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Many analogies to quantum field theory exist inherently in th e stati s tical theory of waves; for 
in stance, the problem of getting the effect ive medium constant and the effective coupli ng constant 
between the waves and the fluctuating medium can be treated in a lmost the same way as in field theory 
(theory of renormalization). These analogies are s hown to be due to the fact that basic equ ations 
ex ist in the s tatistical theory which correspond closely to the fundamenta l equations in field theory; 
i.e., to the commutation relations and the Heisenberg equation of motion. A probability de nsity fun c· 
tion of waves is introduced here which corresponds to the probability amplitude function in quantum 
mechanics. In this case, the boundary conditions at infinity for thi s probability density fun ction are 
found to be ex pressed in the same form as the vacuum boundary conditions in field th eory. The 
theory of the statis ti cal Green's functions and their relationships to the ex pectation values of physical 
variab les is also extensively developed , usi ng auxiliary external sources of the wave and of the flu c tuat­
ing medium. It is found that there ex ists a one-to-one correspondence between the formalism of 
Green's functions presented here and that used in field theory. The above correspondence may be 
important for the further development of the s tatisti ca l theory of waves, just as the advanced techniques 
of field theory have greatly influenced the development of thermodynamics. 

The detai ls of the theory were recently published [Furutsu, 19651. 

In recent years, important advances have been 
carried out in the field of statistical physics by the 
successful application of the well developed methods 
of quantum field theory to the study of systems con­
sisting of a large number of interacting particles which 
are in thermodynamic equilibrium [Matsubara, 1955; 
Martin and Schwinger, 1959; Alekseev, 1961]. In 
particular, the method of thermodynamic Green's 
functions has been extensively used in the study of 
important problems of statistical physics and, in 
principle, all the necessary physical observables 
seem to have been obtained in terms of the many 
particle Green's functions. 

The latter situation is the same also in the statistical 
theory of ordinary waves in a fluctuating medium, 
as is emphasized in part I of this series of papers 
[Furutsu, 1963]/ and all the necessary statistical 
information about the system of waves can be obtained 
in terms of the (statistical) Green's functions of various 
orders. On the other hand, particularly when the 
medium fluctuation follows the Gaussian multivariate 

*Present address, Rad io Research Laboratories , Kokubunji . Kilatama-Cu n. Tokyo, Japan. 
I Recently, R. C. Bourret notified the author of his recent paper [1962] in which he also 

suggested a strong corresponde nce with fie ld theory by several examples. 

normal distribution, the Green's functions can be 
derived in any order of approximation by using the 
Feynman diagram technique in field theory; thus the 
corresponding graphs may be divided into several 
parts such as the self-energy parts and the vertex 
parts, and the same techniques as used in field theory 
may be available to treat these parts of the graphs· 
(theory of renormalization).2 

Here, it may be noticed that the diagram technique 
in field theory is a due consequence of the quantiza­
tion of a field , the Heisenberg equation of motion, and 
the boundary (vacuum) condition at infinity. Thus, 
if the expectation values of all the physical observables 
in field theory are to be obtained in terms of Green's 
functions, we may ask the question whether or not it 
is possible, starting with the knowledge of the Green's 
functions, to derive, inversely, the commutation 
relations and the equation of motion, which are the 
fundamental basis of quantum field theory. 

The major purpose of a recent paper [Furutsu, 
1965] is to prove the existence, in the statistical 
theory of waves, of fundamental equations correspond-

2 A similar diagram method is adopted in the theory of scattering by impurities in metals 
by Rickayzen [19611. 
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ing to the quantum mechani cal commutation relations 
be tween the physical variables involved and also the 
Schrodinger equation (or the Heisenberg equation 
of motion in the Heise nbe rg picture) together with 
the boundary condition a t infinity corresponding to the 
vac uum condition. As the du e consequence of thi s 
correspondence, ma ny a nalogies to the field theory, 
particularly in the fo rmulation of the Gree n's [unctions, 
follow . The knowledge of thi s fundamental relation­
ship be twee n th e two th eories may be worthwhile, 
since other useful techniques used in the fi eld theory, 
such as un perturbationa l methods not based on Born 
se ries may be available also in the stat is ti cal theory 
of waves . 

(Paper 69Dll- 582) 
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Plane-wave sr)ectl'um l'epl'esentation of a field in a mag­
netionic medium due to a plan e distl'ibution of source 
curl'ents, C. Bat es and R. Mittra, Elec/rolli cs Letters 1, No. 3, 
74 (Ma y /965) . 
The fie lds du e to a pla ne di s tribution o f so urce c urre nt s are fo rmu­
lat e d , in t e rlll s o f th ree-dim e nsio na l Fouri e r transform s, to yi e ld 
e qui va le nt res ult s obt a inable from a re present a tion in te rms of an 
ang ul a r s pec trum o f pla ne waves introduced by Clemmow. C e rtain 
di ffe re nce in th e prese nt fi e ld ex press ion s and those give n by Cle m­
mo w in a rece nt pa pe r a re di scussed . 

Radar backscatter f,'om the surface of the moon, P . Beck­
m ann. J. Ceoph ys. R es. 70, N o. 10,2345-2350 (May 15, 1965). 
The expe rimentall y m ea s ured d e pe nd e nce of the mean rad a r po we r 
bac kscatt e red from the lunar s urface o n the angle of inc ide nce 
(d e lay time) is co mpare d with th e theo re ti ca l formul a based o n a 
lunar s urface cons is tin g of a s uperposi ti o n of se ve ra l no rm a l ra ndom 
processes of diffe re nt s tru ct ures . The th eore ti ca ll y de ri ved c urvc 
a ccount s for s hado win g a nd mat c hes th e ex pe rim c nt a l da ta o ver 
alm os t th e e ntirc range o f a ng les uf inc ide nce to within ± I d b. The 
wa ve le ng th de pe nd ence is a lsu cons is te nt wit h th e obse rve d da ta 
as fa r as they a re ava il a ble. The a na lys is yie lds a va lu c uf 11 0 

for th e rms s lope o r the luna r s urface. 

Coul)led-modes anal ys is of the phonon-photon pal'am e tri c 
backward-wave oscillatol', D. L. Bobrofr, ./ . A pp /. /Jhys. 36 , 
No.5, 1760- 1769 (Ma y / 965). 
Because of th e ph e no me no n uf e lec tros tri c ti on , th e passage of a n 
int e nse lase r bea m thro ug h a med ium can lead to a para me tri c 
bac k wa rd ·wa ve int e rac ti o n in whi c h one of th e two wavcs (s ig na l 
a nd idl c r) is a n acous ti c wave a nd the oth e r an opti ca l wavc. T hi s 
pa pe r a na lyzes thi s efl cc t a nd d e te rm ines th e co nditi o ns necessa r y 
for bac kward -wave osc ill a ti ons to occur. Th e tim e rat e o f build-up 
of th e osc ill a tion s w he n these co nd iti o ns a re sa ti s Fi ed is d e tPrmin ed. 
The be hav io r o f th e sys te m as a n a mplifi e r of aco us t ica l a nd op ti ca l 
e ne rgy is also de te rmin ed . 

Radio wave emiss ions in th e v.l.f.-band obsel've d n ear the 
aUl'oral zone-I. O c cul-re n c e of e missions dur'in~ dis­
turbances, L. I-I ara ng and R. La rse n , ./ . Allnosph eric TeITesl . Ph ys. 
27, No. 4, 481-497 (A pr. / 965) . 
Ve ry low fre que ncy e mi ss io ns in th e 8 kc/s·ba nd have bee n reco rd e d 
a t th e Auro ra l Obse rvato ry. Trom s;; a nd burs ts of e nhanced e mis­
s ions have been c ompa re d wit h geo mag ne t ic recurd s, absorpt ion 
e ffec ts recorde d on a riom e te r a nd a ppe ara nce of aurorae . It is 
s hown th a t burs ts of e nh a nced radiations in th e 8 kc/s-ba nd appear 
regularly during di s turbed c onditio ns nea r th e a urora l zo ne, th e 
e ne rgy is of th e orde r 1- 10 X 10- 11' W / m2c. The occurre nce of th e 
burs ts exhibit s a pro nounced diurna l va ri a tion , th e ir occurre nce is 
limit ed to the time int e rval 1800- 2400 ho urs M .E .T. The average 
durati o n of th e burs ts ma y vary from one minut e to seve ral ho urs, 
with a ma ximum occurre nce o f 10- ]2 min duration . The v.I.f. · 
e mi ss io ns s how a c omplic ated depe nd ence on geomagn e ti c di s turb­
ances and absorption within th e ionos l-'h e re. Small dips of a bso rp­
tion in the ri o me t e r c urves of the urde r 0 ·3-0 · 9 dB ma y by 
accompanie d by v. I.r. -e mmiss ions; ther e is a positive correlation. 
Creat values of abso rpti o n of the urde r S- 9 dB are accompanie d by a 
comple te cessation o f v.I.f. -e mi ss io ns : t he re is a negative corre la ti on . 
These t wo e ffec ts indica te co nc lus ive ly th a t th e v.IJ. -e mi ss ions a re 
s tro ngly absorbed in a di s turbe d ionos phe re. The mode ra te pos iti ve 
ge omag ne ti c di s turbances in H a ppearin g ea rl y in th e ni ght (whi c h is 
oft en follow ed b y qui e t a uro ra l forms, a rcs a nd bands on th e No rth e rn 
s ky) are ve r y oft en acco mpa ni e d by s tron g v. U. -e l1li ss ions. S ud de n 
and s trong di s turba nces in th e geo m agne ti c fie ld wh e n th ese a ppe a r 
as a s udden comme nce me nt . are us ua ll y fo ll owed by a pro nounced 
v.I.r. -e miss ion. Whe n th e di s turba nce' dcvc lops with (us ua ll y 
negative) pe ak s in H th e v.I.L ·e mi ss ion s are com ple tc ly absorbed. 
It is pointed out th a t th e c luse connec ti o n be twee n th p v.U. -c mi ss io ns 
and th e geomagne ti c di s turbances is limit e d to a ppea r o nl y in th e 
time int e rval 1800- 2400 hours M. E .T. Out s ide thi s 6· hr int e rva l 

v.I.L -e mi ss io ns d o not a ppea r independe ntl y of th e d egr ee uf geo­
mag ne ti c di s turha nccs, a u .... ra l luminos iti es o r If'vel of ionos pllf'ri c 
ab so rpti n n . Thc po int (If vi ew th a t th e v.I.f. -e mi ss ions are gene rat ed 
in t he ,war a nd lora I part n f th e ion"sp l, e "e by a n impac t of c harged 
pa rti c le's (fo r in s ta ncc as Cere nko v. radi a tion ) whi c h s imult a neu us ly 
are produc in ~ a uroral lumi nos iti es, llIu s t th e refo re be , ega rded a s 
less pro ba ble . If t hi s were t hp caSe " n(' wo uld ex pec t a n appearance 
o f v. I.f. -e mi ssio ns thro u~l", u t Ih .. " ho le ni ~ ht. I{ccords de mo n­
s tJ'atin g th .. pa ,·a ll .. 1 a m p lit ud ,' var iatio ns in v. I.f. -e llli ss ill ns a nd 
5577 A~p ho t o n1('t('J" r('eo rdin~" an' s hown. P a ra ll e l reco rds of v. l. f.­
e mi ss iuns have becn made a t Tro lll si i a nd Kiru na, th e la tt er lyi ng 
2]0 km to th e S outh "I' T ro msii. In ",mp ea~('s th .. Kiru na· recurds 
s how s imil a r c ha nges in a mplitud es for weat burs ts as th e T romsii· 
reco rd s . Three caSeS o f " ,lOis,' sto rms" have bec" rccorded d uring 
whi c h th e e nh a nccd v. I.f. ·radi a tion s appea red durin g th e who le 
ni g ht. th e "'lI o i se s to rms" l'o j n(' i d ill ~ with l a r~e geomag ne ti c di s­
t u r ha nccs. Th e' am plitud e of th e "s to rm " d ec liIJ ed a nd d isa ppea re d 
whe n th e ion ()s ph ere was ill u rnin atcd I, y t he s un 's rays in ti le 
n", rn in g a nd wh(' n th e norm a l day- tim e a bsorption was formed. 
1" a n A piJe nJi x s"vp ra l c a Ses of .. "I, a nced radia ti o n are iJ re'sc n ted 
o n t he riom e tn reeord in g freque ncy of 28 M e/s. Record s a re s hown 
wh ic h de mo ns tra te co inc ide nce be t wee n v. I. f.- burs ts nn 8 kc/s 
a nd s udde n in c reases in th e norm a l galac ti c noise le ve l rece ive d o n 
28 M c/s. These Com mon burs ts appea r onl y whc n a s udde n de Rec· 
ti o n in the geo m agneti c c urves appears, w hi c h m ay o ft en have the 
c ha rac te r "I' a s udd e n co mm e nce ment. Th e 28 Mc/s b urs ts a re 
ra re ~ve nt s. but it · is cun c luded that th t' hurs ts a re not produ ced 
by m a n-mack int erfe re nce . 

R a dio wave emission s in Ihc v,1.f.-hand obse ","f'd neal' the 
aUI'oral zont,,11. Th .. "hys ical III·ol)e l·ties of th e e missions, 
L. Ilm'a ng; a nd K. N. Il augp, ./ . A If)/osp h Nic Tern'sl. Phys. 27 , 
No . 4, 499- 5/2 (A pr. / 96.5). 
Th " d irecl io/J of orri ,'o l " I' t I,e v. IJ.-em iss io n in th e II kc/s ba nds has 
bee n s tudi ed us in g t wo c rossed luo l-'s with th e ir pl anes lying in EW 
a nd NS direc ti o ns, a nd b y sw it c hin g t he loops a lt e rn a te ly to th t' sa me 
amplifi e r c ha nn e l. Th e v. I. f.· noi se le ve l wa s hi g;he r in th c E W tit a n 
in th e NS di rec ti o n . a nd thi s hi ghe r EW no ise leve l was main ta ined 
durin g day a nd ni g ht fo r a yea r a nd a lso inde pe nden tl y a t two ubse r v­
in g; places lyi ng 35 km a pa rt. Th e v. I.f. -burs ts ca me in o n bo th 
fra m es with a mplitu des uf th e sa me ord e r of m ag nitude. It is con­
c lud e d th a t Tro msii is lyi ng with in a n a rea o f a rr iva l of th e v.U.­
e mi ss ion s, a nd th a t ti lt' e ne rgy i8 co ming in fro m a ll di rect io ns . 
Thi s po int of vi,'w is confirmed by th e polariza /i()n s tudi es. Th e 
v.IJ. -e mi ss io ns we re picked up o n t wo cross ed fra mes, eac h o f whi c h 
was co nnec te d to ide ntica l a mplifi e rs a nd di s p layed O il th e pa irs of 
X , -Y-plat es on a ll usc illug ra ph. O rdin a r y broad a nd irrcgu la r 
v.I.f. -burs ts s howed an irregular osc illog ra ph pa tt e rn with c hanging 
amplitudes a nd irregul a rly aPl-' ea rin g reve rsa ls o f th e se nse uf ro ta­
ti o n. The osc illograph patt e rn s a re to be ex pla ined by th e si mul ­
t a neous arri val of several v. I.r. -no isp tra ins wl,i e h arc u nco rre la te d . 
[n s ome fe w cases whe n a s udde n a nd s in g le, s ha q ) burs t a ppea red 
the oscillograph pa tt e rn was diffe re nt , th e pa tt ern was a lm os t c ir­
c ular and th e St' nse of rot a ti o n was a lways in th e sume direc t io n . 
Tnt hi s case it is ass um ed th a t t he e mi ss io n ca me u uwn ve rt ica ll y 
a l0 ng th e fi e ld lin t's, c irc ul a rl y pola ri zcd , a nd o nl y in th e e xtraor­
dina ry mo de. Exa mpl es o f a rnplililde d istriblltion a re d e mo n­
s tra ted in whi c h a s tro ng v.I J .-e miss iun is be ing huilt u p b y a st' ri f's 
o f sud de n , d isc re te tra in s o f burs ts whi c h g radu a ll y me rge toge th er 
int o a co ntin uo us {' mi ss ion . The ji-eqllency-analysis of a num ber of 
bursts in th e ra nge 5- 13 kc/s is d e muns tra te d . It seem s to be 
s t ro n ge r , whil e at the end o f a burs t th e lo we r fre que ncy 6- 5 kc/s 
is the s lJ·onges t. A poss ible explanation of thi s e ffec t is th e gradu a l 
b uilding- up of a n absorpti o n in the E- Iave r during a di s turba nce, 
whi c h in th e beginnin g will inAu e nce the hi gh e r freq ue nc ies mo l''' 
s t ro n gly th a n t he lowe r. 
The mec ha ni s m or ge ne ratiun o f th e co ntinuo us ba nd -e mi ss ion . 
Ce re nk ov- a nd gy ro ra cii a ti o ns, a re d iscussed , a nd it is conc lude d 
th a t the obse rva ti o ns d o nut give a n y d ec is ive p roof for e ithe r of the 
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two hypotheses. It is pointed out that the diurnal curve of occur­
rence of the v.I.f.·e miss ions at Tromso (the appearance being limited 
to the interval 1800- 2400 hours M.E.T.) is difficult to explain and 
some more ex tended se ries of observations are needed at various 
places along the auroral zone. 

Influence of collisions on whistlei' propagation, P. Hedvall 
and 1. Sjogren, Electronics Letters 1, No . 3, 54- 55 (May 1965). 
The dispersion characterIstics of whistler waves propagating along 
a longi tudinally magnetized and lossy plasma slab are numericall y 
calculated. It is s hown that , if the wavelength of the whistler waves 
is much s maller than the transverse dimensions of the plas ma 
s lab, a nonzero collision frequency can have a large influence on the 
di s persion characteristics; for such s mall wavele ngths one should 
expect the whistler dispersion to be close to that of the corresponding 
plane waves, but this is, for ce rtain parameter values, true only if 
the collision frequency is assumed to be nonzero. 

Microwave impedance of semiconductor posts in wave­
guides, Part I, R. D. Larrabee, J. Appl. Phys. 36, No.5, 1597-
1602 (May 1965). 
A method for calculating the impedance of a thin inductive post of 
semiconductor material placed in a waveguide is presented. The 
calculation has been s implified by treating separately the geo· 
metrical and the material aspects of the interaction. The analytical 
expressions obtained are evaluated numerically in those cases where 
only two parameters are needed to characterize the semiconductor. 

A note on the theory of equatorial sporadic-E, D. K. McIlroy, 
J. Atmospheric Terres t. Phys. 27, No. 5, 64~643 (May 1965). 
It is shown how the essential results of Farley' s theory of equatorial 
sporadic-E can be predicted from simple theory and how the simple 
theory exhib its the physical mechanism underlying Farley' s theory. 
It is concluded however that Farley's more e laborat e theory is 
necessary to predict the observed wavelength dependence of the 
Es irregularities. 

The growth of peak velocity, noise, and signals in Ootype 
electron beams, T . G. Mihran and B. K. Andal, IEEE Trans . Elec­
tron Devices ED-12, No.4 , 208- 216 (Apr. 1965). 
A new phe nomenon , the growth of peak velocity of an e lec tron beam 
originating from a shielded gun, has been inves tigated. Its behavior 
with distance, magneti c fi eld, and phasing between beam voltage 
pulse and heater current zero is presented. This phenome non 
bears a general but not a detailed rese mblance to the noise growth 
observed by previous investigators. The noise growth phenomenon 
has bee n re-examined in de tail on the beam used for peak velocity 
growth measurements. The s ingle most s triking observation is 
that whereas peak velocity and 3-kmc noise growth take place at 
magnet ic fi eld strength primarily above the Brillouin flow value, 
3-kmc s ignal growth occurs only a t magne tic fields below the Brillouin 
value. 
A combination of lin ear axially symmetri c surface-wave mode theory 
and s imple intermod ulation theory is unable to describe quanti­
tative ly the noise gro wth rate . Consideration of ot her axially­
symmetric modes on near-Brillouin beams, namely body modes and 
near·synchronous modes, also leads to poor corre lation with experi­
ment. It seems like ly that the correct explanation -involves con­
side ration of one or more of the followin g: 1) theta-varyi ng dc beam 
media, 2) theta-varying RF exci ta ti on, or 3) a more accurate nonlinear 
representation of noise. 

R eduction of electromagnetic backscatter from a plasma­
clad conducting body, E. 1. Murphy, J. Appl. Phys . 36, No.6, 
1918- 1927 (june 1965). 
The inves tiga tion of dipole resonance effects in elec tromagnetic 
sca tt ering from cylindrica l plasma columns is curren tl y direc ted 
toward unders tanding the observed multiplicity of resonances and 
the e ffec t of magnetic fi elds, finit e te mperature, glass envelopes, etc., 
on these resonances. When a conducting core is embedded in the 
column, the analysis of this paper shows tha t not only are the shapes 
and locations of the resonances modified , but in addition, the pos­
sibility th en ex ists for a decrease in the backscatter cross sec tion 
considerably below the value for the conducting core itself. Al-

though such plasma-conducting core configurations may not be 
realizable in the laboratory, large decreases or "dips" in the electro­
magnetic backscatter from hypersonic projectiles have been ob­
served, and there is the possibility that an ionized cloud surrounding 
the projectile is respo nsible for the dip, perhaps through the mech­
anism described here. In this paper, an analysis of this " resonance­
dip" phenomenon is described in some detail for the problem of a 
cylindrical or spherical conducting core surrounded by a uniform 
concentri c plasma layer. 

Theory of a pressure-tuned lead salt laser, G. W. Pratt , Jr. , 
and J. E . Ripper , J. Appl. Phys. 36, No.5 , 1525- 1527 (May 1965). 
The frequency and polarization dependence on applied s tress of 
the output radiation of PbTe and PbSe diode lasers is discussed. 
Because the energy gap decreases with applied pressure, the output 
wavelength can be tuned over a wide range. It is estimated that 
the "miss ion from a PbSe diode can be tuned continuously from its 
unstressed value of 8.5 /L by a 100 uniaxial stress to 9.6 /L at 5 X 103 

atm and to 10.5 /L at 10 4 atm. It is proposed that sound waves can 
be used to frequency-modulate a laser diode. 

Plasma diagnosis by means of optical scattering, S. E. 
Schwarz, J. Appl. Phys. 36, No.6, 1836- £841 (June 1965). 
Whe n a pulse of intense li ght from a laser passes through a plasma, 
a ve ry small fraction of the light is sca tt ere d out of the beam by free 
e lectrons. Measurements of the intensity and spectral distribution 
of the scattered ligh t can be related to the e lectron density and 
velocity di s tribution in the plasma. This paper presents a general 
di scussion of the use of optical scatte ring as a plasma diagnos tic 
technique. Applicability to various experimental s ituations is dis­
cussed , and considerations of inte rest in the design of diagnos tic 
apparatus are prese nted. 
An apparatus has bee n construc ted for the measurement of elec tron 
density in cold plasma. The apparatus is described in some detail. 
Typical res ults are given for densities as low as 1013 electrons/cm3 • 

The magnetoionic theory at hydromagnetic frequencies, 
S. R . Seshadri, J. Atmospheric Terrest . Phys. 27, No .5, 617- 634 
(May 1965). 
The characteristics of a plane wave propagating in a two component 
lossless plasma are studied usi ng the approach of the magnetoionic 
theory for all direc tions of propagation with res pec t to that of the 
stati c magnetic field and for frequencies ranging from hydromagne tic 
to radio frequencies. The propagation ranges of the two modes 
are obtained by a variant of the well-known CMA diagram and the 
advantages of thi s ne w representation are outlined. In the close 
ne ighborhood of the direc tions parallel and perpendicular to the 
static magne tic fi e ld , the dis persion is found to vary rapidly. The 
elec tron gyromagnetic and the plasma resonances as well as the c ut­
off frequency of the high frequency branch of the ordinary elec tro­
magnetic mode show di scontinuous variations in the close neigh­
borhood of the direc tion of the s tati c magnetic field. An interesting 
result of thi s inves tigation is that the so-called ion c yclotron reso­
nance freq uency is practically independent of the direction of 
propagation except in the very close neighborhood of the direction 
perpendicular to that of the s ta tic magne ti c field. Frequency and 
s patial di s persio n relations are presen te d for some typi cal 
parameters. 

Eigenvalues of a microwave-cavity-Iossy-plasma system, 
J. 1. Shohet and C. Moskowitz, J. Appl. Phys. 36, No.5, 1756- 1759 
(May 1965). 
A cylindrical microwave cavity containing a concentric plasma col­
umn can be resonated in an infinite number of e lectrom agnetic wave 
modes . The resonances all shift upward towards coaxial cavity 
modes as the electron density in the plasma is increased if co lli­
sions are neglected. The characteristic eigenvalue equation fo r 
all modes including collisional e ffec ts is derived and typical graphs 
for fundame ntal modes are presented. The solutions of the eigen­
value equation can be explained on the basis of coupled-mode 
theory. The empty cavity mode and the coaxial (infinite electron 
density) mode which are originally overcoupled, uncouple from 
each other for sufficiently large values of e lec tron collision fre­
quency. The imaginary part of the roots , which is inversely pro­
portional to the Q of the plasma cavity sys tem, shows the two modes 
di stinc tly. 
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Comparison of e lectron contents computed with satellite 
Faraday data from widely spaced stations. G. N. Taylor and 
R. D. S. Earns haw, J. Atm.ospheric Terrest. Phys. 27, No.4, 525- 533 
(Apr. 1965). 
The analysis of sate llite Faraday dat a by dete rmining the best-fitting 
linear var iation of ionos pheri c elect ron conte nt with time is dis­
cussed, and a simple tes t of the validity of the compute d results is 
given. One hundred and nine ty-three records of Transit 4A from 
seven widely s paced s tati ons in Europe have been reduced, and in 
some cases it has been possible to compare the result s obtained 
from different s tations for t he same satellite pass. Fairly reliable 
values of the electron conte nt can be calculated provided that the 
true variation of Faraday rotation with time has bee n efficiently 
sampled and that th e true mean variation of electron content is 
nearly linear. The method appears to work hest at middle latitudes, 
but becomes almost use lcss near the Auroral zone. Some anoma­
lous elec tron conte nt gradients have been found. 

On the wave propagation in nonuniform media, H. Y. Yee 
and F. J. Ti sc he r, Proc. IEEE 53, N o_ 5, 488 (May 1965). 
The scattering of plane waves by nonuniform media is cu rre ntl y 
of con s ide rable int eres t. Models of thi s type cons idered by many 
authors are confined to simp le cases whe re the pe rmittivity E is a 
fun ction of onl y of on c de pe nde nt vari able, and the permcability /J- , 
is constant. Probl ems dealt with in se ve ral c ases a re actua ll y 
second-order homogeneous differe ntial equations. The purpose of 
thi s paper is to re port that the method of collocati on is a pplicabl e 
to achieve an approximate solution. This method has two advan ­
tages. 1) The re is no limitation on th e variation of E as long as it 
is a well-behaved fun c tion. 2) Good solutions ca n be ac hieved e ve n 
whe n values of E are known (by experiment ) only at a s ufficient num­
ber of point s in s pace. 

The following publi cation is availab le from th e Elsevier Publis hing 
Company, New York (pub lica tion dat e, ]965). 
Problems of Atmos pheric and Space Elcct";city, 616 pages, 
edi ted by S. C. Coron iti. 

This publi cation cont a ins the complet e proceedings of t he Third 
Int e rnational Conference on At mospheri c and Space Elec tri city 
held at Montre ux , Switzerland , May 5- 10, 1963. The meeting was 
sponsored by LA.M.A.P. , l.A. G.A. , and l. U.G.G. 
In the pre face Dr. Coroni ti s tat ed th at the the me selec ted for thi s 
confere nce was "a tho rough di scussion of t he proble m are as in at· 
mos phe ric and s pace electri city." At the meeting the s pea kers 
presented short s umm aries of their pape rs, whi ch had prev iously 
bee n distribut ed to the conferees . These introdu ctory presenta­
tions were then followe d by, to quot e Dr. Coroniti, " vigo rous, s timu ­
lating and fruitful di sc uss ions." Th e present book is a complete 
record of all that tra nspired during these six days in Montre ux . 
Included are the four introductory addresses on the first day , as well 
as the banquet s peec h by 1. F. Clark on t he role of s pace ve hic les 
in atmospheric electrici ty . 

The specific topics considered at th e confe rence inc luded the fol· 
lowing: atmospheric elec tricity research in variou s parts of th e 
world , fair weather electricity , action of radioac tivity on the paramo 
eters of atmospheric electricity, elec tricity in the terrestrial at· 
mos phere above the exchange layer, generation of e lectric charges 
outside thunderstorm s, electric forces associated with precipitation, 
measure ments within clouds, charge generation in thunderstorms , 
physics of lightning, bghtning characteristics derived from sferics, 
lightning protection, ball lightning, whistlers as a phenomenon to 
study space electricity, electric fi elds in the ionosphere, space elec· 
tricity on other planets. As indicated, the scope of the conference is 
very wide_ Also the detail and coverage of the material were ex· 
tremely diverse. In some cases, only brief or qualitative stateme nts 
were made, such as in the paper by M. M. Newman on his attempts to 
study discharge phenome na and V LF propagation by artifi cially 
triggered lightning. Fortunately in many other cases, ve ry detailed 
and quantitative di scussions are given, s uc h as found in the compre· 
he nsive and well doc umented pape r by P. A. S ilberg on ball li ghtning. 

(Review by James R. Wait) 

The following publica tion is available from Am erican El sevie r 
Publishing Company, 52 Vanderbilt Ave nue, New York, N.Y. , 
10017. The book contains review papers presente d at Commission 
II on Radio and Troposphere During the XIVth Ge neral Asse mbl y 
of URSI, Tokyo, September, 1963. 
Progress in Radio Science 1960-1963, Volume II : Radio 
and Troposphere, edited by Francois du Castel; 291 pages. 
Introduction (English and French). 
Rapport du President de la Commiss ion , J . Voge. Centre Nat ional 
d 'Etude des Telecommunications , France. 

I. Models of Atmosphere 

Troposphere Models Used in Propagation Theories, H. Bremmer , 
Philips Research Laboratories, Netherlands. 
Modeles D'Atmosphere Decoulant D' ()bservations Melt\orologiques, 
P. Misme, Centre National d'Etude des T elecommunications, 
France. 
Models of the Tropos phere De rived from Direct Measurements of 
the Atmospheric Refractive Index, K. Brocks, Hamburg University. 
Germany. 
Models of the Troposphere Derived from Radio·Wave Propagation 
Experiments, F. Eklund, Research Inst itute of Nat ional Defence, 
Swede n. 
Applicat ions of Turbul ence Theory in the Study of Propagation, 
R. Bolgiano, Jr., Corn ell U ni ver~ it y, U.S.A. 

II. H.adioclimatology 

lnflue nces Clim atiq!les "n Propagation Troposph erique, F. du Cas tel, 
Ce ntre National d 'Etudes des Telecommunica tions, France. 
Climatic Effec ts in Tropos pheric Propagation: Radiolll e teorologica l 
Parameters, J . A. Saxton, Department of Scie nti fic and Industrial 
Researc h, Unit ed Kingdom. 
Radiome teorological Effects in Propagation Over Sea and Is lands, 
F. Ik egami , Elec tri ca l Co mmunica tion s Laboratory, Japan_ 

IlL Influence of Irregular Terrain and Vegetation on Propagation 

Influence of Irregu lar Terrain on Propagati on, .I . W. Herbst reit, 
Nat ional Bureau of Standards, U.S.A. 
Experim ental Res ult s on the Influe nce of Ground and Vegetation on 
the Propagation of Elec tromagneti c Waves, J . Grosskopf, Femmel­
detechnisches Ze ntrala mt , Wes t Germ any. 

TV. Tropos pheri c Pro pagation Affec ting S pace Communication 

Phenom ena of Absorption a nd Noise of Atmospheric Origin in Earth· 
S pace Communication , D. C. Hogg, Bell Tele phone Laboratories, 
U.s.A. 
Effects of Tropospheric Re frac tion in Eart h-Space Links, K. A. Nor· 
ton, National Bureau of S tanda rds, U.S.A. 

V. Radi ometeoro logy and Cloud Physi cs 

Progress in Radar Meteoro logy an d C loud Phys ics, D. At las , Ai r 
Force Cambridge Research Laboratories, U.s.A. 
Application of Radar to Precipitation Ph ys ics and Synopti c Me­
teorology in Japan , l ch:ro Imai , Meteorological Researc h Institute, 
Japan. 
Developments in Instrumentation for Weather Radar, N. Kodaira , 
Meteorological Research In stitut e, Japan. 

VI. Propagation of Mille metre and Submillime tre Waves 

Propagation Characteristics of Millimptre Radio Waves, A. W. S trai· 
ton , University of Texas, U.S .A. 

The following publication is availab le from American Elsevier 
Publishing Company, 52 Vande rbilt Aven ue, New York , N.Y .. I OOl7. 
The book contain s review papers present ed at Com mi ss ion IV on 
Radio Noise of Te rres trial Ori gin durin g the X lVth Genera l Assem · 
bly of URSI, Tokyo, Septe mber, 1963. 
Progress in Radio Science 1960-1963, Volume IV: Radio 
Noise of Terrestrial Origin, edited by F. Horner; 133 pages. 
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Contents 

Report of the Chairman of Commission IV (Radio Noise of Terres­
tri al Origin) , R. A. Helliwell, Stanford Un ivers ity , Stanford, 
California (U.S.A.). 

SESSION ON PROPERTIES OF THE LIGHTNING FLASH 
SOURCE 

Lightning Flashes and Atmosphe rics, A. Kimpara, Faculty of Engi­
neering, Nagoya Universit y (Japan). 
A Possible Lightning Mechani s m as Origin of an ELF Radio Wave, 
H. Ishikawa, Researc h Institut e of Atmospherics, Nagoya Univer­
si ty (Japan). 
Sudden En hancements of Atmospherics on Frequencies Between 
10 and 30 kc/s , T . Kamada, Geophys ical Institute, University of 
Tokyo (Japan). 

SESSIONS ON IGY RESULTS AND IQSY PROGRAMMES 

Review of IGY Results and IQSY Programme on Atmospheric 
Noise, F. Horner, D.S.l.R. Radio Research Station , Slough, Bucks 
(U.K.). 
Daily Variations of Atmospheric Noise Level at VLF, E. A. Lauter 
Observatorium fur Ionospharenforschung, Kuhlungsborn (Germany). 
Frequency Variations of Atmospheric Radio Noise Int ensi ty at Low 
Frequencies on the Ocean and on Land, Y. J. Likhter and G. I. 
Terina Tzmiran, Moscow (U.S.S.R.). 
Some Experimental Results From Lightning Flash Counters, D. 
Muller-Hillebrand,! Uppsala University (Sweden). 

SESSION ON WHISTLERS 

Whistlers, G. McK. Allcock, Physics and Engineering Laboratory, 
Lower Hutt (New Zealand). 

SESSION ON VLF AND NOISE PHENOMENA 

Very Low Frequency Noise from th e Terrestrial Magnetusphere, 
G. R. A. Ellis, Department of Physics, University of Tasmania, 
Hobart, Tas. (Australia). 
Micropulsations of the Earth 's Electromagnetic Field in the Fre· 
quency R1jnge 0.1- 10 c/s, J. A. Jacobs and T. Watanabe, Institute 
of Earth Sciences, University of British Colu mbia , Vancouver 
(Canada). 
A Review of Theoretical Studies on VLF Emissions, I. Kimura , 
Faculty of Engineering, Kyoto Universi ty (Japan). 
Les Micropulsation~ Magnetiques de Faible Periode, R. Gcndrin, 
Centre National d 'Etudes des Telecommunications, Issy-Ies-Mouli· 
),eaux, Seine (France). 

SESSION ON GUIDED WAVES IN THE TROPOSPHERE AND 
THE IONOSPHERE 

Guided Waves in the Earth-Ionosphere Cavity, James R. Wait, Ce n· 
tral Radio Propagation Laboratory, Nationa.i Bureau of Standards, 
Boulder, Colorado (U.S .A.). 
Guidance and Beaming in the Magnetosphere at Hydromagnetic, 
Audio and Radio Frequencies, H. G. Booker, Stanford Research 
Institute, California (U.S.A.). 

The following publication is available from American Elsevier 
Publishing Company, 52 Vanderbilt Avenue, New York , N.Y., 10017. 
The book contains review papers presented at Commission VII on 
Radioelectronics during the XIVth General Assembly of URSI, 
Tokyo, September, 1963. 
Progress in Radio Science 1960-1963, Volume VII: Radio­
electronics, edited by R. E. Burgess; 168 pages. 
Activities of URSI Commission VII on Radioelectronics During 
the Triennium 1960- 1963, W. G. Shepherd, Chairman of the Com­
mission. 

1 Deceased. 

SESSION ON PLASMAS -GEOPHYSICAL AND ASTROPHYSI­
CAL SCALE 

Plasmas-Geophysical and Astrophysical Scale, Reimar Lust, 
Max-Planck-Institut fur PhYSik und Astrophysik, Munchen 
(Germany). 

Deterioration of Solar Cells Under High·Energy Electron Bom­
bardment, Osamu Harashima , Yokichi Kano, Hiroshi Tsuru, 
Ken-Ichi Takahashi, and Hideo Ono, Nippon Electric Co., Kawa­
saki (.I apan). 

The Propagation of Storm Plasma in Int erplanetary Space, C. P. 
Sonell, Space Sciences Div., NASA Arms Researc h Center , 
Mountain View, Calif. (U.S.A.) . 

Geomagnetic Storms, C. O. Hines, Department of Geophysical 
Sciences, Univers ity of Chicago, Ill . (U.S.A.). 

Interaction of the Solar Wind and the Magnetosphere, A . .1. Dessler, 
Space Science Dept., Rice University. Houston, Texas (U.S.A.). 

Ionospheric Disturbances Induced by Space Vehicles. Martti 
E. Tiuri, Institute of Technology, Helsinki (Finland). 

Resume de la Seance sur Les Plasmas en Geophysique et en Astro­
physique, President: B. Lehnert (Suede). 

SESSION ON PLASMAS-LABORATORY SCALE 

P lasmas - Laboratory Scale , Bo Lehnert, Royal Institut e of Tech­
nology, S tock holm .(Sweden). 

Transport Processes in Plasmas, W. B. Thompson, Culham Lab­
oratories, Culham (U.K.). 

Thermal and Non -Thermal Emission from Plasmas, G. Bekefi, 
Department of Physics, Massachusetts Institute of Technology, 
Cambridge, Mass. (U.S.A .). 

Probe Techniques for the Study of Plasma Phenomena, G. Medicus, 
Electronic Research Branch, Wright-Patterson Air Force Base, 
Ohio (U.S.A.). 

Research Activities on Plasmas in Japan , 1'. Sekiguchi, Department 
of Electrical Engineering, University of Tokyo (Japan). 

Resume de la Seance sur Les Plasmas it L'Echelle de Laboratoire, 
President: M. P. Bachinski (Canada). 

SESSION ON PHYSICS OF MASERS AND LASERS 

Optical Maser Principles , A. Javan , Physics Department M.l .1'. , 
Ca mbrid ge 39, Mass. (U.S.A .) . 

Some Prope rties of a Small Gas Laser, J. Haisma, Phillips Research 
Laboratories, Eindhoven (Netherlands). 

Semi-Classical Theory and Quantum Theory of Photon Noise, 
Hidetosi Takahasi, Department of Physics, Unive rsity of Tokyo 
(Japan). 

Semiconductor Inj ec tion Masers, R. H. Rediker, Lincoln Laboratory, 
M.LT., Lexington , Mass. (U.S.A.). . 

The Atomic Hydroge n Maser, Norman F . Ramsey, Lyman Physi cs 
Laboratory, Harvard University, Cambridge, Mass . (U.S .A .). 

Hesume de la Seance sur La Physique des Masers et des Lasers, 
President: K. Shimoda (Japan). 

SESSION ON APPLICATIONS OF MASERS AND LASERS 

On the Applications of Microwave and Optical Masers, H. E. D. 
Scovil, Bell Telephone Laboratories, Murray Hill , N.J . (U.S.A.) . 

Recent Developments of Laser Modulation and Demodulation in 
Japan, Tadakuni Fujii, Nippon Electri c Co., Kawasaki (.Japan). 

Beam Noise Measurement by Laser, S. Saito and Y. Fujii, Institute 
of Indus trial Science, University of Tokyo (Japan). 

Non-Linear Optical Effec'is , R . W. Hellwarth , Hughes Research 
Laboratory, Stanford University, Calif. (U.s.A.). 

Resume de la Seance sur L'Application des Masers e t des Lasers, 
President: B. M. Oliver (U.s.A.). 
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Selected Abstracts of Publications of the Staff of NBS 

Trans mission loss predictions for tropospheric conllnuni­
cation ci ,'c uits, P. L. Rice , A. G. Longley, K. A. Norton, and A. P. 
Bar·sis, NBS Tech . Note IOJ , Vo/s. I and /I (May 7, 1965) $1.00 each. 
This t wo-part repurt present s comp rehens ive methods for predicting 
cumulat ive di s tributi ons of tran s miss ion loss for a wide range of 
rad io freque nc ies ove r any type of te rrain and in several climatic 
region s. Suc h qua ntitative estim at es of propagation ch aracter­
istics he lp to dete rmine how well proposed radio sys tems will meet 
requ ireme nt s for sat is factory service, free from harmful interference. 
Thu s they should provide an important step toward more efficie nt 
use of t he radio frequ e ncy spectrum. 
The need for compre hensive and accurate prediction methods is 
c lea rl y de monstrated when measured tran s mission loss data for a 
large number of radio paths are shown as a function of path length. 
In fi gures 1.1 to 1.4 of a nn ex I, long-te rm median values of a tt e nua­
tion relative to free space for more than 750 radio paths are plott ed 
vers us di s tance. T he extremely wid e scatt e r of these data is du e 
main ly to path -to -path differe nces in terrain profil es and e ffective 
antenna he ights. Valu es record ed for a long pe riod of time over a 
single pa th show comllarabl e ran ges , some times exceeding 100 
dec ibe ls. Su c h tre me ndous pa th ·to-pa th a nd time varia ti ons mus t 
be carefu ll y cons ide red , parti cul arl y in cases of poss ibl e int e rfe re nce 
bet ween co-c hann el or adj ace nt ·channel sys te ms. 

The detailed point ·to· po int pre di c tion methods descr ibed he re de· 
pend on propagation p a th gco me try, a tmos ph e ri c re frac tivity nea r 
the surface of the earth , and spec ified charact e ri s ti cs of ant e nn a 
directivity. They have been tes ted aga ins t measure ment s in the 
radio frequency range 40 to 10,000 MHz (megacycles pe r second). 
Exte nsion of the methods to hi gher frequ encies requ ires es tim ates 
of attenuation due to absorpti on and scatt e rin g of radio e ne rgy by 
various constitue nts of the a t mos phere. 
Predictions of long-tenn median refe rence va lues of trans miss ion 
loss are based on curre nt radio propagation theory. A la rge s ample 
of radio data was use d to deve lo p the e mpi rical predi c tions of reo 
gional , seasonal , and <liu rnal c han ges in long- te rm median s. E sti · 
mates of long- term fadin g re la ti ve to obse rved medians a re give n 
for several climati c regions and pe ri ods of tim e, inc luding some 
regions wh ere few observations are a vailable . 
Predic tions of trans mission loss for path s with in the rad io hori zon 
are based on geometri c-optics ra y theory. For paths with a common 
horizon, Fres nel-Kirc hoff knife·edge diffrac ti on theory is app li ed 
and extended to predi c t diffrac tion a tt e nuation over isolat ed rounded 
obs tacles. For double horizon pat.h s that. ex tend only s ligh tl y beyond 
the hori zon, a modification of t he Van de r Pol-B re mmer method for 
c.9mputing fi eld int e ns it y in the fa r diffractioll region is used. For 
longer paths, extendi[1g weU beyond the radio horizon , predictions 
are based on forward scatte r theory. Radi o data we re used t.o 
es timate the e ffici ency of scatte ring at various heights in the at· 
mos phere. Where some doubt exis ts as to which propagation 
mechanism predominates, transmiss ion loss is calc ulated by two 
met.hods and the resuhs are combined . 

Annex I in cludes a se t of " standard" curves of basic tran smission 
loss and curves showing attenuation below free space for earth space 
communications , pre pared using the methods described in the 
report. Such curves, and the medians of data shown on figures 
1.1 to 1.4, may se rve for gene ral qualitative analysis, but clearly 
do not take account of particular terrain profiles or climatic effects 
that may be e ncoun te red over a given path. 
Annex II s upplement s the di scu ss ion of tran smission loss and direc­
tive antenna gains give n in section 2. This an nex contains a di"scus­
sion of antenna beam ori ent.ation , polarization , and multi path 
cou pling loss . 
Annex III contain s information required for unusual paths , includ· 
ing exact formula s for computing line-of-s ight transmission loss 
with ground reflec tions , as we ll as modificat ion s of th e formula s 
for antenna beams wh ic h a re e levated , or direc t.ed out of the grea t 
c ircl e plane. Samp le ca lcu lations and analyti c express ions suitabl e 
for use on a digital com pute r are also inc luded. 
Annex IV reviews tropospheric propagat.ion theory with partic ular 
attention to the mech an isms of forward scalie r from a tmos phe ri c 

turbulence, from layers, or from s mall randomly oriented surfaces. 
Referen ces to some of the work in this field are included. 
Ann ex V presents a discussion of "phase interference fading" as 
cont ras ted to " long· term power fadin g," provides a method for com· 
puting the probability of obt.aining adequat e service in th e pres· 
ence of noise and/or interfering signals, and in c ludes a brief summ ary 
of ways to achieve opti mum use of t.he radio frequency spectrum. 

On the continuity equation for electron density in the ion­
osphere, T. Shimazaki, j . Atmosph eric Ten -est . Phys. 27, No.5 , 
593 - 604 (May 1965 ). 
The continuit y equation for electron densit y is di scussed by con sid­
e ring some represe ntative chemical re ac tions in the ionos pheri c 
regions. Without neglecting the time-depe ndent and the tran sport 
terms , the equation is modified so that the decay te rm has a form of 

where a and A are the rate coe ffi c ie nt s of d issoc ia tive recombination 
and ion-atom interc hange reac tions, res pec tive ly , and t.h e remaining 
te rms are formulated. It is found by rathe r rough tes t that these 
re maining te rms a re small , and the continuit y equation with the 
decay term of jf·type fun c tion, which is usuall y used for the di s­
c uss ion of stead y s ta te, ma y be used for the nonsteady s tate cases 
without se ri ous e rrors. .In some cases, howe ve r, these remaining 
te rms ma y be appreciable, and the ir e ffects on the co ntinuity equ a­
tion for e lectron density may no t be neglec ted. Finally, some 
detaile d formu lations for equilibrium e lectron de nsit y are given. 

A tabulation of Airy function s , H. T . Doughert y a nd M. E. 
Johnson, N BS Tech . Note 228 (Se pt . 18 , 1964)20 cents. 
A tabula ti on is provided for Wait's formul a tion of the Airy fun c tion 
and its firs t de ri vati ve . The argume nt cove rs the range of re al 
values from - 6.0 to + 6.0 in int e rva ls of 0.1. As an aid fo r the ir 
app li cation the tabul ations are a lso gra ph ed. 

Corre ction of optical distance meaSIH'eme nts fo,' the fluc­
tuating atmosph e ric index of r e f,'action, P . L. Be nd er and 
J . C. Owens, J. Geophys. R es. 70, No. 10,2461 - 2462 (M ay 15, 1965). 
The purpose of thi s not e is to point. out tha t s imulta neous meas ure­
ments of the optical di s tance ove r t.h e s am e path for blu e and red 
li ght can be used to p rovide the required correc tion for the a t· 
mosph eri c index of refracti on. The a ppl ica ti on of thi s method to 
inte rferometric di s ta nce meas ure me nts has previously been di s­
cussed by Erickson. 

Nature of the electromagnetic fi e ld reflected from a coast­
line, J. R. Wait , ELectronics Letter 1, No . 3, 65- 66 (May 1965). 
In a recent publication , Millar cons ide re d the fi e ld va ri a ti on near a 
coastline when an H-polarised plane wave is inc ide nt from the sea 
or land. He stated that disagree ment exi s t.s be tween hi s result s 
and those of Wait. In this communicati on, it is shown that. Millar's 
conclusions are in error. 

On radiation of e lectromagnetic and elect,'oacoustic waves 
in plasma, Part II, J. R. Wait , AppL. S ci. Res. Sect. B 12 (1965 ). 
The infinitely long cylindrical antenna imm ersed in a co mpressible 
plasma is considered as a boundar y- value pro ble m. The analys is 
starts with a specified voltage at a c irc umfe rential gap which is uni ­
form ly excited. It is found that the rad iation patte rn of the a nte nna 
is influenced only, to a sli ght exte nt , by the finite compress ibility 
of the plasma, provided that t.he wire diamete r is so me what larger 
than a Debye length in the plas ma. 
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Other NBS Publica tions 

J. Res. 69A (phys. and Chern.), No.3 (May·June 1965) 70 
cents. 
Electronic structure and magnetic properties of the neptunyl ion. 

1. C. Eisenstein and M. H. L. Pryce. 
Heats of transformation s in bism uth oxide by differential thermal 

analysis . E. M. Le vin and C. L. McDaniel. 
Phase rela tions bet ween iridium and the sesquioxides in air. S. J. 

Schneider, J. L. Waring, and R. E. Tressler. 
Phase equilibrium relations hips in the sys tem Gd,O" - TiO,. J. L. 

Waring and S. J. Schneider. 
Acid-base be havior in 50-percen! aqueous methanul: thermody­

namics of the di ssociation of protonated tri s(hydroxymethyl) 
aminomethane and nature of the solvent effec t. M. Woodhead, 
M. Paabo, R. A. Robinson, and R. G. Bates. 

Observations of dislocations and surface features in corundum 
crystals by electron transmiss ion microscopy. D. J. Barber and 
N. J. Tighe. 

Low-freque ncy dielectric properties of liquid boric oxide. K. H. 
Stern. 

Mass spectrometric study of the effects of nitric oxide and other 
additives on "purified" active nitrogen. J. T. Herron. 

Synthesis and ring structure of 7 -acetamido-7-deoxY-L-ga.La.ctohep­
tu/ose. E. J. McDonald. 

J. Res. 69A (phys. and Chelll.), No. 4- (July-Aug. 1965), 
70 cents. 
Correlation of successive atomic steps in crystals by relaxat ion 

mode analysis. A. D. Franklin. 
Reduction of crystallographic point groups to s ubgroups by homoge­

neous stress. H. S. Peiser and J. B. Wachtman ; Jr. 
Effect of hydrostat ic pressure on the refractive indices of some 

solids. R. M. Waxler and C. E. Weir. 
Crystallization kinetics and polymorphic transformations in poly. 

butene·I. J. Powers , J . D. Hoffman, J. J. Weeks, and F. A. 
Quinn, Jr. 

Compliance·time-tempe rature relationships from indentation meas­
urements on a pure-gum rubber vulcanizate. F. L. Roth , C. W. 
Bullman, and L. A. Wood. 

Distribution function of the end-to-end distances of linear polymers 
with excluded volume effects . J. Mazur. 

An additivity rule for the vapor press ure lowering of aqueous solu­
tions. R. A. Robinson and V. E . Bower. 

Franck-Condon factors to high vibrational quantum numbers V: 
O2 band systems. R. W. Nicholls. 

An absolute tempe rature scale from 4 oK to 20 oK determined from 
meas ure me nts with an acoustical thermometer. H. H. Plumb 
and G. Cataland. 

J. Res. 698 (Math. and Math. Phys.), No.3 (July-Sept.), 75 
cents. 
A development of the theory of errors with reference to economy of 

time. M. D. Hersey. Prefatory note by C. Eisenhart. 
Transversals and matroid partition. J. Edmonds and D. R. Fulker-

son. 
Some L2 Markoff inequalities. L. F. Shampine. 
Some theorems on the permanent. R. A. Brualdi and M. Newman. 
On Kirchhoff's law and its generalized application to absorption and 

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

of Hankel transforms. J. V. Cornacchio and R. P . Soni. 
On convex metrics. C. Witzgall. 
Some extensions of Banach's contraction theorem. P. R. Meye rs. 
A variant of the two-dimensional Riemann integral. A. J . Goldman. 
The use of finite polynomial rings in the factorization of the general 

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

J. Res. 69C (Engr. and Instr.), No.3 (July-Sept. 1965),75 
cents. 
Two-terminal dielectric measurements up to 6 X 108 Hz. M. G. 

Broadhurst and A. J. Bur. 
Improved ten-picofarad fused silica dielectric capacitor. R. D. 

Cutkosky and L. H. Lee. 

Errors in the series-parallel buildup oHour-terminal resistors. C. H. 
Page. 

Centerable rotator for measuring properties of crystals. C. P. Say­
lor and H. B. Lowey. 

Equipment for single·crystal growth from the melt suitable for sub­
stances with a low melting point. A. T. Horton and A. R. Glasgow. 

Phase and amplitude contrast microscopy in partially coherent 
light. M. De and P. K. Mondal. 

Exposure time relat ions for Kossel microdiffraction photographs. 
H. Yakowitz and D. L. Vieth. 

Cartesian diver as a density comparator. H. A. Bowman and R. M. 
Schoonover. 

Cryogenic behavior of selected magnetic materials . .1. J . Gniewek 
and E. Ploge. 

Title page, contents, and corrections, Journal of Research 68A, 
Physics and Chemistry (1964), 5 cents. 

Title page, contents , and correc tions , Journal of Research 68B, 
Mathe matics and Math t matical Physics (1964),5 cents. 

Title page, contents , and corrections, Juurnal of Research 68C , 
Engineering and Instrumentation (1964), 5 cents. 

Title page, contents, and corrections , Journal of Research 68D, 
Radio Science (1964), 15 cents. 

Selected tables of atomic spectra. Atomic energy levels and mul· 
tiplet tables Si II , Si 1Il, Si IV, C. E . Moore, NSRDS-NBS3, Sec. 1 
(June 25. 1965),35 cents. 

Elec trical engineering units and constants , NBS Misc. Pub!. 268 
(June 1965), 10 cents, $6.26 per 100. 

On the effect of heavy ions on LF propagation, with special refer· 
ence to a nuclear environment, J. R. Johler and L. A. Berry, NBS 
Tech. 313 (June 7, 1965),45 cents. 

Stability of two·phase annular flow in a vertical pipe, S. Jarvis, Jr., 
NBS Tech. Note 314 (June 7, 1965),55 cents. 

Chemistry: 

Determination of the composition of complexes and their instability 
constant by calorimet.ry, I. The cuprocyanide complexes, A. 
Brenner, J. Electrochem. Soc. 112, No.6, 611-621 (June 1965). 

Emission spect.roscopy, B. F. Scribner and M. Margoshes, Treatise 
on Analytical Chemistry, ed. I. M. Kolthoff and P . .J. Elving. 6, 
pI. 1, eh. 64, 3347- 3461 (Inter·Science Publ.lnc., New York, N.Y., 
1965). 

Gas chromatographic determination of the mois ture content of grain, 
E. L. Weise. R. W. Burke, and J. K. Taylor (Proc. 1963 Intern . 
Symp. Humidity and Moisture, Wash., D.C.), Book, Humidity and 
Moisture , ed. A. Wexler, Vo!. IV, Principles and Methods of Meas· 
uring Moisture in Liquids and Solids, eh. 1, pp. 3-6 (Reinhold 
Pub!. Corp. , New York, N.Y ., 1965). 

Isotopic fractionation of uranium in sandstone, Powder River Basin , 
Wyoming, and Sli ck Rock District, Colorado, J. N. Rosholt, A. P . 
Butler , E. L. Garner, and W. R. Shields, Econ. Geo!. 60, No.2, 
199-213 (Mar.-Apr. 1965). 

Mass spectrum of yttrium c hloride vapor, J . D. McKinley , J. Chem. 
Phys. 4-2, No.6, 2245-2246 (Mar. 15, 196.5). 

Method of adjusting force constants and its appli cation to H20 , 
H2CO, CH2CI, and their deuterated molecules , T. Shimanouchi 
and I. Suzuki, J . Chcm. Phys. 42, No.1, 296-308 (jan. 1, 1965). 

On the twilight sod ium emission·2. A theoretical model of sodium 
abundance, M. Gadsden, Ann. Geophys. 20, No.4, 383-396 (Ocl.­
Dec. 1964). 

Oxidation of asphalt Aux with oxides of nitrogen, P. C. Campbell 
and 1. R. Wright, Ind. Engr. Chern. Prod. Res. Develop. 4- , No.2, 
121- 128 (June 1965). 

Quenching of the triplet state of acetone and biacetyl by azoalkanes, 
R. E. Rebbert and P. Ausloos, J. Am. Chem. Soc. 87,1847- 1852 
(May 5, 1965). 

Radiation-induced polymerization and other reactions of n·per· 
Auoropentadiene·l,4 at high tempcrature and pressure , D. W. 
Brown, 1. E. Fearn, and R. E. Lowry, J. Polymer Sci. 3, pI. 2, 
1641- 1660 (1965). 
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Strength uf fingernails, R. W . Young, S. B. Newman, and R. J. Capoll, 
J. In vest. Dermatol. 44, No: 5,358- 360 (Dec. 23, 1964). 

Vacuum·ultrav iole t t)hotolys is of e thane in liquid·n itrogen so lution, 
J. A. Pirog and J . R. McNesby, J . Che rn . Phys. 42, No.7, 2490-
2494 (Apr. 1, 1965). 

Enginee"ing a nd Instrumentation: 

A miniature helium turbo·ex pander for cryogenic refrige ration sys· 
te rns, M. T. No rt o n (Proc. XI Int e rn. Congress Refrigerati on, 
Munich , Germa ny, Aug. 1963), Prog. Refrig. Sci. Tec hnol. , I, 
1.3 1- 135 (1963). 

A simple method for meas uring the amoun t of gran ular mat eri als 
in sulfur mortars , C. L. Thompson, Mater. Res. S td. 5 , No.5, 
242 - 243 (May 1965). 

A waveguide noise standard , C. K. S. Miller , W. C. Daywitt , and E. 
Ca mpbell (Proc. Intern. Measu re ments ConL), Acta IMEKO 3, 
371 - 382 (1964). 

A standard for extre me ly low values of spec tral irradiance, R. S tair, 
W. B. Fusse ll , and W. E. Sc hneider, Appl. Opt. 4 , No.1 , 85- 89 
(Jan. 1965). 

Commercial carbon com pos ition res is tors as press ure tra nsd uce rs, 
C. E. Miller, J. W. Dean, and T . M. Flynn, Rev . Sci. l nstr. 36, 
231 - 232 (Feb. 1965). 

Human engineering in the design of a console for the co mpari son of 
volt boxes, P . H . Lowrie, J r., 19t h Annual In str. Soc. A m. Co nf. 
Exhibit, Preprin t No. 12.1- 3- 64, pp. / - 8 (Oct. 12- 15, 1964). 

Maint e nance of Marin e e lec troni c equipm ent by pe rsonne l not 
trained in elec troni c maint enance , G. S ha piro and G. J . Rogers, 
Proc. Annua l Tanke r Conf. Ame rican Petroleum Inst it ut e, pp. 
A- I- A- 18 (J une 1965). 

Optical inst rument ation for the bio logis t: Microscopy, J . R. Meyer· 
Arendt, Appl. Opt. 4, No. 1, 1- 9 (J an. 1965). 

Precision detector for co mplex inse rtion ratio meas uring sys te ms, 
C. M. All red and R. A. Lawton , IEEE Trans. In str . Meas. IM- 13 , 
Nos. 2 and 3. 76- 81 (June- Sept. 1964). 

Stress corros ion crac k ill g of metals , H. L. Loga n, Metals Engr. 
Quart. 5, No.2, 32- 38 (May 1965). 

The rmodynam ic propert ies of neon from 25 to 300 OK be twee n 0.1 
and 200 atmos phe res, R. D. McC art y a nd R. B. S te wart, Advances 
in Thermophys ical Properti es at Extre me Te mperatures and 
Prf'ss ures, IJ P. 84- 97 (A m. Soc. Mec h. Engr. , New York , N. Y., 
1965). 

The effect of a fatigu e crac k on the fa ti gue s tre ngth of a n aluminllm 
alloy, J. A. Bennett , Mate r. Res. Std. 5 , No. 5, 235- 239 (May 1965). 

The role of cryogenc is in the production of hi gh and ult ra· high 
vacuum, L. O. Mull en and M. J . Hiza. Cryogenics 4, No.6. 387-
394 (Dec. 1964). 

Work funct ion meas ure me nts on field em ilters wit h prescribed 
orien tation, J. W. Lit t le, T. E. Madey, and R. Klein, J . App l. Phys. 
36, No. 4, 149/ - 1492 (Apr. 1965). 

Mathematics: 

A method for the comput a tion of the e rror fun ction of a cumplex 
variable, O. N. S trand, Math . Compo XIX, No. 89, 127- 129 (jan. 
1965). 

Bounds for class numbers, M. Ne wman, Proc. Pure Mathe mati cs, 
VIII . Theory of N umbe rs, pp. 70- 77 (A m. Math . Soc., 1965). 

Comment on "The use of tran sforms to S UIl! arra y factors," M. T. Ma, 
IEEE Trans. Ant. Prop. AP-13 , No.1, 174 (jan . 1965). 

Distribut ion of student's I in samp les from a rec tdngular universe, 
M. M. Sidd iqui , Rev. Intern. S tat. Inst. 32, No. 3, 242- 250 (1964). 

Mathematical programmin g mode ls fo r se lec tion of die ts to mini· 
mize weigh ted radionuclide intak e, H. J . Bracken, Env ironme ntal 
Health Series: Radiological Hea lt h, Pu blic Hea lt h Se rvo P ub l. 
999- R-4 (Dept. Health , Education, and We lfare, Was h. , D. C., 
Aug. 1963). 

Metrology: 

A comparison be tween the National Burea u of Standards two·pres· 
sure humid ity generator and the National Bureau of S tandards 
hygrometer, S. Hasegawa, R. W. H yland, and S. W. Rhodes 
(Proc. 1963 Intern. Symp. Humidi ty and Mois tu re, Was h., D. C.), 
Book, Humidity and Moislure , Measure ment and Control in Sci· 
e nce and Industry, ed . A. Wexler , Vol. 3 . Fundame ntals and 

Standards, ch. 22, pp. 455- 459 (Reinhold Publ. Corp. , New York, 
N.Y., 1965). 

A pne umatic bridge hygrometer for use as a working humid it y s tand· 
ard , L. Gree nspan (proc. 1963 Intern. Sy mp. Humidi ty and Mois· 
ture, Wash., D.C.), Book , Hu midit y and Moisture. Meas ure me nt 
a nd Co ntrol in Science and Indu str y, ed. A. Wexle r, Vol. 3. 
Fundame nta ls and S tandards, ch. 20, pp. 433- 443 (Reinhold Pub l. 
Corp., New York . N.Y .. 1965). 

Leit er to the Edit"r , C. H. Page, Metrologia 1, No.2, 73 -74 (Apr. 
1965). 

T he e vo lution of des igned expe rime nts , W. J. Youden, Proc. IBM 
Sc ie ntifi c Computing Symp. Stat is tics, pp. 59-67 (Wes tches ter 
Count y, New York, Sept. 1963). 

The int e rn ational system of units, A. G. McNish, Am. Soc. Quality 
Co ntrol Annual Tec h. ConL Trans., pp. 431 -438 (1965). 

T he N BS s tand ard hygrometer , A. Wexler and R. W. Hyland (Proc. 
1963 Inte rn . Sym p. Humidit y and Moisture, Was h., D.C.), Book , 
Humidit y a nd Moist ure. Meas ure me nt and Cont ro l in Science 
and Indust ry, ed. A. Wexle r, Vol. 3, Fundament als and Stand· 
ard s, ch. 19, pp. 389- 431 (Reinhold Pub!. Corp., New York, N.Y., 
1965). 

Physics: 

Adsorption of polymer molec ules a t lo w s urface coverage, C. A. J . 
Hoeve, E. A. DiMarzio, and P. Peyser, J . C he m. Ph ys. 42 , No.7, 
2558- 2563 (Apr. 1, 1965). 

C haracteri s ti cs of a Rama n laser exc it ed by a n ord in ary rub y lase r, 
H. T akuma and D. A. J ennin gs, Proc. IEEE 53 , No.2, 146- 149 
(Feb. 1965). 

Determination of the probab ilit y di s tribution of the number of sec· 
ondary e lec t rons, Z. Bay and G. Papp , I EEE Trans. Nuclear Sci. 
NS-II, No. 3, 160 (june 1964); Elec. Co mmun . 40, No.1 , 134 
(1965) . 

Drift ·free Moss baue r spec trometer, F. C. Ruegg, J . J . S pijke rman, 
and J. R. DeVoe, Rev. Sci. Ins tr. 36, No.3, 356- 359 (Ma r. 1965). 

Effect s of finit e heat ca pac it y on s pin ·latti ce re laxa tion, R. L. Peter· 
son, Phys. Rev. 137, No. SA, A1444- A1448 (Mar. 1, 1965). 

Elast ic consta nt s of cubic lead flu orid e a t room te mpe rature, ./ . H. 
Was ilik a nd M. L. Wheat, J . App l. Phys. 36, No.3, pt. 1,79 1- 793 
(Mar. 1965). 

Elasti c resona nces in elec tron scatt e ring from He, Ne, Ar, Kr, Xe, 
and Hg, C. E. Ku yall , J . A. S impson, and S. R. Mie lczarek , Ph ys. 
Rev. 138, No. 2A, A385- A399 (Apr. 19, 1965). 

Elec tron mi croscopy and diffracti on of syntheti c corundum c rys tal s . 
/. Pure aluminum oxide grown by the Ve rne ui l process, D. G. 
Barber a nd N. J. Tighe, Phil. Mag. 1.1 , No. 111 ,495- 512 (May 
1965). 

Elec tronic energy bands in S rTiO" and related oxide se miconduc· 
tors, A. H. Kahn a nd A. J . Leye ndec ket , Proc. 1964 Int e rn. ConL 
Physics of Sem ico nductors, Paris, pp. 33-39 (Phys ique des Sem i· 
conducte urs, Pari s, France, 1964). 

lee nucleation by photolyzed silver iod ide, G. Burley, Phil. Mag. 
10,527 (Sept. 1964). 

Identification of energy levels of negative ions, U. Fano a nd J . W. 
Cooper, Phys. Rev. 138, No. 2A, A400- A402 (A pr. 19, 1965). 

Influence of spin paramagnetis m on superconductiv ity, R. A. Ka m· 
per, R. S. Collier , and Y. Ohori, P hys. Re v. 13 7, l A, A75 - A77 
(jan. 4, 1965). 

Interpretation of Ar+ - Ar collisions a t 50 ke V, U. Fano a nd W. Lich· 
te n, Phys. Rev. Le tters 14, No. 16,627- 629 (Apr. 19,1965). 

Longitude distributi on of proton fl a res, C. S. Warwick, Astroph ys. 
J . 141 , No.2, 500- 504 (Feb. 15,1965). 

Mass·s pectrometri c s tudy of photoionizati on, II. H" HD, and 0 ", 
V. H. Dibeler, R. M. Reese, and M. Krauss, J. Chem. Ph ys . 4 2 , 
No.6, 2045- 2048 (Ma r. 15, 1965). 

Multiple·band conduc tion in ,,",ype ru tile (TiO ,), J . H. Becker and 
W. K. Hos le r, Phys. Rev. 137, No. 6A , A1872- AI877 (Ma r. 15, 
1965). 

O n the behavior of the compressibility a long the critical iso therm, 
. Y. Larse n and J . M. H. L. Sengers , Advances in The rm ophysi· 

cal Prol)ert ies at Extre me Te mperatures and Pressures , pp. 74- 75 
(A m. Soc. Mech. Engr., New York, N.Y .. 1965). 

On the valid ity of the Lorent z· Lorenz eq uation near the critical 
point , S. Y. Larse n, R. D. Mountai n, and R. Zwanzig, J. Chem. 
Phys. 42, No.6, 2187- 2190 (Ma r. 15, 1965). 
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Plans for proposed new tab les of the thermody nam ic properties of 
moist air, .I. C. Davis, T. K. Fa ison, Jr. , and P. R. Achenbach 
(Proc. 1963 Intern. Symp. Humidit y and Moisture, Wash., D.C.), 
Book , Humidity and Moi sture, Measure ment and Control in Sc i· 
e nce and Industry, ed. A. Wexler, Vol. 3. Fundamentals and 
S tand ards, c h. 11 , pp. 315- 320 (R e inhold Publ. Curp., New York, 
N.Y., 1965). 

Optical quenching of photocunduct ivity near the band edge in CdS , 
L. Grabner, P hys. Rev. Le tt ers 14, No. 14,551- 554 (A pr. 5, 1965). 

Polar modes uf latt ice vib ra tion and polaron couplin g cu nsta nt s in 
rutile (TiO,) , D. M. Eagles, J. Phys. Che m. Solid s 25, No. 11 , 
1243-1251 (Nov. 1964). 

Polaron coupling co ns tant s in SrTi03 , D. M. Eagles. J. Ph ys. Chem. 
Solids 26, No. :5,672 (Mar. 1965). 

Pressure dependence of the int ernal field at the 59CO nucleus in a 
99.5% N i - 0.5% Co all oy, L. H. Be nn ett , J. Appl. Phys. 36, No.3, 
Pt. 2, 942- 943 (Mar. 1965). 

S timul a ted brillouin sl'a ttf"rin~ in ,1u-' ofT-axi s rt'sonato r. H. Takurna 
and D. A. J ennings, Appl. Ph ys. Lett e rs 5, 239- 241 IDec. 1964). 

St ruct ure of electrode pos it ed lead dendrites , F. Ogburn, C. Bech· 
toldt , J . B. Mor ri s, and A. deKorany i, J. Electrochem. Soc. 112, 
No.6, 574-577 (Jun e 1965). 

SU(6) Clebsc h·Gordan coefficients for the product 8.1 X .16, J . C. 
Cart er, J. J. Coyne, and S. Mes hkov , Phys . Re v. Le tt ers 14, No. 
13,523- 526 (Mar. 29. 1965). 

The abso lute photometry of th e zodical li ght, L. L. S mith , F . E. 
Roac h. and I{. W. O\\TII. 1'1 <1 11<' 1. Space Sci. 13 , 207- 217 I P,· r· 
ga mon Press Ltd., Northern Ireland, 1965). 

T he correla tion uf experime nt al press ure-density-te mpera ture and 
specifi c heat data for parah ydrogen, H. M. Rod er, L. A. Weber, 
an d R. D. Goudw in (Proc. XI Int e rn. Congress Refrigeration, 
Munich, Germa ny, Aug. 1963) , Prog. Refrig. Sc i. Tec hno!. 1, 
187- 191 (1963). 

Transition from resonant to non-resonant line s hape in mi crowave 
a bsorption , A. Be n-Re uve n, Ph ys. Rev. Letters 14, Nu . 10,349-
351 (Mar. 8, 1965). 

X-ray spectrochem ical analysis of material: ce ment a nd dental 
alloys, B. L. Bean andB. W. Mulligan, Am. Soc. Testing Mat e r. 
Spec . Tech. Pub!. 373, Application of Advanced and Nuclear 
Physics to Tes ting Materials, pp. 25-45 (June 17, 1965). 

Radio Science: 

Measure men t and s tandardi zation of LF to UHF electri cal quan­
titi es. Sket c h of recent world-wide develop me nt s, M. C. Selb y, 
Prog. Radio Sci. 1960-1963. Vol. J. Radio Standards and Meas­
ure me nts, pp. 4:;- .5.5 (Else vier Pub!. Co. , Amste rda m, The Net her­
lands . 1965). 

Radio meteorology, J . W. Herbs lreit , Science 147, No. 3653,76- 78 
(J an. 1, 1(65). 

S tratospheric moisture meas ure me nts using infrared spectroscopy, 
D. M. Ga tes tproc. 1963 Int e l'll. SY lllp. Humid it y and Moisture, 
Wash., D.C.), Book, Humidi ty and Moisture Measurement and 
Co ntrol in Science and Indu stry, Vol. 2, Applica tions, Sec. VI, 
pp. 446- 44'1 (H.ei nhold Pub!. Curp., New York, N.Y., 1965). 

The use of elec trumagnetic signa ls emi tt ed from nuclear explo­
sions to s tud y long- ran ge VLF prupagatiun, A. G. Jean and .J. R. 
Wait , J. Geop hys. Res. 70 , No . 5, 1258-1261 (Mar. 1. 1965). 

T he uses of oblique ionograms in frequency utilization, K. Davies, 
lTV Tel eco mmun. J . 31, No. 10, pp. }-7 (Oct. 1964). 

Tropospheri c propagation, P. L. Rice and J. W. Herbs tre it , Advan . 
Electron. E lectron Phys. 20 , 199- 259 (1964). 

*Publications /01' which a price is indicated are available by pur­
chase ji-om the S uperintendent 0/ Documents , U.S. Government 
Printing Office, IV ashington, D.C. 20402 (foreign postage, one­

fourth additional). Reprints /rom outside journals and the NBS 
Journal of Research mayo/ten be obtained directly ji-om the authors. 
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