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The group of all nonsingular matrices taking the set of ordered 1 by n real vectors onto itself is 
determined. It is shown to be homomorphic to the symmetric group on n -1 lette rs. A similar result 
is found for the subset of nonnegative vectors: its group is homomorphic to the symmetric group on n 
lette rs. 
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Throughout this note (unless otherwise stated) all Thin M(V)/N = Y n- I and M(V oj/No =Yn·" 

vec tors are 1 by n , all matrices are n by n, and all have . We begin with a proof oCthe - results for Vo. We 
real entri es. Lower case Greek lette rs will denote note that 
vec tors, 

A vector a = (al a2 . . . all) will be called ordered if 1 

Let V denote the set of all ordered vec tors, and Vo the 
subset of nonnegative ones. Our purpose is to de­
scribe the groups of nonsingular matrices whic h take 
V onto V, and Vo onto Vo, respectively. 

We will need the following definiti on: 

1l 

P,,(7) = L tiEi . m.i) 
i = 1 

where 7T is an element of the symmetric group Y'" (i.e., 
7T is a permutation of 1,2, ... , n), 7=(tlt2 ... til), 
and E i.j is the elementary matrix with 1 in the i, j 
position and 0 elsewhere. In other words, P 1T(7) is the 
permutation matrix corresponding to 7T with the 1 in 
the ith row replaced by ti for each 1 = 1,2, . , " n. 
Our results are 
THEOREM 1. Let M(V) denote the group of all non­
singular matrices M such that VM = V (with a similar 
definitionfor M(Vo)). Then 

M(V)= {K- IP1T(7)K + yT€ :7T€Y n, 7T(n} = n; . 
7 > 0; €yT "" -tn} 

M(Vo) = {K- IPJ7)K:7Td,,; 7 > O} 

where K ;s the matrix with ones on and below the main 
diagonal and zeros elsewhere, 7=(tlt2 ... t n), and 
€= (1 1 ... 1). 
THEOREM 2. Let D(7) = diag (tlt2 '" tJ for 7 
.= (t l t2 ... t n). Define: 

N = {K-ID(7)~(+yT€:7 > O;€yT "" -tn } 

No= {K-ID(T)K:7 > OJ. 

211 - 570 0 - 66- 3 

so that 

-1 1 0 
K - I= -1 1. 

o .-1 1 

It follows that a€Vo if and only if oK- I ~ 0, 
Let 5 denote the set of all nonnegati ve vectors. W e 

have shown that 

Thus 

In other words: 

M(Vo) = K - W(S)K (2) 

and our problem is r educed to describing M(S). 
By considering those vectors with exactly one 1 and 

otherwise zero entries, it is easy to see that any matrix 
which takes all nonnegative vectors into nonnegative 
vectors is itself nonnegative. To be a member of 
M(S) both the matrix and its inverse must have that 
property. But a matrix and its inverse are both non· 
negative if and only if it has exactly .one positive entry 
in each row and column, i.e., if it is of the form P J T) 
with T > O. Thus 

M(S) = {P 1T(7):7T€Yn; T> OJ. 
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Together with (2), this proves our description of be nonsinguiar. Clearly 
M(Vo) in Theorem l. 

Now let I denote the mapping of M(Vo) onto Y n de· d = tn + bn 
fined by 

This is a homomorphism because 

P rr,( T)P rr2(T) = P rr2rr,(p) 

with ri=tisrr,(i) for i=1, 2, ... , n (where T=(ti), 
(T= (Si), P = (ri». The kernel of lis the set of elements 
K-IPe(T)K which are taken into the identity permuta­
tion e. But Pe(T) = D(T) so that the kernel of I is No. 
By the first law of homomorphism we conclude that 
the factor group M(V 0)/ No is isomorphic to Y n. 

The case for V is slightly different. From (1) we 
see that aEV if and only if the first n -1 entries of 
aK- I are nonnegative. Let 5* be the set of such 
vectors. As before we get 

M(V) = K-IM(S*)K. (3) 

By considering the vectors (0 0 ... 0 ± 1) and 
those with exactly one 1 in the first n -1 positions and 
zeros elsewhere, we see that a matrix taking all ele­
ments of 5* into elements of 5* must have the form 

where Ao is a nonnegative matrix of order n-l. 
For A to be a member of M(S*) its inverse must be 

of the same form. We have 

A-I = (_A_o_-I-+_Y_6_) -, yt = - d-iAol{3t 
o d- I ' 

and thus Ail l is required to be nonnegative. As be­
fore, we conclude from the fact that both Ao and Aj)1 
are nonnegative that 

Ao=Prro(~o) _ 7ToEYn -J, To > 0 

(with TO a 1 by n -1 vector). 
Let 7TEY n be such that 7T(i) = 7T0(i) for i = 1, 2, . 

n-1 and 7T(n)= n. Then we can write A as 
. . , 

7TEY~,T=(TO,i~»O ,- (4) 
, '. " '. , 

with {3=(b l b2 ••• bn) and Eo=(O O. .O) i;i.e., 

f3T Eo = (0 {3T). ' 

The only further restriction is that the element, d in 
the lower right"hand corner be nonzero so' that A will 

. ( ~' . 

so we require that bn -jtf - tn. Since bl! = Eo{3T this can 
be written 

Eo{3T -jtf - tn. (5) 

Now we return to (3) and conclude that the elements 
of M (V) are exactly those of the form K -I AK restricted 
by (5). We note that 

EoK=E. 
Let 

whence 

and our restriction for non singularity becomes 

This completes the proof of Theorem l. 
Now let l' be the mapping of M(V) onto Y n-I de­

fined by 

where A(7T)(i) = 7T(i) for i= 1,2, ... , n-l. This is 
well-defined, and is a homomorphism because A( 7T27Td 
= A(7T2)A(7TI) when 7TI(n) = 7T2(n) = n, 

(K - IPrrl(T)K + YiE)(K-IPrr2(T)K +yiE) 

(with p as before), and 

yT= K - IPrrl(T)KyI + {Eyi + EK - I(TT} y~ : 

(Note that EyT - rn = (Eyi - t,,)(EY{ - i;).) 
As before it is easy to show that the kernel of l' 

is N whence M(V)/N == Y n-I, and Theorem 2 is proved. 
The method of proof shows that similar results hold 

for 

M(SL) =L-IM(S)L, M(S*L) = L - I M(S*)L 

with L any nonsingular matrix. 
for 5 * can be extended to the 
first k entries are nonnegative. 

Likewise, the results 
set of vectors whose 

(Paper 70B-179) 
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The solution to a nonlinear Lamm equation in the Faxe n 
approximation, I. H. Billick and C. H. Weiss, J. Res. NBS JOA, 
No. / Uan.-Feb . /966), 75 cents . 
An exact solution in the Faxen approxima tjon is give n for the Lamm 
equation in which the sedimentation coe ffi cient is re lated to concen­
tration as s = so(1- kc). It is s hown that the solution in this case 
can be expressed in terms of the so lution to the linear case (k= 0) 
with a modified argument. The bound a ry s harpening .phenomenon 
expresses itself very clearly in the solution presented here. 

A bounded automorphic form of dimension zero is constant, 
M. I. Knopp, J. Le hner, and M. Newman, Duke Math. J. 32, No.3, 
457-460 (Sept . 1965). 
It is proved that a bounded automorphi c form of dimension zero is 
constant. It is shown that thi s implies the known result that an 
abelian integral of the firs t kind on a compact Riemann surface 
cannot have all real periods. Finally, a simple proof is given of the 
result that a bounded automorphic func tion is constant. 

Density disll-ibution of polymer segm e nts in thc vicinity of 
an absorbing inte l-face, C. A. J. Hoeve, J. Chem. P1lYs. 4_3, No.9 , 
3000-3008 (Nov. 1, 1965). 
At a small di stance from the interface corresponding to the e ffective 
thickness of the segments, the dens ity drops sudde nl y by an amount 
that is the greater, the s tiffe r the c hain . Beyond thi s di stance the 
density is exponential in the di s tance from the inte rface for long 
chains and re lative ly weak adsorption. 

Elastic stress-strain relations in p e rfect e las tic fluids, B. Bern­
stein, E. Kearsley , and L. Zapas, Trans_ Soc. Rheol . 9, Pt . 1,27-39 
(1965). 
The theory of perfect elas ti c fluid s deals with the non·equilibrium 
thermo(lynamics of finit e vi scoelasti c deformation. The the rmody· 
namics of finite e las ti c s tra in a nd of I)erfect elasti c Auids are di s­
cussed. It is shown that the s tress-s train re la tions for perfec t 
elastic fluid s may be writte n in a way which appea rs form a lly 
identical to those in e lilstic it y th eory , but t he form of thi s dependence 
depe nds on pas t hi story. 

Error bounds for asymptotic solutions of second-order dif­
derential equations having an irregular singularity of arbi­
trary rank, r. W. J. Olve r and r. Ste nger, J. SIAM, Ser. B. 2, 
No.2 , 244-249 (1965). 
Strict error bounds are established for the well-known asymptotic 
expansions of solutions of the differential equation 

d 2w dw 
dz2 +f(z) dz + glz)U; = 0, 

for large values of z, real or complex, where 

glz) - Z2k~~, 
.'i=o 

k be ing an arbitrary non-negative int eger, and f " gs constants . 

'Estimation of the parameters of th e Hype l--Poisson dist.-ibu­
tion, E. L. Crow and C. E. Bardwe ll (Proc. Symp. Classical and 
Contagions Discrete Distribution, Montreal, Canada, Aug. 15-20, 
/963), cit. V, jJjJ. 127-/40 (Statisti cal Publ. Soc., Calcutta, India, 
1965). 
The hyper· Poi sson family of di sc rete di stributions, a two·parame ter 
ge ne ralization of the Poisson distributions, was introduced.recen tl)' 
by the authors (Journal of the American Sta ti s tical Association, 59, . 
March 1964). In this paper six differe nt pairs of est imators (includ· 

ing four proposed in the previous paper) for the two parame ters are 
l>resented a nd di scussed: maximum likelihood, two mome nts, three' 
mome nts, two mome nts plus zeroth frequency, mean plus first two 
freq ue nc ies, and two frequencies only. Three of these pairs are 
given by s imple explic it formulas. Asymptotic variances are ob­
ta ined for the t.hree-moment est imators , and e mpirical variances for 
the three pairs of explicit estimators. Some of the estimators are 
applied to five examples of experimental or survey data. 

Generalized functions of symmetric matrices, M. Marcus and 
M. Newman, Proc. Am. Math. Soc. 16, No.4 , 826- 830 (Aag. /965) . 
Among other re sults, the following is proved: Let A be a symmetric 
matrix with positive entries. Then a diagonal matrix D exists having 
positive diagonal elements such that the matrix DAD IS doubly 
stochasti c. 

Inequalities for permane nts and pe.-manental minors, 
R. A. Brualdi and M. Ne wman, Proc. Cumb o Phil. Soc. 61, 741 - 746 
(Jan. 1966). 
The principal res ult of this pa per is that for all non-negative doubly­
stochastic matrices A a nd all a such that 0 .;;; a ';;; 1, per(al + (I - a)A) 
.;;; a + (1 - a)pe r(A), wh ere per(A) denotes th e pe rmane nt of A. 

Normal subgroups of th e modula.- groUI) whi c h are not 
congrue n ce subgroups, M. Newman, Proc. Am. Mctth. Soc. 
16, No.4 , 83 1- 832 (Aug. 1965). 
A ne w family of norm a l subgroups of finite index in the modular 
group whic h are not congruence s ubgroups, is given. 

On the asyml)totic solutions of second-order differential 
equations having an irregular si ngula.-ity of rank one, with 
an application to Whittake r functions, F . W. J. Olver,}. SIAM , 
Ser. B. 2, No . 2; 225-243 (1965). 
S tri ct e rror bounds are establi s hed for the well-known asymptotic 
expansions of so lutions of the differentia l equation 

d 2w ()dw . ( ) dz2 + f z dz ;tg z w= O, 

for large values of z, real or complex, where 

. f(z) - s$j, g(z)- st~, 

and ;', gs are constants. 

Real two='dimensional representation~ of the modular group 
and relate d groups, J. Lehne r and M. Newman, Am. J. Math. 87, 
No.4 , ?45- 954 (Oct . 1965). ( 0 1) 
The . princ ipal result proved is the fo llowing: Put T= _ 1 0 ' 

. - ( 0 - p) _ 0>-Rp- IIp l ' Cp- {T, Rp} where p ~ 1. Then (i) Gp is the 

free product of a cyclic group of order 2 and a cyclic group of order 
3, (ii) Cp is a discrete group , (iii) every discret e faithful representation 
of the modular group r by real 2 X 2 matrices is conjugate to Cp 

for some p ;. 1, and (iv) Gp and C" are conj ugate for p, (T ;. 1 if and 
only if p = (T. 

The fundamental solution and Huygen's principle for dc­
composable differential operators, J. E. Lagnese, Archive Rat. 
Meck. Anal. 19, No.4, 299-307 (jan. 22, /965). 
A nonparabolic linear: partial differcilti.aJ operator L of second order 
is called decomposable if there is a coordinate system in the Rie mann 
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space (the metric of which is defined by the coefficients of terms of 
second order) in which L has the form L = 2 + 2 and such that the 
same independent variable does not appear in both 2 and 2. This 
paper is concerned with such operators and the principle result is 
an identity which relates' in a rather simple manner the coefficients 
of the fundamental solutions (in the sense of Hadamard and Courant) 
of the three operator~2, 2, and L. The form of the identity shows 
that if both 2 and 2 have terminating fundamental solutions, the 
same must be true of L and, consequently, in the case when L is 
strictly hyperbolic, one may draw certain conclusions concerning 
the validity of Huygens' principle for L. 
Similar resluts are obtained in the case when L decomposes accord· 

ing to L = k 2 k. Two illustrative examples are given. 

Atomic lifetimes in neon I. l. Z. Klose, Phys. Rev. 141, No.1, 
181-188 (jan. 7,1966). 
Mean lives of a number of electronically excited atomic levels in 
Ne I have been determiiled using a method of delayed coincidence. 
Foljo,\,il)g a detailed description of the experimental procedure and a 
discussion of a series of trial runs in He I, the measured values of the 
mean lives of the 2p, through 2p., 3pt. 3plO, and 4d; (Paschen nota­
tion) levels in neutral neon are given. These lifetimes, determined 
from transitions with associated wavelengths extending from =3400 
to =6400 A, ranged in value from = 14 to =500 nsec. The .lifetimes 
were estimated to contain possible systematic errors varying from 
5 to 20% and are presented in comparison with corresponding 
results of other workers. 

Generalized master equation for arbitrary initial states, 
l. Weinstock, Phys. Rev. 140, No. lA, A98-99 (Oct. 4; 1965); 
Exact generalized master equations, for both quantum and classical 
systems, are derived ,for completely arbitrary initial states (arbi­
trary initial "correlations") in the form of a density expansion. This 
result is a generalization of a previous equation which was restricted 
to initially "uncorrelated" states. 

Generalized variational principles for electromagnetic junc­
tions. Vibrations: application to the theory of waveguide, 
Proc. Symp. Electromagnetic Theory and Antennas, Copenhagen, 
Denmark, June 1962, ed. E. C. Jordan, pp. 253-260 (pergamon Press 
Lnc., New York, N.Y., 1963). 
Generalized variational principles are stated for the elements - and 
forthe associated electromagnetic fields - of the immittance matrices 
of waveguide junctions. The formulation applies to junctions con· 
taining arbitrary dissipative and anisotropic media, for which the 
underlying differential equations are not self·adjoint; and, by the 
use of bilinear (rather than quadratic) functional forms, permits 
direct treatment of off-diagonal elements of the immittance matrices. 

AXLE: An axiomatic language for string transformations. 
K. Cohen and l. H. Wegstein, C-ommun. Assoc. Compl. Mach 8, 
No. 11,657-661 (Nov. 1965). 
AXLE is a language designed for data manipulation. Data arranged 
in a linear form in a workspace is transformed according to a table 
of axioms, called imperatives. A transformation consists of a 
matching procedure, which decides where an imperative is ap­
plicable, and a replacement procedure that modifies that part of 
the workspace. Imperatives are applied in accordance with de­
finitions of symbolic terms, presented systematically in an assertion 
table. The process of definition includes the special case of 
recursive assertions. Several complete programs of imperatives 
are given to show a few applications of the language. 

Morphological classification in the National Bureau of 
S tandards mechanical translation system. L. F. Meyer, J. 
Assoc. Compt. Mach. 12 , No.4 , 437-472 (Oct . 1965). 
In linguistic work, morphology is the study of the rules by which 
words undergo changes in fo rm. Morphological classification is 
the systematic organization of these rules. A detailed account of 
the morphological classification for Russian is given as used in the 
National Bureau of Standards project on the mechanical translation 
of Russian into English. The account includes the heuristic reason­
ing from which the classification system evolved, as well as complete 
classification tables, a description "of the method of their con~truc­

·tion, and some examples of their use. 

Error bounds for asymptotic expansions of special functions 
in the complex plane, F. W. J. Olver, Proc. Symp. on Error in 
Digital Computation, U. S. Army Research Cenler, Madison, Wiscon­
sin, April 26-28, 1965, Vol. 2, pp. 55-75 (john Wiley & Sons, Inc., 
New York, N, Y. , 1965). 
Error bounds are given for a number of different types of asymptotic 
expansion derived from (i) the solution of ordinary linear differential 
equations of the second order, (ii) infinite integrals. Similarities 
between the results are discussed, and applications to the special 
functions of mathematical physics indicated. 
Much of the paper is in the nature of a survey, but new results 
are given for asymptotic solutions, with respect to a parameter, in 
a region containing a regular singularity of the differential equation, 
and also for the asymptotic expansion of a simple integral of Laplace 
type. 

New approach to the theory of fluctuations in a plasma, 
l. Weinstock, Phys. Rev. 139, No. 2A , A388-A393 (july 19, 1965). 
A rigorous but simple method is presented for calculating auto­
correlation functions (fluctuations) of nonequilibrium plasmas­
including inhomogeneous and non stationary plasmas - in external 
fields . This method is based upon the derivation of an exact and 
remarkably simple formal relation between autocorrelation functions 
and the usual one-particle distribution function /,(R, v, I) for an 
explicitly defined initial value. This relation explicitly reduces 
the problem of calculating fluctuation spectra to the problem of 
solving the usual kinetic equations for J,(R, v. I ). Consequently, 
the central quantity of fluctuation theory is one and the same with 
the central quantity of kinetic theory, and the two theories are 
completely and explicitly united, To first order in the plasma 
parameter it is shown that one need only solve the linearized Vlasov 
equation for JdR. v, I), and when this solution is substituted into 
our formal relation we obtain a general formula for autocorrelation 
functions which is valid for nonstationary systems and includes the 
effects of the transverse motion of the plasma in addition to the 
longutudinal motion. For stationary systems this formula ap­
proaches the numerous calculations of previous authors in the limits 
where the transverse terms vanish. As a result of the transverse 
terms, the spectrum of scattered light can have resonant peaks at 
frequencies 'which correspond to transverse modes of oscillation as 
well as to the well-known longitudinal modes. 

Theory of relaxation in a group of weakly coupled systems, 
R. L. Peterson, Phys. Rev. 139; No. 4A, A1l51-A1l55 (Aug. 1965). 
A general formalism for computing relaxation times characterizing 
two or more weakly coupled macroscopic systems is presented. The 
physical nature of the systems is arbitrary, although applications 
to spin systems are briefly discussed. The main assumptions are 
that each system is internally in equilibrium with a well-defined 
temperature, that the systems are weakly coupled to one another, 
and that the Hamiltonians of the systems form a commuting set. 
No high-temperature approximations are used. The formalism 
is presented in an effort to unify in part the approaches which 
have been developed for many special physical situations, and to 
show the form some relaxation times take when the high-tempera­
ture approximations are not used. It is shown that when one of 
two coupled systems is a "Zeeman" system, the (spin) relaxation 
time is proportional to the magnetic adiabatic susceptibility. 

On radiation of electromagnetic and electroacoustic waves 
in a plasma, J. R. Wait , Appl. Sci. Res. 11, Sec, B., 423-432 (June 
11. 1965). 
Radiation from current distributions in lossless compressible 
plasma media is considered. A linearized theory is used such that 
the isotropic electron plasma is regarded as a single fluid con­
tinuum. It is found that a considerable portion of the power is 
radiated as an electro acoustic-type wave. Some specialized re­
sults of other investigators are recovered. 

Other NBS Publications 
J . Res. NBS 70A, (phys. 'and Chern.), No.1. (Jan.-Feb. 1966), 
$1.00. 
Optical and magnetic spectra of bis-N-propylsalicylaldiminato 

copper (II). C. W. Reimann, G_ F_ Kokoszka, and H. C. Allen, Jr. 
Phase equilibriil in ~he system niobium pentoxide..,. germanium di-

oDde. E. M~ Levin. ' . 
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Phase equilibria in ti-Je system niobium pentoxide·boric oxide. 
£. M. Levin. . 

The solution to a nonlinear Lamm equation in the Faxen approxi· 
mation. I. H. Billick and G. H. Weiss. (See above abstracts.) 

A line formula notation system for coordination compounds: III 
Deviations from idealized configurations. £. Silverton and 
R. F. Pasternack. 

The spherulitic crystallization of isotactic polypropylene from 
solution: On the evolution of monoclinic spherulites from dendritic 
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Wavelengths, intensities, and Zeeman patterns in ytterbium spectra 
(Yb I, II, III, IV). W. F. Meggers and. C. H. Corliss. 

J. Res. NBS 70A (phys. and Chern.), No.2 (Mar.-Apr. 1966), 
$1.00. 
Mechanism of the depolymerization of I>olytetrafluoroethylene 'Yith 

pyrolytic and radiolytic initiation .. Roland E. Florin, M. S. 
Parker, and L A. Wall. 

Effect of some halogenated hydrocarbons on the flame speed of 
methane. C. Halpern. 

Rupture·disk ampoule for anhydrous addition of hydrogen fluoride. 
A. R. Glasgow,]r. 

Further studies in the annealing of a borosilicate glass. S. Spinner 
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Infrared spectra of the hydrated borates. C. E. Weir. 
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Absolute isotopic abundance ratios and the atomic weight of a refer· 
ence sample of chromium. W. R. Shields, T. J. Murphy, £. J. 
Catanzaro, and E. L Garner. 

J. Res. NBS 70C (Engr. and Instr.), No.1 (Jan.-Mar. 1966), 
75 cents. 
Coulometric calibration of microvolumetric apparatus. G. Marinenko 
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Effect of temperature and notch geometry on the tensile behavior 

of a titanium alloy. W. D. J enkins and W. A. Willard. 
Measurement standards for low and medium peak pulse voltages. 

A. R. On~rejka and P. A. Hudson. 
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A test apparatus for the study of forced air· mixing devices. T. K. 
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A table of radiation characteristics for uniformly spaced optimum 
endfire arrays with equal sidelobes, M. T. Ma and D. C. Hyovalti, 
NBS Mono. 95, (Dec. 10, 1965),45 cents. 

Safety rules for the installation and maintenance of electric supply 
and communication lines, Supplement 1 to NBS Handbook 81 
(Dec. 15, 1965). 

Calibration and test services of the National Bureau of Standards, 
NBS Misc. PubL 250, 1965 edition (Oct. 28, 1965). $1.00. Super· 
sedes 1963 edition. 

Standard Reference Materials: Methods for the chemical analysis 
of NBS copper·base spectrochemical standards, R. K. Bell, NBS 
Misc. PubL 260-7 (Oct. 25 , 1965), 60 cents 

Standard Reference Materials: Analysis of uranium concentrates 
at the National Bureau of Standards, M. S. Richmond, NBS 
Misc, PubL 260-8, (Dec. 1,1965), 55 cents. 

Standard Reference Materials : Half lives of materials used in the 
preparation of standard reference materials of nineteen radio· 
active nuclides issued by the National Bureau of Standards, 
S. C. Anspach, L M. Cavallo, S. B. Garfinkel, J. M. R. Hutchinson, 
and C. N. Smith, NBS Misc. PubL 260-9 (Nov. 15,1965),15 cents. 

Standard Reference Materials: Homogeneity characteriz{ltion of 
NBS spectrometric standard II: Cartridge brass and low-alloy 
steel, H. Yakowitz, D. L. Vieth, K. F. J. Heinrich, and R. E. 
Michaelis .. NBS Misc. PubL 260-10, (Dec. 14. 1965). 30 cents. 

Automotive lifts, CS142-65 (Sept. 1, 1965), 10 cents. Supersedes 
CSI42-62. 

Acrylonitrile·butadiene·styrene (ABS) plastic drain, waste, and vent 
pipe and fittings, CS270-65 (Apr. 1, 1965). IS cents. 

Polyvinyl chloride (PVC) plastic drain, waste, and vent pipe and 
fittings, CS272-{)5 (Apr. 1, 1965). IS cents. 

Standard stock sizes of machined tool steef bars (flast and squares), 
SPR267-{)5 (Aug. IS, 1965). 10 cents .. 

Accuracy in electrical and radio measurements and calibrations, 
1965, ed. R. C. Powell, NBS Tech. Note 262-A (June 15, 1965), 
50 cents. 

Voltage ratio detector for millivolt signals, J. R. Houghton, NBS 
Tech. Note 266 (Dec. 13, 1965), 15 cents. 

Organic chemistry : Radioactive carbohydrates, sugars in solution, 
aldol condensations, molecular structure, synthesis of selected 
compounds, air pollution studies, reference materials (organic), 
July 1964 to June 1965, ed. H. S. Isbell, NBS Tech. Note 274 (Dec. 
3, 1965),60 .cents. 

Radiochemical analysis: Activation analysis, instrumentation, radia· 
tion techniques, and radioisotope techniques, July 1964 to June 
1965, ed. 1- R. DeVoe, NBS Tech. Note 276 (Jan. 7, 1966), $1.00. 

Flux averaging devices for the infrared, S. T. Dunn, NBS Tech. 
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Materials for PLACEBO V, W. C. Watt, NBS Tech. Note 281 (Jan. 
17, 1966), 50 cents. . 
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Numerical simulation of ionosphe ric wave interaction expe riments, 
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Adhesive bonding of various materials to hard tooth tissues. II. · 
Bonding to dentin promoted by a surface·active comonomer,H . . L 
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Adhesive bonding of various materials to hard tooth tissues. IlL 
Bonding to dentin improved by pretreatment and the use of sur· 
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Adhesive bonding of various materials to hard tooth tissues . IV. 
Bonding to dentin, enamel, and fluorapatite improved by the use 
of a surface·active comonomer, R. L Bowen, J. Dental Res. 44, 
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Approach to simple exponential decay in vibrational relaxation, 
T. Carrington, J. Chern. Phys. 43, No.2, 473- 479 (July 15, 1965). 

Experimental atomic scattering factors for magnesium oxide, G. 
Burley, J. Phys. Chern. Solids 26, 1605- 1613 (Apr. 8 , 1965). 

Major revisions made in new dry cell standard W. J. Hamer, Mag. 
Std. 36, No. 10,306-308 (Oct. 1965). 

Phase equilibria in the system aluminum oxide·tungsten oxide, 
. J. L Waring, J. Am. Ceram. Soc. 48, No.9, 493-494 (Sept. 1965). 

R'elative signs of nuclear spin couplings in lHlIB19~2' E. B. Whipple, 
T. H. Brown, T. C. Farrar, and T. D. Coyle, J. Chern. Phys. 43, 
No.5, 1841-1842 (Sept. 1, 1965). 

The crystal structure of barium tetraborate, BaO '2B20", S. Block and 
A. Perlofl', Acta Cryst. 19, Pt. 3, 297-300 (Sept: 1965). 

The system W03-B20 3, E. M. Levin, J . Am. Ceram. Soc. 48, No. 
9,491-492 (Sept. 1965). ' 

Vibrational fundamentals of CF2N2 from the ultraviolet absorption 
spectrum, J. D. Simmons, L R. Bartky, and A. M. Bass, J. MoL 
Spectr. 17, No. 1,48-49 (July 1965). 

A precision noise·comparator, M. G. Arthur, C. M. Allred, and 
M. K. Cannon, IEEE Trans. Instr. Meas. IM-13, No.4, 301-305 
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A variable characteristic impedance coaxial line, J. E. Cruz and R. L. 
Brooke, IEEE Trans. Micro. Theory Tech. MTf-13, No.4, 
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Impact of new technology on the forest industries, R. W. Smith, 
J r" Proc .. 2d Annual Forest Industries Marketing Conference, 
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G. K Winzer, J . Acoust. Soc. Am. 38, No.3, 424-428 (Sept. 1965). 

Acoustical thermometer, H. H. Plumb and G. Cataland, Science 
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An international comparision of inductive voltage divider calibra· 
tions at 400 to 1000° Hz, W. C. Sze, A. F. Dunn, and T. L Zapf, 
IEEE Trans. Instr. ' Meas. IM-I4, No.3, 124-131 (Sept. 1965) __ 

Precise voltage·ratio measurement, T. L Zapf, Electro·TechnoT. 
76, No.4, 95-102 (Oct. 1965). 

An image source technique for calculating reflection of gamma rays 
or neutrons, C.Eisenhauer, Health Phys. 11,1145-1154 (1965). 

Angular scattering law for the moon at 6·meter wavelength, W. K 
Kiemperer, J. Geophys. Res. Letters 70, No. 15,3798-3800 (Aug. 
1,1965). 

Dissociati.on of H2 + by electron impact, G. H. Dunn, B. Van Zyl, and 
R. H. Zare, Phys. Rev. Letters IS, No. 15,610 (Oct. 11,1965). 

Effects of tropospheric refraction in earth·space links, K A. Norton, 
Book, Progress in Radio Science 196{}-1963-Radio and Tropo· 
sphere, ed. F. du Castel, II, pp. 186--210 (Elsevier PubL Co., 
Amsterdam, The Netherlands, 1965). 

Fermi resonanc'e in condensed CF4 and CCL, S. Abramowitz and 
J. J. Comeford, Spectrochim. Acta 21, 1479-1486 (1965). 

Field desorption of thorium from a field·evaporated tungsten sur· 
face , R. D. Young, 1. AppL Phys. 36, No.9, 2656--2657 (Sept. 
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Laboratory measurement of the rate of the reaction N,+O- NO + N 
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A. L Schmeltekopf, and H. L Schiff, Planet. Space Sci. 13, 
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Long·period very" low frequency emission pulsations, W. B. Carson, 
J. A. Koch, 1. H. Pope, and R. M. Gallet, J. Geophys. Res. 70, 
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Meson and baryon resonances in relativistic SU(6), H. Harari, 
D. Horn, M. Kugler, H. 1. Lipkin, and S. Meshkov, Phys. Rev. 
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Positive ion·neutral reactions in the ionosphere, E. E. Ferguson, 
F. C. Fehsenfeld, P. D. Goldan, and A. L Schmeltekopf. J. 
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Potential·energy curves for CO and CO+, P. H. Krupenie and 
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Spectrum of doubly ionized lanthanum (La III), 1. Sugar and V. Kauf· 
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Speed of sound in fluid parahydrogen, B. A. Younglove, 1. Acoust. 
Soc. Am. 38, No.3, 433-438 (Sept. 1965). 

Stress·strain relationships in yarns subjected to rapid impact loading. 
Part XI: ·Strain distributions resulting from rifle bullet impact, 
J. C. Smith, C. A. Fenstermaker, and P. L Shouse, Textile Res. 
J. 35, No.8, 743-757 (Oct. 21, 1965). 

SU(6)w photoproduction and meson·baryon scattering amplitudes, 
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Dynamic spectral characteristics of micro pulsation pearls, 1. H. 
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forms in the E region, R. D. Hunsucker, 1. Geophys. Res. 70, No. 
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tion, and calculations, S. J. Tauber, G. F. Fraction, and H. W. 
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1964, ed. B. F. Cheydleur, pp. 73-101 (Spartan Books, Inc., 
Washington, D. c., 1965). 

Determination of hide substance in leather by the Kjeldahl method, 
S. Dahl, Book, The Chemistry and Technology of Leather IV, 
ch. 52, 45-70 (Reinhold PubL Corp., New York, N. Y., 1965). 

Determination of tellurium by cathode·ray polarography, E. J. 
Maienthal and J. K Taylor, AnaL Chern. 37, No. 12, 15l6--1519 
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Digital handling of chemical structures and associated information, 
S. J. Tauber, Proc. 20th NatL Conf. Association for Computing 
Machinery, pp. 206--216 (1965). 

Electrodeposition of alloys, past, present, and future, A. Brenner, 
Plating 52, No. 12, 1249-1257 (Dec. 1965). 

Physical and mechanical properties of electrode·deposited copper 
L ' Literature survey, V. A. Lamb and D. R. Valentine, Plating 
52, No. 12, 1289-1311 (Dec. 1965). 

Some experience 'with the Hayward linear notation system, H. W. 
Hayward, H. M. S. Sneed, J. H. Turnipseed, and S. J. Tauber, 
J. Chern. Doc. 5, No.3, 183-189 (Aug. 1965). 

The crystal and molecular structure of iodopentaborane·9, L H. 
Hall, S. Block, and A. Perloff, Acta Cryst. 19, pt. 4, 658-{i61 
(Oct. 1965). 

The use of visible and ultraviolet spectroscopy to identify carbonyl 
compounds in photodegraded plastics, V. E. Grady and J. R. 
Wright, Polymer Engr. Sci. 5, No., 4, 284-290 (Oct. 1965). 

A theoretical model for predicting thermal stratification and self 
pressurization of a fluid container, R. W. Arnett and D. R. Mill· 
hiser, Proc. Conf. Propellant Tank Pressurization and Stratifica· 
tion, Jan. 20-21, 1965, II, 1-16 (NASA, George C. Marshall 
Space Flight Center,Huntsville, Alabama, 1965). 

Calibration of peak A·C to D·C comparators, D. Flach and L A. 
Marzetta, (ISA 20th Annual Conference and Exhibit, Los Angeles, 
Calif., Oct. 4-7, 1965), ISA Preprint 14.2-3-65 (1965). 

Cryogenics and space technology, R. B. Scott, Proc. Xith Intern. 
Congress of Refrigeration, Munich, Germany, 1963, pp. 105-114, 
(Pergamon Press Inc., New York, N. Y., 1965). 

Evidence for an electrochemical· mechanical stress corrosion frac· 
ture in a stainless steel, H. L Logan, M. J. McBee, and D. J. 
Kahan, Corrosion Sci. 5,729-730 (1965). 

Preparation of copper crystals with low electrical resistivity, 1'. J. 
Gniewek and A. F. Clark, J. App!. Phys. 36, No. 10, 3358-3359 
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The world of cryogenics. IlL Cryogenics at the National Bureau 
of Standards Boulder Laboratories, B. W. Birmingham, 
Cryogenics 5, No.3, 121-128 (June 1965). 

Cesium beam atomic time and frequency standards, R. E. Beehler, 
R. C. Mockler, and J. M. Richardson, Metrologia I, No.3, 114-
131 (July 1965). 

International weights and measures, C. H. Page, (ISA 20th Annual 
Conference and Exhibit, Los Angeles, Calif., Oct. 4-7, 1965), 
ISA Preprint 33.3-1--65 (1965). 

Measurement standards, A. G. McNish, Intern. Sci. Tech., 58-66 
(Conover·Mast. PubL, New York, N. Y., Nov. 1965). 

Of time and the atom, G. E. Hudson, Phys. Today 18, No.8, 34-38 
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A new speculation of terrestrial helium loss, E. E. Ferguson, F. C. 
Fehsenfeld, and A. L Schmeltekopf, Planet. Space Sci. 13, 
925·-928 (1965). 

Breadth of decay quanta in gas lasers , J. A. White, J. Opt. Soc. 
Am. 55, No. 11, 1436--1442 (Nov. 1965), .' 

Classical diagram technique for calculating thermostatic properties ' 
of Solids; application to dielectric susceptibility of paraelectrics, 
R. M. Wilcox, Phys. Rev. 139, No. 4A. A1281-Ai291 (Aug. 
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Conformation ot polystyrene adsorbed at the O·temperature, R. R. 
Stromberg, D. J. Tutas, and E. Passaglia, J. Phys. Chem. 69, 
No. 11,3955-3963 (Nov. 1965). 

Critical·point phenomena, M. S. Green, Science ISO, No. 3693, 
229-236 (Oct. 8, 1965). 

Density expansion Of the viscosity of a moderately dense gas, J. V. 
Sengers, Phys. Rev. Letters IS, No. 12, 515- 517 (Sept. 20, 1965). 

Differences in the characteristic electron energy·loss spectra of 
solid and liquid bismuth, C. J . Powell, Phys. Rev. Letters IS, 
No. 22,852-854 (Nov. 29, 1965). 

Dipole moment of PCL.F from the nonresonant microwave. abo 
sorption of the vapor, A. A. Maryott and S. J. Kryder, 1. Chem. 
Phys. 43, No.7, 2556--2557 (Oct. 1,1965). 
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Infrared and microwave spectra of ClCN, W. J. Lafferty, D. R. 
Lide and R. A. Toth, J. Chern. Phys. 43, No.6, 2063-2070 (Sept. 
15, 1965). 

Inves tigation of the anomaly in the response of silicon semiconductor 
radiation detectors at low temperatures, W. R. Dodge, S. R. Domen , 
A. T. Hirshfeld, and D. D. Hoppes, IEEE Tr~ns. Nuclear Sci. 
NS-12, No.1, 295-303 (1965). 

Ionization energies of the singly ionized rare earths, J. Sugar and 
J. Reader, J. Opt. Soc. Am. 55, No. 10, 1286-1290 (Oct. 1965). 

Microwave spectrum and barrier to inte rnal rotation in methylsilyl­
acetylene, W. H. Kirchhoff and D. R. Lide, Jr., J. Chern. Phys. 
43, No.7, 2203-2213 (Oct. 1,1965). 

Modes of propagation in a bounded compressible plasma, J. R. Wait, 
Electronics Letters 1, 193-194 (Sept. 1965) . . 

Philosophical influences on radiation protection standards, 1. S. 
Taylor, Health Phys. ll, 859--864 (1965). 

Precision refractometry of small lens-shaped objects, J. R. Meyer­
Arendt, Lab. Invest. 13, No.5, 529--532 (1965). 

Quantum statistics of fully ionized gases, W. T. Grandy and F. 
Mohling, Ann. Phys. 34, No.3, 424-464 (Oct. 1965). 

Resonance in the light scattered from a plasma, J. Weinstock, 
Physics Letters 18, No. 1,21- 22 (Aug. 1, 1965). 

The direction of the force on a dislocation and the sign of the Burgers 
vector, R. DeWit, Acta Met. 13, No. 11,1210-1211 (1965). 

Ultrasonic determination of crystalline resonances and sound veloci­
ties, using NMR techniques, R. J. Mahler, and W. H. Tannttila, 
J. Acoust. Soc. Am. 38, No.3, 429-432 (Sept. 1965). 

Another method of synthesizing nonuniformly spaced arrays, M. T. 
Ma, IEEE Trans. Ant. Prop. AP-13, No.5, 833- 834 (Sept. 1965). 

On the relation between auroral radio absorption and very low fre­
quency emissions, W. 1. Ecklund, J. K. Hargreaves , and J . H. 
Pope , J. Geophys. Res. 70, No. 17, 4285-4292 (Sept. 1, 1965). 

The effect of ion-drag on the neutral air in the io'nospheric F·region, 
H. Rishbeth and L R. Megill , Ann. Geophys. 21, No.2, 235-244 
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Deuterium isotope effect in vacuum·ultraviolet absorption coeffi­
cients of water and methane, A. H. Laufer and J. R. McNesby, 
Can. J. Chern. 43, No. 12,3487-3490 (Dec. 1965). 

Electrochemical methods, J. K. Taylor, E. J. Maienthal, and G. 
Marinenko, Book, Trace Analysis: Physical Methods, ed. G. H. 
Morrison, ch. 10, pp. 377-433 (Interscience Pub!. Inc. , New York, 
N.Y., 1965). 

Interaction of oxygen with platinum, A. J. Melmed, J. Appl Phys. 
36, No. 11, 3691-3692 (Nov. 1965). 

Proton transfer reactions occurring in the gas-phase radiolysis, 
P. Ausloos and S. G. Lias, Discussions Faraday Soc. 39, 36-44 
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Restoration of complete dentures inadvertently warped by the 
patient: Report of case, J. B. Woelfel and G. C. Paffenbarger, J. 
Am. Dental Assoc. 71, 866-870 (Oct. 1965). 

Solid-vapor equlilbrium in the system hydrogen-methane, M. J. 
Hiza and R. N. Herring (Proc . 1965 Cryogenic Engineering Conf., 
Philadelphia, Pa., Aug. 17- 21,1964), Book, International Advances 
in Cryogenic Engineering, ed. K. D. Timmerhaus, 10, Sec. Q, 
pp. 182 (Plenum Press Inc., New York, N.Y.; 1965). 

Spectrophotometric determination of bromine and hydrogen bro­
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Comment of obscurities of oscillator noise, 1. Fey, W. R. Atkinson, 
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Cryogenic fluid, two-phase critical flow studies related to reactor 
systems, R. V. Smith, H. S. Isbin, H. K. Fauske, M. Petrick, C. H. 
Robbins, and F. R. Zuludek, Proc. 3d United Nations Intern. 
ConL Peaceful Uses of Atomic Energy, Geneva, Switzerland, 
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Field strength calibration techniques at the NBS, H. E. Taggart, 
IEEE Trans. Electromag. Compatability EC- 7, No.2, 163-169 
(J une 1965). 

Field-strength measurements in a multipath field, C. C. Watterson, 
Proc. 4th Nat!. IEEE Symp. Radio Frequency Interference, San 
Francisco, Calif., June 28-29, 1962. 

Gearing errors as related to alignment techniques of the rotary­
vane attenuator, W. Larson, 19th Annual IEEE Conference and 
Exhibit on Instrumentation and Measurement s, New York, N. Y., 
Oct. 12-15, 1964, Preprint No. 12-5-2-64 (Sept. 1965); IEEE 
Instr. Meas. IM-14, No. 3, 117-123 (Sept. 1965). 

Optical instrumentation for the biolo)!ist, J. R. Meyer·Arendt, 
App!. Opt. 4, No.1, 1-9 (Jan. 1965). 

The NBS cryogenic data center, Proc_ XI Intern. Congress Refrig­
eration, Munich, Germany, Aug. 28, 1963, pp. 110-114 (1965). 

Timing and space navigation with an existing ground based system, 
G. Hefley, R. F. Linfield, and R. H. Doherty, AGARD Navigation 
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Press Inc., New York, N_ Y., 1962). 

22 ISCC- NBS centroid colors of maximum contrast, K. 1. Kelly, 
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Proc. Symp. Solar Radiation Simulation, Los Angeles, Calif., 
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A latitude survey of the night airglow, T. N. Davis and 1. 1. Smith, 
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A theore tical study of the Martian and Cyntherian ionospheres, R. B. 
Norton, Nat!' Aeronautic. Space Admin. Tech. Note TN 0-2333 
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Atomic lifetimes in neon I, J. Z. Klose, Phys. Rev. 141, No.1, 
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Coherent Raman effect in the off·axis Raman resonator, D. A. Jen­
nings ~nd H. Takuma, App!. Phys. Letters 4, No. 11, 185-186 
(J une 1964). 

Comment ' on the "Difference between a non-LTE, and a pure ab­
sorption, model for the line-blanketing effect," R. N. Thomas, 
Astrophys. J. 141, No.1, 333-335 (Jan. 1965). 

Flare importance ratings - some hope for improvement, C. S_ 
Warwick, Proc. Nat!' Aeronautic Space Admin. Flare ConI. 
The Physi cs of Solar Flares, pp. 27-28 (1964). 

Infrasonic observations of the May 16, 1964, volcanic explosion on 
the island of Bali, V. H. Goerke, J. M. Young, and R. K. Cook, 
J. Geophys. Res. 70, No. 24, 6017-{)022 (Dec. 15, 1965). 

Interaction of 350-keV polarized neutrons with oriented 165 Ho nuclei, 
R. Wagner, P. D. Mille r, T. Tamura, and H. Marshak, Phys. Rev. 
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Nonanalyticity of transport coefficients and the complete density 
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Phys. Rev. 140, No. 2A, A460-A465 (Oct. 18, 1965). 

Non-linear ambipolar diffusion across a magnetic field, K. B. Persson 
and ,E. ~. Mosburg, Phys. Fluids 7, No. 11, 1829--1833 (Nov. 1964). 

Nuclear size de te rmination by neutral·pion photo production, R. A. 
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Phonon induced nuclear dipole transitions, R. J. Mahler (Proc. XIIIth 
Colloque and Relaxation in Solids), Book, Nuclear Magnetic 
Resonance and Relaxation in Solids, ed. 1. V. Gerven, pp. 202-
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Solute nuclear magnetic resonances in primary lead alloys, 1. H. 
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Intern. J. Heat Mass Transfer 8,1103-1116 (1965). 
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