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Let G be a finite group of order n. By the generator 
rank of G (denoted by r(G» we s hall mean the smallest 
number of elements of G whic h generate G. In this 
note we shall give bounds for r(G) in terms of the group 
order n , and also some relevant fac ts about p-groups. 

Let the canonical decomposition of n into its prime 
power factors be 

n = pf' pi' . . . P.~s, 

and define 

s 

O(n) =2: ei, 
i= l 

so that O (n) is the total number of primes dividing n. 
Let G; be any Sylow subgroup of G of order Prj, and 
suppose that Ci is a cyclic group of larges t order 
p{i contained in Gi, 1 <;;; i <;;; s. Then we shall prove 
THEOREM 1. The function r(G) satisfies 

s 
r(G) <;;; 2: (ei -.Ii + 1). (1) 

i= l ' 

If G is the elementary abelian group of order pe 
(p prime), then (1) becomes an equality. 

A corollary of Theorem 1 is 
COROLLARY 1. The function r(G) satisfies 

r(G) <;;; O(n). (2) 

If G contains an element of prime power order pf with 
f > 1, then the inequality (2) is strict. 

We note first that if N is a normal subgroup of G, 
then 

r(G) <;;; r(G/N) +r(N); (3) 

and if G= {HI, H2 , ••• , HI } (the group generated 
by the subgroups HI, Hz, ... , HI of C) then 

I 

r( G) <;;; 2: r(Hi). 

We first prove 
LEMMA 1. We have 

;'= 1 

(4) 

(5) 

where Gj is any Sylow subgroup of G of order p~j, 
1 <;;; i <;;; s. 
PROOF. Put 

. . "' o(H) = m . 

Since H~Gi' m must be divisible by p~i, 1 <;;; i <;;; s. 
Since these are pairwise relatively prime, m must be 
divisible by their product. Hence m is divisible by n , 
which implies that m= n, H = G. This completes the 
proof. 

Lemma 1 and (4) imply that 

s 
r(G) <;;; 2: r(Ci). 

We now prove 
LEMMA 2. We have 

"i = 1 

1 <;;; i <;;; s, 

(6) 

(7) 

where Cj is a cyclic group of largest order p~j contained 
in Gj • 

PROOF. By one the Sylow theorems there is a chain of 
groups 
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where Hk is of order pfck( l ,,;;: k,,;;: ei - ii -1), and each 
member of the chain is a normal subgroup of the one 
preceding it. Using (3) and noting that all the quotient 
groups in (8) are cyclic of order Pi, we find in succes­
sion that 

r(C j ) ,,;;: 1 + r(Hd 
,,;;:2+ r(H2 ) 

,,;;: ej - ii-I + r(Hedi- l ) 

,,;;: ej-ii+ r(C j ) 

=ei-ii+ 1. 

This completes the prooL 
The first part of Theorem 1 now follows from Lem­

mas 1 and 2. The second part of Theorem 1 is clear, 
and Corollary 1 is an immediate consequence of 
Theorem l. 

We note that the weaker inequality 

r(C) ,,;;: log n/log 2 

is immediate. For if g!, g2, - . . , gr(r= r(C)) 
generators of C, then the 2r elements 

0< 
br r 

where each exponent is either 0 or 1, are di stinct. 

are 

Notice that Corollary 1 implies that if C is of prime 
power order pe, then 

r (C) ,,;;: e, (9) 

and the inequality (9) is stric t unless every element of 
C is of order p. 

On the other hand, if every element of C is of order p 
it does not necessarily mean that r(C) = e. For example 
the Burnside group 

where F2 is the free group on 2 generators and F? the 
fully invariant subgroup generated by the cubes of 
the elements of F2 , is known to have order 33 (see 
[1),1 p. 324). Thus B(3, 2) is of generator rank 2, every 
~lement of B(3, 2) is of order 3, but the order of B(3, 2) 
I S not 32. 

I Marshall Hall , Jr. , The Theory of Groups (Macmillan, New York, 1959). 

As was previously noted, the elementary abelian 
group of order pe makes (9) an equality. In this con­
nection we prove 
THEOREM 2. The only groups of prime power order pe 
and generator rank e are the elementary abelian ones . 
PROOF. We proceed by induction on the exponent e. 
The result is certainly correct for e = 1 and e = 2. 
Assume the result correct for all exponents < e, and 
let C be any group of order pe and generator rank e. 
As was previously noted, every element of C is of 
order p. Let g!, g2, ... , ge be a basis for C; 

Then every element of C occurs precisely once among 
the pe elements 

0,,;;: rj";;: p-l, 1 ,,;;: i ,,;;: e. 

For if two such elements are equal, say 

then 

which is impossible unless rl = Sl, since otherwise 
(rl - SJ, p) = 1 and it would follow that 

Repeating the argument we find in succession that 
r2=S2 , . .. , re=Se. 

Now let Cj be the subgroup of C generated by gl, 
g2, '.' ., gi-!, gi+J, ... , ge(l:s; i,,;;: e). Then the 
prevIOus argument shows that 0 (C i ) = p e - I, a nd fur­
the~more r( Gi ) = e -1. By the induction hypothesis, 
C j IS elementary abelian (l,,;;: i ,,;;: e) . This certainly 
impl.ies that C is abelian, since e > 2. But the only 
abelIan group of order pe in which every element is of 
order p is the elementary abelian group of that order. 
Hence the result follows for the exponent e and the 
proof is concluded. ' 

It is of course perfectly possible for r( C) to remain 
bounded. as o(C) goes to infinity. For example the 
symmetrIc group Sm(m;?; 3), and any metacyclic group 
have generator rank 2. 

(Paper 71B4-251) 
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Note on normal subgroups of the modular group, L. Green­
be rg, Proc. Am. Math. Soc. 17, No.5 1195- 1198 (Oct . 1966). 
Let N be a normal subgroup of the modular group r , of index J.L and 
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to the case of non-normal subgroups. For it is known that for any 
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description of moving hadrons. It is shown that whe n acting on 
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Differences occur with regard to behavior under charge conjugation. 
In particular, the FW spin acts on particles and anti-particles alike 
and, in the quark model does not lead to the LM spin Aip between 
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Key Words: Hadrons, little group, spin algebras , SU(6), W spin. 

Fundamental polygons for Fuchsian groups, L. Greenberg, 
}. Anal. Math. 18,99- 105 (1967). 
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proof for a wider class of polygons. 
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Fundallle ntal polyhedra for Kleinian groups, L. Greenberg, 
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The following theorem is proved : Let r be a KJeinian group whose 
limit set contains at least two points . If r has a fundam ental poly­
hedron (in hyperbolic 3-space) with a finite number of sides, then 
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the region of di scontinuity in the complex plane cannot be con­
nected and simply connected . From this, it follows that there exis t 
finitely generated Kleinian groups which have no finite-sided funda­
mental polyhedron. This is in surprising contrast to the case of 
Fuchsian groups. 
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problem is studied . 

Key Words: Kl einian group , region of di scontinuity, parabolic tri ­
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Walker , Inorg. Chern. 6 , No. 2, 346-351 (Feb. 1967). 

Heac tions of ethyl idene in the vacuum ultraviolet photolysis of 
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T he effect of other meta llic ions on the e lec troc rys ta lliza tion of 
silver from nitrate solutions, J . P. Young, Plating 54, No.3, 
272-274 (Mar. 1967). 

The relationship between laboratory tests on so lubi lity of zinc ox ide­
eugenol type cement and the ir behav ior in the mouth, G. M. 
Brauer, N.Y. J. Dentistry 37, No.4, 146 (Apr. 1967). 

A new service by NBS. An a id in mak ing the Burea u's technical 
resources available to private standards organ iza tions, manu­
facturers, and government agenc ies, C. S. Gordon , Proc. 15th 
Annual Meeting Standards Engineering Socie ty , Atl an ti c Cit y, 
NJ .. Sept. 14. 1966, pp. 73-75 (1966). 

Absolute calihration of vihration I(enera tors wi t h tim e-shari nl( co m­
puter as integral part of s) stem, B. F. Payne, S hoc k Vibration 
Bull. 36, PI. 6, 183- 194 (Feb. 1967). 

Cathod ic protection of copper in a severe ly corros ive so il , W. J . 
Schwerdtfeger, IEEE T rans. Ind . Gen. App!. IGA-3, No. 1.66- 69 
(Jan.- Feb. 1967). 

Electrical feedthrough for pressures to 10 kbar, P . L. M. Heydemann , 
Rev. Sci. Instr. Laboratory No tes 38, No.4, 558-559 (Apr. 1967). 

Ellipsometric e rrors due to multiple reactions in mica qua rte r-wa ve 
plates, H. T. Yolken, R. M. Waxler, and J. Kruger. J . Opt. Soc. 
Am. 57, No.2, 282- 284 <Fe b. 1967). 

Evaluation of a ~tark voltmeter, Y. Beers and T. W. Russell, IEEE 
Trans. Instr. Meas. 1M-IS, No.4, 380-388 (Dec. 1966). 

Improved transfer standard for vibration p ick ups. E. J ones, D. Lee, 
and S. Edelman, J. Acoust. Soc. Am. 41, No.2, 354-357 {Feb. 
1967) . 

Introduction, J . M. Ri c hardson. (Proc. 1966 Conf. Prec ision Electro­
magnet Measurements, Bou lder, Colorado, June 21- 23, 1966), 
IEEE Trans. Instr. Meas. 1M-IS, No.4, 138 (Dec. 1966). 

Stress·corrosion cracking of co ld-reduced austenit ic s ta inl ess 
steels , H. L. Logan and M. J. McBee, Mater. Res. Std. 7, No.4, 
137- 14.5 (Apr. 1967). 

Anniversaries in 1966- 67 of interest to statis ti c ians Part I: Intro­
duction and summary. C. Eisenhart, Am. Stat. 21, No.2, 32- 34 
(Apr. 1967). 

Comments on presentat ion by Albert A. Anctil , 1. R. Rosenblatt, 
(proc. 11th ConL Design of Experiments in Army Researc h Devel­
opment and Testing, Dover. N.J .. Oct. 20-22, 1965), U.S. Arm y 
ARO- D Report 66-2, pp. 509-510 (U.S. Army Research Office, 
Durham, N.C.. May 1966). 

An int e rcomparison of hydrogen and ces ium freq uency standards, 
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1966). 
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158-159 (Jan. 1967). 

Autoio niza tion spectra of the noble gases, R. P. Madden and K. 
Codling (Proc. Symp. Atomic Interac tlons a nd Space Ph ys ics, 
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Compensation and band tailing effects in high power room tempera­
ture GaAs lasers , N_ N. Winogradoff and H. K. KesRler , Solid­
State Communications 5, 155-158 (Pergamon Press Ltd ., London , 
England , 1967). 
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silver-tin alloys, A. W. Ruff, Jr. _ and L. K. Ives, Acta Met. 15, 
J89--198 (Feb. 1967). 
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H_ Renon, C. A_ Eckert, and 1. M_ Prausnitz, I & EC Fundamentals 
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Rare-gas collision broadening in the lowest 3p I level of Cd, R_ L. 
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2, 1966)_ 

Second breakdown and crystallographic defects in transistors, 
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Ed. C. Bloch, July- Aug. 1965, Monastero, Italy, pp_ 559--565 
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567-573 (1967). 
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(Apr. 1, 1967). 

Correlation of some Precambrian rocks and metamorphic events 
in parts of Wyoming and Montana, E. 1. Catazaro , Mt. Geol. 4, 
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with NO and NO" F. S. Klein and 1. T. Herron, J. Chern. Phys. 
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Cas phase radiolys is of cyclobutane, R. D. Doepker and P. Ausloos, 
J. Chem. Phys. 44, 1641- 1647 (Feb. 1966). 
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dine-N-oxide complexes , G. F. Kokoszka, H. C. Allen, Jr., and G. 
Gordon , J . Chern. Phys. 48, No. 8, 3020 (Apr. 1967). 

Mass spectrometric study of the photoionization of small molecules , 
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Mass Spectrometry, Paris , France, Sept. 1964), Book, Advances 
in Mass Spectrometry 3, 471- 488 (Institute of Petroleum, London, 
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Measurement of the direct i-doublet transi tions in carbonyl sulfide, 
A. G. Maki , J. Mol. Spectry. 23, No. 1, 11 (}--111 (May 1967). 
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Microwave spectroscopy, D. R. Lide, Jr. , Encyclopedia of Industrial 
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N.Y., 1966). 

Microwave spectrum of excited vibrational states of FCN, W. J. 
Lafferty and D. R. Lide, Jr. , J. Mol. Spectry . 23, No. 1, 94--96 
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Microwave spectrum , structure, dipole moment , and barrier to 
internal rotation of phosphorus trifluoride-borane , R. L. Kucz­
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Microwave studies of rotational isomerism , D. R. Lide, Jr. , Trans . 
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Part A- I , 3003-3011 (1966)_ 

Mossbauer spectroscopy: apphcations to aerospace, 1. R. DeVoe 
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Nuclear magnetic relaxation studies of (CD30)."BH, N_ Boden, 
H. S_ Cutowsky, 1. R. Hansen, and T_ C. Farrar, 1. Chem. Phys_ 
46, No.7, 2849 (Apr. 1, 1967). 

Photolysis of cyclopentane at 1470, 1236, and 1048-67 A, R_ D. 
Doepker, S_ G. Lias, and P_ Ausloos, J. Che rn. Phys. 46, No_ 11, 
434(}-4346 (June 1, 1967). 

Radiation and photochemistry , P_ Ausloos, Ann. Rev. Phys. Chem_ 
17, 205-236 (1966), 

Simultaneous determination of copper and zinc in human lung tis­
sue by neutron activation analysis , R_ G. Keenan, 1. H. Marcus, 
and 1. R. DeVoe, Am. Ind. Hygiene Assoc_ J. 27, 128- 134 (Mar.­
Apr. 1966). 

Sublimation, E. C. Kuehner and R. T. Leslie , Encyclopedia of 
Industrial Chemical Analysis 3, 573-584 (1966). 

Symposium on problems of small information groups_ Introductory 
remarks, M_ B. Henderson (Div. Chem_ Lit. Symp_ Problems of 
Small Information Groups, 15 1st NatL Meeting Am. Chem_ Soc., 
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Systematic errors in "recovery" and "detection" efficiency as re­
lated to radiochemical analysis, L. A_ Currie, Proc_ 11th Annual 
Bio-Assay and Analytical Chemistry Meeting, Albuquerque, New 
Mexico, Oct. 7-8, 1965, AEC No_ 651008, pp. 35 (Clearinghouse 
for Federal Scientific and Technical Information, Springfield, 
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The chain decomposition of propane initiated by vacuum ultraviolet 
photolysis, A. H_ Laufer and J- R. McNesby, J- Phys_ Chem_ 70, 
4094--4096 (1966). 

The crystal structure of sodium tetraborate , A. Hyman, A. Perloff, 
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1967)_ 

The determination of bound styrene soluble high styrene-butadiene 

252 



resins, M. A. Post, J. Paint Techno!. 38, No. 497, 336-342 (June 
1966). 

The microwave spectrum and dipole moment of pyrazole , W. H. 
Kirchhoff, J . Am. Chem. Soc. 89, No.6, 1312-1316 (Mar. 1967). 

The microwave spectrum, structure, dipole moment, and quad· 
rupo le coupling constants of trans·nitrous acid , A. P. Cox and 
R. L. Kuczkowski, J. Am. Chem. Soc. 88 , No. 22, 5071-5074 
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Thermal decomposition of 4,4·dimeth ylpentene·l in a single·pulse 
shoc k tube, W. Tsang, J. Chem. Phys. 46 , No.7, 2817-2822 
(Apr. 1, 1967). 

Two National Bureau of Standards data centers: che mical kinetics 
and mass spectro metry, D. Garvin and H. M. Rosens tock, J . Chem. 
Doc. 7, No. 1, 31-34 (Feb. 1967). 

Vacuum·ultraviolet photolysis of solid propane at 200 and 77 oK, 
R. E. Rebbert and P. Ausloos, J. Chem. Phys. 46, No. II , 4333-
4339 (June 1967). 

Vapor deposition of tungsten by hydrogen reduction hexafluoride 
process variables and properties of the deposit, J . F . Berkeley, 
A. Brenner, and W . E. Reid , Jr. , J. Electrochem. Soc. 114, No.6, 
561-568 (June 1967). 

A new ultra·low·frequency bridge for dielectric measurements, 
W. P . Harris , 1966 Annual Report, Conf. Electrical In sulation 
and Dielectric Phenomena, Nat ional Academy of Sciences·Na· 
tional Research Cou nci l, Mount Pocono, Pa., 1966, pp. 72-74. 

A 100 Mc/s 2 out of 3 gate, J. K. Whittaker, Nuc!. Instr. Methods 45, 
No.1, 138- 140 (Nov. 1966). 

A single axis, two crystal x·ray instrument, R. D. Deslattes, Rev. Sci. 
Instr. 38, No.6, 815-820 (June 1967). 

A testing and rating method for refrigerated trucks with respect to 
cooling load, P. R. Achenbach, C. W. Phillips, and R. W. Penny, 
Annex to Proc. Intern. Inst. Refrigeration , Comm. VII , pp. 29-35 
(London, England, Sept. 1966). 

Two·crystal, vacuum monochromator , R. D. Des lattes, Rev. Sci. 
Instr. 38, No.5, 616-620 (May 1967). 

Air·to·air heat pumps for military housi ng, Military Engr. 384,270 
(July- Aug. 1966). 

An improved tran sportable 10 picofarad capacitor, R. D. Cutkosky 
and L. H. Lee, Proc. 11" Session, Co mite Con. D'Elec tri ci te, May 
10-12, 1965, pp. 65-66 (May 1965). 

Comparison of the Hall·Petch parameters of zone·refined iron dete r· 
mined by the grain size and extrapolation methods, B. W. Christ 
and G. V. Smith, Acta Met. 15 , 809-816 (May 1967). 

Discussion of the paper " flow in culverts and related design philoso· 
phies", J. L. French, J. Hydraulics Div. Am. Soc. Civi l Eng. 93 , 
No. HYl , 85-91 (Jan. 1967). 

Five years of VLF worldwide comparison of atomic frequen cy stand· 
ards, B. E. Blair, E. L. Crow, and A. H. Morgan, Radio Sci. 2 , 
No.6, 627-636 (June 1967). 

Performance criteria for building components and systems, P . R. 
Achenbach, Proc. Porcelain Enamel Insti tute Forum , Un iversi ty 
of Illinois, Urbana, III., Sept. 28-30, 1966, 28, 176-195 (1966). 

The Bi I·II trans ition pressure measured with a dead·weight piston 
gauge, P. L. M. Heydemann, J. Appl. Phys. 38, No.6, 2640-2644 
(May 1967). 

Transistorized current stabilizer for x·ray tubes with directly heated 
cathodes, K. W. Yee and R. D. Deslattes, Rev. Sci. Instr. 38, 
No.5, 637-638 (May 1967). 

Anniversaries in 1966-67 of interest to statisticians. Part II : Te r· 
centennials of Arbuthnot and De Moivre, C. Eisehnart and A. Birn· 
baum, Am. Stat. 21, No.3, 22-29 (June 1967). 

Computer aided typesetting, W. R. Bozman, Book, Advances in 
Compute rs, 7, chapt. 4, 195-207 (Academic Press, Inc., New 
York, N.Y., 1966). 

Invariance of the homology of a latti ce, J. Mathe r, Proc. Am. Math. 
Soc. 17, No.5, 1120-II24 (Oct. 1966). 

On conjugate subgroups of klein ian groups, L. Greenberg, Am. J. 
Math. LXXXIX, No.1, 56-68 (Jan. 1967). 

A comparator for thermal AC·DC transfer standard s, R. S. Turgel, 
Proc. 21st Annual ISA Conference and Exhibit , New York , N.Y., 
Oct. 24r-27 1966, ISA Preprint 12.3- 1- 66 (Oct. 1966). 

Calibration of germa nium thermometers from 2 to 20 OK, G. Cata· 
land and H. H. Plumb (Proc. Intern . Inst. Refrigeration, Commis· 
sion 1, Boulde r, Colorado, 1966, Annexe 1966-5), Suppl. Bull. 
Inst. Intern . Froid , pp. 153- 163 (Louvain, Belgium, 1966). 

Calibration of the NBS photoelectric pyrometer of 1961 , R. D. Lee, 
Proc. 7th session, Comite Con. de Thermometrie, Paris, France, 
pp. 74r-78 (Sept. 24, 1964). 

Cryogenic thermocouple thermometry, L. L. Sparks and R. L. 
Powell, Meas. Data 1, No. 2, 82-90 (Mar.·Apr. 1967). 

International standardization and expanded world trade, A. V. 
Astin, Mag. Std. 37, No.7, 191- 194 (July 1966). 

On long·term stability of Zener refe ren ce diodes, W. G. Eicke, Jr. , 
and H. H. Ellis, Proc lIe Session, Comite Con. D'Elec tricite, May 
10-12,1965, pp. E- 73-E-77 (May 1965). 

Potential applications of the x·ray/density me thod for the co mpari· 
son of atomic· weight values, R. D. Deslattes, H. S. Pe ise r, 1. A. 
Bearden, and J. S. Thomsen, Metrologia 2, No.3, 103- 111 (Jul y 
1966). 

Review of elementary theory of the photometry of projection ap· 
paratus, C. S. Douglas, llJum. Eng. 62, No. 4, 246-253 (Apr. 1967). 

Statistical concepts in metrology, H. H. Ku , Book, Handbook of 
Industrial Metrology, chapt. 2, pp. 20-54 (Prentice·Hall , Inc., 
Englewood Cliffs, N.J., 1967). 

The photometry of colored light, A. C. Wall , Il ium. Engr. 6 2 , No.4, 
239-242 (Apr. 1967). 

Thermal converters used as transfer standards for the measure· 
ment of alternating current and voltage, F . L. Hermach, Proc. 
lIe Session, Comite Con. D'Electricite, May 10-12, 1965, pp. 
E-83-E-88 (May 1965). 

Use of a laser for length measurement by fringe counting, Metro· 
logia 2, No.3, 95-98 (July 1%6). 

A note on thermal expansion coefficients of rare gas solids , R. D. 
Mountain , J. Phys. Chem. Solids 2 8 , 1071- 1073 (Dec. 29, 1966). 

A simple and accurate method of calibration by photopea k efficien· 
cies, J. M. R. Hutchinson and D. H. Walker, Inte rn. J. Appl. 
Radiation Isotopes 18, No.1, 86-89 (Jan . 1967). 

Additional stopping power and range tables for protons, mesons 
and electrons, M. J. Berger and S. M. Seltzer, NASA- SP- 3036 
(1966). 

Alpha gamma angular correlations in three heavy odd·A nuclides, 
J. M. R. Hutc hinson, Phys. Rev. 157, No.4, 1093- 1098 (May 
1967). 

Annu al report on spectroscopy, C. E. Moore, Astron . J. 71, No.9, 
796-797 (Nov. 1966). 

Approximate e igenfunctions of the Louville ope rator in classical 
many· body sys tems. II . Hydrodynamic variables, R. J. Nossa l 
and R. Zwanzig, Phys. Rev. 157, No.1, 120-126 (May 5,1967). 

Autoionizing D states in He below the n·2level of He, J . W. Cooper, 
S. Ormonde, C. H. Humphrey, and P. G. Burke, Proc. Phys. 
Soc. 91 , 285-287 (1967). 

Certificates of radioactivity standards, S. B. Garfinkel, A. P. Baerg, 
and P. E. Zigman , Report of the Subcommittee on the Use of 
Radioactivity Standards, Nat l. Acad. Sci.- Na tl. Res. Council , 
pp. I- II (Washi ngton, D.C., Dec. 1966). 

Cold·neu tron stu dy of hinde red rotations in solids and liquid methy l 
chloroform , neopentane and ethane, J. J. Rush , ]. Chem. Phys. 
46 , No.6, 2285-2291 (Mar. 1967). 

Conformation of adsorbed polystyrene measured by attenuated 
total reflec tion in the ultravio let region, P. Peyse r and R. R. 
Stromberg, J . Phys. Chem. 71, No. 7, 2066-2074 (June 1967). 

Correction of some erroneous calculations of the Einstein A coef· 
fici ent for the 18 cm transition ofOH, D. R. Lide, Jr. , Natu re 213, 
No. 5077,694-695 (Feb. 18, 1967). 

Deformation twinning in Ni and F. C.C. Fe·Ni alloys, R. P. Reed, 
Phil. Mag. 15, No. 137, 1051- 1055 (May 1967). 

Dependence of 50 and 100 keY bremsstrahlung on targe t thickness, 
atomic number, and geometric factors, R. C. Plac ious, J. Appl. 
Phys. 38, No. 5, 2030- 2038 (Apr. 1967). 

Development of the engineering method and so me s implified 
methods of structure shielding analysis, C. Eisenhauer (Lecture 
Notes, OCD Summer Inst., Kan sas State Univ. , Manhattan, 
Kansas, 1962- 1963, 1965), TR- 40, Radiation Shielding-Analysis 
and Design Principles as Applied to Nuclear Defense Pl anning, 
V- 1- V- iv (Supt. Docs. Gov!. Printing Office, Washington, D.C., 
Nov. 1966). 

Dielectric constants of PbWO. and CaWO., W. S. Brower and 
P . H. Fang, J. App!. Ph ys. 38, No.5, 2391 (Apr. 1967). 

Effect of oxygen on the photoelectron yield from tungsten in the 
vacuum ultraviolet, B. J . Waclawski , L. R. Hughey , and R. P. 
Madden, Appl. Phys. Letters 10,305 (1967). 

Effects of environment on the fracture of glass , S. M. Wiederhorn , 
Proc. RIAS Conf., Baltimore, Md., June 7- 8, 1965, pp. 2~3-3 17 
(Gordon and Breach, New York, N.Y., 1966). 

Eigenchannel theory of nuclear reactions, M. Danos and W. Greiner, 
Phys. Rev. 146, No.3, 708- 712 (June 1966). 
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Electron beams: National Bureau of Standards and the new tech­
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