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A potentiometric method utilizing glass me mbrane reference e lec trodes in a concentration ce ll 
for the continuous measurement in s itu of molte n sa lt co mposition is presented . Re leva nt da ta for 
the AgCI-NaCI, AgBr-NaBr, and Ag,SO,-Na2S04 sys tems are given. Us ing ce ll s of the type 

M\ IM\A(all), M2 A(a,;)lglassI M\A(a,). M,A(aJ IM\ 

where the a' s a re ac tiviti es, the unknow n mole fraction X, can be ca lculated from the eq uation 

I (X,) E (1 -XII) 
og I - X, 2.303(RT/F)I, - log x;;-

whe re t' is a concentra ti on- independe nt cons tant of the sys te m a nd XII is the concentration of M \A 
in the referen ce e lec trode. The method is capa bl e of measuring X, in molte n salt with an accuracy 
of better than 5 percent over a concentration range of 104 App lication of the method to ca tions othe r 
than s ilve r is di sc ussed. 
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1. Introduction 

Increasing need for reliable reference elec trodes in 
molten salts has led , in recent years, to the develop­
ment of glass membrane electrodes for use in these 
media. These electrodes have a number of advan­
tages over electrodes in which a liquid junction is 
maintained by means of pinholes, asbestos fib ers, 
frits, etc., between the reference and indicator com­
partments of the cell. They are easily constructed, 
rugged, and maintain constant potential over relatively 
long periods of time. 

A number of membrane elec trode designs, all based 
on the Ag-Ag+ equilibrium, have been published 
[1, 2, 3,4).1 In contrast to aqueous systems in which 
the glass electrode functions as indicator electrode, 
primarily for pH measurements, in molten salts it 
serves as a reference electrode with respect to which 
potential changes at other electrodes can be observed. 
For this application the primary requirement is sta­
bility and reproducibility, i.e., several electrodes of 
identical design s hould vary as little as possible in 
potential be havior. To be useful in this sense it is 
not necessary that the potential of such an electrode 
be known on any thermodynamic scale, e.g., with 
respect to the 1/2 Cb(g) + e = Cl- equilibri urn of the 
chlorine electrode. 

l Figu res in brac kets indjt'a le the lit era ture refe rences at the end of thi s paper. 

It is by now well known that when a glass electrode 
is co mbin ed with another elec trode, e ith er in a co n­
ce ntration or in a che mi ca l ce ll. th e meas ured emf 
will differ markedly from the Ne;'ns t value except in 
the s pec ia l case in which th e co mpos ition s on both 
sid es of th e glass are nea rl y ide nti cal [IJ. The reason 
for thi s deviation li es in th e se lec tivit y of every o-Jass 
for certain ions in th e melt. Thus th e ioni c tran;po rt 
throu gh the glass is relatively ind e pe nd e nt of me lt 
co mposi tion; thi s leads to a me mbran e potential which 
mu s t be tak e n into account, in addition to th e Nernst 
value. 

We have rece ntly s tudi ed the be havior of glass in a 
variety of molt e n salt media in order to ga in more 
information on ionic trans port in glass [5, 6, 7, 8J. 
One result of thi s work is that it is now poss ible to use 
glass membrane reference electrodes for th e de termi­
nation of melt composition with respec t to certain ion s. 
Using these electrodes the melt composition can be 
measured continuously without di s turbing the sys te m 
by sampling. The purpose of th e prese nt paper is to 
give a more detail ed di scussion of those as pects of 
glass electrodes whic h pertain to the meas ure ment of 
melt composition, partic ularly in the dilute range. 
W e have illustrated thi s by new meas ure me nts of th e 
AgCl-NaCl and AgBr-NaBr systems which were pre­
viously meas ured at higher sil ver concentration s, and 
of the Ag2SOc Na2 S04 sys tem which has not prev i­
ously been studied. 
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W e begin by di sc ussing a simple concent ration cell + X~ = 1 gives 

wh ere the a's re prese nt ac ti viti es on the mole frac tion 
scale. As shown previously the e mf of thi s cell is 

(1) 

which is formally also th e potential of the cell with 
liquid junc tion . The chief difference between me mo 
brane and liquid junction pote ntial s is th at in the 
form er case (a) only ions tran sported across the glass 
are in cluded in the s umm ation, a nd (b) if the melt 
contain s more than 2 percent sodium , ti is a constant 
in any cell and can be ta ke n outside the integral [5]. 
For sys te ms containing a sin gle anion only cation 
terms are inc lude d in the s umm ation. Sin ce It ; = L 
eq (1) beco mes 

Equation (2) is useful for th e meas ure me nt of a n 
unknown co mposition onl y if (a) tM t is really inde· 
pe nde nt of compos ition ove r til e e ntire concentration 
ra nge, (b) no changes occ ur in the refe re nce electrode , 
e .g. co mpos ition changes by va pori za tion , and (c) the 
thermod yna mic behavior of the melt , i. e. , th e ac tivit y 
coefficients of the components , are known. In a study 
of seve ra] silve r halide·a lkali halide soluti ons [51 it 
was found th at (a) is sati sfi ed if the melt cont ain s a t 
leas t 2 perce nt sodium , but not if it cont a ins only th e 
larger alkali metal cations. Co ndition (b) can be 
sati s fi ed fairly well by using small di ame ter tubing. 
For the purpose of meas urin g melt composition con· 
dition (c) imposes a grea t inconve nie nce . In th at 
case it is probably prefe rable to write eq (2) in terms 
of th e mole frac tio ns and to le t tMt a bsorb the non· 
idealit y ot th e syste m. Although thi S treatment can 
give mi sleading res ults if precise information on ion 
transport in glass is des ired [7], it is jus tifi ed when the 
purpose of the measure me nt is the de te rmination of 
me lt co mposition. In tha t case it is more conve nie nt 
to write eq (2) in terms of the mole frac tion, viz 

E ce ll = (RT/F)t ' ln[(X2 /XI) (Xi/XDJ (3) 

where 

t'=t Jl + ln[(~)(~)Jl 
M2l In[(i~)(iDJ (4) 

and the y's are the Raoult 's law ac tivit y coe ffi c ie nts 
of the compone nts. Making use of XI + X; =X2 

(5) 

t' can the n be regarded as the empiri cal slope obtaine d 
in a calibration run whe n E ce ll is plotte d again st 
(RT/F) In[(X2/Xd (1-XI)/(I - X2 ) ]. In prac ti ce, it is 
mos t conve nie nt to kee p one side fi xed as a refe re nce 
and to var y the composition of the other side. Once 
t' has bee n de termined for a partic ula r melt and glass 
it can th en be used in eq (5) to de te rmine unknown 
co ncentrati ons in thi s sys tem. For example if 
XI = Xn, th e refere nce co mposition, eq (5) can be 
written 

E 
( l -Xn) log --- . 

Xn (6) 2.303(RT/F )t ' 

For dilute melts 1 - X2 = 1. 

2. Experimental Part 

The general procedure has been outlined previously 
[4]. Some changes and re fine me nts are di sc ussed 
below. All experime nts were c arri ed out in alumina 
c rucibles open to the a tmos phe re to dupli cate more 
probable co nditions of use. 

2.1. Reference Electrodes 

Pre para tion a nd pre trea tm ent of th e glass tubes 
and silve r wire ha ve been described [4]. The ref. 
ere nce melt was pre pared by meltin g a ppropria te 
quantiti es of the silve r and sodium salts to give 
- 10 mole percent silver. This concentra tion appears 
to be suit able for both higher and lowe r unknown con. 
centra tions and minimizes the corrosion of the silve r 
wire [8]. It pro ved mos t useful to make up 50 to 100 g 
of thi s co mpositi on at one time and the n use 2 to 3 g 
of it in eac h electrode. Since mi croc rystalline segre. 
ga tion occurs in these melts On cooling (see below) 
th e que nc hed melt was gro und to a fin e powde r before 
use. Seve ral re presenta tive portions were analyzed 
by elec t rode position . The precision of the analytical 
method was better th an 1 percent. 

2.2. General Procedure 

Two ide ntically pre pared reference elec trodes were 
placed in an alumina cruci ble cont aining - 120 g of 
th e sod ium salt and heated to the des ired te mperature. 
Weighed amo unt s of the corres ponding silve r salt 
we re add ed. E mfs were measured be tween a 30 
mil bare s il ver wire in the melt and each of the refe r­
ence elec trodes , as well as between th e two refe re nce 
electrodes, usin g a Leeds a nd Northrup K- 3 potentiom­
eter and e lectronic galv anome te r. The melt , ope n to 
the atmos phere, was continuall y stirred with a s tream 
of dri ed helium passing through a 4-hol e ce ramic tube. 

In un stirred or insuffic ientl y stirred melts the e mf 
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was always lower , indi ca ting th at a laye r of hi gher silver 
ion conce ntration s urround s the indi cator elec trode. 
The e ffec t is most pronounced in dilute solution and 
decreases with ri sin g concentra ti on. With in creas in g 
stirring ra te the e mf in creases to a limiting value. 
We assume th at thi s emf the n corres pond s to th at for 
the bulk me lt. 

In our initi al ex pe rim ents samples of the me lts were 
take n by dipping a cold ce ra mi c rod a nd quic kly with ­
drawin g it. Analyses of the sa mpl es frozen on the 
rod gave in creasin gly lowe r co nce ntra ti ons of silver 
than the valu es calculat ed with a co ns tant transport 
number as the total silve r concentra tion in creased. 
In othe r words, if the analyti cal values are used to 
calc ul ate trans port numbe rs, these latter decrease 
marked ly as th e silver content of the melt ri ses. 
These observa ti ons are explicable in terms of th e 
ph ase di agra ms of various silver-alkali salts publish ed 
by Zemczuzny [9]. He showed that in these systems 
the solid pFiase is always poorer in silver th a n th e 
liquid in equilibrium with it. The diffe rence in c reases 
with ri s in g s il ve r conce ntra tion. Appa re ntl y the n, 
the li quid compositi on cannot be frozen int o th e solid 
even by rapid quen ching. Consequ e ntl y, sa mples 
for analys is were obt ain ed by dippin g a 2 ml platinum 
bu cke t att ached to a long heavy pla tinum wire int o 
th e melt , equilibratin g it s te mperature with the melt , 
withdrawin g sa mpl es and pouring these as rap idl y as 
possible onto a heavy metal tray. Thi s proced ure 
was repeated as many tim es as necessary to obtain 
a s uffi c ie nt sa mple for analys is . Altern atively, 
samples were piped into a 9 mm wide fused silica tube 
equilibrated with the melt and poured into the tray. 
Samples were taken after the emf had been steady 
for a t leas t 15 to 20 min. Th e te mpe rature was 
measured with a chromel-alumel th ermocouple which 
was placed into a glass tube imme rsed directl y in 
the melt. Te mperatures a re es timat ed to be acc u­
rate to within ± 1°. 

2.3. Sources of Error 

a. Stability and Reproducibility of Reference Electrodes 

No extensive stability tests were carried out. How­
ever , we found that some elec trodes ke pt in th e melts 
in the 800 to 900 °C range for more than 8 to 10 hr 
began to deviate increasingly from newly immersed 
elec trodes. Thi s effect appears to be greater in the 
halides th a n in the sulfate. Since these electrodes 
are so easily and cheaply constructed we regard them 
as the " throw-away" type and sugges t replacing the m 
e ver y 8 to 10 hr. 

The pote ntial be twee n ide ntica ll y pre pared reference 
elec trodes imme rsed in th e same melt varies randomly , 
but never exceeds 2 III V, thi s larger difference occur­
ring in the sulfate syste m. In the halides the dif­
fere nce was us ually a few te nths m V. For the 
dete rmin a tion of ac tu al conce ntration s the limit of 
useful meas ure ment is - 1 mY; for relative meas ure-

ments of concentrati on ra tios or ra tes of c ha nge, e.g., 
in kine ti c studies [8], measure ments a re signifi ca nt to 
- 0.1 mY . 

b. Indicator Electrode Errors 

Th e lower limit of meas urable s ilver ion co nce n­
tration is imposed by the nearly instantaneous corro­
sion of the indicator electrode in alkali me tal salts . 
Thus, if an emf is measured between the reference and 
a bare silver wire in a pure alkali metal salt the calcu­
lated silve r ion co ncentra tion is neve r lowe r th an 10- 5 

[8J . Thi s is pres umab ly th e conce ntrat ion nea r th e 
metal surface and not bulk melt composition_ 

Conce ntra ti on grad ie nts whi c h build up near the 
electrode in dilut e soluti on in uns tirred me lts require 
good s tirring if th e bulk co mpositio n is to be meas ured , 
th e diffe re nce in e mf of s tirred a nd un s tilTed melts, 
can easily amo unt to 20 m V. 

As th e melt co mpos iti on approaches th at of the 
reference th e e mf decreases to zero. It is c lea r from 
eq (6) th at th e acc uracy of the meas ure me nt mus t also 
dec rease due to loss of s ignifi ca nt fi gures [rom E s in ce 
the unce rt aint y of the meas ure me nt re main s fairly 
co ns tant. It is thu s advisable to use a refe re nce co m­
position whi ch differs s ufficie ntl y from the melt to be 
meas ured to give a n e mf of - 0.1 V. 

We illu s tra te th e e ffec t of seve ral e rrors by calc u­
la ting th e co nsequ e nce of th ese on th e meas ured con­
ce ntra ti on. S in ce these e rrors diffe r so me what [or 
high and low co ncentrati ons , one exa mpl e of each is 
give n. 

No minal va lu es: XH = 0.100, [' = 0.95 
T= 1123 OK 

Case I : Ece ll = 0.300 V X2 = 0.7437 

Case II : E cc ll =- 0.400 V Xz = 1.435 X 10- 3 

E rror X(l) LlX(l ) X( Il ) X 103 LlX( II ) x l 03 

/j,, ' = 0.01 0.739. 0.004, 1.47" 0.03. 
LlX,, = .001 .745, . 0020 1.45, .01 • 
M = .001 .745, .0020 1.420 .OJ; 
/j,T = 2° .742, .0010 1.44" .008 

On the basis of the above calculation the acc uracy 
of the method is estimated to be approximately 1 
percent for fairly concentrated solutions, and 5 
percent for dilute (10- 4 < X2 < 10- 2) ones. Since 
the major source of error results from uncertainties in 
t' it is important that the calibration run be carried out 
carefully. In particular, the melt compositions in 
the calibration must be accurately known. The re­
quired accuracy can be obtained by careful weighing 
of the compone nts for silve r-ric h melts; for melts 
dilute in silver it is important that a representative 
sample of the liquid composition is obtained for 
analysis (see above). 
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FIGURE 1. Plot of eq (5) . 
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Xl = XH fur three A~+·Na + sys tem s and Vy('or :.::Iass membran es. The anions are s hown 
tu th e ril!hl uflhe res pective c ur ves. 

3. Results 

Plots of eq (5) for the three systems of this study 
are shown in figure 1. The origin of course represents 
XI = X2 = 0.1. (Slightly different reference composi· 
tions were used in the three systems.) The fact that 
all three plots pass through the origin shows that 
asymmetry potentials are ab sent. The range of con­
centration r epresented by the plots is 10- 4 < X2 < 10- 1 • 

For each of the three systems the plot is linear, i. e ., 
t' is constant over this range. The small differences 
in the slopes probably arise from differences in the 
activity coefficient terms. Combined with the data 
of previous studies [4, 5], these results show that the 
method presented in this paper is capable of measuring 
the silver ion concentration in Ag+ - Na+ melts over a 
range of 104• The values of t' and its standard de via­
tion for the systems studied are 

AgCI-NaCi 
AgBr-NaBr 
Ag,SO. - Na2SO, 

t' (J' 

1.148 
1.009 
0.965 

0.0034 
.008 
.Oll 

556 

t' is independent of temperature between 800 and 900 
°C [4]. A previous comparison between Vycor and 
Supremax [2, 4], two glasses of quite different composi­
tion , indicates that t' is nearly independent of the 
particular glass used . 

4. Conclusions 

A potentiometrIc me thod has been presented which 
utilizes glass membrane reference electrodes in a con­
centration cell arrangement for the continuous meas­
urement of molte n salt composition in situ with re­
spect to certain ions. 

The method was illustrated by measurements of 
three melts containing silver and sodium ions_ How­
ever , the principles which are involved are applicable 
to other ions as well. For example, data on the CuCI­
NaCl system have already been obtained [7]. Thus 
it should be possible to measure the concentration of 
any metal ion for which a reversible electrode can be 
cons tructe d. At present the method appears to be 
limited to melts containing at leas t 2 mole percent 
sodium ion. Another limitation of th e method is that 
the formation of insolu ble oxides on and any appreci­
able corrosion of the meta] wires used in the reference 
and indicator electrodes must be avoided. In some 
cases this may require an inert atmosphere over the 
measurement part of the sys te m. In stud yi ng any 
particular sys te m the applicability of the method must 
be tes ted and a calibration c urve of the type shown in 
figure 1 constructed. 
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Determination of the composition of complexes and their 
instability constant b y caIOl'ime tl'y, I. The cuprocyanide 
complexes, A. Bre nner , J. Elect rochem. Soc. 112, No. 6, 611~ 
62 1 (june 1965) . 
The calorimetric method for de te rmining the che mical formula 
and the instability cons tant of a complex ion involves the determina· 
tion of the partial molal heat e ffec ts res ulting from the separate 
addition of inc re me nts of each of the constituents of the complex 
to a comple te ra nge of mixtures of the constituents. The general 
mathematical derivations necessary for the utilization of the method 
have bee n developed , and the complex copper cyan ides have been 
used as an example. The instability constants for the Cu(CN)3 -
and the Cu(CN); - - ions were found to be 1.0 X 10- 5 and 2.3 X 10- 3 

respectively. 

Mass spectrum of yttrium chloride vapor, 1. D. McKinley 
J. Chern. Phys . 42, No.6 , 2245-2246 (Mar. 15, 1965). 
The mass s pectrum of vapor in equi librium with a nhydrous yttrium 
chloride was examined by a Knudsen e ffu sion techniqu e between 
800 0 and 1000 oK. Ions due to mono me ri c and dimeri c vapor mole· 
cules were identified. Heats of evaporation and sub limation for 
the two species are: dimer Hr, = 86 kcal/mol , H = 74 kcal/mol ; 
monomer Hs = 57 kcal/mol , H = 47 kcal/mol. 

Method of adjusting force constants and its application to 
H ,O, H 2CO, CH,CI and their deuterated molecules, T. Shi· 
manou chi and J. S uzuki , J. Chern . Phys . 42, No .1 , 296-308 (jan . I , 
1965). . 
A new method for the adjustment of vibrational force cons tants IS 
prese nted. It avoids some of the divergence difficulties which may 
be encountered in perturbation and leas t·squares procedures. 
The ne w method e mploys an e ffi c ient co mpute r program to adjust 
an initial set of force constants in accord a nce with the require­
ment tha t eac h success ive adjus tm e nt le ad s to a s maller sum of 
squared deviations be tween calcula ted a nd obse rved eigenvalues . 
Several variants of the procedure a re given , and thelf appli catIOn 
to a number of actual cases is di scussed in de tail. 

Oxidation of asphalt flux with oxides of nitrogen, P. G. 
Campbell and J. R. Wright , Ind. Engr. Chern. Prod. Res. Develop. 
4, No.2 , 121- 128 (J une 1965) . 
An asphalt flux of southeaste rn United States orig in was treated 
with variou s oxides of nitrogen as the oxidizing gases. Changes 
in physical and chemical prope rties we re measured by infrared 
spectroscopy, softening points, and microviscometry. Reac tIOn 
temperatures did not exceed 1660 C. and gas flow rates wer~ well 

. below those used in the commercial air-blowing of a sphalts. NItrous 
oxide and nitric oxide, alone, gave very little reaction. Nitrogen 
dioxide, photosensitized nitrogen dioxide , and a nitric oxide-oxygen 
mixture reacted with the asphalt flux to produce coatmg-grade 
asphalts. The reaction time needed to produce a given asphalt 
softening point with photosensitized nitrogen dioxide, for example, 
was 1/20 that needed for air alone. Coating-grade asphalts made 
with oxides of nitrogen were more stable to photooxidation, and to 
film rupture at any given rate of shear, than was the commercial 
asphalt from the same flux. A correlation was observed between 
the ex te nt of photooxidation of exposed asphalts and the changes 
in viscoelas ti c properti es. 

Vacuum-ultraviolet photolysie of e thane in liquid-nitrogen 
solution ,1. A. Pi rug and 1. R. McNes by, J. Chern. Phys. 42, No. 
7, 2490-2494 (Apr. 1, 1965) . 
The phuto lys is of (,H6 in liquid nitroge n was s tudie d at 1470 A. 
It was found th a t the excit ed e th yle ne su produced. whose alterna­
tive paths are collisional deac tivation and decomposition to acet­
ylene plus hydrogen, was entirely de ac tivated by nitrogen with 

th e ace tylene qu a ntum yie ld fallin g to ze ro at ve ry low co nvers ion. 

The exc ited ethane form ed in the primary process is not deac ti va ted 
by 1012 colli s ion s pe r second with nitroge n. Exc it ed e th yle ne 
form ed by photolys is o f e th yle ne a t 1470 A is not que nc hed by the 
nitrogen but is partiall y qu enched by .001 mole % NO. Thu s . 
e lec tronica ll y e xc ite d e th yle ne is partiall y deacti vat ed by collis ions 
a t a rat e of 109 sec - 1 No pos iti ve evid ence for reac tion of C H3C H 
with N, was obtaine d. 

The.'modynamic properties of n eon from 25 to 300 OK 
b e twe en 0,1 and 200 a tmosphe l'es , R. D. McCart y a nd R. B. 
S tweart , Advances in Th errnophys ical Properties at Extreme. Temp­
eratures and Press ltres, p. 84- 97 (Am . Soc. Mech. Engr._ New York. 
N .Y .. 1965). 
Se lected P-p -T data for liquid a nd gaseu us neon have bee n fitt ed 
to an a nalyti cal fun c ti on. Th e se lec ted data are the ava il able expe ri­
ment a l da ta. supple ment ed in reg ions of press ure and te mpera ture 
whe re ex pe rime nt a l da ta a re not ava ilabl c by va lues ca lc ul a te d from 
th e th eory of corres pondin g s tat es and a ge ne ra li zed equation uf 
s tate . Deviation plot s are give n whi c h indicate the acc uracy with 
whi ch th e a nal yti ca l fun c tion represe nt s th e ex pe rime ntal dat a. 
The unce rta int y of th e tabul ated pro pe rt ies is a lso es t i mate d. 
The equ a ti on of s tate a nd the ze ro press ure s pec ifi c heat we re used 
to ca lc ulat e tabl es uf dens it y. entrop y. and enth a lpy for se lected 
te mpera tures a nd press ures. These prope rti es a re a lso illus trat ed 
in te mperature-e ntro py diag ra ms. 

Wor·k function measurements on field e mitte l's with pl' e­
scribed orientation , J. W. Little. T. E. Madey , and R. Kl e in. 
J. Apl,l. Ph ys . 36, No . 4, 1491-1492 (Apr . 1965) . 
Fie ld e mitt e rs ori e nt e d with a presc ribed p lane pe rpe ndi c ul ar to 
the e mitte r ax is ca n be pre pa red s impl y a nd econ omi ca ll y. Thi s 
invo lves th e use of the s park e rosion techniqu e to mac hin e the 
emitte r blanks from a s ingle c rysta l rod tha t may be as s mall as 1/8" 
diamete r. Th e me thod is desc ribed in de tail. and exa mpl es "I' 
100 and 111 ori ent e d tun gs te n e mitt e rs a re s how n. 

Adsorption of polymel' molecules at low s urface covel'age, 
e. A. 1. Hoe ve, E . A. DiM arzio, and P. Peyse r. J. Chern. Phys. 
42, Na. 7, 2558- 2563 (Apr. I . 1965). 
A s ta ti s ti ca l-mechani cal treatm ent uf a po lymer Illu lecule adsurbed 
on a so lid s urface is given. The surface coverage of adsorbed mol e· 
c ld es is ass um ed tu be s uffi c ie ntl y low that the int e rac tiun s of t Il c 
adso rbed polyme r molecules with e ach othe r Illay be neglecte d. 
Th e partition fun c tion is de rived for a pul Ylll e r molecul e wi th 
sequences of repeatin g unit s ad sorbed a t a n int e rface and with 
othe r seque nces (loops) he ld at the s urface on ly a t th eir e nd s. 
The assumption of Gaussian statis ti cs for the loops lead s to a formu · 
lation equivalent to that used for the he li x-coil region in DNA 
molecules. A broad di stribution uf loop s izes is found_ in contras t 
to Silberberg's theory in which a sharply p~ake d dis tribution is 
assumed. The latter theory predicts a lso s mall loops for all valu es 
of the adsorption free energy. In co ntras t. our theo ry pred ic ts 
large loops and fe w unit s adsorbed for sma ll adsorpti on free e ne rgies 
and small loops and more unit s ad so rbed fur la rge r adso rption free 
ene rgies wh en the c hains are s uffi cientl y fl exible . This res ult is 
also in parti al disagree me nt with earlie r theo ri es th a t pre di c t large 
loops , e ven for relatively large ad sorp tion free e ne rgies . On the 
other hand, our the ory predic ts on ly a small numbe r of loups and 
most units at the surface for s tiff chain s. A re lation ship between 
the initial slope of an adsorption isotherm and th e molec ular weight 
of the polymer is presented. 
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Effects of finite heat Cal)acity on spin-lattice relaxation, 
R. L. P ete rson, Phys. Rev. 137, No. SA, A1444-A1448 (Mar. 1, 
1965). 
The spin·lattice approach to equilibrium is s tudied for si tuations in 
which the " lattice" heat capacity, is not infinite. It is assumed that 
the spins and the " lattice" each have a well·defined temperature and 
that the bath e ithe r has been re moved or is only very weakly coupled 
to the latti ce. It is shown th at asymptotically tlt e magnetization 
re laxes exponentiall y with a re laxati on time whi ch can be very much 
diffe rent from TI (the s pin ·lattice re laxation time for an infinite 
lattice heat capacity) , not only in numerica l value but in it s fun ctional 
depende nce upon temperature, magne ti c fi e ld , and s pin concentra· 
ti on . Some examples are presented in which the e ffect of the 
finit e lattice is to " loc k" the magne ti za tion in at it s initial value for 
times one to two orders of magnitude longer than the ultimate 
re laxation tim e. 

Elastic resonances in electron scattering from He, Ne, Ar, 
Kr, Xe, and Hg, C. E . Ku ya tt , 1. A. Simpson , a nd S. R. Mielczarek, 
Phys. Rev. 138, No. 2A , A385- A385- A399 (Apr. 19, 1965). 
The trans miss ion of electrons through the rare gases and mercur y 
vapor has been examined as a function of elec t ron energy, with 
e ne rgy reso lution of about 0.04 e V. Many anomalies (resonances) 
localized in ene rgy have been observed, tot a ling e leven in helium , 
s ix in neo n, two each in argon and krypton , fiv e in xenon, and thirteen 
in merc ury. The int e rpre tation of these resonances in te rms of 
compound negative ion formation is discussed , and in several cases 
e lec tron configuration s are assigned to the nega tive ions. In 
he lium , neon, xe non, and me rcury , sha rp decreases in trans miss ion 
are observed which a re attributed to the onset of ine las tic processes. 
Definit e identifica tion of the in e las ti c processes in th e case of helium 
e nables ca librati on of the absolute e lec tron ene rgy scale to within 
± 0.03 e V. 

Electronic energy bands in S"Ti03 and related oxide semi­
conductors, A. H. Kahn and A. 1. Leyendecker , Proc. 1964 Intern. 
Conf Phys. of Semiconductors , Paris , pp. 33- 39 (Physique des 
Semicondllcteurs , Paris , France , 1964). 
A theore ti ca l exa mination of the elec troni c e ne rgy bands of c ubic 
s trontium titanate has been performed by a pplication of th e LCAO 
(linear combination of atomic orbitals) method. Diagonal e nergies 
were determined from ioni zation poten tial s and c rys talline field s 
based on a point charge model for the ions. Th e ionic charges 
were adjusted to give agreement with the obse rved energy ga p. 
Overlap int egra ls were estimated from free ion wave fun ction s. 
For the c rys ta ls studi ed, the ca lculations led to fill ed valence band s 
derived primaril y from oxyge n 2p orbitals and empty conduction 
bands derived predominantly from titanium 3d urbitals. In cubic 
s trontium and barium tit anat es. the re are s ix lowest conduction 
band ellipsoids lying alon g < 100 >. direc tion s of k·space with minima 
probably at the edges of the Brillouin zone. The lon gitudina l mass 
is about 20- 50 mo and the transverse mass about 1 mo. Spin·orbit 
splitting re moves degeneracy at k = 0 and leads to additional con· 
duc tion bands seve ra l hundredths of an e lec t ron volt above the lowes t 
conduction band. Comparison is made with ex perimenta l data 
on conducti vity , Hall effect , the rmoelec tric power, re Aectivity , and 
soft x·ray emiss ion. Res ult s are in subs tantial agreement with 
experime nt. 

Identification of energy levels of negative ions, U. Fano and 
1. W . Cooper , Phys. Rev. 138, No. 2A, A400- A402 (Ap r. 19, 1965). 
Levels of He- at 57.1 and 58.2 and of Hg- a t 4.0" 4.2" and 4.8" 
whose observation is desc ribed in an accompanying pape r, a re 
identifi ed s pect rosco pica ll y as 2S22p 2P , 2s2 p2 2D, 6s6p2 \ /2.3/2.5/2, 

res pec tively. The ide ntification proced ure . which co mbines e le· 
ments of s pectroscopy and collis ion theory is described. 

Influence of spin paramagnetism on superconductivity, 
R. A. Kamper, R. S. Collier, and Y. Ohori. Phys. Rev. 137, lA ,A75-
A77 (Jan. 4, 1965). 
The Ginsburg·Landau equa tions are modified to include a magne ti c 
permeability which varies with th e order paramete r 1jJ according t-o 
the relation: 1-'- = ,....1jJ2 + l-'-n(l - 1jJ2). The inAue nce of thi s on the 
predicted behavior of a superconducting film in a tange ntial magnetic 
field is inves tigated theoretically. A new value is derived for 

the uppe r limit of the critica l fi eld for a bulky superconduc tor and a 
thin film. 

Interpretation of Ar+-A.· collisions at 50 keY, U. Fano and 
W . Lichten , Phys. R ev. Letters 14, No. 16,627-629 (Apr. 19, Z965). 
An interpre tation of the mechani sm of ion·atom co lli s ion s is pre· 
sent ed and di sc ussed. 

MasS-SI)ecll'ometric study of photoionization, II. lE , HD, 
and D2, V. H. Dibe ler, R . M: Reese, and M. Krau ss, J. Chem. Phys. 
42, No.6 , 2045- 2048 (Mar. 15, 1965). 
Mass s pectrometric techniqu es have been used to obtain the photo· 
ionization e ffi c iency c urves for H2 , HD , and D2 in the e nergy range 
815 to 700 A (15.2 to 17.7 eV). A qualitative desc ription of the 
observed autoionization process , based on a theory proposed by 
Fano, is app li ed to an analysis of the result s. 

Multiple-band conduction in It-type rutile (Ti02), 1. H. Bec ke r 
and W. R. Hosler, Phys . Rev . 137, No . 6A , AI872- AI877 (Mar. 15 
1965). ' 
The ex is tence of multiple band conduc tion in n·t ype rutil e for te m· 
peratures above - 40 OK is deduced from studies of the Hall coeffi· 
cients and electrical conductivities from - 2 to 600 OK. This inves ti­
ga tion emp hasizes the anisotropy of the Hall coe ffi cie nt s. i.e., the 
Ha ll effec t measured with magne ti c fi elds along the a· and the c-axis, 
respectively (Ra and Rc) . The pronounced te mperature de pend e nce 
of the ratio of these two coe ffi c ient s ca n most eas il y be int e rpre ted 
on the basis of two competing co nduction processes. Measurements 
on sa mples with wide ly diffe ring c harge ca rri e r concentrations prove 
that the conduction processes involved are due to intrinsic energy 
s tates of th e c rystal. The e nergy separation bet ween the lowes t 
condu c tion band and the bott om of the next higher one is calculated 
to be O.OS ± O.OI eV, wh ere the indica ted un certaint y denotes es ti . 
ma ted limits of e rror. Th ese co ncepts are consis tent with recent 
band s truc ture ca lc ulations. Impurit y and surface conduc tion 
are shown to be negligible. 

On the behavior of thc COmllressibility alon« the critical 
isotherm, S. Y. Larsen and .J. M. H. L. Senge r~, Advances ill 
Therrnophysical Properties at Extreme Temperatures and Pressures 
/'jJ. 74- 75 (Am. Soc. Mech. Engr., New York, N.Y. , 1965). ' 
In thiS note we co mme nt on the use of analytical fun c tion s to de. 
scribe the behavior of a system in the critical region, as proposed 
by Ulybm and Malyshenko, among others. We also investigate 
an ap paren t s harp dIsagreement noted by these authors be tween 
de nsity gradient s ob tained opti ca ll y and those deri ved from P- V.T 
data , in the c riti ca l region. We think that muc h of the disaareement 
ari ses from the way the P·V·T data were analyzed. We ~onc lud e 
that in th e critica l region the pressure vs . density iso therms are 
much flatt er than has bee n infe rred from P·V·T work. The conse. 
que ~t large grav itational effec t toge ther with the diffi c ult y of de te r. 
mllllllg the s lope of the isothe rm severe ly limit the use of P.V.T 
meas urement for the inves tiga tion of detailed be havior of the rmo. 
dynamic quantities in the vicinity of the criti cal point. 

On the validity of the Lm'c ntz-Lorenz equation near the 
critical point , S. Y. Larse n, R. D. Mountain. and R. Zwanzig, 
J. Chem. Phys. 42 , No.6 , 2187- 2190 (Mar. 15, 1965). 
Corrections to the Lorentz·Lorenz equ ation for th e refractive index 
of a A~id have be~ n evaluated , nea r the critica l point, us ing Yvon 's 
sta ti s tI cal mechanical theory of the refractive index. too-e the r with 
th e Ornste in-Ze rnike asymptotic form of the two.pa rti c le"'correla tiun 
fun ction. For argon, with reasonable values for the numerica l 
parameters. the cor rec tion is s mall e r than one part in 104• 

Polar modes of lattice vibration and polaron coupling con­
stants in rutile (Ti02), D. M. Eagles, J. Phys. Chem. Solids 25, 
No. 11 , 1243-1251 (Nov . 1964). 
Published experimental infrared reAection data are analyzed to 
obtain information about the long wavelength polar modes of lattice 
vibration in rutile (Ti02). Weighted sums of squares of effec tive 
charges are found , and are compared with the same quantities cal· 
c ulated on a simple ionic model. The continuum polarization model 
of electron.phonon interactions is extended to apply to c rystal s with 
several types of longitudinal polar phonons, and the res ults are used 
to discuss polaron theory in rutile. 
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Polaron coupling constants in SrTi03, D. M. Eagles, J. Phys. 
Chem. Solids 26, No.3, 672 (M(tr. 1965). 
Using the method described in an a rti cle on rutile (D. M. Eagles , 
to appear), the author has calculated the long wavelength longi · 
tudinal polar mode frequenc ies and coupling constants in SrTi03 . 

Pressure dependence of the inte "nal field at the Co5!! nucleus 
in a 99.5 0/0 Ni-O.5 0/0 Co a lloy, 1. H. Be nne tt, J. Appl. Phys. 36, 
No.3, PI. 2, 942- 943 (Mar . 1965). 
The room temperature nuclear magne ti c resonance absorption of 
C059 in an alloy of 0.5 perce nt Co in Ni has been meas ured under 
hydros tatic press ures of up to 7 kbars. The change in the resonance 
frequency with press ure is ./j.v /p= 159 ±5 Hz/bar. This is in the 
same direc ti on (i nc reasing frequency for inc reas ing pressure) as 
for Ni61 in Ni. The ratio of the resonance frequency to the change 
in frequ e ncy with pressure v:/j.v/p is 700 kbar for C0 59 a nd 1100 
kbar for Ni61 in Ni . The inte rnal fi e ld at the C0 59 nucleus decreases 
with inc reasing te mperature more slowly than that a t the Ni"1 nu· 
cleus in Ni·r ic h Ni·Co alloys. Thi s discrepancy in the tempera· 
ture dependences re mains as large, when plotted at constant vol­
ume, as it was at constant pressure. 

Structure of electrode posited lead dendrites, F. Ogburn, C. 
Bechtoldt, J . B. Morris, and A. deKoranyi, J. Electrochem. Soc. 112, 
No.6 , 574-577 (June 1965). 
Elec trodeposited lead dendrites were grow n and examined by x·ray 
diffrac tion and metallographically. Their s tru cture was essentiall y 
that of two c rystal s having a twi st relation abo ut a co mmon [111J 
pole which was normal to the flat surface of the two dim ensional 
dendrites . t:ach dendrite contained many s mall vo ids or c ha nn els . 
The direction of growth was e ither about halfway between a < 211 > 
direction of one crystal and a neighboring < 211 > direction of the 
seco nd c rystal or halfway be twee n < lTD > d irec tion. 

SU(6) Clebsch-Gordan coefficients for th e product 35 X 56, 
J . C. Carte r, J. J. Coyne, and S. Meshkov, Phys. Rev. Letters 14, 
No. 13,523-526 (Mar. 29, 1965). 
SU(6) C le bsch·Gordan coeffi c ients for the product 35 X 56 have 
been calculated. They have been used to predict a ne w se t o f 
scatte ring amplitudes whi c h re late widely different final s tates for 
reactions in which mesons are incident on proton targets. 

The cO"relation of ex perime ntal p,·essu,-e-density·teml)e,·a­
lure and sp eci fic h ea t data fo,' 1)3I'a hyd "o~e n , H. M. Roder. 
1. A. Weber. and R. D. Goodwin (Proc. XI Intern, Congress Refrige r· 
otion , Munich, Cermany , AUK. 1963) , Prog. Re/rig . Sci . Technol. 1 , 
187·191 (1963). 
The use of hydrogen in space ve hic les a nd in nucl ear de vi ces de· 
mand s the accura te kno wledge of it s mechan ical and the rma l prope r· 
tie s. 
As mec hanica l prope rti es of parah ydrogen nea rl y 1200 close ly s paced 
P·p·T points have been m easured between 14 and 100 oK and be· 
twee n '2 and 350 a im. The P.p.T surface was approxima ted l )y a 
large number of polynomials coupled with app ropriate interpolation 
schemes. Use of the viri a l expan s ion allows ex tra polatiun to pres· 
sures below 2 atm. 
Thermal properties may b e obta in ed afte r re la tin g the ex pe riment 
above to a second one in which the heat capac it y a t cons tant volume 
was determined for a variety of expe rimental condition s. At te mper· 
at ures below criti ca l these hea t capacities are used as primary data , 
while at temperatures above cri ti cal they serve as c hec k un th e 
correlation between the s tatistically calculated specifi c heats and the 
p.p.,!, data. Further tes ts of the co rrelation arise when calc ulating 
thermodynamic function s. 
From thi s curre la tion it is now possible to compute as function of 
pressure and temperature such quantities as specific volume, 
e nth a lpy, entropy. s pec ifi c hea t a t cons tant vo lume. spec if'ic heat 
at cons tant press ure. suni c ve locit y, th e Joule·Thomso n coe ffi c ient 
and the hea ts of vapor izati on. 

Transition f,'o m "eso nant to non-,'eso nant line s hape in mi­
crowave absol'l)tion, A. Ben·Re uve n. Ph ys. Rev. Lellers 14, No. 
10, 349·351 (Mar. 8, 1965). 
A ne w express ion is s ugges ted to account for the varia ti on with 
pressure of the s pectra l inten s it y di s tri bution in mic rowave absorp. 

ti on lines of gases , with specifi c application to the ammon ia invers ion 
spectrum. This expression departs from the conventional Van 
Vleck Weisskopf expression by adding a new coupling parameter 
which is proportional to the gas density. The theory is tes ted by 
applying it to the observations of Blea ney and Loubser and of 
Birnbaum and Maryott on ammonia. 

Infrared emission spectrum of HBr excite d in an electric 
discharge. D z termination of molecular constants, T. C. 
.J ames and R. J . Thibault, J. Chem. Phys. 42, No.4, 1450- 1457 
(Feb. 1965). 
The infrared emiss ion spectra of HBr'9 and HBrBI have been ob· 
se rved by exci ting HEr in a n electric discharge. Lines in the 
1- 0 , 2- 1, and 3-2 bands have been measured to an accuracy of 
the order of 0.01 c m- I. Pure rotational trans itions of HBr79 and 
HErBI which were not resolved have also been observed and mea s· 
ured with an accuracy of the order o f 0.2 cm- I. Values are reported 
for We, WeXe , WeY e (only limits for thi s constant), Be, De, "'e, !3e , Y e, lJe, 

and approximate values of Ho and HI are a lso obtained. The reo 
sults are found to be in agree ment with Dunham's theory. Valu es 
of the potential cons tants a i , a2, and a3 are calculated. The Be 
values for HBr'9 and HB r81 agree with calculation s based on mic ro· 
wave measure me nts of DBr'9 a nd DB r81. 

Mass s peclrome ll'ic s tudy of photoionization. III. Meth­
ane and methane -d. y V. H . Dibeler, M. Krauss, R. M. Reese. and 
F. N. Harll ee , J. Chem. Phys . 42, No. 1/ ,3791-3796 (june / 965) . 
Photoioni zation effic iency curves for the molec ule and fragment 
ions of CH I and C D. a re ob ta ined in the wavele ngth region 1000 
to 600A. The e lec tro nic s truc ture of the mol ecule ion is related 
qua litatively to the shape of the pare nt ion ization e ffici enc y c urve 
and the implica tion s of the complica ted vibronic behav ior of the 
CH; ion are di scussed. A qua litative explanation is give n for the 
obse rved isotope effect on the pare nt ion iza tion e ffi c iency curve and 
on the fragm e nt ion threshold ene rgies . More nea rl y correc t val· 
ues of I(CH.)= 12.71 eV and I(C D.) = 12.87 e V a re obta ined. Other 
thermoche mical values deduced from the s tudy are : D(CH3 - H) 
= 4.41 e V, 0 (C D3 - D) = 4.55 e V, O(CH, - H) = 4.87 eV, and HfC H2 ) 

= 4.07 eV. Ze ro'point energy diffe re nces for methyl and me th yl. 
ene ions and neutral s are a lso esti ma ted. 

Phase eq uilibria s tudi es in mixed sySle m s of ,'are ea,·th and 
othe,' oxides, R. S . Roth, Boolr, Progress in Science and Tech· 
nology of th e Rare Earths , ed. L. Ewring 1 , 167- 202 (Pergamon 
Press , Inc. , New Yorlr, N. Y. , 1964). 
This pape r is a rev iew of the phase equilibra data ava il ab le on binary 
systems conta ining a ra re earth ox ide, Y20 3 or SC 203 as one co m· 
ponent. The rev ie w is limi ted to the ox id es of the trivale nt ra re 
ea rth ions onl y. The phase diagrams are s hown when pre viou sly 
publis hed and unit cell dimensions of all co mpounds are a lso give n 
where known. From a di scuss ion of the problems involved in the 
accurate meas urement of high te mperatures it is concluded that 
accurate melting point standard s are needed for the te mperature 
range 2000- 2400 °C in a ir. 

The value of the Faraday, W. J. Ham er and O. N . Craig, J. Elec· 
trochem. Soc. Ill, No. 12, 1434 (Dec. 1964). 
This is a bri ef co mmunica tion addressed to th e Editor of the Journal 
of the Electroc hem ical Socie ty briefly di scuss in g the val ue of the 
Faraday. 

Other NBS Publications 

J. R es. NBS 69B (Math. and Math. Phys,), No.3 (July-Sept. 
1965),75 cents, 
A deve10pment of the theory of e rrors with refe rence to economy of 

time. M. D. Hersey. Prefatory note by C. Eisenhart. 
Transversals and matroid partition. J . Edmonds and D. R. Fulke r· 

son. 
Some L2 Markoff inequalities . L F. Sham pine. 
Some theorem s on the permanent. R. A. Brualdi and M. Newman . 
On Kirchoff's law and its generalized app li cation to absorption and 

emission by cavities. F. J. Kelly. 
On a relation between two-dimensional Fourier integrals and se ries of 

Hankel transforms. J. V. Cornacchia and R. P . Son i. 
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On convex metrics . C. Witzgall. 
Some extensions of Banach's contraction theorem. P . R. Meyers. 
A variant of the two·dimensional Riemann integral. A. 1. Goldman. 
The use of finite polynomial rings in the factorization of the gen· 

eral polynomial. D. B. Lloyd. 
A primal (all-integer) integer programming algorithm. R. D. Young. 

J. Res. NBS 69C (Eng. and Instr.), No.4 (Oct.-Dec_ 1965),75 
cents. 
Some applications of the wave front shearing interferometer. J. B. 

Saunders. 
Precision method for evaluating primary aberrations of lenses with 

a Twyman interferometer. J . B. Saunders . 
Comparators for voltage transform er calibrations at NBS. W. C. 

Sze. 
Voltage dependence of precision air capacitors. J . Q. Shie lds. 
Single crystal x·ray diffraction at high pressures. C. Weir, S. Block, 

and G. Piermarini. 
The Sondheimer·Wilson·Kohler formula in platinum resistance 

thermometry. R . J. Corruccini. 
Stress analysis of tape-wound magnet coils. J. Hord. 
Centerline correction for prec ision roughness specimens. 

J . 1. Chamberlin. 
Electric c urrents and potentials resulting from the flow of charged 

liquid hydrocarbons through short pipes. M. R. Shafer, D. W . 
Baker, and K. R. Be nson. 

A transistor screening procedure using leakage curre nt measure· 
me nts. G. T. Conrad and D. C. Shook. 

Radio Sci J. Res. NBS/USNC-URSI, 69D, No.8, (Aug. 1965), 
$1.00. 

"Ultra Low Freq ue ncy Electromagne ti c Fields" Papers 

Preface to "Ultra Low Frequency Elec trom agneti c Fields" Papers. 
W. H. Campbe ll and S. Mat sushita. 

Sola r wind and its interaction with the magnetos phere. C. P. Son· 
nett. 

Schumann resonances. J. Galejs. 
Earth·ionos phe re cav it y resonances and the propagation of ELF 

radio waves. J. R. Wait. 
Resonances of the earth·ionosphere cav it y observed at Cambridge, 

England . M. J.Rycroft. 
Experimental res ult s on the dynamics of the F region. W. Becker , 

R. Rii s ter, and J. Kloste rmeyer. 
Regular osci ll ations near 1 c/s observed at middle and low latitudes. 

1. Te pley. 
Preliminary results of a micropulsa tion experiment at a conjuga te 

points. R. E. Ge ndrin and V. A. Troit skaya. 
Some characteris ti cs of geo magneti c pul sations at freque ncies near 

1 c/s. W. H. Campbell and E. C. Stiltner. 
Propagation of hydromagne ti c waves in the magne tosphere. M. 

Sugiura. 
Ionos pheri c pe rtubation (the roles played by the ionosphere in geo· 

magnetic pulsations). S. Matsush ita. 
Effec ts of induced earth c urrent s on low·frequ ency electromagneti c 

oscillations. A. T. Price. Equatorial effects. R. Hutton. 
Inte rpretation of ea rl y magnetI c transIent s caused by hlgh·altltude 

nuclear d etonations. S. L. Kahalas and P. New ma n. 
man. 

Regular Contribu tions 

A note on the app lication of pulse co mpress ion techniques to iono· 
s ph eric sounding. D. C. Coli and J. R. Storey. 

Comments on a paper " Measurement of the phase velocit y of VLF 
propagation in the earth ionosphere waveguide" by F . K. Steele 
and C. J . Chilton. H. F. Bates. 

Reply to H. F. Bates' Comme nt s on " Meas ure ment of the phase 
ve locity of VLF propaga tion in the earth ionosphe re waveguide" 
by F. K. Steele and C. J . Chilton. F. K. Steele and C. 1. Chilton. 

Radio Sci. NBS/USNC-URSI, 69D, No.9, (Sept. 1965), 
$1.00. 
Ground·based passive probing using microwave spectrum of oxygen. 

E. R. Westwater. 
Response of NBS microwave refractometer cavities to atmospheric 

variations . R. O. Gi lmer, R. E. McGavin , and B. R. Bean. 

Effec ts of rocket outgassing on rf experiments. W. Pfis ter and J. C. 
Ulwic k. 

Further analysis of propagation of plas ma waves in a "s poke·wheel" 
magnetic field. Richard R. Gold. 

Measure ment of group velocity of 17.8·kHz VLF radio waves. 
W. D. WestfalL 

On the radio noise level a t low and very low frequencies in polar 
regions . T. Stockflet J !1rgensen. 

Experimental study on the circular loop antenna immersed shallowly 
in a conducting medium. Keigo lizuka. 

Directivity of uniformly spaced optimum endfire arrays with equal 
sidelobes. M. T. Ma. 

Extension ofFock theory for cu rrents in the penumbra region. V. H. 
Wes ton . 

Iso metric·circle inte rpretation of bilinear transformation and its 
a pplica tion to VSWR minimization. 1. G. Rudolph a nd D. K. 
C heng. 

Magneto·ionic propagation in inhomogeneous media. Part I. 
Transve rse propagation. B. K. Banerjea. 

Magneto·ionic propagation in inhomogeneous media. Part II. 
Oblique propagat.;on. B. K. Banerjea. 

Editorial co mment on the sc ien tific papers of Lord Rayleigh (John 
William Strull). J . R. Wait. 

Radio Sci. J. Res. NBS/USNC-URSI, 69D, No. 10, (Oct. 
1965), $1.00. 
Irre versible power and radiation resistance of antennas in aniso· 

tropic ionized gases . K. S. H. Lee and C. H. Papas. 
Scattering resonances of a cylindrical plasma. W. M. Leavens. 
Radiation patterns from plasma enclosed cyclindrical hypersonic 

ve hicles. J . H. Harris, A. T . Villeneuve, and 1. A. Broca. 
The Schumann resonances. R. K. Cole, Jr. 
Atmospheric radio noise bursts in the LF band at Bangalore. 

S . V. C. Aiya and K. N. Lakshminarayan. 
Influence of finite ground conductivity on the propagation of VLF 

radio waves. J. R. Wait and K. P. Spies . 
Model experiments on propagation of groundwaves across an ab­

rupt boundary at perpendicular incidence. R. J. King and S. W. 
Maley. 

Radio Sci. J. Res. NBS/USNC-URSI, Vol. 69D, No. II (Nov. 
1965), $1.00. 
Propagation of pulses in dispersive media. 1. R. Wait. 
An anisotropic electron velocity distribution for the cyclotron ab­

sorption of whistlers and VLF emissions. H. Guthart. 
Nose whistler di spersion as a measure of magnetosphere electron 

te mpe rature . H. Guthart. 
Interference rejection capability of a switched radiometer. R. E. 

Clapp. 
Atmospheric breakdown limitations to opti cal maser propagation . 

R. G. Tomlinson. 
Phase steps and amplitude fading of VLF signals at dawn and dusk. 

D. Walker. 
Propagation in a model terrestrial waveguide of nonuniform height 

theory and experiment. E. Bahar and J. R. Wait. 
Comments on H. Volland's " Re marks on Austin's Formula." J. R. 

Wait. 
The path integrals of LF/VLF wave hop theory. L. A. Berry and 

M. E. Chrisman. 
Reac tive loading of arbitrarily illuminated cylinders to minimize 

microwave backscatter. Kun-Mu Chen . 
On the s tati stical theory of electromagnetic waves in a fluctuating 

medium (II) Mathematical basis of the analogies to quantum field 
theory (a diges t). K. Furutsu. 

Radio Sci. J. Res. NBS/USNC-URSI, Vol. 69D, No. 12 
(Dec. 1965), $1.00. 
Symposium on Planetary Atmospheres and Surfaces, May 1965: 

I Session: Jupiter , as observed at long radio waves. 
II Session: Jupiter, as observed at short radio waves. 

III Session: Passive radio observations of Venus , Saturn. 
Mercury, Mars, and Uranus. 

IV Session: Passive radio observations of the Moon. 
V Session: Radar observations of the planets. 

VI Session: Radar observations of the Moon. 
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Selected tables of atomi c spec tra. Atomic e nergy leve ls and 
multiplet tables Si II , S i III . S i I V. C. E. Moore. NSRDS- NBS3. 
Sec. 1 (June 25. 1965).35 ce nt s. 

Elec trical engineerin g unit s and cuns ta nt s. N BS M isc. Pub!. 268 
(June 1965), 10 cents, $6.26 a 100. 

Trans mi ss ion loss pre di c tion s for tro posp he ri c co mmunica tion 
circ uit s. P . L. Ri ce, A. C. Longley. K. A. NO l"i on. a nd A. P. Bars is. 
NBS Tec h. No te 101. Vol. I (May 7. 1965). $1.00. 

Tran s miss ion loss pre dict ion s fo r troposphe ri c co mmunication 
circ uit s. P. L. Rice. A. C. Longley. K. A. Norton. a nd A. P. Barsis . 
NBS T ech. No te 1OJ. Vol. II (May 7. 1965), $1.00. 

On the e llec t of heavy ion s o n LF propaga tion. with Sl)ecia l re fe re nce 
to a nu clea r environment. 1. R. J ohler a nd L. A. Be rry. N BS T ec h. 
Note 3 13 (June 7, 1965),45 cents . 

Stabilit y of two·phase annula r fl ow in a ve rti ca l pipe, S . J arvis. J r.. 
NBS T ec h. No te 314 (June 7. 1965). 55 cent s . 

Crading of abras ive grain for grindin g. CS271 - 65 (April 12. 1965). 
S upersedes S PR RIl 8- 50. 

Gas c hromutugraphic de te rm in a tion of th e mois ture cont e nt of grain. 
E . L. Weise, R. W. Burke. and J. K. Taylor. (Proc. 1963 lnt ern. 
Sy mp. Humidit y and Mois ture. Was h. D. C.). Book. Humidit y 
and Moi s t ure. ed . A. W ex ler. Vol. IV, Principl es and 'VIet hod s 
of Meas uring Mois ture in Liquids and Sui ids. ch. 1. pp. 3- 6 IRe in ­
bold Pub!. Co rp .. New York . N.Y. , 1965). 

Isoto pic frac ti onati on of uranium in sa nds ton t' o Powder Ri ver Basin. 
Wyo min g. and S li c k Rock Distri c t. Co lorado . .1 . N. Ros h"lt. A. P. 
Butle r. E. L. Carn c r. and W. R. Sh ie lds. Econ. C"ol. 60 , N". 2. 
199- 213 (Mar. ·Apr. 1965). 

On the twilight sodium e miss ion-2. A theore ti cal mode l of sodium 
abund ance . M. Gadsden. An n. Ceoph ys. 20 , No.4. 383- 396 10ct. ­
Dec. 1964). 

S tre ngth of finge rnail s, R. W. Yuung. S. B. Newman. and R. J . 
Ca pott. J.ln vest. De rmal,,!. 44, No.5. 358- 360 (I)('c. 23. 1964). 

A mini ature helium turbo-ex pander for cr yoge ni c refri !!era liol1 
sys te ms . M. T . No rt on . (Proc. XI Int e rn . Congress Refri ge ra ti on. 
Munich . Ge rm a ny. Aug. 1963). Prog. Rerri g. Sc i. Tec hnol. 1, 
131- 135 (1963). 

A s imple me thod for meas uring the amuu nt of granular materia ls 
in sulfur mortars , C. L. Thompson, Mater. Res . Std. 5, No.5, 242-

243 (May 1965). 
A waveguid e noi se s tanda rd . C. K. S. Mille r. W. C. Daywilt. and 

E. Ca mpbe ll. (Proc. Int e rn. Meas ure ment s CunL ). Acta IMEKO 
3, 371- 382 (1964). 

A s ta nd ard for e xtre me ly low va lu es of s pe("tra l irradian ct'. R. S tair. 
W. B. Fu sse ll. and W. E. Schneider, App!. Opt. 4, No . 1. 85- 89 
(Jan. 1965). 

Commercial ca rbon CO ml)os ition re sistors as pressure transducers, 
C. E. Mill e r. 1. W. Oem], and T. M. Fl ynn . Re v. Sci. [n s tr. 36, 
231 - 232 {Fe b. 1965). 

Human enginee ring in the des ig n of a consule for the compa ri son 
of volt boxes, P. H. Lowrie, Jr .. 19th Annua l In s tr. Soc. Am. Conf. 
Exhibit , Pre print No. 12.1- 3-64, pp. ] - 8 (Oct. 12-15, 1964). 

Maintenance of maring e lec tro ni c equipment by personnel not 
tra ined in e lectroni c ma int e na nce, C. Shapiro and C. J . Rogers. 
Proc. Annual T a nke r Con f. American Pe trole um lnstitut e, pp. 
A- I - A- 18 (June 1965). 

Optical instrument ation for th e biologis t: Mic roscopy. J. R. Meye r­
Arendt , Appl. Opt. 4, No. 1. 1- 9 (.I an. 1965). 

Prec is ion detec tor for co mplex in se rtion ratio meas uring sys tems. 
C. M. Allred and R. A. Lawton . IEEE Trans. Ins tr. Meas. IM-13 , 
No.2 & 3, 76- 81 (june-Se pt. 1964). 

Stress corrosion crack in g of me tal s, H. L. Logan , Me tals Engr. 
Qu art. 5. No.2, 32-38 (May 1965). 

The effec t of a fati gue crack on the fati gue strength of an a luminum 
a lloy, J . A. Bennett. Mater. Res. S td. 5, No.5. 235- 239 (May 
1965). 

Th e ro le of c ryoge ni cs in th e produc tion of high and ultra·high 
vac uum , L. O. Mull en a nd M. 1. Hiza . C ryogenics 4, No.6, 387-
394 IDee. 1964). 

A me thod for the co mpuldll"" of the e rror fun c tiun of a compl ex 
variabl e. O. N. Stra nd , Ma th . Co mpo XIX , No. 89. 127- 129 
(Jan . 1965). 

Bounds tor c lass numbers. M. New man. Pmc. Pure Ma th emati cs, 
Vo!' VITI. Theor y of N umbe rs, p. 70- 77 (Am. Math . Soc. , 1965). 

Com me nt on " Th e use of tran s torm s to s um array fac tors. M. T. 
Ma, IEEE Trans. Ant. Prop. AP-13, No.1. 174 (jan. 1965). 

Dis tri bution of s tudent 's t in samples from a rec tangu la r uni ve rse. 
M. M. Siddiqui . Re v. Intern. S tat. Ins t. 32 , No. 3, 242- 250 (1964). 

Mat he mati cal programming mode ls for se lec ti on of di ets to minimize 
we ighted radionuc lide int a ke . H. 1. Brac ken , Env ironme nt a l 
Hea lth Se ri es : Radiologica l Health , Publi c Hea lth Se rvo Pub!. 
999- R- 4 (De pt. Health. Educa tion. an d Welfare . Wash. D. C.. 
Aug. 1963). 

A compari son be tween the National Bureau of S tand a rds two­
press ure humidit y ge ne ra tor and thc National Burea u of S tand­
ards h yg rometer . S. Hasegawa. R. W. Hyland. and S . W. Rhodes . 
(Proc. 1963 Int ern. Symp. Humidit y and Moistu re. Was h .. D. C.). 
Boo k. Humidit y and Moi s ture. Meas urement a nd Control in 
Scie nce and Indus tr y. ed. A. We xler. Vo!' 3 , Fundamentals and 
Standards. ch. 22. pp. 455- 459 (Re inhold Pub !. Co rp .. New York. 
N .Y .• 1965). 

A pneumatic bridge hygro me te r for use as a working humidit y 
standard . L. Gree ns pan. (Proc. 1963 Int e rn. Sy mp. Humidit y and 
Moisture, Wash. , D.C.), Book. Humidity and Mois ture. Meas ure · 
ment and Control in S" ie ncc and Indu s tr y. ed. A. Wexle r. Vu !. 3, 
Fund a ment a ls and S ta ndards. c h. 20. PI'. 433- 443 IReinhold 
Pub!. Corp. New York. N.Y .. 1965). 

Le it e r to the Editor. C. H. Page. Metro lugia I, No.2. 73- 74 (Apr. 
1965). The evoluti on of des igned ex periments. W. J. Youden. 
Proc. IBM Scien tifi c Computing Symp. S ta ti s ti cs. pp. 59- 67 
(West C hes te r Cu unt y. New York. Sel-' t. 1963). 

Th e NBS s ta ndard hygrometer. A. Wex le r a nd R. W. Hy land (Proc. 
1963 Intl'l"n. Sy ml-'. lIu mid it y a nd Mo is ture. Was il.. D. C.). Book. 
Humidit y and Mois ture. Meas ure me nt and Co ntrol in Sc ie nce 
a nd In d us try. cd. A. Wexler. Vol. 3. Fundamenta ls and S tand · 
ards. c- h. ] 9. pp. 389-'~3 1 !Reinhold Pub!. COI"I) .. Nt'w York. 
N.Y .. 1965). 

C ha rac tt'rist ics of a Raman lase r exc it ed by a n ord in a ry rub y lase r. 
H. Tak un; a and D. A. J e nnin gs. Proc. IEEE 53 , No.2. 146- 149 
(Ft' b. 1965). 

De termination of the I-'robabilit y dis tribution of tlw number of scc­
ondary e lec tron s. Z. Bay a nd C. Papp . IEEE Trans. Nuc lear Sc i. 
NS-11, No.3, 160 (June 1964); Elec. Co mll1un. 40, No.1 , l 34 
(1965). 

Drift -free Moss baue r s pec-trumet"r. F. C. H.uegg. J . J. S pijke rm a n. 
a nd .1. R. De Voe. Rev . Sc i. In str . 36 , No. 3. 356- 3.59 (Ma r. 1965). 

I ce nucleation by photolyzed s ilvcr iodide. G. Burley. Phi!. Mag. 
10,527 (Se pt. 1964). 

Longitu de d istributi on of proton flares. C. S. Warwick. As troph ys. J . 
141 , No.2. 500- 504 (Feb. 15. 1965). 

Pl ans for pro posed new ta bl es uf thc th e rmodynam ic prupert ies of 
Illui st a ir . .J. C. Davi s. T . K. Fai so n. Jr .. and P . R. Achenbach 
(Pnw. 1963 Int e rn. Symp. Humidit y and Mois ture. Wasil. . D.C.). 
Book . Humidit y and Moi s ture. Measureme nt and Co ntru l in Sc i· 
ence and Indus tr y. eel. A. Wexle r. Vol. 3. Fundame nt a ls a nd 
S ta nd a rd s. c h . ]1. pp. 315- 320 (Rei nhold Pub!. Co rp .. New Yu rk o 
N.Y .. 1965). 

Optical quenching of phutocunduc tivity nea r the band edge in CdS. 
L. Grab ne r. Phys. Re v. Le ll crs 14, Nu. 14. 551- 554(Apr. 5. 1965). 

'Stim ul a ted Brillouin scallc ring in th e off-axis re so na tur. H. T"kuma 
a nd D. A. J ennin gs. App!. Phys. Le llers 5 , 239- 241 (Dec. 1964). 

Th e a bsolut e photumetry of the zod ica l li ght. L. L. S mith . F. E. 
Roach. and R. W. Owen. P lane t. Space Sci. 13 ,207- 217 (Pe rga­
mon Press Ltd .• No rthe rn lreland . 1965). 

X.ray spec troche mica l a nal ys is of ma te ri a l: ce me nt a nd dental 
a ll oys, B. L. Bean and B. W. Mulliga n. A m. Soc. Tes t in g Mater. 
Spec. Tec h. Publ. 373, App li ca tion of Advanced a nd Nuc lear 
Ph ys ics to T es ting Materia ls. pp. 25- 45 (June 17. 1965). 

Measurement and standardi zatiun of LF to UHF e lec tri ca l qua nti ­
ti es. Sketc h of recent world·wide deve lupments , M. C. Se lb y. 
Prog. Radio Sci. 1960- 1963 , Vol. 1. Radio S ta nd ards and Meas· 
ure ment s. pp. 45-55 (Elsevier Pub!. Co .. Am ste rdam . The Ne the r· 
lands. 1965). 

Radio met eoro logy. J . W. He rbstre it. Sc ience 147 , No. 3653.76- 78 
(Jan . 1, 1965). 

S tratos pheri c mois ture measure m e nt s us ing infra red s pec trosco py. 
D. M. Cates , (Proc. 1963 Int e rn. Symp. Hu midity and Moi sture. 
Wash .• D.C.). Book. Humidit y and Moisture Measure me nt and 
Control in Science and Indu stry. Vo !' 2 , App li ca tion s . Sec. VI. 
pp. 446- 449 (Reinhold Publ. , Co rp .. New York, N. Y .. 1965). 

Th e use of e lectromagne ti c s ignal s emill ed f ro m nuc lea r exp lus ions 
to stud y long-ra nge VLF propaga ti on. A. C. Jean and .1 . R. Wait. 
J. Ceophys. Res. 70 , No.5, 1258- 1261 (Ma r. l. 1965). 
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The uses of oblique ionogra ms in frequency utili zation, K. Dav ies, 
ITV Telecommun. J. 31, No. 10, 1- 7 (Oct. 1964). 

Troposphe ric propagation , P. L. Rice and J. W. Herbstreit , Advan. 
Electron. Elec tron Phys. 20,199- 259 (1964). 

Acid bases in anal yti cal che mistr y, I. M. Kolthoff, S. Bruc kenste m, 
and R. C. Bat es. Interscience Reprint from Kolthoff·Elving "Trea· 
ti se on Analytical Che mistry", PI. I. Sec. B. ch. 10, pp. 361- 542 
(Interscience Pub!. Inc., Ne w York , N.Y. , 1965). 

Ac ids and bases in alco hol·water solvents, R. C. Bates , C hem. Che m. 
Ind. (Japan) 18, 680- 685 (May 1965). 

Configuration int erac tion calculation of H" and H2 , C. Edmiston 
and M. Krauss . J. Che m. Phys. 42, No.4, 1119 (Feb. 1965). 

Constancy of a modified Weston standard cell over long periods, 
W. C. Bosb urgh a nd R. C . Bates, J. Electroc hem. Soc. III , No.8. 
997- 988 (Aug. 1964). 

Crystal structure of gamma·dicalcium silicate, D. K. Smith, A. Ma· 
jumdar, and F. Ordway, Acta. Cryst. 18, 787 (Apr. 1965). 

Designation of ligand positions in coordination comple xes. R. F. 
P as te rnack and P. M. McDonnell. Tnorg. C he rn. 4, No. 4. 60Q-{)02 
(A pr. 1965). 

Determination of reducing e nd·groups by reactions with C ' 4·labe led 
cyanide, H. S. Is bell, Book, Methods in Carbohydrate Chemistry, 
ed. R. L. Whistler, 5, 249- 250 (Academic Press Inc., New York , 
N.Y. , 1965). 

Direc t observation of the decom ,Josition of multipl y c harged ions 
int o sin gly c ha rged fragme nt s, K. E. McC ulloh. T. E. Sharp , a nd 
H. M. Rosenstock, J. C he m. Ph ys. 42, No. 10, 3501 - 3509 (May 
1965). 

Elec tron impac t s tudies of aromati c hydrocarbon s. Ill . Anzu le ne 
and naphthalene, R. J. Van Brunt a nd M. E. Wac ks , J. C he m. 
Phys. 41 , No. 10,3195-3199 (Nov. 15. 1965). 

Electron paramage ntic resonan ce and the prima ril y 3d wavefunctions 
of th e te trachloroc uprat e ion, M. Sharnoff. J. C he m. Phys . 42 , 
No. 10. 3383- 3395 (1965). 

Elec tron paramagne ti c resonance s pec t ra of zin c·doped co pper 
ace tate monohydrat e, C. F. Kokoszka. H. C. Alle n. Jr.. and C. 
Gordon . J. Chem. Phys. 42, No. 10, 3693- 3697 (May 15. 1965). 

Electron paramagn e ti c reso nance spec trum of bi s·8·hyd roxyq uino· 
lat e copper (II ) dih ydrat e, C. F. Kokozs ka. H. C. All e n. Jr. . and 
C. Cordon. 1. Che m. Ph ys. 42, No. 10. 3730-3731 (May 15. 1965). 

Extin ction coeffi cie nt s of triple t .... triplet transitions in aromatic 
compounds, R. A. Kell er and S. C. Had ley, .I. Chem. Ph ys. 42 , 
No.7, 2382 (A pr. 1965) . 

Franck·Condon fac t ors for polyatomic molecules. T. E. Sharp and 
H. M. Rosenstoc k . .J. Che rn . Ph ys. 41, No. 11. 3453 (Dec. 1.1964). 

High·precision coulo metri c titra ti o n ~ with special refe re nce to the 
de termin ation of uranium , J. K. 1 aylor and C. Ma nne nko. Proc. 
Conf. Hi gh·Prec is ion Analys is of Substan ces of Int e res t to Nu· 
clear En e rgy. Jan. 18- 22, 1965 pp. 147- 161 (Burea u Centra l des 
Mesures N uclaires, Brusse ls, Belgium , 1965). 

High pressure single crys tal s tudi es of ice VI , S. Block. C. E. Weir. 
and C . J. Pi e rina rini . Science 148,947 (1965). 

High tempera ture mi crowave spectroscopy: AIF a nd AICI. D. R. 
Lide, J. C he m. Phys . 42 , No. 3. 1013- 1018 (Feb. 1965). 

Improved measurement of the elec tri c dipole mom ent of the hy· 
droxyl radiacaI, F . X. Powell and D. R. Lide, J. Che m. Phys. 42, 
No. 12,4201- 4202 (J une 1965). 

Interaction of carbon dioxide with carbon adsorbents below 400 0c., 
V. R. De it z, F. C. Carpent er, and R. C. Arno ld . Carbon 1, 245 
(1964). 

Isotopic fraction ati on of uranium rela ted to 1'011 fea tures in sand· 
stone, Power Rive r Basin , Wyoming and Colorado Plat eau, J . N. 
Rosholt. A. P . Butler, E. L. Ca rner, and W. R. Sh ie lds, Eco n. 
Ceol. 60, No.2. 199- 213 (Mar. - Apr. 1965). 

Method of obtainin O' a ran rre of c urrent dens ities with a res is tive 
ca thode, M. Brell~e r and "A. Brenn er, Plating 56, No.6. 527- 530 
(June 1965). 

National Standard R eferen ce Data Program, E. L. Brady and S . A. 
Ross mass ler, D. C. Libraries 35 , No.4, 57-61 (Oct. 1964). 

Nega tive surface ionization of co mplex molec ules, J. T . He rron , 
H. M. Rosenstock, and W. R. S hields, Nat ure 206, No. 4984, 611 
(May 1965). 

Nonequilibrium c hemical excitat ion and c hem ical pumping of lase rs, 
K. E. Shuler, T . Carrington, and J . C. Light , App l. Opt. Supp!. 2, 
pp. 81 - 104 (1965) . 0 

Photolys is of ethane at th e arrron resonance lines 1067 a nd ]048 A. 
A. H. Laufer and J. R. M~Nes b y, J. C he m. Ph ys. 42 , No. 9. 
. 3329-3330 (May 1, 1965). 

Photooxidation of asphalts in the presence of ozone, J. R. Wright 
a nd P. C. Ca mpbe ll. ACS Div . of P etrol e um Chern. Pre prints 9, 
No.3 . 16] (Aug. 1964). 

Precise assay of coppe r us in g s mall samples, T. J. Murph y and J. K. 
T aylor, Ana!. Che m. 37, No.7, 929- 931 (June 1965). 

P~ess ure· indu ced trap ping phenome non in sil ve r iodide. H. C. 
Duec ke r and E. R. Lippincott. Science 146, 1295-1297 (]964). 

Pyrolyti c technique , C. M. Brau er, J . Polymer Sci. , PI. C, No.8, 
3-26 (1965). 

Radiochemica l me thods of analys is (Report on Salzbu,rp Confe r· 
ence), W. W . Meinke, Sci ence 147. No. 3654, ]82- ]83 uan . 1965). 

Recommended materials and practices for use with cryogenic pro· 
pe ll ant s, A. F . Schmidt, AIR 839 ,29 pages (SAE Inc., New York, 
N. Y. , Ja n. 1965). 

Rotat ional constants of exc it ed vib rat ional states of 14N)60, W. J. 
Lafferty and D. R. Lide, J. Mo!. S pectry. 14, No.4, 407- 408 
(Dec. 1964). 

Second order effects in the phosphorescene of be nzophenone crys· 
tals at 77 OK. R. A. Keller, J. Chern . Ph ys. 42, No. 11 , 4050-4051 
(J une 1965). 

Spec trophotometri c determination of the rate of di ssociation of 
te trafluoroh ydrazine behind a shock wave, L. M. Brown and B. 
Darwe nt , J. Che m. P hys. 42, No.6. 2158-2165 (Mar. 15, 1965). 

S tandard ization of plas ti cs in the U.S .. C. M. Klin e. Courrier de la 
Norm a li sa tion No. 182, pp. 280- 282 (Mar. - Apr. 1965); Mod. Plas· 
tics 42, No.9. 176 (May 1965). 

S ubstoic hiom etri c rad iometric analysis: Determination of trace 
amou nt s of cobalt. A. R. Landgrebe, L. T. Mc Lendon , and J. R. 
DeVoe . Book, Radioc hem ica l Me thods of Analysis, II. 321-333 
(Int ern . Atom ic En ergy Age ncy, Vienna, Austria, 1965). 

The constitution of C uFe,Os, C. F. Je fferson, J . App!. P hys. 36, 
No.3. 1165- 1166 (Ma r. 1965). 

T he gas·phase photolys is of cyclohexane in the far ultra·viole t: 
Modes of decompos ition of the neu t ra l exc it ed cyclohexane mol e· 
c ul e and reac tion s of the parent cyc lohexane ion , R. D. Doepker 
and P. Ausloos. J. Chem. Ph ys. 42 , No. 11 ,3746 (June 1, 1965). 

The place of rad ioche mical methods of ana lys is: Today and tomor· 
row, W. W. Meinke, (Proc. Intern . Atomic Energy Agency Symp. 
Radioc he mi ca l Methods of Analysis . Salzburg. Austria , Oct. 19- 23, 
1964). Book. Radioc hem ical Me thods of Analysis 1, 13- 19 (Int ern. 
Ato mi c Energy Age ncy, Vienna, Austria. 1965). 

The vib rational assiu nment of sulfuryl flu orid e, D. R. Lide, D. E. 
Mann, and J . J . Comeford, Spectrochim. Acta. 21,497 (1965). 

Vacuum·ultraviolet photolysis of e thane at high temper?ture, R. F. 
Hampson, Jr .. and J. R. McNesby. 1. Che m. Ph ys. 4?, No. 6, 
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A co mpari son of atomic frequ ency sta ndards, R. E. Beehler and R. C. 
Mockler. Book, Progress in Rad io Science 1960-1963, Vo!' I, 
Rad io Standards and Measure me nts, pp. 20-26 (Elsevier Pub!. 
Co., Ams terdam , T he Ne therlands, 1965). 

A DC-RF substitution error in du al element bo lometer mounts , 
G. F. Engen, IEEE Trans. In str. Meas. IM- 13, No.2 & 3, 58-64 
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A mechanistic model for th e limit s of audit ory perce]Jtion , E. L. R. 
Corliss, Proc. Symp. Models for the P er ception of Speech and 
Visual Form , Boston, Mass.; Nov. 11- 14, 1964 (Air Force Re· 
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A multis tub coaxial line tuner, W. E. Little and E. Niesen , IEEE 
Trans. Microwave Theory Tec h. MTT-12 , No.5. 570- 571 (Se pt. 
1964). 

A survey of research on frozen food transpo rt refrige ration , P. R. 
Achenbach, ASH RAE J. 6, No. 11 ,29-36 (Nov. 1964). 

A two·channe l nulling meth od for measuring att e nuation constants 
of short sec ti ons of waveguide and the losses in waveguide joints, 
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Advances in e lectrica l instrume ntation , F. L. Hermach , Ind . Res. 
pp. 60- 66 (J une 1965). 

An au tomatic method for obtaining data in the Wei ssfloch·Feenberg 
node·shift tec hnique , R. W. Beatty, Proc. IEEE 53 , No.1. 79-80 
(Jan. 1965). 

An unimodu lated twin channel microwave atten uat ion measurement 
sys tem , D. H. Russell , ISA Trans. 4, 162- 169 (Apr. 1965). 

Breakdown characteristics of semi·conduc tor materials, H. A. 
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