne and S. N. K arp. 

Variational solution for the admittan ce of lon g cylindrical 
antenna. R. A. Hurd. 

Admit t ance of annular slot antennas r adiating int o a plas ma 
layer . J. Galejs. 

Propagat ion of plasma waves in a "spoke-wheel" magnetic 
fi eld. R. L. Liboff. 

An exp erimental investi gation of signal strength in the ar ea 
around a t ransmitter 's an t ipode . R . M. Pipp and J. B. 
Webst er. 

Relationship between simul taneous geoma gnetic and iono
spheric oscilla tions. H . Ris hbet h and O. K. Garriot t. 

Radio Sci. J. Res. NBS/ USNC- URSI, Vol. 68D, No.4 (Apr. 
1964) , $1.00. 

Some basic microwave phase shift equations . R. W. Beatt y . 
A light-modula t ed scattering t echnique for diffraction fi eld 

measurements. A. M. Vural and D. K. Cheng. 
R adiation from an a perture in a coated plane. C. ]\I[. Knop 

and G . I. Cohn . 
Impedance of a cy lindrical dipole havin g a sinusoid al current 

distribut ion in a homogeneous anisotropic ionospher e. W . 
S. Ament, J . C. Katzin, M . K at zin, and B. Y.-C Koo. 

Propagation of electromagnetic waves through a continu
ously varyin g stratified anisotropic medium. G. H . Price. 

Lunar semi-diurnal tides in h'F a nd t heir influence on trans
equatorial radio progapation. J . A. Thomas. 

Some st atistical p ara met ers r elated t o t he N ak agami-Rice 
probability distribution. W. R. Burns. 

The U.S. National Committee R eport for Commission 6 of 
URSI. Subcommission 6.3, E lect romagnetics. 

Radio Sci. J. Res. NBS/USNC- URSI, Vol. 68D, No.5 (May 
1964) , $1.00. 

U R SI N ational Committee R eport, XIV General Assembly 
Tokyo, September 1963 : ' 

Commission 1. R a dio m easuremen t m ethods and 
standards. 

Commission 2. Tropospheric radio propagation . 
Commission 3. Ionospheri c r adio . 
Commission 4. Magnetospheric radio . 
Commission .'i . R adio and radar astronomy. 
Commission 7. R a dio electronics. 

Radio Sci. J. Res. NBS/USNC- URSJ, Vol. 68D, No.6 (June 
1964), $1.00. 

E lectrical proper t ies of sea ice at 0.1 to 30 Mc/s. F. L. Went
worth and M . Cohn. 

ELF and VLF waves below an inhomogeneous anisotropic 
ionosphere. J. Galejs. 

Thc effect s of a small local ch a nge in phase velo cit y on the 
propagation of a VLF r adio sig na l. D . D. Cro mbie. 

Auroral-zone a bsorption effects on an HF ar ctic p ropagation 
path. R . D . Hunsucker. 

Amplit ude-proba bili ty distribution of atmospheric r adio 
noise. P . Bec kma nn 

An approximate method for computing d iffraction p atterns 
caused by ion ospheric irregula rities. R . Gagnon . 

Wave propagation in stratified r andom m edia . Y. M . Chen . 
R adar scat tering from coat ed p erfect conductors : a pplica

t ion t o the semi-infinite cone and usc of exact eikonal. 
H. t jberall. 

M ethods for the d yn a mic calibration of pressure t ra nsdu cers, 
J . L . Schweppe, L. C . E ichberger , D. F. Must er, E. L . 
Mi chaels, and G . F . P asku sz, N BS M ono. 67 (D cc. 12, 
1963), 60 cents. 

Curves of input impedance ch ange due t o ground for dipole 
antenn as, L . E. Vogler and J . L . Noble, N BS Mono. 72 
(J an. 31 , 1964), 35 cents . 

R adioactivity, R ecommenda tions of the In tern ationa l Com
mission on R adiological Units and M easurements, N BS 
H andb. 86 (Nov. 29, 1963), 40 cents. (This publi cation 
supersedes parts of H78 . H a ndbooks 84 t hrough 89 extend 
and la rgely replace H78.) 

Safety st and ard for non-m edical x-ray and sealed ga mma-ray 
sources, P art I. Genera l, N BS Handb. 93 (J an . 3, 1964), 
30 cents. 

Weights and measures st and ards of the Unitcd St at es, a brief 
history, L . V . Jurison , N BS Misc . Pub!. 247 (Oct. 1963), 
35 cen ts. (S upersedes Sci. P aper N o. 17 and Misc. Pubt 
64). 

Survey of the literature on safet y of r esid ential chimn eys and 
firepla ces, H . Shoub, NBS Misc. Pub!. 252 (D ec. 17, 1963), 
15 cents . 

R eport of t he 48th ~ ational Conference on Weights and 
Measures 1963, N BS Misc. Pub!. 254 (D ec. 30, 1963), 75 
cents. 

Vit reous chin a plumbing fi xtures, CS20-63, 20 cents. (Super
sedes CS20- 56). 
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Grading of a diamond powder in sub-sieve sizes, C .S. 261- 63, 
10 cents. (Supersed es in part CS123- 49). 

Vises (machinist s' and other bench-mounted vises) , SP R 
229- 63, 10 cents. (Supersedes R229- 4S). 

Forms for two-way concrete joist floor and roof construction, 
SPR 265- 63, 5 cents. 

Gypsum board products, SPR 266- 63, 10 cents . 
Photometry of projectors at th e National Bureau of Stand

ards, L. Chernoff, NBS Tech. Note 198 (Dec . 17, 1963), 
25 cents. 

BOUMAC, A macro-programming system fo], scientific com
putation, J . H . Devenney and J. J. Sopka, NBS Tech . 
Note 203 (Dec. IS, 1963) , 30 cents. 

Calculations of the field neal' the apex of a wedge s lll'face, 
J. R. Wait and C. M. Jackso n, NBS T ech. Note 204 (Nov. 
21, 1963),45 cents . 

The normal phase variations of the IS k c/s sign als from N BA 
observed at Frankfurt, Germany, A. H. Brady, A. C. 
MllI'phy, and D. D. Crombie, NBS Tech . Kote 206- 1 
( Dec. S, 1963), 25 cents . 

So lar h eating, radiative cooling, and thermal mo ve ment
their effects on built-up roofing, IV. C. Cullen, NBS T ech. 
Note 23 1 (Dec. 16, 1963), 25 cents. 

A red etermin ation of some optical properties of calciu m 
.fluorid e, 1. II. Maltison, Appl. Opt . 2, No. 11, 1103- 1107 
(Nov . 1963). 

Colorimetric method for measuring polyester degradation due 
to weathering, V. E. Gray a nd J . R . Wright, J . Appl. 
Polymer Sci. 7, 2161- 2174 (1963). 

Optical T-bench method for measurement of optical path 
difference, F. K Washe r and W. R. Darling, f:lP IE J . 1, 
211- 217 (f:lept. 1963). 

Auroral-zone observat ions of infraso nic pressure waves r elated 
to ionosp heric d isturbances and geomagnet ic activity, 
W. H. Campbell ancl J. M. Young, J . Geophys . Res. 68, 
No. 21,5909- 5916 (Nov . 1,1963) . 

P rogrammed man euver-spectru m fatigu e tests of a ircraft 
beam specimens, L. Morclfin ancl N. H alsey, ASTM STP 
f:ly mp. Fatigue T ests of Ai rcraft Stru ctu res, No. 338, 
2.51- 272 (Sept. 1963). 

Differential diC' lectl'ic a pparatus for determin ing water ad ded 
to solvents, W. C. Wolfe, Anal. Chern. 35, 1884- 188'i (N ov. 
1963) . 

Radio star scintilla tions ancl spread-F echoes, H . J. A. Chi vers, 
J . Atmospher ic a nd Ten·es t. Phys . 25, 468- 473 (Aug. 1963) . 

Some derivatives of 2,2'-(phenylimino)diethanol , A. Cohen 
and n. S. Tipson, J . M ed. Chel1l. 6, 822- 824 (1963) . 

Eff ect of hyd l'ogen-hydrogen exchange co llis ions, P . L. 
Bend e l', Ph ys. Rev . 132, No.5, 2154- 2158 (Dec. 1, 1963). 

The Pythagorean theo rem in certain sy mm et ry classes of 
tensors, M. Marcus and H . Minc, Trans. Am. Math. Soc. 
10<l, No.3, 510- 515 (Sep t. 1962). 

E rrol' bounds for first approxi mat ions in t U1'l1in g-poi nt prob
lems, F. W . J. Olver, J . Soc. Indust. Appl. Math. 11, No. 
3,748- 772 (Sept. 1963). 

N umerical solu tion s of the convolution-hypernetted chain 
integral equation for the pail' correlation function of a fluid. 
n. The hard-sphere potential, M . Klein , J . Chern . Phys. 
39, No.6, 1388- 1397 (Sept. 15, 1963). 

Comp"rison of the 3-out-of-7 ARQ with Bose-Chaudhuri
H ocq uenghem coding systems, M . N esenbergs, IEEE 
Trans. COl1l mun. Systems CS-U, No.2, 202- 212 (June 
1963) . 

Form a nd a ngular distribution of proton groups at about 
Q= 0 Mev in the proton spectra of (d,p) reactions of heavy 
lluelei, J. Pfleger, U. Schmidt-Rohr, V. Sp iegel, P. Turek, 
and IN. Zu ckschwerdt, Nuclear Physics <l8, No.1, 22- 32 
(Sept. 19tq. 

Galvanic currents obser ved during outdoo r exposure of an 
iron-nickel cell. A progress report (AES Research Project 
No. 19) , F. Ogburn and R. L. Myklebust, 50th Annual 
T ech . Proc. American Electroplaters SOCiety, pp. 24- 28 
(1963). 

Determination of propylene in ethylene-propylene copolymers 
by infrared spectroscopy, J. E. Brown, M. Tryon, and J . 
Mandel, Anal. Chem. 35, 2172- 2176 (Dec. 1963). 

Syntactic integration carri ed out mechanically, 1. RllOdes, 
Inform. Storage and Retrieval 1,215- 219 (HJG3). 

A method for locali zed variation of the [laths of two paraxial 
rays, L. K Sutton , Appl. Opt . 2, No. 12, 1275- 1280 (Dec. 
1963). 

Scheme [or obtainin g integral and fractional multiples of a 
given radiance, D. K Erminy, J. Opt. Soc. Am. 53, 1448-
1449 (Dec . 1963). 

PiHalls in thermal emission studies, W. N. Harri son (Symp. 
Measurement of Thermal Radiation Properties of Solids, 
Dayton, Ohio, Sept. 5- 7, 1962), Natl. Am·on. and Space 
Admin. Sp-31, Sess ion I , Paper 1, p. 3 (1963). 

Foundations of the Callaway t heory of thermal conducti v ity. 
R. E. Nettleton , Phys. Rev. 132, No.5, 2032- 2038 (Dec: 
1, 1963) . 

Wavelength passed by HglOS Zeeman-spli t abso rp tion filter 
W. G . Schweitzer, Jr. , J . Opt. Soc. Am. 53, ~o. 11, 1250~ 
1252 (Nov. 1963). 

Status of freq uency and t im e co nt rol, W. D. George F re-
quenc y 1, 27- 29 (Nov .- D ec. 1963). ' 

Effect of rate loading, t ime of trituration and test temperatu re 
on compressive st rength value of dental a malgam, H. J. 
Caul, R. Longton, W. T. Sweeney, a nd G . C. Paffen barge 1', 

J. Am. Dental Assoc. 67, 670- 678 (Nov. 1963) . 
The method for mec hanical t ra nslat ion used bv th e National 

Bureau of Standards group and the structur e"of i ts machin e 
glossa ry,!. Rilod es , Am. Documentation Inst . 26th Annual 
Meetin g, pp. 23- 24 (Chi cago, Ill., Oct. 1963). 

Temperature measurements below 1000° I( (Abst ract) J. L. 
Riddle (Symp. Measurem ent of ThCl'mal Radiation Proper
t ies of Solid s, Dayton, Oh io, Sept. 5- 7, 1962), N atl. ACI·on. 
and f:lpaee Adm in. SP- 31, f:less ioll 1, Pape r 2, p. 11 (1963). 

V3 vibra t i ~n of mcthane in cond ensed oxygen, nitrogen, and 
argon, f:l . Abramowitz and H . P. Broida, J . Chem . Phys. 39, 
No.9, 2383- 2384 (Nov. 1, 1963). 

On the r edefini t ion of t il e second and the velocity of li ght. 
G. E. Hudson and "\T. At kinson, IEEE Trans . Instr. 
M easurement IM-12, No.1, 4'1- 46 (Jun e 1963). 

Compu ted trans miss ion spect ra for 2.7-micron H, O band , 
D. iVI. Gates, R. F. Calfee, a nd]) . W . H ansell, Appl. Opt. 
2, No . 11, 1117- 1122 (Nov . 1963) . 

Thermal rad iat ion proper ties of solid s at loll' temperatu res 
R . J . Co rl'uccilli (Symp. M easure ment of Thermal Radia~ 
tion P roper ties of f:lo lids, Dayton, Ohio, flept. 5- 7, 1962) , 
Nat!. Aeron. a nd Space Adrnin. f:lP- 31, f:less ion II, Paper 4, 
p. 33 (1963). 

Pe riod ic heat flow in a hollow cylinder rotating i1l a furnace 
with a v iewi ng port, B. A. Peavy a nd A. G. Eubanks (Symp . 
Measurement of Thermal Radiation Propertics of Solids, 
Dayton, Ohi O, Sept. 5-7 , 1962), Nat!. Aeron. and Space 
Admin. SP- 31, fless ion V, Paper 56, p . 553 (1963). 

A mechanism for the produc t ion of ce rtain types of ve ry-Iow
frequency e miss ions, S. F. Hansen, J. Geophys. Res . 68, 
No.2], 5925- 5935 (Nov. 1, 1963) . 

Recent advances in cryogeni c engineerin g, Cryogen ic Engi
neering Laboratory, NBS, Boulder, Chemistry 38, 8- 15 
(Oct . 1963) . 

Method foJ' cmnparin g two ,nearly eq ual po~entials directly ill 
parts per ImlJlon , C. J . Saund ers, Rev . SCl. Instr. 34, No. 
12, 1452- 1453 (Dec . 19 63). 

Highly ioni zed atoms: The co nfigura t ions s2 p"(n = 1, 2, 4, 5), 
F. Rohrllch and C. Peckel', Astrophys. J. 138, No.4, 
1246-1261 (Nov. 15, 1963). 

A plasma instability res ulting in field-ali gned irregulari ties in 
the ionosphere, D. T. Farley, Jr. , J . Geophys. Res. 68, 
6083- 6097 (Nov. 15, 1963). 

Faraday effect in se mico nducto rs, 1. :iVr. Boswarva, R . E. 
Howard, and A. B. Lidiard, Proc. Royal Soc. A269, 125- 141 
(1962) . 

Plasma r esonances in t h e upper ionosphe re, "V. Cal ver t and 
G. B. Goe, J. Geophys. R es. 68, No. 22, 6113- 6120 (Nov. 
15, 1963) . 

Annual " Observatory Report" on research at NBS, C. E. 
Moore and L. M. Branscomb, Ash·on. J. 68, No.9, 658- 659 
(Nov. 1963). 

An operational information rctrieval system in the fi eld of 
cryoge nics, N. A. Oli en, Proc. Am. Documentation Inst. 
pp. 157- 158 (Chicago, Illinois, Oct. 1963). 

Thermocouple and radiation thermometry above 900° E:, H . J . 
E:ostkolVski and G. vv . Burns (Symp. Measurement of 
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Thermal Radiat ion Propcrt ies of Solids, Da y ton, Ohio, 
Sept. 5- 7, 19(3), Nat!. Aeron . and Space Admin. SP- 31, 
Session I , Pape r 3, p. 13 (1963). 
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