Sy S S5
ORNL,/CSC-27

MATHEMATICS and STATISTIGS
RESEARGH DEPARTMENT

Pragress Renort

Peind g'udmg June 30,1977

OAK RIDGE NATIONAL LABORATQRY

OPERATED BY UNION CARBIDE (ORPORATION FOR THE ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION

>




BLANK PAGE



Pr.aated :n the United States of Amenca Availabie from
Nationa!l Technical Information Service
U.S Department of Commerce
5285 Port Royal Road. Spnn-jheld. Virqimia 22161
Price Prninted Copy $598 Microfiche S3.0C

£c.oo

San e e b T IR HESPIL
b HER A t
. EP P )
- N ..
v e pi e, 1,
.o ‘ N
4,00 “ - gt




ORNL/CSD-27
Distribution Category UC-32

Contract NO W-7405-eng- 26

COMPUTER SCIENCES DIVISION

MATHEMATICS AND STATISTICS REScARCH DEPARTMENT

PROGRESS REPCRT
for Period Ending June 30, 1977

D. A. Gardiner. Head
Compried and Edited by

. Lever
. Shepherd

mm

Work performed at Oak Revdge National Laboratory
P 0. Box X. Dak R:cdgr. V2nnesser 37830

P

Rrwye n e
»
ol e
N actary
T¥anry o, '
re
hordry o, P-em

Dote Pub!ished: SEPTEMBER 1977

Froeee fon g
wy o, .
I prreatery v 'P'v'-x. .
el iy

UNION CARBIDE CORPORATION NUCLEAR DIVISION
nuerating the

Qar Ridge Saieous ittusion Prany Oak Ridge National Laboratory

Coam Badge Y 12 Plant Partirah Goagmane f6comn Mg

tor the

Enerpy Research gnd Deselopment Adnurustration



Repants previously issted in this serics are as follows:

ORNL-22K83
ORNL-2652
ORNL-2915
ORNL-30%2
ORNL-3264
ORNL-3423
ORNL-3567
ORNL-3766
ORNL-3V1Y
ORNL-40K3
ORNL4236
ORNL-13835
ORNL-4514
OR L4661
ORNL-4761
ORNL-4%3]
ORNL-49s9

CCOND-CSD- 18
ORNi. CSI>13

Period Ending Februan 28, 1957
Period Ending August 3. 1955
Period Ending December 31, 1954
Period Ending December 31 (900
Period Ending January 31, {962
Period Ending December 31, 1962
Period Ending December 31, 1963
Period Ending Decembe, 31, 1964
Perind Ending December 31, 1903
Period Ending December 31, 19606
Period Ending December 31, 1967
Period knding December 31, 1968
Peciod Ending December 3§, 1969
Perivd Ending Deoember 311970
Penod Ending December 31, 1971
Period Ending December 31,1972
Period Ending Jure 30. 1974
Period knding June 30, 1975
Period Ending June 30, 1976



Contents

PART A. MATHEMATICAL AND STATISTICAL RESEARCH

I. MOVING BOUNDARY PROBLEMS . .. ... . ittt iaes eeaeaans 1
The Approximate Soldution of Free Bowndary Problems by Asalyiical Technigues . .. ....... .. ....... 1
Existenve and Uniqueness for Samilarity Solutions of One-Dimensional Multiphase
StefanProblems .. .. ... ...l e e e 2

Y NUMERICAL ANALY SIS i e e 4
Analyss of Divergemt Series .. . ... ... 4
Bounds un Solutions of Lincar Systems with Inaccuraie Coefficients and Right-Hand Sides ... .. ... ... .. 4
Probabifistic Error Analysis of 2 Pade Algorithm for Computing the Matrix Exponentid ... ... ... .. ... .. 5

3. CONTINUUMMECHANIKCS ... ......... .. P 7
Boundary Reflection of Diffracted Waves . ... ... ... . e 7
Constitutive Equation for Elastic-Plastic Medium .. ... ... ... ... .. . L 3
Effect of Sutface Inhumogeneity on Elastic Wave Propagationr .. .. ... ... ... ... Lol 9
Forces on Defects in Lincar Elasticity .. ................... e e 10

4. MATRICESANDOTHER OPERATORS ................... e e e 1
Stability and Semipositivity of Matrices .. ... ... L 7]
Stability and Semipisitivity of Matsices with Noapusitive Off-Diagonal Entries ... ... ... ... .. ... ... 3]
The Rank of a Differance of Matrices and Assiniated Generalized Invesses . ... o L. o o ... 13
Operators Commuting with a Compact Quasi-Affinity .. ......... ... e 13
Computation of Wiener-Feynman Integrals . . . ... U e e 13

5 EXPERIMENTAL DESIGN . . e 14
D-Optimal Three-Level Factotial Designs . ....... .. ... ... ... ..... e e 14
Design of Expe-: nents to Detect Model Inadequacy ... .. .......... ... ... . 14
Designs 10 Deicct the Presence of Interactions in Faclorial Experiments ... .. ... .. ... .. e 16

6. STATISTICAL TESTING . ... . e e e e, 17
Effect of Nonnormality on the Distributionof the rStatistic ... ... ... ... . ... . ....... 17
Tests for Uniformity . ... e 17
Loglaplace Distribution . . ... ... .. . e e 18


http://lnve.--.es

7. MULTIVARIATE, MULTWPOPULATIONCLASSIFICATION ... ... ... ... ... . i iiiiiiinanann 1]
Multivariate Hyperprometric Distributions: Extrewmal Frequemcies ... ... ... . ... ... ... ... 19
8 SIATISTICAL ESTIMATION . ... ittt it ottt e c e e anaaans 2
Ridge Regression 3s 3 Meazs of Utilizing “Prior™ Information .. ... ... ... ... ... ... 20

12.

13.

14.

PART B. STATISTICAL AND MATHEMATICAL COLLABORATION

ANALYTICAL CHEMISTRY . ...t i e ittt i eraaeaanns b
Prediction of Histopathological Probabilities . . ... ... ... ... ... io.iiiiiiiiiil... P |
Cigaretic Smoke Porticle Distribostion .. .. .. ... ... . .. iiieeiiil it o]
BIOLOGICAL RESEARCH .. ... ittt et eaas 2
Protein Breakdown imaCell ... . ... ... %
Radiation-Inde~ed Chromosome AbeTrations . .. ... ... .. ... ... ... iiiiiiiiiiaaiaann p..
Radiation-Induced Mutations a3 2 Function of Doseand Dose Rate ... ... ... ... .. . ... ..... n
Lems Opacily SHIES . . . . ..o »n
Design of 2 Sevial Sactifice Experiment - ... ... ...t »
Sequential Tests for Mutagenicityof Chemicals . ........ ... .. ... ... ...l 3
INhalation Carcmopemesis . .. .. ... ...t s 30
Deconvolution of Fluorescence Decay Data . ... .. . .. e 31
Survival Analysis of Mice Treated with X Raysand MMS . ... ... ... ... ... . ... .. ... ... 32
CHEMISTRY ANDPHYSICS RESEARCH _ .. ... .., k1)
Cakuiation of the Density of States of ABoys . .. .. ... ... it k) )
Disordered Systems with Short-Range Ovder . ... ........ ... i ittt ineraaaaaannn, 3
Spectral Densities of DISOrdered SYSIemS ... ..o e 34
ENERGY RESEARCH . .. .. . e e et e 35
Sensitivity of the Economy oEnergy Decisions . .. .......... ...t 35
Field Demonstration of Communication Systems for Distribution Automation .. ..................... K}
ENGINEERING TECHNOLOGY RESEARCH .. .. .. ... .. ..., i 3
Research on Latent Heat. Thermal Fnergy Storage Subsystems . .. ................................ 3
Powe Plant Perfommance ...............ooiuuiiineennteeer et 37
Dynamic Far-Field Stresses Genenated by a Suddenly AppearingCrack ............................. 37
ENVIRONMENTALSCIENCES RESEARCH .. ......... ... . i I
Evaluation of Polycyclic Aiomatic Hydrocarbons and Aryl Amines .. .............................. I
Population Growth of the Calanoid Copepod ............ ... ... .o e k|
Effect of Density and Food Levelon the Calanoid Copepod . ... .. .......................oiils. 3
Methylationof Inorganic Mercury . .. ........... ... .. ittt 3




Influence of Adult Demsity or = Calancid Copepod Zooplamkter . ... ..................coiiiiiaon 3»
Use of Lincar Logistic Model to Evaluate Toxic Substames . ... . ... ... ... ... iiiiiinanannn 0
1S HEALTHPHYSICS RESEARCH ... ... . ittt iaa i ctaeaca e aannens 41
Levkemia Incidence ol Atamic Bomb Servivors . ... ... ...l 41
16, MATERIALS RESEARCH ... ... ittt eeriocasaneeaaeanas Q2
Performance of HTGR Fuel Particles During Cured-inPlxe Carbonization . . ... ... ... ... ... .. 4?
Distribution of the Number of Precursor Atoms Formed During Irvadiation . ... ... ... ... ........... 43
IWOK Rate Constant Prediction Equation . .. .. ...... ... . .. ... ... ciiieiiiiiian. a3
CreepRuptureof Alloy Miatesials . ... .. .. . it  _
Anslysis of Data from Varisiraint Testsonlncoloy 800 .. ... .. ... ... ... ... . .iiiiiiiionn. 45
A Summary of Results from Pilot MembershipSurveys ... ... ... ...l 47
Amdlysis of Dvy Demier Variability in Kebvar Yamm .. . .. ... ... ... 43
ComlResearch Program . . ... .. e i 48
17. SAMPLING INSPECTION ANDQUALITYCONTROL .. .. .. ... ... it ®
An Investigation of the Tube Sheet Inspection Plams . . ... .. ... ... ... .. ... ..., ®
inspection Probabilities . ... . ... e, 9
Inspection Frequencies of ERDA Quality Avedit . ... ... ... .. i »
I8. URANIUM RESOURCE EVALUATION RESEARCH . ... ... ... ... i 50
Uranium Resource Evaluation Program . ... ... ... i )
Botanical ComPariOnS . ... .. ... ... ... e et 50

PART C. EDUCATIONAL ACTIVITIES

Second ERDA Statistical Symposium . . ... e $3
Union Carbide Corporation Applied Mathematics Symposium . .. ... ... ... . ... ..., 53
SOl ST S . . ... . e e 4
In-House Continuing Education Program .. .. ... ... . e s4
L of I T oY - 54
Moving Boundary Problems Workshop .. .. ... ... e 54
Visiting University Facully . . . .. . e ss
ORAU Traveling Lecturers . . ... ... .. ss
Supervision of SIUdents .. ... .. ss




MSRD Moving Boundary Problews Colloquinm SPEskers . ... ..........................oiiiieii.o.. s
UT-MSRD Seminars on Matrix Methods in Nemerical Amalysis .. ... ....... .. ............coooioaoo. 57
MSRD Drpartment Semimars ... ... .. ... .. ... iiieeiiiiieiieeiiieiaieaaoaas 57
ORAU Traveling Lecture Presemtations . ... ... .. ... .. ooiiiatiiiiianna e aaaaaaaanns L )

P oM . . ... ... . ...l 6l
Booksamd Proceedimgs . . .. ... ... ... 6}
Jowwmal Artches . . .. it e 62
M 6S

Ol Pres M IOl .. ... et 65

vi




Preface

The 1976-77 year wan a yeur of adjastment for the Mathematics and Siatistics Research Depanment.
Dudgetary restrictions acorssitated the discontinuing of the exceilent visitors program we had mitiated the
year before, as well as the joimt colloguiem series with the University of Tenaessee. Also. it was necessary 0
Pt move emphasis on reimbursable consulting and colaboration with correspondingly kess emphasis on
self-generated research. Nometheless, the stafl responded admirably and emjoyed a fruitful year of
contributions 10 the nation’s energy efforts.

A scientific highlight was the Second ERDA Suatistical Symposium beid at the Oak Ridge National
Laboratory site and attended by alwmost 70 statisticians from the ERDA statistical community. Another was the
Third Umivn Carbide Corporation Applicd Mathematas Symposium. attended by about 35 Union Carbide
methematicians and statisticians and held at the Oak Ridge Associated Universities Carpus.

The depantment was pieased 10 welcome Professor Alan D. Solomon. who is on leave from th: Ben
Gurion University of the Negev. Isracl. Dr. Solomon is doing research in moving boundary problems and
collaborating with engincers in the Thermal Energy Storage Program.

Robert R. Coveyou retired from the corporation afier a third of a century of company service. V. R. R.
Uppuluri ook a leave of absence 10 be with the University of California at Santa Barbara. and Kimiko
Bowman accepied a temporary assignment 10 visit universities and industries in Japan for the U.S. Office of
Naval Research.

The past year was an exceptional year for awards and honors. Kimiko O. Bowman and David G.
Gossliee were elected Fellows of the American Statistical Association by vinue of their signal contributions to
the field of statistics. Four statisticians of the department now are Fellows of the ASA. Donald A. Gardiner
was clected an Ordinary Member of the International Statistikal Institute and became the department’s
second member to receive this honor. David G. Gosslee was elected a Fellow of the American Association
for the Advancement of Science: the depariment now has three Fellows of the AAAS. The entire department
was honored when ous last annual repont. Progress Repurt for the Period Ending June 30. 1976,
ORNI. CSD-13. received the Award of Excellence in the category of annual reports from the East
Tennessee Chapter of the Society for Technical Communication.

vii
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Part A. Mathematical and Statistical Research

1. Moving Boundary Problems

A.D.Sohomun  D.G. Wikon

THE AFPROXIMATE SOLUTION OF
FREE BOUNDARY PROBLEMS
BY ANALYTICAL TECHNIQUES

Many physial mechanisns consist of a2 tramsier
prixess, swch as dilfusus. in 2 regem which is deter
mincd by the nansler proxess and auxiliary initio! and
bowndary conditions. The sokition of problems con-
veined with suwch mechanisms involses the specification
of the scalled ~free bowndary ™ of the region and the
function delining the transfer provess.

As an cxample of such 3 mechanism. we can pont 1o
the solidification of 3 semi-ifinite slab of material
wuupying the region x 2 0 and having melt temypera-
wre T, ,. thermal conductvity K. density p. thermal
dilfusivity a. and latent Iwat M. Let Tix. /) denoite the
temperature of the material at point x and time 7. Let
us assume that at the onsct of the solidilication prixess
the material is subely liquid at the sxlt temperature:

Ne.=T,. x>0. th

Let the buindary temperature at ¥ = 0 be wi al 2
constani value below T

nNO.NnN=Ta<¥,. 1>0. 'N)

Then solidification will 1ake place in an ever-extending
region cmanaling from the cold boundary x = 0 and
extending [0 a2 point x = X(7) that varics with time. The
fonctiom Xiry defines the “liee boundary™ of the
proxess. AL any time 7 the infervals 0 < x < Yi7) and

N < X cumist of solid snd hypid oawrial respex-
tively. Murewwer. the lical tramsler prucess is poverned
by the redatoms

T,=al,,. 0<x<Xin. 3

Nen=T,. x>0n. (2]

whike the Iree boundany Y15 satistics the relations
XN =KT X 1} . 5
nxn. =7, . ®)

where X (1) denotes the limiting value Trom the kefs.
Thes cxample admits of 2 similarity solution.’ bat
dight (and redistic) wditicatoms of it resaft n
problcnns that cannet be solved explicitly. For example,
the boundarny condition. Fq. 1 1), may be of the furm
AT 0.n=hNx. 0 Anj.
where s 2 suitable constant and A0 is. perhaps. a2
rapidiy vanving functen. Similarly. kq. (6) may be
ndilicd by the Tact that T, might itsell he a lunction
of 1 and even Xi7):

Tixn.s) =T, vun.1 .

chearly . Eqp. (3 and (5) may alse admit of mendilica.
tions in their strug ture.

—— e

i. B Carslaw and ). Jaeyer. Comdwcrion nf ficet in Solids. 34
cd.. Oniowd University Press. London, 1999,



M:gerlin® introduced an approximation procedure for
e solution of such free boundary problems. This
we hod comsists of expanding the function 7Tx. 1) in
ix form

Na.)=T + L aoix - XV
1

an | obtaining the g(7)’s from Eqs. (2)—{6). Due 10 the
conplicated structure of the resulting relations. th.
ex waion was not wsed for j > 2. However.cven in this
Lirsited comtext the method has good accuracy and is
wilely used in heat tramsfer problems. We have brood-
enzd hoth the method and its applicability in 2 mumber
of mays.

\n extension ol Megerlin's method has been devel-
ored by sabdividing the interval 0 < x < X(7) im0 ¥V

sudregions,
rN-1 l

10. X/¥] . [XIN, 2XIN] . .. |—Tx, X
]

*. ¢ N a natural numin~ Then in the jthregion(j = |,
2 )

)y er<dy.

N N
+12bstitute
= Xy ol iXp
T "i"‘i(""ﬁ)”i\’ N/

nto the equations of the problem applicable to it. This
sields a system of ordinary differential equations in v;
wd X which is linear in ¥; and which. for 1arge N. may
s¢ solved by standard methods (e.g.. Runge-Kutta). for
wmall N the system admuis of analytical approximate
olutions. We have shown that. for the problem given
by our eatlier example. this procedure yields approxi-
mate solutions X(r) and Nx, 1), which as ¥V = e
converge to the exact solution. Muieover. the
convergence is at least O(1/V).

The Megerlin procedure and its extension have been
applied 10 the following types of problems:

I. rapidly varying boundary conditions.
2. twu-phase problems,

2. F. Megerlin, “Geometrisch Eindimensionale Warmeleitung
Wein Schmelzen und Fostarren,” Forsch.  [agentenrwes. 34,
4046 (1960).

3. time-dependent melting temperature. and
4. porabolic equatinns with heat sonrce tenns.

In all cases the method yields clused-form aporoxi-
mations exhibiting the gqualitative dependemce of the
solution on the parssmeters of the problem.

Alermative methods based on finite differences® and
rroments’ have been compared with the Megerlin
approaxh and its extension for small N. Degrees of
discrenancy ROt exceeding 15%. but in most cases
below 107 were obtained.

EXISTENCE AND UNIQUENESS FOR SBMILARITY
SOLUTIONS OF ONE-DIMENSIONAL
MULTIPFHASE STEFAN PROBLEMS

Stefan problems consist of the difusion or heat
equation id regions sepatated by muving buundaries
whose locations must be determined as part of the
problem. Problems of this type aise in many
phase—hange processes and in problems associated with
alloys. Sicfan® published the solwtion of a2 spevial
phase-change problem in one Cartesian coordinate in a
study of the thickness of polar ice. In this case the
solution depended only on the similarity variable x/v/1,
and the location of the singe free buundary was
proportional to v/r. Solutions of this form are called
similarity solutions.

Similarity solutions for free boundary problems
aniedate Stefan’s published result. Carslaw and Jacger!
assert that “the muore general resuit known as
Neumann's sofution was given by Franz Neumann in his
lectures in the 1860s. Similarity solutions are among
the few explicit solutivns obtainable for Stefan
problems and interest in them persists. Numerous
authors have given similarity solutions for Stefan
problems in various peomciries.

These similarity solutions give rise 1o a system of
nonlinear equatiors for the coetTicients of +/r which
determine the speeds of the internal boundaries. For
the simplzs' Stefan problem. the equation is x cxpix?)
X erfix)= A, where A is determined by various constants
of the problem. Since x expix2)erfix) is monotone
increasing. the existence and umqueness of a solution is
obvious.

3. A. Solomon. "Sotme: Remarks on the Siefan Problem,”
Marth. Comp. 20, 347 .60 (1966).

4. ). Seckely and N. Themelis. Rerc Phemomens in Process
Metadinrgy, Wiley, New York, 1971,

S. ). Stefan. "Uber die Theorie der Fisbiidung. insbesondere
uber die Eisbiidung im Pokrmeere,” Anm. Phys. Chem. 42,
169 B6(1891).




Aithough most authors assume that the more
cumplicated nonlinear s stems which atise do have
waique solutions. few such systems have been analyzed
in detail. Ve have mvestigated ome-dimension-’
multiphase “wefan problems and  established the
existence and uniqueness of a soluti .2 10 the nonlinear
equatior., generated by the smmilarity solution. A verbal
descripton of a “one-dimensional multiphase Stefan
problem™ is as follows: 2 semi-infinite volume of
matesial is imitially a1 2 comsitant temperature, the

surface is maimiained at a differemt comstant lempera-
wre, emperature changos proveed by conduction, and
the material may change phase n times o it changes
from its imitiad 10 its linal wemperamre. Our result is
that the siluton exists and is unique if the
temperatures of the intermediawe phases are monotoni-
cally distributed betwee- the imitia! and final
temperatures. Fortunately. this is exacthy what we
would expect physically.




2. Numerical Analysis

K.O.Bowman ) E Copet

ANALYSIS OF DIVERGENT SERIES

Preliminary work on  dgorithes for 1mming
divergent series and  approximating singwlarities has
been  described in 2 previvus  report.’ Fur mildly
diverpent series im puwers of 27! (the sth cueflivient
being less thans’ in magnitude). Pade approximants
way kad 10 2 sequence of apparently cumverping
approximants. Alteraative approximants® can  be
Jdevived using
» doil)

r4m

FAmz=n¥, ,(in)+¥in) b>a. (1)

whete ¥, () and ¥,0-) are real polynomials of
degrees r | and 7 respectively. of1) is 2 nondecreasing
function with infinitely many puints of increase. and
F,in) s asymptotically equivalent (1o a certain degree)
1o the given series. The choie of o(f) and the
corresponding integral tramsform can be related o
abitrary  Stieltjes (convergent) continued fractions.
Asymptotic convergernce of this algorithm seems (o
depend on maiching the rate of increase of terms in the
power series with those in the serics development of the
contimued (raction.

For strongly divergent series 2 twu-compuoncnt version
of Eq. (1) has been developed.® The simplest choice of
olr) s now | e’. The determination of the
unknowns in the generalization of Eq. (1) can be
achieved by simple recussions. avoiding any matrix
inwersion.

Summation algorithms must be tested aginst known
divergent serics (c.g. ref. 6. pp. 121 32), and trivial
structures arc almost useless. As a starting puint. the

1. Computing Applications Deparimcnt.

2. Unimersity of Genrgia,

3. "Algorithms Tor Semming Diverpent Serics with Parvivular
Reference 1o Siatintical Sampling Moments, “Marh. Siar. Rrs.
Dep. Prog. Rep. Jame 30, 1976. ORNL/CSD-1), p. 21
{October 1976).

4. L. K. Shenton and K. O. Brwman, A New Algorithm for
Swmming Divergent Series. Part 1. “J. Compr. Appl. Math. 2,
151-67(1976).

$. K. 0. Bowman and L. R. Sherton, "A New Algorithm foy
Comming Divergent Series, Patt 2. 'S, Comput. Appl, Math. 2,
259-66 (1976).

6. G. A. Baker, Jr.. Fssentisls of Pelé Apprv:cimenis,
Academic Press, New York, 1978,

B. W. Rusnt?

L. R.Shention2 R.C.Ward

mean value of the sample standord deviation
exponcntial sampling was chosen along with Stwdent’s
onc-sample 2.7 1t transpires that for the Lateer. the first
four central moments have Sticlties continued fraction
develuopments leading tc moaotunic envelopiag bosnds.
This unexpected result sugpests the pussibility of the
relation, for samples of n .

Lx#lxl=‘l/’ln J*L-u*nf‘cﬂxl .

where ¢(-) is the distribution function of ¢ (under
amma sampling) and of *) is 2 nomdecreasing ( Stieltjes)
weight function.

BOUNDS ON SOLUTIONS OF LINEAR
SYSTEMS WITH INACCURATE COEFFICIENTS
AND RIGHT HAND SIDES

Octili, Prager. and Wilkinson® 2-19 have dealt with
the problem o finding the sulution sc: of a system of 3f
equations in NV unknowns,

Ax=b.

where 4 and b are known only 1o some limited
icrance, 4° MEAS A+ A and D IS HSH
+ Ab. with A4 and Ak being arrays comsisting of
pusitive ¢lements. Given an w-vector x. necessary and
sufficient conditions have been established by Oettli et
al." fur x 1o be an exact solution for some sysiem Ax =
bwhere 4° - MKASA +AMMadb - ABLH

7. L. R Shenion and K. O. Bowman, A New Algorithm for
Summing Divergent Scries, Past 3, *J. Comput. Ap;d. Math, 3
\nn.

8. W. Ocitli, “On 1he Solution Set of a Lincar Sysiem with
Inaccurate Cocllicients,” SIAM J. Nomer, Anel.. Scv. B 2,
115 -181196%).

9. W, Octth and W. Praper, “"Compatibility of Approvimate
Sofution m  Lincar Fgquations with Given Error Bounds for
Cocflicients and Right-Hand Sides.” Vamey, Maih. 6. 405 9
(1964).

0. W. Octth, W. Prager. and J. H. Wikinson, " Admissible
Sofutions of Liwear Systems with Not Sharply  Defined
Ceefrickents.” SIAM 4. Numer. Anal.. Ser. B 2291 99 (19685).




€ 0’ + Ab. We have extended these results and changed
theis emphasis. If. from some a privei consideration. the
orthant in which the trwe solutivn vector x lies is
known. and il 4 and b are 23 abuve. it is pussible o
compute buwnds fur x by limcar prugramming The
tablcaw for the problewm has been developed. Results
have been exvended (o linding confidence imtervals 1y
X in the case where 4 and b are random samples inom
distribations with knows variances.

PROSABILISTIC ERROR ANALYSIS OF
A PADE ALGORITYMM FOR
COMPUTING THE MATRIX EXPONENTIAL

In a survey paper by Muler and Van Luan.!? several
methods for computing the malrix expomestial are
discussed and amalyzed. For cach of these methads,
there exist clases of matrices for which isaccurate
appoximations may result. It is aut always known
whether sch failures remlt from the inherent
sensitivity of the problem ur from the instability of the
dgotithm. In cither case. it is desiable Tur the
agurithm o indicate this failure 10 the user. Ward!2
describes and analyzes an algutithm 1o compute the
wtrix  expunentiol based un diagunal Pade approx
mativns. He computes an 2 pusterivoni buound on the sizx
of the fmal error, including the effects of buth
Wencation and roundol?, and returns 1o the user the
minimum number of digits accurate in the norm of the
computed cxpunential matrix. Thus. users can fre-
quently determine that tive alguritinn has approximated
the matrix expmential (o their desierd accuray.
However. users may be [alscly notified of 2 laitare
because the erros bound may be. and usually is. a severe
overestimate of the actual error.

In this study we have performed a probabilistic error
analysis of Ward's algwithm and have psuduced an 2
pusicrioni cstimate I-°r the expectation and variance of
the final crror. From the central limit theorem in
probability theory, we expect the 257 confidence
bound 1o be 3 considerable reduction from the strict
error bvund, thus partislly climinating overly pessi-
mistic results.

—

15. C. B. Molker and C. F. Van Loon, “Nimeteen Wrys o
Computc Ihe Expomential of 2 Matrix,” S/IAMN Rev.. 1o be
published.

12. R. C. Ward, “Numerical Computation of the Matrin
Exponentia) with Accuracy Fotimate,” SIAM 1. VGumer. Anel..
© be publinhed.

The algorithm 0 be analyzed fur computing o4 C3R
be bricfly stased as follows:

. balance A:thatis. 4" D7'4D. where D isadiagmal
mATIX, -
b wale fitha’is. B= 4'Y™ such that 85, < 1.
c. cumputc e by diagunal Pade appruximation.
d compuic et = (e8)2™ and
. computeed = DpA’D .
The following asumplivns, which are malyzed by
Ward ! * lurm the basis lor this study:
1. roundoll crrurs are independent randum variables.
2 mamtizas of Auvating-poimt numbers in 3 cumpuler
3. cvlumms of the mawix B are independent and
wniformly distributed uver the subzet of real-volumn
sveclon N'® gven by

! i :x,-l(ll.

1‘€ e =l )

4. columns of the matrix (®)” for 0 € 7 < mr are
independent and uniloomly  disuibuted uver the
subse?

{IE _!""I z ix;I< le'b"!].! .
il }

Our study shows that the expectation of the error in
the computed €8 mawix is the Pade truncation error
matrix T, plus terms of order 53, where b is the basc
of the computer and 7 is th? number of digits ased to
represent the mantvaa o a floatizg-oint number. This
is precisely what one would expect. The variamce uf this
ervor is given by Ui, j. m) Varle] + Oib *%) where the
maximom of AL, , n)lor I SdandjSnis 120 and
Vat |e] is the variance ol the basik roundoll error.

Denoting the ezvor in the computed ie®?” mausix by
0. the expe:tation ol 0. £|@]. for r = 1. is given by
2T, + Oth **). Forr 22 EW’] mvolves only terms of

13. R. €. Ward. "Statistical Rowndnl? Esror Analysis of 2
Padé  Algorithm for Computing the Matrin  Evponential,”
MPrceedings of the Comference on Pedé end  Retionsl
Approximetiom. et by E. B. Saf and R. S. Varga, Academic
Press, New York, to be published.
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be simplified 10 the revurrence relation

Vet 2 beer || v
0:2-:- “fl,tr -1 II: Vale] +O1b %"y .

{( ,i,"s)'fl"l d,}.q.-u,_

whese / is descrmined by the columa norms of 4 and
VarlP=] and the J;’s are the diagonal o of the
dingonal mmtsix D detcrmined in siep (2) of the

alguishm. The simplified o For the vasi iy
et emor s g by r—

{ Varl9=| .%s.-ﬂ' v.m"ﬁi X d,-‘)/l,-‘ .

=)

Usig these reaults the akgurithos PACER of Ward bas
been modified (o vutput the asumbes o digits
ikmdhmm . ﬂ“t
95% confidence level. Thes two micgers ¢ mow
retarmed b0 the weer. with cae integer based on strict
eror bownds and ome based on the probebilistic crror
amalysis.

The few test cases which have been rem to date have
svigaiead Wintic ervor gives 3 very cluse
estimate t© the actwal emor in the
expomential matrix. computed



3. Continuum Mechanics

S.J.Chang S M.OM'

SOUNDARY REFLECTION OF
DIFFRACTED WAVES

Dymamic problems of wawe €ffrxctiion from a
swi-infimitc. 3 well 23 Ginite, crack have been studicd
recently by a momber of rescarchers *-* Curren® insevest
in probiems of crack arvest requives 7_me understanding
of the effect of bowmly seflection of the $flracted
wees. In the present stwdy we amelyzrd this effect
when 2 :traight boundury is lucater! 21 an angie @ o the
dwection of 2 sewi-mfimite crack. Usimg Canesion
cvordimaices (x. r) in the two-dimensional problen. the
stwi-imfimite crack & Jocated om the entive positive =
axis. The distance between the straight bourdi:y and
e otigin s denoted by . Sircss waves are generated
from the semiinfimite crack by 2 swidenly applicd
mwmal tractam of constant mognitede on the swfaces
of the crxk. The reflecied waves from the bowndary
will induce additional siress intensities which are of
e in crack arrest problems. The anghe @ and the
distance L can be vacied in the problems. Wien @ = 0. for
example_ it coeresponds 1o 3 beam of fimite depth.

Chsed-firm solstion for the transient  dillraction
problem of 2 sewii-inflimite arack is readily obtaincd by
the Wiener-Hinpl method sepphcmented by the Cagniard
techmique. The effect of reflection from the siaight
boundary is cakuhied by the methnd of wave “ront
analysis.* The iranspiwl equation: it wsed 1o 3l date
the change of the intensity of the wave abmg the
bicharacterivtic or ray. The result from the transpont
equation is osly valid chese to the wave front.

Several imteresting features are incwpirated in the
present solution scheme. Simce the miensity of the
dilracted wase i contimsous acrom the wave front
whereas the shope is infinite. special treatment” must be

. Solid State Drirnn,
.} mpmectimp Tochavkey Diviewn.

Y Unworsty of Hismors a1 Chnapn Ciecle.

4 L. B Vund, “Crack Propagation im an Flasin Solnd,” 7
Wl Phyvs Sodnh 10,129 4004197y,

£ S.). Chang, “DATraction of Plane Difatational Waves by o
Fimve Crack.” Owar S Mech Sppl Meth 24 423 3341970,

& 1.C.T Finr and 1. 10, Lee. “"Wave Sront Amayus m
Comprte Matcrials.”" # dppl. Merh. 90,497 Snd 1190,

T R Courant md D, Bidbett, Mrthonds of Sathematie sl
Presics, vol. 2, Inigrsonce. New York, 19w,

1
‘
-

D. N. Robinsun®

T.C.T. Tmg*

peen W this part of the sohwtion of the transient
&ffeaction problems. After the shear wawe reaches the
boundwy. e method cam be continwed withow
difliculty watil the cridical angle is reached. Thew 3 head
wave. whick s alw calculated, is gewerated alung the
boundary .

The solution of the dilfraction problem is expressed
about the wave fromt. The longitudinal component of

the iffacted waves 21 & = x/2_ for example. im teves of
th: polswr coordimates has che f(ollowing siress
CHAPORtals:

» Lt Va

& . M 5.3 K.(Omg?

U PY )
X (!.B - ,. *

S,. v !,.

Nt s;7)

Vo8

= comstant X

, | 1 setsr® 2N
o x :“T: s : ) A'JW. :
/ x| M s n
: 55, (AT,
" - l ] :'T.’I.J‘T n 5r)
” vyt oty Kaomg GETE

where 5;. sy, and s are the downess of the
longitudinal. tranwerse. and surface wave speeds
rewpeciively. The tramsverse compuonent a1 8 = /2 has
the following strews components:

a, a2, i Ve )
" A TYRR R Y W
X
b (4 hyl -—E) (RTINS
\ LT A

iy, 1 I etV Ll IR s
A —
" Mgt ooty Kaomg, VP o
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version of the shove equations. which
Mha.hm is weed im the wove-front
The wagnitude of the stiress after the
mmuu—m;mm—m
thanspon eqution close to the wave front. The pattern
of the seflected wave fromts as well . ; the indwoed stress
intevsity factors from the different components are

CONSTITUTIVE EQUATION FOR
ELASTICPLASTIC MEDTUN

Fer practical purposes, 3 woified constitutive equation
is otoblished 10 describe both creep and plastic
deformtions for meiah 3w an exwended vamge of
Sewmgerateres. Al ronm temperatuee. it can be reduced
» the timeindesendent theory. The formulation &
bemed on the steee vasinble theury of Fardshishek and
Omut® in tevoms of Rice's flow potentinl representation”

The cemter of the yield swface & im the kinewatic
hardeming model is wsed 33 the 31 of state varisbles.
The prowth low, which is the governing equation for @.
amumes the following form:

i

e Ma)’> -nek.

where 3 dut is wsed (o denotz the time derivative of the
vevisble, ¢ is the inchsiv. strin, and tae scalar
fonctions Me) and /(@) Znote the effects of the siraim
hordening and the straim racovery respectively. This
expression fwgnmmﬂhhmld
representation of Ponter and Leckie’® given by

- N

s can be shown that @ is a devidtoric tensor and both
Mg) and rig) are functions of the second and third
imverients of @. demoted by Jiim) and Jile)

8. F. Fardshinkeh and F. T. Omt. "Represeniation of
Elstic-Plestic Bedavior vy Meams of Siate Variobles,” pp.
99115 i Pwidens of Pesicity, Sy mprsinm on Fowndations
of Phusticity . Warmew. NoutdhofY, Neyden, 1973,

9. 1. R. Rixe, “On the Siructere of Siress-Siraim Retations for

»t Plastic Defotmation m Metals,” J. Appl. Mech,
»7.118-37019%0.

10. A. R. S Ponwer amd F. A Leckin, “Constitutivg
Relstionships for the Time-Dependent Deformation of Metals,”
J. Eng. Mater. Techmol, 98, 14751 (1979).

wipectively. The abuwe powth relstion cam be
imlerpreted 23 2 kimematic hardewming condition in 3
more rweral form.
The equatinn fr plstic Mlow 23 expressed by the
potential of Rice is

ﬂ!_d’f

witre / s 2 louding function and §2 is the fow
pokential. A comvenient formof [ 5

F=iye'- e).

wheee ¢ is te devistork cumponest of . The
climinatize of ¢ from the growth law and the flow law
leads to

%Wﬂ*ﬂg.én.

MVIilkya&_nwl[iuhumwade
3 fenction. of @ and &. The luading function / is suived
from the abuve equation to obtain the yield condition

N2.e)=Kia.9).

From the results of pmiaxial tests, we expect K 0
exhibit the property that it tends to the yield constant
when the lemperature decreases fo e room tempera-
fure range.

The Now rulke for the inclastic sirain can be derived by
the wsial procedure in plasticity. This yields 3 slightly
more general form than wsual due to the recovery
mechanisni. As expected. the presence of the sirain
recovery destruys the linearily between the rate of
stress and the rate of strain. From the growth equation
and the Now equation. we oblain

.a_"\- _ail i
"(ig! y Ma) a’Wn* ngm(ga{).

where tr denotes the Irace function. Substituting it info
the potential representation of the inclastic strain, one
odtains the flow rule

@)

Ly wn'i
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Thes equation peovides » basic time-dependent structuse
for the inelastic sulid. It is obvivws that with venishing
@) and JKjdt it seduces to the well-known (low rule in
time-independent plasticity.

EFFECT OF SURFACE INMOMOGENEITY
ON ELASTIC WAVE PROPAGATION

This investigation is concermed with the effect of
wwfie mass on dastc wave propegation i two-
dimensionel aif-spece due 0 2 suddenly apphied force
on the surface. This is an extensiva of the wellknown
“Lamb’s problem.” which igrores the sface mas. A
dikwmion of this swice mmz wave propagstion
problem has been given by Strick,' ' and the method of
imtegral transform has been used to obtain its solution.
One significant phenumenon of this proleem s its
sheence of Rayleigh surface wave in comtrast to the
Lamb problem. Dwe 10 the surface muss. the inverse
transiorm of the problem has been made through the
<omputation of residues, whereas for Lamb's prolem
the Cagniard technique has beer used. It is interesting
to observe tl.t by using am ssymplotic theorem of
imtegral transform, we cam devive the solution of the
Lamb problem by pussing W the limit as the surface
s tends to xro.

Cantesian courdinates (x, v) are used 1o describe the
two-dimensional  clastic medium. With the halfspave
defimed by v € 0 and w0 < x < o, the one-sided
Laplace transform in time is defined by

i(pl'[ﬂllr rrdr
and the two-sided Laplace transform in x is defined by

rm=f_c rrinds.

11, K. Sisick, “Pogagation of Flasic Wave Motion Along 4
Fiwid/Solid Inteslace,” Philns. Trens. R. Soc. londom Sev. A
290.455 5231'9%9).

The transformed guverning equations of motion ae

lu,, tpicin? —1pi® vpuie] - DIV =0,

- = 2
v, v pMelR - 1IN epmie] — I, 20

with the boundary condition along v = 0 given by
Hllﬂ-l‘)":_r “mn
QMx) te, = miv .

whese P and ( ave susface forces, s is the sueface mass,
the ¢'s are siress components, and (v. v ) s the
displaczment vextor.

Siress components have been determimed from the
sbuwe sxpression: for example, the vertical component
o is

o =l L1 QU P 1 0.

where 1, ' i= 1. 2 and m = p, ¢ denuotes the wave
compuxnt with speed ¢; due 1o the surface furce m.
For brevity. we only compuie /;, 1o ilustrate its
consistency with the sulution of Lamb’s problem. Using
the imverse Laplace tranvform £ ~', we have

L7, dl ) VAl
2 =— Im
i (';' rey
1]
. (15 :.;)n {29, +3p!
—~t F)—
n¢ i R LEL TR
IM L 4
X err—k* g
of
where

1.# is the Cagniard contour;

=t )13 Rety)>0. fori=1,2

r

, m i m
R3¢0’ )—pr—(y, ¢+ *R:
173 " 14 fi‘ ] 78’:’



snd R dewotes the characterisiic equation of the  where

Rayicigh wave. The Laplace inversion of the imteprand.
denored by £ ' (F). is given by

:—‘.i
c}

e ”

(2
o’
')
X N
.
Ny 4’ e p)

X ,(21, 0-5-.’,)1’-"' AR b, +‘—:-’_p_lo-n .

Thus, for m'— 0 we can show frum Watsum's Lewma
that /, , reduces 10 une compunent of Lamb’s sulwtion.
Ouher compuncnts con be treated in 2 simsilar monncr.

FORCES ON DEFECTS
IN LINEAR ELASTICITY
The energy mosmentum Iensus in clasticity has been
mwwoduced by Fsheiby'® 10 cakuiate the change of
eweigy fur am clasiic medivm containing defects. The
crack extemion force is delined as the change of energy
per wmit extension of the crnk. Therelure. the ewergy
womentem iensr can be used o represent the crack
extension force. A temsur quality 11 which is slaghtly
different from that of Eslelby when comsideriog the
effext of udy forces. has been devived.’ * Sinve plasiic
deformations, or distributien of dislocations, can
represenied by the equivalent budy furces. we may use
this tensor quality I (o calvulawe the effect of the
distribution of diocations 1o the cravk extension
force.
Let € be the emergy density of the clastic body: thal
.
o, Aw,

4*

1% %Cinmn ax. ax

.',j .
where J; is the body fore. w; 1s the dispinement vector,
d cjumn is an clastic constant. Obwiously.

L
Ay

N, u, ..X,—' -
L2

N M,

ot &l' N
+ b
M' 3.\',.,

h"' & ax -

12. ). D. Fsheldy, “Emcrgy Rebations and the [ mergy-
Momenium Tenmr in Contimsum Mechanics,” pp. 77 115 in
Inviaxric Behovior of Soinds, ed. by M. Kamninen o1 .,
McGraw-Hill, New York, 1970,

13. C. Lisbiried. Techniche Hochachwie, Aachen, Germany,
private communication.

MN/ax., B the erpliic derivative of U

L7
~; .

in uer CBE.
P
-'
ax,

It can be shown that

i! o Wha
ir xy

= A "
.

where. with 0, a the siress inmor,

Mg =Gy oum, , .

The scwsaw of Esheldy is

Cma 200y Gyl oy .

where ¢ is the sirain energy density © the crak exlensam
force can he shown (o be

a"--u
T

Fus ),

wicre } is 2 vodume enchosing the crack cdge.

Suppuse that internal sticsscs are present in the clasticc
bdy due 1. fiw example. the presence of defects. Let
€AY be the scif-strain whivh is considered a3 the
soirce of the internal siress. The Svial stram

L4 1
L) "ﬁ"”

is delined wr be the sum of the seif-sirain and the dlasix
strain. 11 is casy 1o show that a liclitious budy force

. } 4
(Citmm Emn)

?
"o
can be used to replace the elfect of the internal siress.
This method is generally atiributed 10 Dubamel and
Neumann, who (reated the special case of thermal
siresses. This body force will be substituted intn the
temsor § 10 calculate the effect dve 1o the presence of
defects.



4. Matrices and Other Operators

A Berman R E Clime' R.E Fundetlic® L) Gray
T.Kaplan® R.S. Vargs® R.C.Ward
STABLITY AND SEMIFOSITIVITY 3AC WS AN i AX 2 0 or sk x > 015 > 0).

OF MATRICES

The purpuse of this siuds was 1o charxierize and
mterrclate varivws degrees of stability and senupusitiv.
#y Tor weal square matrnes. The standard comdizions for
three majur classes of satrces were sade buth stronger
and weaker. and the resulting claswes were examined.
These mapr classes were disgonally stable. stable. and
sewipusit.ve matrxes denoted Wy _4 £ and N e
spectinely. Tiwir relationship to the diasses of matikes
whise priipal mimus arc pusitive, denoted by +»* and
mmocyative. demted by ° . was alsh examined.

The matrix 4 i m £ il the real parts of its cigenvabuc
ate pmsitive. By 2 well-known thevrem oo Liapunov.* 4
is stable if and .ml il there exists 3 pusitive definite
matrix X awh thai AX + X47 is pisitive detinite. The
matmin 4 i in 4 if the X abowe may e taken fo be
diapnal (1. Barker. Borman, and Pemmons” ). The
matnn A s in N it AX > 0 for some 3 > Ok Fiedier
and Prak ).

With cach of the classes _4 £ and > we asuwiale
wo superclasses denoted b clr_J L ciry and
AV WL 2D debmed as Tollows:

1.A € r_dpriir.4) o there cexists 2 pusilive
tnonsero. nophegative) diagpnal matrix /2 such that
AD + DAT is pitive semidelinite.

2. A€ WL o there exists a postive defmite
tnonzere, positive seamdelinite) matrin X such that
AX + XA is positive semidelimire,

I. Universty of Tenme scc.

2. Computing Appln; timns Depariment.

3. Sobid State Divivms .

4. Kent Stale Unimervi y.

5. A M. Lopenow, "Pioblenw Général de L Stahidiie du
Mouvement.” 4 trandatnn (rom the Russon, rcpublinhed m
Awnals oof Marhemgiics. No. 17, Princeten Press, Primcion,
1947,

6. (i, P. Barker. A, Berman, and R. ) Plemmons. Positivr
Diaxnal Seddsatioms 1o the Lvapumn Egquaivms, Mathematns
Rescarch Center Qeport 76-087, Unineraty of Wionun,
Madison, 1976.

7. M. Ledier and V. Puak, " Some Coneralivatimons of Posilive
Detmitencss and Mamotonicity,” NSumer. Math. 9, 163 72
11966).

Let 7 dmote any of thew nine classes. Witheach 7.
we aswiate subclasses using the tollowing . otateon:

A€ Ll DAism ¢ fur every pusitive Jdiagunal

matrix .
A€ 2 il ewenn principal submatrix of 4 is in 7/ and

A€ il every priwipal submairix of A is n

W can immediately verify the following inclusion ree:

N/

in addition 10 the 38 classes defined abuve. we also
consider the class 7 deiimed by Jounson® 1o comist of
matrices in 2 which have at kast vne positive mimor
ol each wwder.

Our resilts are sumimarized m Fig. | as a direvied
griaph having classwes av vertices in which there s a
wyuenee of direcicd edges Trom vertex LY tovertes, s
if and only it =V is contained in 11 Equivalent atses
are represenied by their most inclusive class: that is.

1"z, sepresents the cquivalent classes 'L and
g7 and 4 represents the equivalent classes 4 _ 4
4 and -

STABILITY AND SEMIPOSITIVITY OF
MATRICES WITH NONPOSITIVE
OFF-DIAGONAL ENTRIES

The Tour classes of matrices _4. £ > and N defined
in the preceging article of this report are in general
differcint. However. resiricicd 1o the class of n-by -1 real

A C. R Iohnwn., “Sccond. Thed, and Fowrth Ovder
D-Stablity.” S Res. Natl, Bur. Stand, T8, 11 1301974y,
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Fig- 1. inclusion wee far smajor clomses of motvices.

matrives with nunpusitive oil-diagunal cntnies, they all
become the class of nonsingular M-matrives 1. Plem-
mons”). Variants of these fuur classes with this resiric-
tion have been characterized and intervclated.

To present the results of this study. we use the
concept of reduced normal form fcf. Varga' ®). If 3 real
n-by-n matrix A is reducible, there is a permutation
matrix 2 tor which PAP? is it reJuced nurmal form:

AN A, Au

Az Axn ‘

PAP = :
!

c ~. f

L w |

where cach Ay } S i & k. is cither square and
irreducible, or a 1-by-1 null matrix. For our purposes
here. it is convenient (o define 3 1-by- 1 null inatrix (o
be irreducible. We also use the notation of the
preceding article and denote the :lass of zero matrices

by &

9. R J. Pemmons, "A Survey nn the Theory and
Applications of M-Matrices,”” J. Lin. Al Ippl.. 1o be published.

10. R. S. Varga, Mamix lierative Anelvsis. Premtice-11alt,
Fnglewvod Cliffs. N.J., 1962,

The results of our siudy yicld the fullowing charac-
tevizatioms fon classes of matrices with nospusitive
uil-diagunal entries:

I. The classes _+. 47 £, 2% L+ #7 A ad N are
all equivalent 1o the class of nunsingular W-matrives.

2 The class ‘W3 is equivalent 1o the class of
irveducible M-matrices.

3. The classes WL s e, and 'Y e all

cquivalent 1o the class of H-matrices with “property
C.7 [The M-pmatrix 4 = pl - B has “propeny O if
and valy il limy .. (p' BY cxists ]

4. The classes 1WA, . and vy are all
equivalen! 1o the class of M-matrices.

5. Let 4 € «_Then. using the notation ol the reduwced
normal form,

i) A € W4 il A,; singiiar implies 4,7 = A; €
& forallj#i

i} A € 'WXIT A, sinp:lar implics A, € ¢ Tor all
j#ri

{iii) A € WL T A and A;; singular. i > i, imply
A € O

6. The class “ir.y, is equivalent 1o the class ‘IS
7. Let A be irreducible. Then. A € 1" iITAE ..

8. The class (1?14 is equivalent (v the class ('K
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9. Using the nutation of the reduced nocmal furm, we
have

Ci) 4 € 11D r1*W_7 Ut there is an r such that
A€ withA;, € *loralli #r:

i) A €1 L il A has an cigenvalue A with Re )
>0

Denuting the classes of M-mairkes gven in 1. 3. and 4
abure by . 4 L and . especiively. vur resulls are
wmmarized by the fullowing direcied graph:

A LA

Sy

THE RANK OF A DIFFERENCE OF
MATRICES AND ASSOCIATED
GENERALIZED INVERSES

Our wark on this opic. which hzs been partially
described n a previvus report.’ ! hay heen concluded.
Various representations have been  obiained T
characicrizing the rank of A Sin tcrms of rank (4) +
k where A and § are arbitrary compliex matrices and & is
a function of A and §. It has been shown that it § =
AMA (o some matrix M and if G s .0y mairix
salislying A = AGA. then

k(A S)=rank (A nullin i/ SG) .

Several  alternative forms of this result have been
establis":cd. as have many cquivalent conditions to have

rank (A ) =rank(A4) rank tsy) .

1. “Rank and Decompnsition of the Differeme of Matrices
and (xeneralized Inverses.” Marh. Ster. Res. Dep Py Rep.
Tume 30, 1975, ORNL.CSID-13, p. 20 10 10ber 1976).

i3

Denoting the Moure-Penruse inverse of the matrix 8
by B°. it has been shown that

4 S)std- A5 A A8l -82°)

if aod only if AA°S = § = S4°A. Other interesting
forms for (4 — S)°. sume of which have been
previvusly known. have been derived from the above
rclation.

OPERATORS COMMUTING WITH A
COMPACT QUASI-AFFINITY

Lomunusov's Theorem states that any operatus which
commutes with 2 compaxt has an invariant subspace. 1t
is. therelore, of interest (v determune which vperaturs
cam comunute with a compact quasi-aitinity . In a recent
paper. Foias. Pearcy. and Voiukescu'® show that a
nunbigquasitriangular uperator which commutes with a
compact quasi-atlinity must have inlinite index at the
semi-F redholm points in its spectrum. They also present
an cxampk (v show that this phenuawnon can occur:
however, this cxampie is wrong. We modily their
cxample. and thus demon,irate that it is pussible for 2
nunbiquasitrianpuler  vixratlr o commute with a

compat quasi-allinity .

COMPUTATION OF
WIENER-{ LYNMAN INTEGRALS

The solution to many problems in mathematics and
physics can be cxpressed as a3 Wiener-Feynman (path)
integral. However, by computational purpuses. the path
tegral s difficult 1 handle. Most previous methods
cventually rely upon compulting a multi-dimensional
micgral of large dimension. Using a method borrowed
trom disordered systems.' > we have expressed the path
integral as a matrix clkement of an operator. Thus, we
have replaced the difficeht numerical integration by a
thopelully ) tractable lincar algebra problem.

We have compleicd calculations using our method for
the harmonic oillator, which is 2 simple problem
whese exact solution is known. Our compuied answer
was in pood agreement with the solution. Work is now
in pregress on the anharmonic oscillalor.

12, C. Foms, O, Pearcy. and | Voicukescu. * On the Staircase
Reprewentation of Biguastriangular Operators.” Mich. Math. J,
12, 343 5241975y

i3 T. Kaplan and L. J. Gray. "Llementary Excitations in
Random Substitutional Alloys.” Phys. Rev. B 14, 3462 70
t197s).



S. Experimental Design

C.K.Bayne  E.R. Jones'

D-OPTIMAL THREELEVEL
FACTORIAL DESIGNS

The least-squares cstimatar of the m X | vectur of
nuknown coefficients § in the lincar model

Elyl = Xp

s 2 function of the 7 X 1 vector of observations y and
the # X m “expanded desipn mawrix” X. The
least-squares estimator § = (X'X)' X'y has variance-
covariance matrix given by 1X'X} "o’ where 0 is the
varisne assoviated with the experimenial error. Singe X
depends only o0 the nmwdel and the experimental
design. the experimenter can chuose a desiem fuor 2
model that will yield a vanance-covariance matrix that
s “optimal” in some sense. One such design criterion.
whikh minimizes the volume of the joint conlidence
region for the lcast-squares cstimators of the §7s. is the
criterion of “D-optimality.” Specifically. a D-optimal
design maximizes the determinant of X'X.

In 2 previous report.t te conmruction of D-optimal
fractioms of three-kevel factirial designs with p factims
has been described Tor factorial effects models (2 < p <
4) and quadratic response suriane models (2 < p < 5).
These designs have been generated using Mitchell’s
DETMAX?® alpurithm and an algurithm that prodduces
D-optimal halanced-array designs. The best D-optimal
designs and their propertics have been cataloped® and
compared 1o designs ow in the literature. Although the
designs hav: been constricted o maximize  the
determinant of X'X. ather properties such as the
average and maximum variance of the fitted values over
the 3% posible factor combin: aons  have  been
cakeulated 1o assist experimenters in chousing 3 Jesign.
In addition, the ~“D-etiiciency.” which is a measure of

——

1. Texas ARM University.

2. ORAU Laboratory Graduate Participation | ellow, Virgine
Poly technic Insiituic and Staic University.

3. "POpiimal Thrce-Level Vactorial Desipns,” Meorh. Siar.
Res. Dep. Prog. Rep. June 3d. 19, S UCCNDICSD-18. pp. 8 9
10ctober 1975).

4. T. 3. Michell, “Compuicr Conmruction of DOptimal
Fiest-Order Designs.” Technometrics 16, 211 20 (1974),

8. T. 5. MitcheRl and C. K. Bayn D)-Oprimsl Fracnmons of
Three-l.evel Facremial PDesigns. ORNL/A ST 19 tJanvary 1977),

T.J Miwchell M. D Mowris®

the deicrminant of cach design and is independent of
the parameterization ol the mndel. has alvo been given.

For those desipns that can v run sequentiolly. a
diagram has bren deawn indivating how. starting with 2
Doptimal design. 2 new D-uptimal design can be
consinxted by adiing unly one design puint ur 2 proup
ol design points.

DESIGN OF EXPERIMENTS TO
DETECT MODEL INADEQUACY

in the planning of experiments. it s olten helpiul ©
tentatively pustulate a2 muded 1clating the response 10
the experimental varizbles and then v determine those
combinatioms of kvels of the cxperimental variables
wnat should be run (o cstimate most precisely  the
parameters of that mudcl. It is important. bowever. not
w ignore the possibility that the proposed moded may
be underspecified. in  that s 1crms have been
omiticd. We shall denote ine assumed me-ded by

mix)=§,tx0, "

and the frae response by

mx)=1,'tx)f, +1:°tx)8,
wircre X is 3 point in the “region of mieret” LV in the
space of the experimental variables amd I,(x) and £5(x)
are vector Tunctions of x specilicd by the moded and the
true response. For examiple. one night propose 1o il a

Sirst-ondes moded I two dinwensions:

n|'.\'|..\';)=”n ’”|.\'| ""1.\'; . ':’

while the truc respemse may be quedratic:

MY . X320 = P +05x) * 8,03 #8y 5,0

I ITATRRY [RL I TR X))

In ihis case

sz fhx.xsband 100 =[x, 2 s vy v




The problem we cumsider here is the design of
experiments i detect the presence ol soazero §; Ina
previvas repul.” we propused several criteria fur duing
this ynd applicd them v the compuicnized consinn liun
ol 2 larpe mumber of desipns with 2 specified mewber o
of vbservatives. Here we shall avuid the combinaturial
dilficultics that are imwuived with cunstracting desipns
G fixed # and consider an experimental design o be 2
meamere §F on Y This txtix. which 5 vilen wsed in
optimal design theury. resslts in desipns that stipulate
the prvgertiom ol the awailable cxperimcnial rums to be
phaed ot variows “puints of mppurt” s iV Swch 2
desipn s called Tappruximaie” simce it will ot be
exxtly attaimablc waless Hx) b 2 mmltiphe ol 27 21
eah puint of suppwi.

Owr maim aprrumh 1 designing cxperiments o
detent model inadoguacy has been to maximiee n some
sewse the nuncentrality A = 8 ‘LIE B . wivere the Ik of
Vit matrix L1Z) is given by

LR =N, 05 N MU M, D

ad

Mab = fl,ul,—'ulad.u . iLj=.2 .

This criterion. which was introduced by Atkinsan and
Fedvrn? and callked ~T-optinulity .~ s motivaked by
the It that buth the expeviatom of the residual sum
of squares under the assoncd mudel and the power of
the normal-theory  lawk-ol-fil test are monotonically
increasing lunctions of 2. A principel impedinent (o
the applicatiom of this crtesion s that §; is unknuwn.
To circunwent  this didficuliy. we intsoduced™ 2
measure of mondel inadcquacy 7.

f’"}:‘»]l'ﬂ’ﬂ ixm )3 dx .

This meawure. which represents the depree of departure
of the iruc response nin) from the class of assumed
models given by Eq. (1). tums out 1o be. like X 2
quadratic function in g, :

r=8.TB;

6. F. R. Jones and T. ). Mischell. Resprmse Sorioce Desnns
for the Dretection of Model Inedequacy. UVOCUND €S
tNevember 1978

TN C Nkinwn and V8 Fedores, “The Desipn of
Fypessmentc i Doanmmanng Between Fao Rival Medele,”
Binwmcirike 82, *7 6911978)

()

where

Tep:y BB

omd the { 2} ave the repion nwER Rl WIS

l'.'!‘ilxl,-'uhhl!dx .

The chuie of 3 desipn o maximice £ 1) the mininmem
value of A or (2) the verape value of X vn contouds of
amsloal 7 keads. respectivedy. e the fullowiag crileria:

L\ coptmaality . miaximise (e winimsm cigeny alue
AT 'L amd

2 \;-uptimality: maxiaize the trace of T 'L

We have revently prowed twe thevweems that arc wseful
m verifying the optinaline of 2 propuwed desggn. Buth
of them widlize the vocn gix. §). whih s defimed 2
Tollorws fon W, | nowsagular:

g Hr=04x) M. (6N sl ex) .

Thewem | The tolhwing twee conditems are
cquivalent. where M 1s 2 spevilied pusitive sermidefinite
matrex:

1. #* maximices r[NLIS)] .
2 supgix.eiigin. 3% = u|HLIE*)]. and
- o

3og I FE Mg, £%) attans its maximum J the poimis
of support of §°.

For \g-oprimashiny . take H =2 T°° in Theorem §.

Thewem 2 The Tollowing twe  conditons  are
sutlicient for §° to he .\, -optimal:

1. £43°) = AT Uew some consiant k. and

-

2. there extsts o pisitive semidelimile matris # such
that tr {TH] = ! and

£ maximives w[MLID] . 4)

In applicatiomns it is nwwe uselul 1 replace Lqg. (4) by
conditions (2) or (3) or Theorem |, with «[HLIZ*)] =h.

These thenrems have been applivd 1o find .\, -uptimal
and \j-optimal designs fur detecting the presence of
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second-order polynomial terms when the assumed model
is first order and the region of interest is cubic {see. for
example. Eqs. (2) and (3) abuwe). A\, -optimal dosigns
ia & wvariables have beem found for £ < 4. and
Aqz-optimal designs have been found for all k. These
designs, which are not revessarily unique. are supported
on points of the 3* fattice (ie..each x; = 1.0 or I)on
spheres of radius 0. 1. vE - 1. and k. When & = 2. for
example. the A, -uptimal design spevifies that approxi-
mately 8% of the experimental runs should be at each
corner of ¥ (which is the square: - 1 < x; <L.i=1.
2). 12% should be at the midpoint of each edge. and .he
remaining 207% should be at the center.

DESIGNS TO DETECT THE PRESENCE OF
INTERACTIONS IN FACTORIAL FEXPERIMENTS

In 2 previous repurt.” we described the initial results
of an investigation whose purpose was 10 construct
designs tur  detecting the prosence of  two-factur
mteractions in lacturial experiments. The criterion used
was the maximization of the trace of the lack-of-fin
matrix L. which is cquivalent in this wtting (o
Az-optimality as defincd by Junes and Mitchell.*

As a result of this previous work. we have conjectared
that in the 2* case. where cach of the k Tactors can take
only two levels, the optimal design in the class of
Jokdorer designsis L )-optimal. We have now obtained
general rules Tor constructing vptimal foldover designs
in 4, 6. or X :uns tu awgmMent Vur previous computey
work. which construcicd optimal foldovers in np o l6
uns Tor k € X To imvestigaie the power ol these
designs under the x* lack-ol-fit test, a simulation study
was conducted and the results tabulated. Even the
smaller designs were surprisingly powertul for de fecting
the presence of interactions of moderate size.

Furthe - evidencz in support of vur conjecture thas
il )yopumal foldovers arc  globally  optimal  was
obtained by means of a comparison with (/. }optinal
designs from the class of balanced arrays of srength 3
and from the class of “near-foldovers,” which become

8. “Fuxtorial Designs for Detection of Modkl Inadequavies.”
Math. Stal. Res. Dep. Prog. Rep. June 30, 1975, ORNL/CS1~1 3,
pp. 89 (October 1976).

i6

foldovers if a single run is changed. However. we have
been unable to prove the conjeciure ingemeral. .

For designs of sire ¥ € 2k, the 1(/)optimal
fulduvers have the pracical disadvantage that neither
the main effects now the two-factor interactions are
individually cstimable. However. these designs are casily
auvgmented with a2 Jew additional rems (o penmit
estimation of the main efl-cts. We have coastructed
tables of such “compromise™ designs. We have also
demonstrated by means ol an example the potential
utifity of the tr(/.)-optimal foldewers in the first stage of
2 twostage experiment in which one st tests the
hypothesis that there are no two-fxtur interactions.
The resudts of this test then influence the chuice of the
runs to be made in the secend stage. which is primarily
for the purpose ol parameter estimation.

In the 3* case, where each factor can take va any of
three levels. we were unabie to find an optimal design
cluss comparable 1o the foldovers in the X case. We
have obtained some limited resuits. however. based on
computer searches.

A compleic seaich was made of designs for 37
experiments which have two or fewer suns at each
fattice point. The form of exh design and its
corresponding value of ir1/. ) were tabulated.

Dsigns fer 3° and 3* cxperiments were construcied
using balanced armavs and two different sequential
oprimization provodures. 1t was apparent that /)
vpumal designs in 4. 6, 8. or Y runs are found by totally
contounding additional factors with factors in optimal
32 designs. This was not truc for farger designs.

As with designs |« 2* cxperiments. a simulation
study was performed in urder to investigate the power
of the \ ? test for lack of fit when small 1/, )-oplimal
dusigns arc used.

Simce small /. »optimal designs for 3 and 3¢
experiments do not provide ostimability of all main
effeets, we attlempted o construct designs Tor which
main cffects arc estimable and values of r(l) are
relatively  high. For design sizes of 18 or less, it
appcarcd  that these designs were not substantially
betier {in the trh.) sense) than comparable D-optimal
designs.

Designs were also developed tor sequential experi-
wentation, as i the 2% ase. These were found by
augmenting | D-oplimaly ) small A -optinal designs.




6. Suatistical Testing

1 lleaxhw K. O. Bowwman
L. R. Skenton?

EFFECT OF NONNORMALITY ON THE
DISTRIBUTION OF THE s STATISTIC

Duwring this reporting period the work om this project
has been in the area of determining the actual level of
significance expecied when tabled 7 values are weed « 0
samples from nonnormal distributions. Since it has not
been pussible 1o evaluate the gencral expression for this
probability, except for 2 very few cases. we must wely
on Monte Caslo procedures and approximations to the
distribution of the 7 siatistic whvn the parent distri-
bution is nonmormal. (See Shenton et al.® and Geary*
for two approximation methods investigated.) Correc-
tions and extension 10 terms of order # > of Geary’s
procedure were used in the evaluation. Certain Pade
appsoximations were alsv used 1o evaluate needed
sutmmations. As a result of this rescarch we have found
that the probabilities lculated from the approxi-
mations to the 7 distribution reasonably agree with the
Monte Cardo results for sample sizes greater than or
equal 10 25 for 0 < B, <15amd 20< 3, <45. I
the values of VB, > 1.0 are omitied. the approxima-
tions give good results for sanple sizes down to
approximately 10. The results of this research will be
summarized in an article (o be published in the upen
iterature.

TESTS FOR UNIFORMITY

F.
V.

The power study of tests of uniformity described in -

previous reports®-* has been extended to include four
Neyman Smwothness tests. the Kuiper test. the Fearson
Probability Product test. the Sherman statistic. and the
Sukhatme test. In addition, most powerful test (MPT)
statistics have been evaluated for three of the four
families of altemative distributions** to corstruct

1. Nogth Carolinma State Univorsity.

2. University of Georgia.

3. L. R.Shenton, K. 0. Bowman, and ). Shechan. “Sampling
Moments of Moments  Associaled with  Univariate  Diseri-
butions.” J, R. Stas. Soc, B 33,444 ST (1971

4. R. . Geary, "Testing for Normality.” Bometrika 34,
209 42147,

S, C. P. Qucsenberry and F. L. Milker, Jr.. "Power Studics of
Some Tests for Uniformity,” J. Star. Comput. Sinlatmn S,
169 91 (1977).

6. “Power Studies Tor Tests of Unitormny.” Marh. Star. Res.
Dep. Prog. Rep. June 30, 1974, ORNL. 4989, np. 3 §
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L. Miller. Jr.  C.P.Quésenberry’
R. R. Uppuluri

power enwlopes against which to compare the per-
formance of the competing statistics. Figure 2 displays
the performamce of several fes! sialislics Jpainst 2
symmetric (riangular alternative disiribution. In Fig. 2
the power of the Kolmogorov-Smimor statistic D, the
Crameér-—von Mises siatistic W° . Pearson’s x° statistic
with ten equalsized subimtervals xio. the Neyman

ORNL-0WE 77-112T7T0

PERCENT REJECTED

20
SAMPLE SIZE

Fig. 2. Relative power of tests of uniformity for o triengelar
density.
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Smoothness test p, . and Watson's {72 ana-npndto

. X power of the MPT.

LOG-LAPLACE DISTRIBUTION

A random variable - <V <= is s3id W have 2
doublc exponential or a Laplace distribution if the
probability dcasity function £, (v) is given by

5o =% expl-dprl), =<y <e»,

in analogy with the lognurmal distribution. we let X =
explY) and say that ¥ has a lng-Laplave distribution.
The cumulative dist :butivn function Fy(x) of X is
given by

x*2
1

fr0<x«xl.

Fitar= ALY w1l <x.
The probability density function /36x) of X is given by

{xl-l,‘v
lxlvll

fr 0<x< ),

Iatn = for 1 <x.

A sketch of the lamily of log-Laplace distribution
functi:as shows that this family will be useful for
several applications. For example, the Eivlogists and
health physicists whn are concerned about the low-level
effects of radiation doses ae inlerested in the slope of
the cumulative distribution fenction at the origin. This

ix

family for A= 1 has 2 hwear growth sad for A = 2 has 3
quadratic vise at the ocigin. If one has data for certaim
values of the dose x,. x;. ... Xy (away (rom the 7210
duse), vne can ase the standard statistical methodology
for imference abvut the shape parameter A,

The reciprocal of a log-Laplace random variable ziwo
has the same distribution. This can be scen from the
probabili'y statements

ProblZ = (1/X)<:] =Prob|X > 1/2]
1- ProbjX € 1jz) .

The kikelibvod ratio criterion of a simple hypothesis vs
a simple altemative about the parameter A depends on
the product of independent ideatically distributed
log-Laplace random variables. This can be deduced from
the distribution of the sem of independent identically
distributed Laplace random variables.

Proposition: The probability density function of Y =
Y, + .+ ¥, where cach ¥, has 2 Laplace distribution is
gven by

CSVLAL I I | r e ko
;t'.( )z"*(n renTHEL LR

We note that this resudt is mure general than the
problem posed by Feller.?

W }dkr i Inm*m to Probebility Theory emd Irs
Applicerions. w-. 2. p. 64. Wiky. New York. 1964



7. Multivariate. Multipopulation Classification

- ~++ M.Schel' V.R.R.Uppuluri

MULTIVARIATE NYPERGEOMETRIC
DISTRIBUTIONS: EXTREMAL FREQUENCIES

Suppose we have a2 finite populdtion of N objects
dassified into b + | categories. Let each of the b
categories have M objects. and the (b + | 5t category
lave N - bM objecis. Suppose we sample without
veplacement. Then after # objects are selected withowt
seplacement. we are imteresied in the distributional
properties of the maximmum ¢ inimem ) of the observed
frequencies.

We siudy this “without replacement™ problem in
poraliel to the “with replacement™ problem. The latter
problem corresponds to the distributivnal properties of
the maximum ( minimum) frequency of 3 sample from a
weltinomial distribution studied by Sobel. Uppuluri.
and Frankowski *

After n objects are selected without replacement. et
H)'tr. m) demte the probability that exch of the b
categuries appears at least 7 times. Then we have

Propusition ):

H . m= I \tr.n 1§

(.u |)(.v M
i
oot 1/%w r ”Y;_.vl ',u"- n ry.
(,,v ]
w1 )

Mose generally. after # objects are sclected withous
replacement. lel Ilf‘:'_'_l‘!tr. n) denute the probability that

j specified categories appear 7 limes wh. and b j
Categories appear at least 7 times. Then we have the
basic recursin piven by

Propusition 2:

by n ﬂ.‘, r)
”.n_.vl'.li'. i'_l N el

oA rn 1

b jr o
Ly Y

We have the f:Rowing boundary conditions:

l:" ‘. "-;
. o) = {(, )"/‘15, forall /.

M P N N,
Wy = { ” e ( : :;“‘/( : foralla .
These recursims and boundary conditions are useful (o
compute Iy (7. n) very fast and with high accuray.
We hope 1o exploit the basic recursion not only Tor
computational purposes but also to study the proper-
tics uvi the associated waiting-time random varizbles.

1. Uniwraty of Califoraia at Sonta Barbasa.

2 M Soixl. V. R. R. Uppuluri. and K. Frankowski.
“Dirichict Dictribution Type 1.7 Selected Tables i Mathe-
wiainagl Stamrsties. Vol 1V. IMS. Amcrican  Mathematical
Sovicty. Prowvidenwe. R. 1. 1977,
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8. Stautistical Estimation

RIDGE REGRESSION AS A MEANS OF
UTILIZING “PRIOR"™ INFORMATION
The lineas model:
W

(AT ST (TAST . AL RN LN P L))

s (requently wsed 1o “cwrelae’ a observaiwns of 2
response ¥ with 3 set of p “predictos™ X X;. .. X
where the §'s are wnknowr cuefflicients and ¢; B 2
random ervor. If the precductors are “‘scaled and cem-
tered™ via the transfommation

Zi=\X;  XNs;'1

where
R N ~ »
x,s(_z'x,,)/nms,=;'¢x,, Xy .
[ !
then the model, Eq. (1), may be writien

’i-“."’lzli’--"opzpl"l- 3]

where

i=12 ...n,

05"

In practice, this transformation is a recenmmended first
step & a fechnique for removing nonessential ill-
conditioning.

The least-squares estimalors of the unknown param-
etersin Eq. (2) are

R ”
we s e(E )/
i=)
and
i=-z2'zy. (3)
where y is the n X | vector of observed responses, Z is

the n X p matrix whose (i, j) element isZ,,.and 8 is the
p X 1 vector of least-squares estimales of the 0's.

1. Universi:y of Wisconsin.

0

" T. 3. Mitchell

Whea Z'Z is “ill-conditioned,” that is, the ratio of its
largest 1o its saanllent cigenvalue is lwge. § cam be
unsatisfactory im the its clements may be much too
hrge in magnitude ov incorrect in sign. This situation
frequently occurs when the data havwe been collectied
routinely from an underigned experimeent, in which the
predicturs are heavily ocwrelated with one amother.
Hoerl ard Kemmard® proposed imstead of the least-
squares estimatar 2 family of rilge estimstors of the
form

= LZrkD'Zy . “«
where / is the p X p identity matrix and the ridge
parameter k indexes the members of the family. (The
estinntor of 3, is § no .aatter what the value of k is.)

For small values of k the ridge estimator. Eq. (4), will
have a lower mean-squase error tham the leasi-squares
estinator. Eq. (3) (which currespunds to & = 0). Hoerl
and Kennard recommended that the chuice of & be
made by examining the ridge trace. that is. the plot of
the clements of #; as a fenction of k. As & increases
from O, the estimated 0°s change rapidly mitially and
then slowly approach 0. The lowest value of & 2t which
the 0°s scem to stabilize at “sensible” values is the one
chosen.

The Hoerl-Kennard approach. which we shall refer to
= “standard” ridge regression, «  iously has features
that are arbitrary [the form of Fq(4)] and subjective
fthe choice of k). The problem of making the ridge
regression procedure more ubjective and more rigorous
has recently attracted the attention of many re-
searchers.

Our research in this area was motivated by (a) an
uncasy feeling that the “standard™ method is often
inappropriate and (b) a desir: to maxe sense out of the
overwhelming armay of suggestions lor applying ridge
regression which have recently been published.

Our basic viewpuint is that ridge regression is essen-
tially a method by which external or prior information
about the §'s or about the response itsell is incorpo-
rated into the hasic regression setup. We consider

2. A.E. Hoerl and R. W. Kennard. “Ridyee Regression: Biased
Estimation for Non-orthogonal Problems.” Terhmomrmics 12,
35 -6711970).



seversl ways of expressing these feelings. all of whick
bﬂba'uenlfw-oﬁibm'-au.v

Coomentionsl Bavesion aqppreck

In this appruach. which has been described by
Lindley and Smith.” a privr distribution is placed upon
the §'s and the mude of the pusterior distributivn is
taken a3 the estimate of §.

Resorictom of P & ¢ specifand
clipyralel regin
This s ememtially the approach of Huerd and
Kennord,® wiere the cllipsnidal region has the form

»
T S8’ <c.

it

and the amstant ¢ depends on k. This yields the
siandard ridge estimatas. Eq. (4). A move pemeral
approach s to comsider regoms of the form
@ - PYNP £°) < ¢, wixre Tis nmnegative definite.
This generalization involves chousing T and §° 2 well
=k

Feormally expressing 8 preference jor
8 “siabic” respomse

Suppuse R is a specified “regiun of interest” in the
space of the original variables §;. ¥;. .. &. [The p
predictors in the muodel, Eq. (1). are functions of the
§’s.] We shall define the insiability of the true response
function n{t) over R. assuming Eq. (1) is corrext. to be
the variance of ni¥) induced by 3 uniform distribution
over R. (More genenally, other distributions wver R
-2uld be used to give different emphasis (o different

3. D. V. Limdicy and A. F. M. Smith. “Baye: Fstimates for
the Lincar Moded.” J. R. Stal. Sov. B 34,1 41 (1972).

ports of R.) The instability is casily shown o be the
quadiatic form FLP. where the clements of U are
known. Owr viewpoint is that, of all the pussible values
of § that are equally “poxd™ a5 far =5 the oata we -
comcermed (ic.. that have the sewe residuwal sum of
squases). we shall prefer the ome that gives the most
stable response over K. This leads o the eilmnator

fa = IXX+kU; ' Xy.

This approach also pruvides 2 natural wav (o extend
vidge regression to mudels i which the prediciors are
wonlinear functions of the §'s.

Anpmerniing the vbservad dets
with “dwssmy " sbservatioons

A very useful and flexible way of bringng privs feel-
mg fornally imto the estimation procedure i 1o esti-
saic the response. subjectively. at puints that were not
vbserved in the experiment. By including the “dummy ™
obscrvations weether with the actual observations in
the regresion cyuations. 2 ridpe-lype estimator is
obtained. The nnst cxtensve development of this
approach was given by Theil.® even before the first
Hoerl-Kennard paper on ridge regression appeared.

All of the abawe approaches lead to 2 general ridge
estimatur of the form

B =IXX+kT) IXy + £TP°).

where T is a nonncgative definite matsix amd §° is a
P X 1 vector. The choice of £, T. and §* depends on
the particular approach being used as well 33 on the
nature of the prior information.

4. . Tieil. “On the Use of Iacomplerc Prior Information m
Regression Analysin.” J. 4m. Stsl. Assen. 38, 405 - 14 1196 )).
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Part B. Statistical and-Mathematical Collaboration

The Mathematics and Statistics Rescarch Department culbburates with many divisions of Oak Ridge National
Laboratory and other UCC-ND and FRDA installations. Each quarter the individual statisticians and mathematicians
report and document mapw cnllabuorations. which are listed in Table | by division for fiscal year 1977. Some of
tirse activities are summarized in this part of the repust.

Takie §. Tabwiation of collsbarations by stalisticions
sl mathewaticions dusing fiscal year 1977

.

E

Baskogy . ORNL

Mciah and Ceramus. ORNL.
Envisvamental Sccmoes, ORNL

Y-12 Pamt

Engincenny Techaodns . ORNL

Analy tival Chemnstry . ORNL

Uranmm Rewmrces Fraluaimn Project
Emerey . ORNL

Sl State. ORNL

ok Ridee Gasevmrs Diffusen Plant
Ficaith Physive, ORNL

Chemsiny . ORNL

Nuckear Rexulatory Commnsnon

Invitute for Facrey Analysin

Compuicr Sccnoes IDivinam

Comparative Animal Rescarch Laboratory
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9. Analytical Chemistry

C.K.Bywe M.R Guerin'

PREDICTION OF MESTOPATHOLOGICAL
PROBANLITES

T Am-analysis of the sevies §. 3 and 3 Jota-from the -

Les Hoxardouws Cigaretle Program was made to fimd
ssweces which cacse varistion in the histopotholegical
peobabilitics of . mouse bricg twmur free when smoke
condenmte wat skin peinted on the mouse. The sowrces
of vesistion were limited to five chemical measurements
of swke condessate - Bisotine. pH. phenols. coloni-
wt-ic phenol. and benzoje] pyrene - and the concen-
wativns 2t winch the smuke condensgic was applicd to
the mice. Nire mathematicad mudels of different
combiraticas of these sx variables were mvestigated to
find e “Brat™ predicion variables fur vhe histopatho-
Togixal probobilitics. Although the scupe of this stedy
was limited o six varialles. it does show that the
conceivation of the skin pointing condensate (). the
amount of nicutine (N), and the cundensate pH make 2

i Auulnnl(‘hmn Divisann.

R. W. Holmberg'

mgjor conlribution to the variation of the histopeth-

logical probabilisies.
The best prediction wode! had 2 smdtiple corvelation

wefficiemt of 64.5%. u‘lkmﬂitnls-uhlhn

mwm--mm

P=2371- 36X 10°2C + 4665 X 10°°C?
(0.161) 10388 X 10°2) (0366 X 107%)
X6 ¥ 103N NS X I0'pH
11464 X 10°%) 10.233X 107Y)

+ LIB2X 107 N-pH . ()

10.2%34 X 10°%)
In Fig. 3. the observed values ase plotied aypinst the
predicied volues of the “best™ mudel. W gere were
perfect apeement. the vbserved values would 2l on
e prediction lime drawn from the lower left-hond
cormer to the wpper night-hand cormer. One standord
deviation (5) from the predicied lime is $ = 0.0W9: the
wumber of points (hat are one. twer. and three 37 andard
Jeviations from the prediction fine are given in Table 2.

Ohem. OWG 773700

e 3 8 &) D9 &)

OSSEAVEID PROBABILITIES

22 03

0 o)

i

00 o)

-2 o3 04 o3

o8 07 o8 0% 10

PREDICTED PROSASILITIES
Fig. 3. Observed histopetholngical probebilities (*) vs predicted Mistopethologicel probubilithe (line).
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Tabie 2. Nowmber of points ene, twe, snd theee standend
devintivas (S * LODM from e grediction lns

Datance from

b

that must of the smoke porticle diamizter data sets do
mt hawe a2 sighificant deperture frow:. the logrormel

vhe pocdictine lne Numbbes of Pevormt um.mnnmhuu-ma,

tstandurd devistions) poins be asumed o0 have am approsimate normel distri-
bution.

e-1 = 617 However. for several data sets. the lramsformetion

1:i " 1:1 int) dues have a significant departure from wormality .

= A mose graeral (ramsformation. atd - §). where § is 2

e . . ... consiant W be determined. was formed to gve non-

CIGARETTE SMOKE PARTICLE examined. For example. Table 3 displys the statistics

DISTRIUTION of smauke particle diameters taken from cight photo-

The distribution of the siee of cigasite smoke
purticies is an important (actor that detesmimes where
cigeeetie smoke is deposited in the lungs of test animals
during cigeretic smoke inhelotivn studies. These studies
ase werd Lo determine the effects of cigaretie smoke on
&fferent tissues of test amimals. The diameter of
cigeretie smuke panticles can be measwred from photo-
pophs of smuke panticles depusited um 2 filter pod.

The hyputhesis that the lugarithns of the sawke
perticie disemeters. nfd). have 2 normal distribation can
e tesied by the Bowman-Shenton lest,” which is based
on the siatistics VD, and b that estinmle skewmess
1VB,) ad kurtusis (§;) respectively. Skewness & 3
wmeasure of symmmetry about the mean. and kurtosis is 2
measere of the Mainess of the distribution. At the 57

LK O owsan and L. R. Shrairn, “Ommbes Tewt
Contvurs for Deposte 3 Trem Nocmality Based om b and
&.” Biveeririke 62. 103 SN 1197S5).

grapis rangag from the center of 2 filter pad (32t 1) to
the outer cdge (set 8). The seis are ranked irom the
lowest value 1o the highest value of the Vb, statistic for
the smoke pasticle diameters. The expecied valwes of
Vb, and b; fir data from 2 mwmal distribution are
Eivh,:=0and Fiby:=3in  1)in ¢ |) for 3 sample
sizeofl m.

The bgarithm of the diameters fur seis6 8.2.and |
show 3 significant departure frow: 2 normal distribution.
If the altermate transformation isid  }) s used. nowe
of the data sets show 2 significant depasture from
nomlity. The scabng parameters § were estimated’
from the data -quantities g, where Probld >¢,] =a.
the data means. and the standurd deviations. The
eslimates of the scaling parameter adjust each of the
d3'a sets 3o that the fits to the “Tails” of the normal
distribution were improved.

3. 2. Aitchinn amd ). A, C. Beovwn, Thwr Logwrmel Divers-
Acatmwe. (amab: e Unis. Press, New York, 1957,

Toble 3. Shewnes and kuvinsis statishics for
diometer ¢, Intd). and Intd 1)

Doamcicr (.

il Ined 1) -
Sct . ism) - L
e M 'R Vi b; vy by

6 194 038 o3 7 0. hY o 0one 267 -0.83
(] 11| n.ss L ne2 k3% o on? 2178 0.8}
2 122 n.ss 3.4 0.51 v.21° n.19 291 na)
) 102 0.Se s 0.8 3w n.23 297 102
7 198 0.8 4.56 0l N 0.0} 3m 0.17
[} 156 09 3 012 308 0.0 3Iim 0m
4 154 (XY] 414 om n2 0.08 288 (AT
3 _167 1 A8 n.22 mn 0.01 302 0m
Toial 1271 086 4 n3s 323" 007 lom -0.28

“Siniiicant at the 877 sipnificance bevel
Peanificant at the 107, significance kevel.



10. Biological Research

J.J. Beachamp W. M. Generaso! ). M. Holland' T- J. Rischell W._ L. Russelt’

). G. Brewen' D. G. Gusilee M. C. Jernigan® P. Nettesheim' R, A. Wallace'

E B Dudes. il R P Hemenger® R C. Mexham.lr. N Revis' D. G. Wiksun
PROTEIN BREAKDOWN IN A CELL decaying expenential. The expression for total proteia

A mathematical el of the process of protein

breakdown in 2 cell was comstnacted 10 test e

hypothesis that the rates of breakdown im cell cveo-
piasm and cel} nuclens are significantly different.

R was assumed that the msucleus aad cytoplasm
exchenge protein 2t competing rates and that the
protein in cach decays at a specific rate. The resulting
initial valwe problem:

C.—‘O)'C..

G kG kG G,

Cu= k3G +k,Co ~13Cn . CalD)=0.

where k, and k; arc the exchange rates and 3, and 7,
are the decay rates. was solved expiwitly using the
24 2 matrix exponential. The sulution is

CAN = [Co/tAy - M) |4 expld 1) - Bexpid:0)] .

) = [Coi(Ay - Asy) itAB/K, Mexpid, 1)

-explh .

where 4 22, +ky + 9, 8B=2; 4k, ’13:“‘:.‘;
ae the real. distincl. negative cigenvalues of the
coeflicient matrix:

/ ky - k; \
\_ Ay k; 7:)
with, >1;.

As expecied. the model gave the protein concentra.
tion in both nuclens and cytoplasm as 3 sum of
decaying exponentials. However. the experimentally
observed quantity. tofal prolein concentration. ap-
peared to be adequately represented ' 2 single

1. Biology Division.
2. Compurative Animal Research Laboratory.
3. Chemintry Division.

b

concentration given by owr model was
Cﬁl);ila_"e;ﬁi;l).—lexpil,)il T

where @ = Co /(€A — My Jk2|.5=AB k;).and b=
(A4 - k;)B. Tt possibilities which permit Cr 10 be
representable 33 a single decaying exposential asc (1)
71 ® 7z, that is, the decay in sucleus and cytoplsm is
3t the same rate (in thiscase 4 =&, and § =0):and (2)
the time over which experinwental data were taken was
too short to observe the second exponential. There
appears o be no fortuitous combimation of parameters
which result in Cr~e 2 (except the trivisl case
k, = 0 in which no exchange occurs).

RADIATION-INDUCED CHROMOSOME
ABERRATIONS

Statstical methods were used to analyze the fre-
quency of chrus.osome aberrations in mouse cocytes
expused 10 acute or chromic radiation.* A model was
developed 10 accuunt for the fewer aberrations resulting
from exposure o fractionated duses of acule radiation
refative 1o the corresponding total duse in 3 single
exposure. The method of Bimbaum® was used and
extended 1o perform statistical tests of signifi-ance.
Linear ar.. quadsatic .pproximations to models derived
from onc- and two-hil targs! theory aswiated with
chtonic and axuie expusures. respeclively. were used.
Linear and quadvatic terms wore fitted simultancously
10 the frequency of aberrations by the method of
weighted least squares. That is. the intercept and the
coellicient of the dume variable were estimated by
wtilizing the chronic and the single acute data. while the
coelTicient of the dose-squared varisble was estimated
from the acute data nnly. by minimizing the waighted

4. “Fractionation Effects on X-Ray Induced (hromosome
Aberr. tions m Mouse Ovcytes.” Bl Dw. Ann. Prog. Rep. Jome
JO. /976 ORNL-S195,pp. 57 SB (Novewber 1976).

S. A. swnbaum. “Statistical Methnds for Poisson Provesses
and Fapomential Popuktions.” J. Am. Ster. Aarm. 49, 254 66
(1956).
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sum of squares of deviations from the model for all
observed aberration frequencies.

For the fractionated acuie doses the following equa-
tion is proposed.

YasXNa+bD+d,® +d:2 14 2l - A} dy-ve.

where Y is the number of aberrations obsened in .\
cells. J, and J; are the fachienaied duses totaling D. e

_ isthe . obseevatiGial error. 1 is the time betwzen ex-
pusures. and 17 is 2 function of time such that R0V = D
and fiee} = | When fin) is defined 10 be zerv or one. Tor
" 7. two muedels termed interactive and addiuve.
respectively. are obtained. The equation for the inter-
active mudel is

Y=Ng+MD+cD*)+¢
md for the additive model s

Y=XNla+hD+td,* +d:5)) o

Since ¢ > G and D° >, * +d-7 . the additive mode!
produces fewer aberrations.

Tests o sigilicance comparing the two modeds. for
tour values ot 7. using Birnbaum’s method. have heen
ade on data from experiments in the Biolomy Division.
ORNL. These statistical tests were made by substituting
obscrved aberration  frequencies  for expected  fre-
quencies 3t single acute doses. Te usc Birnbaum's
method. the proportion of aberrations in the frac-
thwnated avse group.

PEYoiy, 4V,

is compared with the expecied propertion. =, under
eah model. where Vr and ), are the observed number
of aberrations in the Iractionated and single dose groups
nspectively.

The expected proportion for the interactive model 1s

23NN N )

The test is accomplished by computing the probabilits
of obtaining a value of p. or vne more extreme. in
random sampling from a binomial probabslity distri-
bution with parameters = and V = V. » A

The expected propertion Tor the additive model when
oy =«I: 18

R I YH A VI A V8

When J, #4dJ;. in the additive model.

PEY, (Yt Y, +¥p).

where ¥, and ¥, are the number of aberrations
observed in V,, and .V, cells in single acute duse
groups curresponding to the fractionated doses J, and
dy respectively. In this case. = is a function of V7. ¥y,
N,> and the expected values of ¥, ¥, _and T, Since
the expected values are unknown. we propose an
approximation for = using .\y and the harmonic mean
H. of Ny, md ;. namely = = N (N7 +H). Further
development of the model using exponential terms in
the function A7) is in progress.

RADIATIONINDUCED MUTATIONS AS A
FUNCTION OF DOSE AND DOSE RATE

Two models have been proposed 1o relate the spexific
livus mutation. trequency in irradiated mice to dose (D)
and duse rate (1), In both models. the initial lesion is
caused by asingle ivrization track and may be remired
before it is manilested as a mutation. The muodels are
described as follows:

Monkel §

This mevdel takes the form

v=RINL pypirep, 11

where
¥ = mutzhon frequencs at dose /).
Ly = lesions per unit dosc.
o = maximum probahiliny of repair. 0 <p, < .
;o= ctficiency of repair. 0 p. < 1,
Po = mutation frequency Tog the controls.

When the cfficienc of repair p; = 1. the function
becomes

|'=‘|Ill "']"I’n’. ':,

that is. it 1s a siraight line with slope & (1
P: = 0.we have

r . Yhen

vk D+p, . 3



The effect of dose and dose rate on the repair system

expresses itself through the parameter p; . Specificall; ,
we assume that p; is given by the logistic function

prD. X =l vexplatbinD*ciad) ' . (4)

There are no biological gounds for this choice: it is
amply a flexible curve that for >0 and ¢ >0,
.. Gecreases from | 10 0 as the duse or duse-rate increases.
This equation may conveniently be modified if the Jose
has been administered in F equal fractions. In this case.
it can be shown that cne needs only o add the term
~-bIn F 10 the aigument of the exponential funclion in
Eq. (3).

Al 2 given dose rate the mutation frequency v as
pven by Egs_ (I)and (4)is tangent o Eq.(2)at D = 0.
his slope increases initially with D and then decr>ases as
¥ approaches Fq. (3) ssymprotically. Within the experi-
mentai range of duses and dose mtes. v is closely
approximated by the straigh: line. Fq. (3). at high duses
and duse rates and by the straight line. Eq. (2). at Jow
dose rates.

Modet 1

Lesions are assumed 1o occur randomly . with the rate
proportional to A. That is. in 3 given interval of time Js.
the expected number ol lesions is A, X Jr. If the repair
system is fuactioning. some proportion p, of thesc
fesions is repaired. so the expected number of unre-
paired lesions in the interval Aris ]l p Rk, N W We
further assume that the repair system can (2l and that
its time until failure has an exponential distribution
with mean u. which mayv depend on the conditions of
the irradiation. particularly dose rate. After the repair
system has failed. all lesions in its jurisdiction g
wnrepaired and become mutations. Under the above
assumplions, the expected mutation frequency is given

by

kA
vaps+k,D 'Tm” e 20y, (<)

where p, is tie expected mulation frequency in (he
controle. In fitiing the muodel to data. we have assumed
further that

ﬂ'k:kol - (6)

that is, the hazard for the repair sysiem is proportional
to some power of the dose rate.

Both Model | and Model Il have been fitted o
Russell’s data®"7 un mouse spermatorunia (14 17 data
puints) and owyies v data puints). Fitting was
dune by weightcd least squares. where the weights are
based on the asumption that the number of sutativay
at each dose and duse rate has 3 Poisson distribution.
Both models it well. particularly to the vucyte data.

Anuther model. based on the assumption that at iigh
duses and dose rates the lesinns are primavily two-track

-2vents - has been prupused by Abrahamsen and Wolll *

The guodness of (it of their mudel. which is applicable
to high and Jow (but not intermediate) dose rates was
wed by them to argue for the walidity of their
assumplivns. Since Models | znd I fit the data even
better. the two-track hypuothesis is not necesswy in
cxpiain the behavior of the observed mutation fre-
quencics as a function of dose and dose rate.

LENS OPACITY STUDIES

During this period our effort has bren directed
toward the application of the dose-response relationship
0 estimate the Relative Binlogical ©ectiveness {RBL:).
summarized in carlier reports.” Using the estimated
donse-response relationship. specific comparisons were
made among different types of radiation (¢ g.. neutron.
pmma. and Y-ray) and Setweer the two methods of
delivering this radiation f(acute and chronic). The
following are the comparisnons made from these data:
(1) acute and chronic gamma radiation results: 12) acute
and chroni: neutron radiation results: ard (3) x-ray and
acute gamma radiation results. The acate radiation was
found 10 be more effective than the hronic radiation
with the differences decreasing with increasing dime.
Estimations of the RBE of fission neutrons with respect
to amma rays were obtaned for both aute and
chronic radiation. While fir the acute radiation. we
found the RBE (o be a decreasing fumtion of duse. the
chronic radiation data resulied in an increasing RBE as
a function o dose. However. the estimated variance of
the RBE values wewe larger than the RBE valucs oves
mich of the dosz 2nge of interest because of the small

6. W. ! Ruwcli “Srudicc in Mammalun Radiation (-
neties.” Nicheonng 23,83 36, 02 11908),

7. W. L. Rinsell. personal commuaication.

8. S. Abgahamson and S. Wollr, “Re-analvus of Radiation.
Induced Specifiv Locus Mulations in the Mouse,” Varfrrr 184,
T8 1901978).

9. “Lens Opaity Swwdy,” Marh. Srer. Res. Dep. Prog. Rep.
Jume 30. 1978 UCUOND/CSD-IK. p. 32 1October 1975): and
Math, Star. Res. Dep. Prog. Rep, June 30, [97A, ORNL;
CSD-13, p. 28 1Ocinher 1976).
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sumple size in the chronic pmma treatmeenl prowp.
Thesefore, the practical significance of this resuk is
doubtful. Additional work is in progrems ® find
explanation of this anuomaly. In addition. we have been
sl 1o demansiraie a significant age-srespumse relotion-
ship in the comtrol animals which dues mut appear to
exisl amung the (reated animah. especially 3t the high
dunes.

An asdditiomel cxperinment. whick e cavied owt in
the ome manacr 35 the abeve experiment. hes been
" uinducted (o examine the Josimietric chadacterntics of
3 pustinkbudy neutron shicld for moum isradiativas.
The present types of dosimeters available for atutren
wmeawremuents are genesally oo lwge for wae in mamy
expesiments. Thesefore. the mouwse bkms has been
examined 33 2 potentiol bislugical dusimeter both to
substantiste presest informetion and o check smaler
sreas where belky dosimeters were imeffective. for
example. 30 area 0.5 cm from the cdige of the exposure
port. In this experiment. only newiron radistion was
wied. but the mice were placed at dilTerent distances
showe and below the edges of the expususe port in
ovder o determine if these chonges in position were
significont. Two different runs were made for the
wadiated mimals. sv 1 was pomible to test fur 2
significant ren effect.

There was mterest in potentinl fature compasisons of
the results of this experiment with the experiment
discussed previvusly in this articie. Therefore. the same
expression was used lo decribe the lime peramt-
sens-opacity or tlime-response relation for cach cage of
anismls. No significant difference could be detected in
the results from ome run (o another. The response for
the irvadiated animals was signiflicantly preater than that
for the contrl group of animals. In addition. when Two
groups of animals were irtadiated at 19.3 and 26.3 rads
respectively. at the same position from the edpe of the
exposure porl. a significant duse effect was nbserved.
The question of a significant position effect has nat
been conclusive because of the confounding of the dise
and position factors. Additional analysis will be necded
to unravel this question.

DESIGN UF A SERIAL SACRIFICE
EXPERIMENT

Statistical methods were used 1o plan a long-term
experimen’ on factors causing cardiovascular disease.
The determination of the number of animals. the chvice
of experimental design for the combinations of lactors.
and the determination of the number of additional

»

sninmls required 1o wsure that 3 pwen sumber would
be awilble for exch perind of 3 wevial sucrifice
schedule wese impuriant W the plan i the experioment.
Obxerwativnal and cpideminkugical studies hawe indi-
cated that the level of lipids and the bevel of seweral
climents in the diet arc amuciased with cardiovascuby
diseme. A conirelird experiment on the effect of lipid
fevel and the effexcts of four clements singly and i
combinativn will be performed wing pigrons. becasse
their metabulism closcly scscmbics thet of humens.
The nuslier of pigrons sequised 1o have 3 scasomable
chance of detecting real Silferences im the incidence of
crdiovascules diseane due to different levsis of the
factors was determined by standaid statistical methads.
Tiet number plus the niditionsl number of amimals
needed ‘o allew for matusal mertality through the
program could be imitiated.

Some amimals will be killed and examined patho-
gically during cach perind o investigate basic mecha-
nisms of the developnrzzt of the discase. The lollowing
formmby was derived G estimate the ~umber (V) of
pigevns accded 2t the beginning of the experiment in
wrdet 1o have A animols available Tur sacrifice m zach of
/ perinnds.

[

YR

. [ ]
.\-——7

"'J

where gy = | and g,. for j > is the probability that 2
pigeon alive at the beginning ol the jth permd will
swvive (o the end of that period. Information from
previnus experiments on the mortality frequency distri-
butions. frr high and low lipid Jevels. was used 10
elimate the g's.

The five (xtuvrs. each 3t two levels. result in 32 diet
combinations. Since A must be ks than 32, the
sxrifice schedule was designed wsing cxperimental
designs 10 minimize the confounding of the factor
effects with time effects. such as aging. Fractional
factorial desipns which do not confound time effects
with individual factor effects. Iwo-factor interactions.
nor other important interactions were propmed. With
these desigrs it is also possible 1o perform tentative
Aatistical analyses as the experiment progresses.

.. -



SEQUENTIAL TESTS FOR MUTAGENKCITY
OF CHEMICALS

The development of efficient experimental pro-
cedures 1o detect mutagenic chemicals by testing for
heritable translocations is continuing ' ® In order to test
chemicals for mutagenicity they are subjected to a
subset of a battery of tests. One such test is the
heritable translocation test. which is based. in part. on
the fentility of the offspring of treated animals. Statis-
tical methods are being used to improve a sequential
test t0 minimize the errors of misclassification of
chemicais and the costs of testing. These tests are
particularly expensive, because 2 large number of
treated animals are required for the detection of the
relatively small increases in mutation rates cansed by
chemicals which must be used in concentrations below
theis toxic [evels.

The two enors to be minimized are the probabilities
of classifying an animal with reduced fenility as a
fertile animal und of clasifying a fertile animal as one
with reduced fertility. Ows cumrently recommended
procedures are based on both empirical distributions
and the binomial distribution. The binomial distribu-
tion fits experimental data well for normal animals but
does not fit well for animals with reduced fertility. The
latter distributions exhitit extra-binomial variation, and
better approximating distributions will be used. pos-
sibly compound distributions.

Another statistical problem is the determination of
the number of animals needed in treated and control
groups, each of which is to be tested by the sequential
procedure. to screen each chemical. The spontaneous
mutation rate is approximately 0.001. and it is neces-
sary to have experiments which are sensitive enough to
have a high probability (30.95) of detecting induced
mutation rates in the range 0.002 to 0.1. with greatest
interest in the range 0.002 10 0.01.

INHALATION CARCINOGENESIS

A large study of the combined effects of iwo
carcinogens (BaP and BaP + Fe,0,) and three gases
(HCHO, C3H,0, and NO;) on mortality and disease
incidence in hamsters has been completed. The treat.
ment groups are shown in Table 4. When there are
several groups in a particular “cell” in the table, cach

10. “*Sequential Tewis for Mutagenic Effects.” Marh. Star.
Res, Dep. Prog. Rep. June 30. 1975, UCCND/CSD-I8, p. 30
(October 1975).

Table 4. Cassification of expevimeatal gresps
according 0 carcinogen and gas
Each group represeats a chamber of 88 animals.
except for those marked with an asterisk.

wn whivh there were 44 animals
Carca G

atcimopen —_—

None HCHO CyH,0 NO»

Nowe 101* 1 IN]
102* 14
103°*

[ 51 4 tBl* 1H? JA) IN2
1B4° 1HS IN3
1BS* 133} IN4

152 IN7

BaP and 2B} 2H1 2a1 2N}

FC:O’ 2"2
2H3

represents a2 different dose or mode of treatment.
except for the BaP controls (181, 1B4. 185) and room
controls (101, 102, 103).

This was a survival experiment in which the aninals
were examined al death for the presence of various
diseases, particularly tumors of the respiratory tract. A
comprehensive statistical analysis of these data has
begun ., based on the following outline.

1. Survival Analysis
A. Plots of Survival Curves
B. Mcan Age at Death
C. Median Age at Death

1. Analysis of Tumor Frequencies
A. Number of Tumors per Animal
B. Number of Animals with Tumor(s)

. Cross-Classification Tables

In addition to presenting the summary statistics
(means and standard errors) .ssociated with each end
point cr response of interest. we have made compari-
sons, wsing Student’s r-est, of the various (reated
groups with the appropriate controls. We were pre-
sented with some difficulty in these comparisons by the
extra variation among cages and among chambers. We
partially avoided this difficulty by taking the experi-
mental unit 1o be the cage, where each cag> housed four
hamsters. For cxample, the average number of tumors
per animal within a given cage was defined as a response
for that cage. The same approach was used in the
analysis of the number of tumor-bearing animals.
However. we have not been entirely successful in
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dealing with the extra vanation among chambers.
primarily because there was hardly any true replication
with respect to chambers. We are now in the process of
determining the extent to which the variation among
chambers affects the statistical significance of owr
results.

Scparate analyses are being nmade for tumors at four
sites of interest within the respiratory tract as well as
the entire respinatory tract. Four different types of
respiratory  tract  tamors  (carcimoma.  papilloma.
adenoma. and sarcoma) are also being analyzed sepa-
rately.

So far. the analysis for tumor rates has involved no
correction for differences in mortality paterns among
the groups. These corrections will be made using
methods described in previous reports.' ' ' *

The cruss-classification tables that have beer. com-
piled are mainly for purposes ol reference. Some of
them tabulate the association between tumor response
and group and between tumur response and age at
death. for various definitions ol tumor response. Others
show the association between pairs of sites with respext
to tumor response. and also the assaciation between
peirs of twumor types. for example. carcinoma and
adenoma.

DECONVOLUTION OF FLUORESCENCE
DECAY DATA

The convolution invtegral. Eq. (V). arises naturally
whenever one studies the time-dependent response of a
finear system.

pO= [ di' iyt 1)
h
=_f':dl'(ltl 'y’

iIn Eq. (1) the function p{7) is the actuai response of the
system to the input ¢t£). The Function 417) is the “delta
function response”™ of the system. that is. it is the
responsc of the system to an input equal to 2 Dirac
delta function occurring at time zero. The function (7)
contains all the interesting physics of the system
without any distortion duc to details ot the input
function.

1E. “Cocarcinmgenic Fifeets of Smog and fron Oauke.” Marh.
Stat. Res. Dep, I'vog. Rep. June 30, (974 ORNE <4989 p. 22
Deeember 1974),

§2. “Likelihood Inference for the Log Odds Ratio in Survival
Experiments,” Marh. Stat. Res. Dop, Proe. Rep, June 30, 1975,
UCOND/CSD-I8. pp. | 2 1October 1975).

The usual problem in practice is 10 make use of Eq.
(1) and measurements of the functions pi7) and ¢t7) to
determine essential  physical properties of 2 linear
svstem. Here we are concerned with the fluorescent
decay of molecular systems. where p(7) and ¢(*® have
been measured using single photon counting methods.
Thus the data from measurements of these functions
will be assumed 1o be in the form of a scries of positive
integers ip;- and {g;}. i=1. 2. ... n. represenling
numbers of photons in sequential time intervals
(channels).

Previously,'' we reporte?2 a method for decon-
voluting fluorescence decay data by expressing Eq. (1)
n terms of the discrete approximation

L}
Pi=Z Fagi joy. i=1.2..m. )
i

and minimizing the weighted residual sum of squares.

St = —l-lp, Py . 3
n;

TN

-
1}
-

subject ta lincar constraints on the solution F = (F,.
Fs. ... Fyg) A Tast quadratic programming algorithm
was writlen o solve for F.

We have now incorpurated into our program a
meth  for constructing a likelihood interval for each
F:. The right and left end points. 7; and /;. of this
interval are solutions to

Six) SFy =384, (4)
where S,(x) is the minimum of S(F) subject to F; = x
and the given lincar constraints on F and where F is the
solution to the minimization problem. Eq. (3). Both 7;
and /, indicate how far F, can be wmoved from its
optimum (/) before the residual sum of squares is
increased by the amount 3.84. An increase of this
magnitude represents approximately a 47-fold decrcase
in ¥kelihood. The reason for the choice of 3.%4 is that
in the unconstrained least-squares problem. the likeli-
hood interval gives exactly the 957 confidence limits
for F,. For the constrained problem that we are dealing
with here. the probability that thi= likelihood interval
covers the true value of F; is not known: however. some

13, “Dreconvolution of Jluerescence Deeay Data.” Marh,
Stat. Res, Dep. Prog. Rep. dune 30, 1974 ORNL- 4989 pp.8 -9
ecember 1974y,



simulations we have dome indicate that its interpreca-
tion 2 2 95% confidence mterval is rot misleading.

To slve Eq. (4) requires the approximation of the
femction S{x). which does not have 3 known closed-
form solution. We have used a quartic spline interpo-
kation fus this purpose.

This procedure is now incorpurated into vwr decon-
woistion program a'd has been applicd in several test
cases using real data.

SURVIVAL ANALYSES OF MICE TREATED
WITH X RAYS AND MMS

A 2 X 3 factorial experiment was conducted lo
examine the effects on mice of x rays and the chemical
methyl methanesulfonate (MMS) (administered in
drinking water). The experimental groups are shown in
Table S. with tF: median age at death for each group
shnwn in parentheses. These data include the results of
two separate experiments: hence the presence of two
groups in some of the treatment “cells.”” The first was z
survival study in which the mice were left until death,
and the second was a serial sacrifice study in which a

Table 5. Experimental growps
Fach group mchudes 100 150 méve.
Corrected median ages at death are

pwen in parcntheses.

Age at which MMIS

- X ray

freatment began »

vweek<) R IR
0 2BR2S) 2a170m
2IM803) 2471y
4 1A(826) In73m
11-:804) 1ki7C6)
12 1C370) 1 708)

*MMS was given at 20 me kg”' day ' in e
drinking water.
’X-ray exposure was at six weeks,

predetermined number of mice were killed at regular
intervals and examined for the presence of wariows
diseases.

The medians shown in Table 5 were cach oblairad
from 2 Kaplan-Meier plot.'* which corrects the empir-
ical timzto-death distribution for accidental deaths and
deaths due to cxtrancous causes. such 2; the outbreak
of paeumunia which affected several of the groups.

Comparsons among the corrected survival curves
-reve made using the odds-ratio analysis described in 2
previous report.'® where the “disease of interest” is
defined to be death from all causes other than accident.
sacrifice, or pncumunia. The initial phase of the analysis
compared the survival curve of each member of 2 pair
{cg.. 2B and 2D) within 2 treatment cell. There were no
significant differences. with the possible exception of
Groups 1B and |k, where the odds-ratio appcared o
change significantly with time, so the decision was
made to poul cach such pair of groups.

The next phase of the analysis consisted of -omparing
cach MMS treatment with the appropriate conul to
evaluate the effect of MMS. AR fowr of these compari-
suns indicated that the risk of mortality (in terms of the
oddsatio) associated with each MMS group was greater
than that of its control. In three cases. -wever. there
was notable variation i the relative risk with time. This
means that the effect of MMS may not be so simple as
tv be conveniently expressed in terms of a single
r~lative risk statistic. We are currently investigating this
puint.

We have also begun an examination of the interaction
between x ray and MMS as it affects survival. again
using the odds-ratio method of assessing relative risks.
We will then apply essentially the same techniques to
other end points. such as the prevalence of specific
diseases.

14. K. L. Kaplan and P. Meicr, “Nonparametric Fstimation
from [Incomplete Obwivatums.” J. Am. Stal. Aswun. 53,
457 BRI 11958).
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.
CALCULATION OF THE DENSITY OF
STATES OF ALLOYS

A basic step in the calculation uf the density of siates
of am alloy is the cumputation of the fullowing
quantity:

im{(zf - 4)%) . th

where Im denotes the imaginary part of a complex
mumber, z is a complex number equal v ¢ + i€ for
arbitrary seal numbers ¢ and €. 4 s an 7 X # large.
sparse, symmetrk matrx, and | < 7. s < » An
agurithm. coded as subroutine ITLANC, has heen
developed to compute this quantity for an arbitary
number of values of a.

The basis of this algurithm is the method of Lanczos.
Defining vo = O and given v,. Lanczos™ iterative
methud?® can be described by

- oLy

Bio1vjen =AY, -,

BYi-a

with o; = v,-TAv, and §;.; # Ochusensothatily;,  f = I.
Aflter k itcrations, we have

AV, =V, T, "5&.1'1.“.{ )
where ¥ is an n X k matrix whuose jth column isv,. T
is a k X k symmetric tridiagonal matrix whose /. j)
clement is @; and (7. j + D clement is 3;. ;. and ¢, is the
kth column of the k X & identity mafrix. If we subtract
oV, from both sides of Eq. {2). we have

(A

oV, = V_T, oD +3x, Va1

Thus, performing the Lanczos iteration on 2 matrix
obiained by subtracting an arbitrary walar o from the
diagonals of A produces the same identical v;'s and 3;'s
with the @;'s shifted by the guantity o.

1. Solid State Division.

2. C. C. Paige and M. A. Seunders, “Solution of Sparse
Indr . nite Systems of Lincar Fquations.”” SIAM 1. Numer. Angl
12.617-29(1975).

E. Mostoller'  R.C.Ward

Let v, = ¢,. e sth column ol the # X x idemity
matiix: partition ¥, as follows:

o)

llT

U.J
where U, is the indicated (7 - 1) X k subswtrix. w, ¥ is
the rth row. and U, is the indicated In — 7) X &
submatrix: and let y, be the svlution to

V‘-

‘1} '0’”}’=§| .

then. uy "y, ~¢,'(4 o) 'e, as ke The quantity
e, 714 o) ‘e, 15 the (7, 5) clement of the inverse of
A - ol

Subvoutine ITLANC has the capability of performing
additional Lanc/zos iterations 1o obtain he desied
accuracy of Eq. (1) as a. the real pant of 2. varies over
the values of interest. ITLANC also may detect cun-
vergence before all the available iterations have been
used.

DISORDERED SYSTEMS WITH
SHORT-RANGE ORDER

In previous work? we have detailed a method for
treating disordered systems described by independent
random variables. However, many physical systems,
including alloys and amorphous solids. possess short.
range order, and therclore, their mathematica descrip-
fion requires dependent random  variables. We have
shown how 10 extend vur previous work to this more
general situation. In cssence. given any collection of
discrete random variables. we can construct an cquiva-
lent operator-valucd weak distribution. Thus in order to
compute configuration averages, we can define an
appropriate nonrandom Hamiltonian deiined on a larger
space and use conventional approximatior iechniques.

Model calculations are shown in Fig. 4 for a one-
dimensional binary adloy. whose configurations are

1 T. Kaplan amd L. J. Gray. “Flementary FExcitations in
Random Sub-titutional Alloys,”” Phvs, Rev, B 14(8), 3461- 70
11976).
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Fig. 4. Comparinon of the demsity of siates calcuinted in the ASF with 3 recwsion leve) of 8 (smooth curve) with the
conresponding exact calculution (histogram) for 2 100.000 stom chain. te) fgp = 0.1: tb) Iy = 0.5: (chigy = 9.

determined by a Markov process. The parameier 1y is
the probability of finding a B atom at a site given that
there is a B atom immediately 10 the lefl.

SPECTRAL DENSITIES OF
DISORDERED SYSTEMS

In many experiments on disordered solids it is the
spectral densities which must be calculated in order to
properly understand the result. For cxample. in neutron
scattering cxperiments the inclastic cross section is
related 1o the spectral density of a displacement-
displacement Green's function.

Using the Augmented Space Formalism (ASF).*** we
can express the spectral densily of a disordered system

as a matrix element of 3 new nonrandom operator. The
ASF is particularly well suited for this purpuse. since it
automaically ncludes v ranslational  invariance
which results from averaging over all configurations of
the disordered system. Standard numerical approxima-
tion techniques can be used (o cakulate the matrix
clements.

Model calculations have been completed for the
spectral density of a onc-particle propagator of 2
three-dimensional simple cubic A-B alloy. Calculations
for an actual physical system are in progress.

4. T. Kaplan and L. J. Gray, “Flementaty Facitations in
Disordered Systems with Short Ranpe (rder,” Phvs. Rev. B
1516), 3260 66 (1976).



12. Energy Research

C.K.Bayne W E Lever  HOM. Long'

SENSITIVITY OF THE ECONOMY TO
ENERGY DECISIONS

In 2 previous repurt.’ 2 relationship hetween the
conumy md encrgy decisions was described by the
semsitivity of an cigenvalue n a2 generalized cigenvalue
problem. The first-urder perturbation of the eigenvaloe
was given i terms of its Jeft and right cigenvectiors and
the cipenvalue itsell. This progect has been completed
by the develupment of algurithas for determining these
parameters.

The combination shift QZ algurithm® should be wsed
o determine the cigenvalue of the relevant generali o d
cigenvaloe problem. Then. an inverse ileratim algo-
rithm should be used 10 determine the et and right
cigenvectors for the cigenvalue of interest. The mverse
Nersation apu:ithm uwd Jor this progct, coded
sbrovtine GINVIT. can compute cither the kit or
nght cigenvector using the cipenvalue and the input
matnces: GINVET returns the facturization and pivot
mlormation for pussible later nse. Also. GINVIT can
compute cither the left or aight cigenvector from this
returned information in an extremely efficient manner.

FIELD DEMONSTRATION OF
COMMUNICATION SYSTEMS FOR
DISTRIBUTION AUTOMATION

The Electzic Power Rescarch Institute (EPRI) and
ERDA have jointly planned 1o conduct a licld demwn-
stration of communication systems for  distribution
automation. The purpuse of the demonsiration s 1o
illastrate  the feasibility of various communiation
inethads 00 remolely control and moniter aspects of an
electric utility under operating conditions.

Some of the advantages to be derived from an
automatcd distribution system are (1) load misnage-
ment. () time-of-day metening. (3) status monitoring,
(4) faunr detection and isolation. (5) distnbution

1. Fnciey Dwisson,

2 Institute for Frcrpy Analy vis, ORAU.

3. “HFicet of Facrgy Decismons on the Feonomy.” Meth. Star,
Res. Dep. Prog. Rep. June 90, 1978 ORNICSD-13.p. 32
1October 1976).

4 R (. Ward, "The Combination Shift /7 Algorithm.”
SIAM I Sumwr, Anal 12,838 $311975).

R.C.Wad D.B. Remter?

nerwork switching. (6) equipment contral. ( 7) remote
meter reading. and (3) data for luad research.

Four manulaturcr/utidity teams are partipating in
the demmwnstration: the cams ac as follows: Amerkan
Science and EngineeringSan Diego Gas aac Elecunc,
Compu-Goad/Carvlina Power and Light. Wesling
house/Detroit Edison, and Daico/Omaba Public Power
District. Each team will install equiprient atl approxi-
mately 750 customer sites v den. nsirate various
aspects of their communication systems. The sites will
be distributed amuong residential. multifamily . commer-
cial. and indusirial customers and between underground
and wverhcad ciromits Tos buth urban and suburban
areas. The demonsiation is planned ta continue for at
keast one vear.

The sole of the Mathematics and Statistics Research
Depariment (MSRD) in the demunsiration was to ()
review the panulacturer’s propusals in terms of site
schection. oy erimental design, and data analysis: (2)
devise 3 form 1o indicate the type of experimental
variables and test results that should be repurted: and
{3} sugeest iethods of analvzing the data to detect
factors that inlluence the crror rates in the communica-
tion system or the reliability of the equipment.

The review of the manuiaciurer’s propusals indicated
that three areas were not adeguately addressed by the
terms: (1) the mecthod of sclecting the customers for
the demonstration. (2) the criteria that would be used
e judpe a successiul demonstration. and (3) the
statistical methodology 10 be used to analyze the data
gencrated by the demonstration,

Since Jittle attentines had been mid to the manner in
which e data should be collecied. a list of experi-
mental parameters was compiled as 3 genral guide for
the icams 10 use 1o gather information for the data
analyses. This hist was partitioned into five parts: (1)
sample pont history 2 € 2) crror rate in general . 3) error
rale per customer: (4) meter reading data: and ($5)
cqupment reliability data.

To avoid the pitfall of not answering the original
objectives of the project. 1he tcans were envouraged 1o
set up similar objectives and data collection and analysis
plans as son as possible. To initiate this planning. a
data analysis methodology was suggested which could
he uscd by the cams a5 2 common basis for their
analyses of the data ansing from the field damonsira-
ton.
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RESEARCH ON LATENT HEAT, imluded thuse off Goodnman® and Megeilin® In addi-

THERMAL ENERGY STORAGE SUBSYSTEMS

One of the key elements o 2 seccessiul program of
siar emergy wlilization is the method to be used tor
thermal energy sturage { TES) In an effort 1o redue the
sie and complexity of thermal energy sturape sysiems.
most of which currently rely un wsing larpe imasses of
rock for seosible heat storage. 3 significant research
program is under way with the aim of developing
methods for storage of thermal energy as kaveit heat in
socalled phase-change materials (pem). whech will melt
o sulidify according W whether heat 5 ztored or
released. The gual of the analytical muddling part of
this prugram is the development of amalyinadl and
computes modcls which will accuratdy predict the
pesformance ol latent heat. themw! energy storage
subsystems.

in the wurk perfurmed up 1o the present tume. (wo
kinds of activities have been carried out. The first is the
atiaimmen! of qualitative mfermation abvut the be-
havior of pum subject 1o a variety of external tempera-
wre condition. i slab. cylindet, and spherical prome-
tries. The second has been the development of more
accurate mathematical methods fur use in the analytical
and computer mudels. Mure specifically. the fullowing
resslts have been obtained.

1. Approxinmtam of the temperainre distributin.
Pulynoraial and broken-ine approximations Tor the
emperature distribution in a wall were derived for o
varicty of boundary cunditions. These approxinations
will be cmployed as possible altermatives (o infinite
series expansions for the temperature® and finite
difference approximations.*

2. Approxinmic solutions of moving benwidery prob-
bems. A comparisun was made hetween several approxi-
mation methods Tor the solution ol 3 moving buundary
problem in the slab geometry. The methods studied

. < 4 M— . n o e S ———n b w4

1. Chemistry Divivion.

2. Engincering Technology Divisien.

3. H. Carslaw and J. Jaeger, Condisction of Hicat in Solids, 2d
ed.. Oxlord Univ. Press, London, 1959.

4. G. Smith. Numxricul Sokution of Pertisl Ixffereniiol
Fquations. Oxford Univ. Press, London, 196S.

e

tion, the Meperlin method was extended to an approxi-
mation wheme based on swbdivision of the pom regon
which. for 2 large family of problems. was shown o
yicld 3 sequence of emperature and phase-boundary
approximations converging 10 their exact values.

3. Sinudatom of @ latent kewt stovaze wvechanism for
« siobh. A mathematical simulation was derived fur the
lasent heat storape mechanism in 3 shb of pom
sepurated by a2 wall Irom a3 channel in which hut (o
wld) Mid is flowing. The simulation was based upun
the wse of the Megerlin methud in the pom and 3
stiraithidine wmperature distribution in the wall. Re-
solts were obtaied for the pum Penzuil (112/118)
While Scale Paraffin Wax and walls compused of copper
and methylmethacrylate, for a varicty of tluid tempera-
tures and llow rates. 1 was found that the heat storage
peovess was initially strongly dominated by the wall.
whereas (or larger times the wall popertics had an
msignificant cflect.

4. The cffect of sugmenting the pem with @ good
amsducting filler materinl. In the wish o estimaie the
effect on the heat storage rate ai:d boundary histury of
3 TES system of the addition of goud conducting lillers
tw a poor conducting pem, a2 onc-dimensional slab
mode] was cxamined for 3 varicty of pem’s and lillers.
A ypial result oblained was the prediction that by
adding 1.5 vol 7 of aluminum (ilker 10 the Penzoil
(11271 18) White Scale Paraffin Wax, the latent heat
storape rate will e cnhanced by a factor of 3.55.
Generally speaking. the enhancement cffect appears to
be highly significant.

5. The cffect of a sinusoikal input temperatre.
Analytical predictions were derived for the free bound-
ary histosy and the rate of latent heat storapge for the
slab geometry when the boundary temperature is
sinusvidal. As in 3 (above), the cffect of the wall and
channel Nlow diminish rapidly. and the TES provess is
dominated by the pcm properties.

S, T. Goodman and J. Shea, "The Melting of Finite Skhabs,” J.
Appl. Mech. 32,16 24 11960).

6. . Mcperlin, “Geometrisch Findimve:sional Warmeleitung
Beim Schmelzen and Frstarren.” Forsch. Ingenicrwes, 3,
40 461196M).


http://Uue.it

6. The cffect of nnucerssinty of physicel properties
The fact that many pom's exhibit additional solid-sulid
transitions. supercooling.  and other “uncerlaintics™
requires thal we hgve an understanding of the sensi-
tivity of the predicied estimates of. fur example. heat
storape rates and boundary history (v this pussibie
varigbility of umertainly. Assuming randuomness of
swch properties as the hitent heat. thermal conductivity,
and others. expecied values and probability Jistribu-
tions were dericd for the rate of heat storape and free
buundary in the slab case. These refations wili be
mxurpuraicd into the lesting provedure for the com-
puter simulation program.

POWER PLANT PERFORMANCE

The statistical analyses undetlying a report of the
Coumcil on Economic Privritics on power plant per-
formance have been cvaluated” The Council report
compared cual and nuclear electrcal peneration plants
by repressimg capity factor (3 measure of deciriity
generated (o cectricity which could be penerated) on
fxtors such as age. size. coal quality. and type of
penerating unit. None of the report’s principal regres-
sin cquations explained more than 417 ol the varisbil-
ity m the data. For instance. builing water reacturs
({BWR) were wreated as functwns of unit size. This
explains 117 of the variation of individual BWR
capacity [actors about the mean value. Given the large
amuunt of residual variability . the resulting uncertain-
ties of predicted capacity factors ase so large that the
predications are of little use n comparing generating
facility types.

DYNAMIC FAR-FIELD STRESSES GENERATED BY
A SUDDENLY APPEARING CRACK

As reposted previously.® Smith estimated the dy-
namic stress-intensity factor for a longiwdinal crack
located on a cylindrical shell in conjunction with the
planning of crack-arrest experiments in intermediate-
vessel-size geometries. The crack was opened by the
internal pressure of the cylinder. He used Freund's®

7. R. L. Simard, A Cntigue of the Council on Fconomic:
Pievities Texi, Power Plant Performance  Suclear emd Cosl
Capacity Factors end Fconomics, ORNL/TM-5846 (1977).

B G, C. Smith, "A Simple Method for Analyzing ihe
Dynamic Propagation and Asrest of Axial Through-Thickmess
Cracks n Cylinders.” Q. Prog. Rep. Hea:v-Section Steel Tech.
Program Oct. Dec. 1975. ORNL/NUREG/TM-3. pp. 66 84.

9. L. B. Freund. "Crack Propagation in an Flastic Solid
Subjcted 1o General Loading,” J. Mech. Phys. Solids 10,
129 400197D).

7

solution fur an approximate cakculativn. Frewnd's solu-
ten is mainly cowerned with oblaining the dynamic
siress-intemsity factor fur 2 semidnfinite crack on an
mibinite flat plate. In his solution, the eficct of the eder
retlevtion has been neglected and the solution far from
the crack has not been discussed m detail. In view of
the finite radius of the cylindrcal surfae in the
problem as comsidered by Smith. 1he siress waves
generated by the opening of the crack will trawed arosad
the cylmdrinal surface and cuntribute v the siress
miensity. The purpuse of this study was (v assess the
significanve of the retuming waves by use of 2 solutivn
of the related dynamic problem of a flav plate with 3
suddenly appearing crack.

From the principle of superpusition, the problem of
the crack opened by the intemal pressure is equivalent
o that of a2 stationary crack wath suddenly applied
traction on the surface of the crack. In the fullowing:
discussion only  the latter problem & corsidered. The
method of -nalysis in this study’ ® is based on that wsed
by Freund but with mure cakulations for the dynamic
stress distribution away from the crack. The result
shows that a planc wave propagates vulward in the
dircctom perpendicular 1o the surface of the crack. It
has 3 magnitude cqual to the applicd surface traction
and 2 handwidth cqual 1o the length of the crxk In
addition. two cylindrical waves are generated from the
tip of the crack. One propagates with the longitudinal
ware speed and the other with the ransverse wave
speed. Clise 10 the wave fronts. the vertval stress
components ate proportional W 7 5.7 and (7
syr)*'2 . respectively . where s;. and s¢ are the slowness
{ic.. the inverse of the longitudinal and transverse wave
speeds respectively ). 7 is the distance to the crack tip,
and 7 is time. Clearly. the intensities cluse to both of
the cylindrical wave fronis are nepligible as compared
with the majur plane wave. Therefore. in the short
period of time after the longitudinal wave has traveled a
complete round of the cylinder. the major plane wave
<an be used (o approximate the stress-intensity factor
for the crack on the cylindrical surface. In addition to
these components. 2 head wave is generated from the
swrface of the crack for 5,7 < ¢ < spr. Its existence
compensales the surface traction induced by the longi-
tudinal component of the cylindrical waves before the
arrival of the transverse component.

10. S..J. Chang, “An Analytical Solution for the Dy mamic
Vas-Iicld Stresses CGenerated by a Suddenly Appearing Crack,”
Q. Prux. Rep. Heavy-Secnon Steel Tech. Progrem July Seps.
1975. ORNL/NUREG/TM-64. pp. 55 68.
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EVALUATION OF POLYCYCLIC AROMATIC POPULATION GROWTH OF THE
HYDROCARBONS AND ARYL AMINES CALANOID COPEFOD

Polycyclic aromatic hydrocasbons (PAH) and anyl
anines (AA) are commonly found in the eavironent
2 2 result of the combustion of fussil fuels. Because
mey ~ these subsiances have knmown carcimogemic
propertics. 3 study was dome to examine the cffect of
differemt PAH and AA in aquatic enviroaments. The
experiment evaluated the extent and rate at which PAH
and LA 2ve removed from solution and accumelate | by
Duphnis. 3n imporiat component of aquatc food
webs. Daphnis were placed in water contaizing 2 known
concentration of a dissolved PAH or AA. and over an
experimental period of 24 to 48 hr. samples of animabs
were taken and the PAH or AA concentration observed.
The PAH or AA concentration i the water was also
monitored.

A model has been proposed to describe the dynamics
of the PAH or AA conceniration in the water as well 33
in the Daphmwis. The model s flexidle ennugh 1o be
useful n describing the dymamics of the PAH or AA
concentration in the animals when the PAH or AA
concentration in wale” is consiant as well as decreasing
over the experimental pcriod. A two-stage ilerative
nonlinear estimation procedure has also been used 1o
obtain estimates of the uptake and depletion param-
eters. From the fitied concentralion curves. we have
also been able to estimate the curve of the concentra-
tion factor (conceniration in animals/conceniration in
water) for more than a dozen PAH and AA compounds.
Comparisons among the different PAH and AA have
been wery helpful using the estimated uptake and
depietion parameters. In addition. estimated LDy,
values from the mortality daia of this study have been
quite helpful.

1. Graduate research participant. Unwersity of Temnesce.
Knoxville.

2. Environmental Sciences Division.

3. Grest Lakes Collepes Association student, DePauw Uni-
versity.
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During the course of an investigation studying the
effects of variows enviroamental factors on the popufa-
tion growth im copepods. it became necessary to sample
lbvnatory cultures that were kept in 30-iter aguaria. It
soon became evident as the experiment continwed that
the animals were not distributed evealy throughout the
tank. The sides and com.3 comtaimed the highest
density of animals with 2 marked decrease m demsity 38
one moved [vward the cemter. A stratified sampling
procedure was initinted w the following areas of cach
aquarium: (1) exterior. which included the volume of
water along the sides of the 2quarium withim 2 band
wid:h of approsimately 55 cwm. and (1) interior. which
included the remaining volume of the aquarium.

The aveparametric median test was used (o detect
significant differences in the observed density levels
between the exterior and interior areas. A signilicant
difference (P < 0.01) was found between the two areas.
Although there was not sufficient data available. there
was an indication that the corners contzined higher
density levcls than the remaining exterior area. The
results from the siratified sampling scheme were then
uzed to oblain an estimate of the tntal ponulation siz:
in an aquarium. and an approximation was aso found
10 the variance of this estimate.

EFFECT OF DENSITY AND FOOD
LEVEL ON THE CALANOID COPEPOD

Data are bring analyzed from a study to determine
the effects of varying density and foud supply level on
the reproduction of the calanoid copepod. Displommrs
chwvipes. There were 18 containers subjected to a fixed
feeding regime. and each container had a fixed density
level of animals (twelve containers each with one pair of
animals. four containers each with three pairs of
animals. and two containers each with six pairs of
animals). Over the experimental period of 21 days. all
females with clut hes were collected from the contair-
ers. and the friiowing observations were recorded (e
determine il feeding or density had an effect on
reproduction: (1) number of eggs per clutch. (2) total
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volume of clutch. and (3) cgg size. After removing the
chesches. the females were returned to the same
ContaineTs.

The first stage of the data amalysis employed limear
regrension mudels 1o examine the effect of density level
and feeding regime on the observed number of eggs ver
been calculated to comsider the juint variation between
poirs of varisbles afwer fixing other variables. These
amslyses will prove to be quite Helplul in clanifying the
efffects of population dewsity and food level.

METHYLATION OF INORGANIC MERCURY

An experiment has been comducted 10 examine the
presence or absence of an .2 vivo mercury methylating
process in brook tmut. In particulas. the interest was in
the potential conversion of imorganic mercuty to
methyl mercury within the fish. Seven tanks. with 50
fish per tank. were used for this experiment with (1)
four of the tanks receiving equivalent amouats of
morpanic mencury and (2) three of the tanks serving as
controls. All of the fish were of the same size and age
md were randomly allocated lo the tanks. Fish were
collected from the tanks during the experimental period
of approximately 50 weeks and analyzed for total
mercury ar } methyl rercury concentration.

The data consisted of the meawured mercury concen-
trations in cach sampled fish for the different tissues
amlyzed (muscie, liver. infestine. and skin) at the
vatious ssmpling times during the experimental period.
The goal of the analyses of these data was 1o determine
if the concentrations for the fish from the test and
control tanks differed significantly. Since concentration
varies with growth rate, the statistical analyses were
done on both the organ burden and the body hurden of
mercury. A semilog linear regression model was found
10 be adequate for describing the total organ burden of
mercury and methyl mercury as a function of time
since the start of the ¢ periment. A weighted regression
was recommended because of the change in variance of
the observed burdens as a3 function of lime. The
weighted slope esiimates of the regression lines were
more precise than those found using the unweighted
regression estimates. As a result of theie regression
analyses. we were able (1) 10 indicate those organs that
had 3 significant change in their organ burdens and (2)
1o determine whether or not the ;untrol and test groups
differed. In oddition. these statistical analyses sup-
ported the contention that the food chain can be an
fmportant uptake route for methyl mercury.

THERMOREGULATION IN FisH

A study has beem dome (o test for evidewce of
prediciive thermoreguletion in mosquito fish. From this
type of thermoregulation a fish will tend to move to the
top if the water temperature is below the acclimation
temperature or 10 the bottom if the water lemperature
is above the acclmation temperature. The procedure
used in this study involved fish in 3 tank with the water
temperature greater than. less than. or equal to one of
the acclimation temperatures of interest. For each
experimental run. 12 fsh from each acclimation group
were used. Therefore, a iotal of 36 fish were used for
each run. and 2 run was made at each acclimation
temperature. Three fish of the same acclimation tem-
perrature were placed in cach of four cylinders within a
tank. and the average position of the fish in each
cylinder was recorded for 2 period of one hour after the
fish became adjusted to the new environment.

The experimental data were examined (o determine
tee effect of test temperature (x;) and acclimation
temperatuse (x:) on the depth preference (v). o3
measured by the average depth over a fixed period of
time of the fish within a2 panicular cylinder. The
following model was used to describe the data:

)=y ¢+ Jixy #+f3xy +P,3x,x; .

The results of the regresson analysis showed no
significant effect (P> 0.10)from x, . x;. 01 X X3. Since
multiple observations were available at each cumbina.
tion of (xy. X3). 2 lack-ol.fit test was also performed 10
determine the adequacy of the model and was not
found to be significant (P> 0.10). Although the resulrs
of these statistical analyses have been in:onclusive as far
as the propused thermoregulation hypothesis. valuable
information has beer: obtained that will be useful in the
planning of additional experiments and possidly in a
modificativs of 2 new thermoregulation hypothes.s.

INFLUENCE OF ADULT DENSITYON A
CALANOID COPEPOD ZOOPLANKTER

Preliminary results from the data analysis of a study
on population dynamics of a2 zooplankter have been
previously summarized.* Starting with 2 seconJ-order
regression model in terms of varizbles related (v female

4. “Influcace of Adul Density on a Calanoid Copepod
Zooplankies.” Math. Seat. Res. Dep. Prog. Rep. June 30, 1976,
ORNL/CSD-13. p. 33 (October 1976).



size, aduit demsity. and water temperature. the observed
ceich size had beem reasvmably cxplaimed by a linear
model containing 13 terms after applying a statistical
&id mot take imto account that the obse.ved aumber of
g per cluich might be a Poisson random variable, a
test was performed (o test this kypothesis. Except for a
few cases that cruld be attributed to cuthier observa-
fore. the regression amalyss was dowe on the reduced
second-order model using weights appropeiate for Pois-
son-distributed data.® The results of this analysis made
it pomible to test for the adequacy of the approxima-
amlyses of these data have been done by calculating the
primcipal compoments of the standardized variables
related to female size, adult density. and water temper-
stere, ancl then using these sew variables to explain the
variation in the observed chuich size. The benefit of this
spproach is the orthogunality of the new variables.
Correlations of these new variables with the orignal
observed variables may be used to make 2 physical
interpretation of the new variables.
USE OF LINEAR LOGISTIC NODEL TO
EVALUATE TOXIC SUBSTANCES

During this period the work on the use of the linear
logistiz: model o evaluate the effect of toxic substances

S.E L Frome, M. H. Kutner, and J. J. Beawchamp.
“Regession Amalysis of Poisson-Distributed Data.” J. Amx Sest.
Assec. 68.935 -401197)).

has been in the area of the derivation of approximate
variance expvensions for the estimated concentration
level of the toxic substances mecessary to achieve a
fixed level of mortality. In particular. in the expression
dkMMamﬂhﬁua
concentration. Xx,. of substance ome and from a
coate-uatiu.x; ol’nbshu:uw that is.

P=(exp M)(1 +exp M) .

where

M=py+8,x;, +Bx; #8002 8,0, ¢ 8,,m,x; .

we have wsed the maximum likelihood estimates of the
s and their associated covarieace matrix to find
approximations to the variance of the estimated value
of x. :or fixed values of x; and . This is demoted by
Varix,Ix;). A similar expression for Var(x,ix,) for
fixed values of x, and 7 has also been derived.

In addition. Ficller's theorem has been applied to
obliin approximate confidence regions on x, , for fixed
values of x; and P. from the maximum likelihood
estimates of the f's with their associated covariance
matrix. Similar expressions for approximate confidence
regions on x, for fixed values of x, and P have dso
been derived using Fieller's theorem. All of these
expressions will assist in the planning of future experi-
menls investigsiing the effect on mortality of the joint
application of toxic substances.



15. Health Physics Research

G.D. Kert'

LEUKEMEA INCIDENCE OF
ATOMIC BOMB SURVIVORS

Levkemis data from studies of atomic bomb survivors
have been amalyred nsing calculations of sbsorbed dose
to axtive bone murow. Previows amlyses have wsed
estimetes of tisswe kerva in 2ir and neglected the seif-
shiclding of internal organs by the survivor’s body. The
risk estimetes weve obtained by fitting a function of the
form Y, = AD, +BD_} where Y, is the incidence nate
in excess of comtrol incidence rate, D is the neutron
dose, and D, is the gamma dose. The control incidence

F. L. Miller. Jr.

rate was computed from survivors exposed to 0--9 rads.
The risk estimates cbtained in this analysis are in good
asgreement with the risk estimates obtained by the BEIR
Committee® from data on x-ray-treated spondyiitis and
menorthegia patients. Previous risk estimetes. using
dose estimates besed om tissue kerma in air. have not
been in good agreement.

1. Health Physics Livision.

2. Repurt of tbe Advissry Committex on the Rislogicel
Effecrs of Joniting Redistions, NAS-NRC. Washington. DC..
1972

41



16. Materials Research

C.K.Bayme D. P. Edmonds' ).F.King' S. R. McNeany ' A. C. Schaffkauser!
C. B. Brinkman' G. M. Goodwin' R.T.King' P. Patrinrca’ R W_ Swinceman'
A.}. Capuro’ T. L Hebble W_E._ Lever R Pawel’ W. F. Thompson®
3. V._Cathcar:! D. R Johnsun' H. E. McCoy' G. L Powell’ D. G. Wilsun

PERFORMANCE OF HTGR FUEL PARTICLLS
DURING CURED-IN-PLACE CARBONIZATION

Fuel rods for the High-Temperature Gas-Cooled
Reactor (HTGR) are made My boading tog=ther cuated
microspheres of fentide porticles (1horiwm) and (imile
perticies (uranium) in a pitch matrix to form 2-im. fuel
rods. The fuel rods are then placed in 3 prismatic
graphite block md cured by driving ofl the volatile
substances from the pitch matrix with beat. Simce ihe
coatings on tne fuel particies are the primary containers
of fissionable material. the cffecis on the particle
coatings of the different factors of the cured-in-plxe
process were examined for fertile particles.

Three different sirengths of HTGR fuel purticies were
wed to make fuel rods which are placed in four
graphite blocks. Eaxch of these graphite blocks was
heated ai a2 different rate to a final processing
temperature. An experimental design was constructed
to examine the effects of different panixie strengths,
paphite block hules. and incating rates on the response
of coke yield and particle failure fraction n a fuel rod.
The coke yield is the percentage of the weight of the
carbonized matrix to the weight of the uriginal matrix,
and the failure fraction in a luel rod is measured by the
amount of thorium leached (ug) from a fuel rod (using
the chlorine leach technique) divided by the total
amount of thorium in a fuel rod. A statistical analysis
of the resules indicaics that the variations in coke yields

1. Metals and Ceramics Division.
2. Development Division, Y-12.

ae dee 10 &iflferent heating rates, and the variations in
wilure fraction are due 10 both different heating rates
ang &fferent strengths of particles.

The vwrisbie levels chosen for the experimentai design
are shown i» Table 6.

The eflect of Sl rod Incation was not measured
because there were omiy 72 availabie fuel rods and 81
puasible combinations of the levels of the four variables.
Any cffext due w0 location was confosnded with
purticie strengih. so the pusticle strength cffects dso
include the effects due to location. The fuel ruds were
randomized in cach hole and replicated twice a1 exch
pusition.

The percentage of coke yicld was found w depend on
the heating rate of the graphite block in a quadratic
manner. As the heaung rate increased, the coke yield
decreased: this relation can be expressed by the
equation:

coke yield = 39.131 -- 1.539 heat + 0.053(heat)’ .

The lailure fraction depends on both heating rate and
particle strength. the worst conditions are at he>'icg
rates 1°C/min and 5°C/min with particle strengths of
5.14 1b and 5.78 Ib (sce Table 7). The lowest failure
fractions occur with the 6.85-1b particie strength at 2l
heating rates. The conflidence intervais on the failure
fractions indicate that only three intervals include the
critical value | X 107 Biu.c fraction. These three
intervals occur at the conditions show. in Table 7.

Table 6. Varioble levels of he experimentel design

Variable Level
Heating rate 1°C/min: $C/min: 10°C/min; 15" C/min
Particle sirength 514m:5.781b.685 b
Hole in paphite block Hole | . Hole 2;: Hole )
Location of fuel rod in Top (41} middle (M bottom( -1

the graphite block hole

42
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DISTRIBUTION OF THE NUMBER OF
PRECURSOR ATUMS FORMED
DURING IRRADIATION

Consider a contaimer of uiamium being wvadioted and
a particular precursor being lormcd (rom fision. This
precurses can then decay 1o 2 stable clement. For this
precess, the probability distribstion of the nember of
precessor atoms. M/7). 3t given time_ 7. can be derived
from its probobility generating famctinm.

The stochaic moded of the probabilin of wm
precursors existing in the time interval (7, 7+ ) s

Prob (m. 7 + Ar ;= Probim, /WProbine prevurnsors
form o devay in M)

+ Probim - [, 1Problone precursor

forms in )

+ Probime ¢ 1. NProblone precusin
decays e M)

This stochastc mwodel may be formulaied in terms of
the probability of fission. P,. the aumber of fission
neutrons per fission. ». the number of precursors
produced per fission, 3. and the decay rate of the
precursir, A, From this lormulation. the Sllowing
differential-differcce  cquation can he denved by
letting 31 = O

dPrchim, () idr = (Pge ¢ mAProbim. 1)

*PyyPriobtm Lo (m*I1RProbme+ 1.0y . (D

According to Eqg. (1), the probability  pencrating
function (or Problm. 7], piven by

(Ax. 1)» :’x‘ Prob|z, 7] i . ()
z-

43

is 2 sulutivn o the Best-erder initial valee problem:

MAx. 1= Pgix - 1KAX. 1)
‘M- DAUAx. Vdx . Ax. =1 . 3)

An explcit miutioa w Eq (3) con be lound by
ceducing the problems B an initial valwe problem lur 2
sulution is

Q@x. 1y = exp l(—’ld)“ - It r““4 . %)

This is the prubability pracratmg femction of e
Puissun distsibuting with cxpexicd vakee

AT -(-’?)u P I

Simce exh probobility  distnibution has 3 wniqee
probability pencrating fumction. W) has 3 Poison
probability distribution.

ZwWOK RATE CONSTANT PREDICTION EQUATION

A statistical analysis of ssothermal Zucaloy-4 water
widatom Kimetx (7WOR) data was made to Jetcrmine
the paramcicrs m the exponential mudel (o ratc
comsiants a3 3 flunx tion of temperature fos tee (1) oxide
layer. 12) apha laver. 130 § layer (oxide ¢ alpha). and
(4 tolal vxy pen consumcd.

A spxcimen of Ziucahwy-d was plaecd i the
Mini-ZWOK sicam-oxidatnn apparatus. and sicam was
passcd ower the omicr swrface of the specinen. This
cxperiment was repeatcd (o varmus kengths of tiame
undcr isothermal conditns over 2 temperature range
of 900 10 1500°C (1632 to 273TF) a1 50°C (O°F)
miervals with at kast ten specanens being oxidivea 2t
cxh temperature

Alicr cxh experimens. the raide layes thickness and
aipha iaver thivanes were measired. with the Ns layer
and the tetal oxygen comssmed caloulated from these
measements. The rate of reximm s the four
measuremenis was asumed 10 (ollow 2 panbulic
hincrxs mndel in time  that is. the square of the
measuremenis was a lincar funclion of time. The slopes
of cach of the lincar funclions were estimated using the
method of beast squares. Those  slopes represent
cstimates of the isvthermal rate constants. The
logarithms of the rate constants were assumed 1o he
related lincarly 1o the reciprical of temperature or by a
simple Arrhenius relationship. The parameter estimates
few the lincar movdels are listed in Table R,
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Tohie 8. Prodiction equations for the logasithem of the rate constants

ion cquation
Oxide g%z 443568 - 13080 2M /D 1050-1506"C
A
Alpha Wi 2/2= 027230 - 242289VYD 905 -1504°C
Oxide +alphn  In5y7/2= -1.07462 - 20988.50(1/T 1050-1504°C
Total oxygen d,2/2= -1.7 986 - 20097.96(/D 1050-1504°C

To judge the quality of the estimated perameters,
mdividual and joint 90% comfidence imtervals were
calculated for the true values of the parameters and are
fllustrated in Fig. S for the oxide layer. The individual
confidence imtervals of the true values are appropriate
for specifying ranges for the possible value of exch
individual parameter irrespective of the value of the
other parameter. To cakulate a region in which both
parameters may occur smultaneously, the joint
confidence region takes into account the covariance and
the relative sizes of the variances of the two
corresponding estimators. Each pair of points inside the
joint confidence region determines a prediction line
contained inside the confidence interval about the
estimated prediction line. Those points on the joint
confidence region boundary determine prediction lines

ORMAL-DWE 77-32902
’T{? T TT'TT"'TT "'TT
vl [ ! I

"% '

- 17600 T

-

-{7800

~18000

sSLoPE

~18200 '

=18400

- 18800

Mg, 5. Joiat confidence rogion for the coeffickeats of the
axide model: 1n3,3/2 = —4.48868 - 18060281/,

which are tangent to the confidence interval boundaries
on the estimated prediction line.

CREEP-RUPTURE OF ALLOY MATERIALS

In support of the Brayton Power System and HTGR
programs, mathematical descriptions of creep-rupture
and time to I% strain ave being developed for several
aloys including Hastelloy X, Hastelloy S, Alloy 617,
Alloy 625, Udimet 700, «d Waspaloy. Most of these
equations are linear fun~tions of reciprocal tempera-
ture, stress, and logarithm of stress. Lower limits of
stress to cause rupture and |% strain are also defined
using tolerance limits about the logarithm of time.

For example, the following linear form was found to
adequately describe the expe. ed vakee of both rupture
life and time to 1% strain for Hasteloy X sheet:

logy ol =bg + b, (T) + by (log; 4 0)

|
+b, (?hll o") ’
where

t = expected value of rupture life or time 10 1%
strain, in liours,

T = temperature, °C,
o = stress, MPa.

Least-squares estimates of unknown constants with
standard errors are shown in Table 9.

Expected values and lower limits at selected levels of
stress and temperature are given in Table 10. These
lower limits are based on the lower (P = 0.90, A = 0.95)
tolerance limit about the logarithm of rupture life (or
time to 1% strain). Data and expected values are plotied
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Tobie 9. Leastoguuss estimades

Rupture hfe Time to 1 straim
b -173:0388 ~18.62 086
» (241 x 16°) 980 (240 % 10% + 910
» 2842038 349:041
b (-6.45 x 10%) : 360 (—6.88 x 10%) : 380
Othes statistics
Number of tests [ 124
R? (coeificient of ) 1]
determimation). &
Residual mean square 0634 0.117
Table 10. Jastelloy X sheet expected values and lower Smiss
fou reptuse iife and time 10 1% siein
Ruptere life. howrs  Time to 1T strain. hours
Temperature. Stress,
CCH MPa (ksi) Lower Expected Lower Expected
limit valwe lionit valwe
649 (1200) 138 20) 7600 49.000 160 1300
172 2% 1300 10.000 35 210
207 30) 520 2,700 95 78
760 (1400) 5 6600 40.000 260 1800
¢ o 2200 11.000 82 530
103 115) 270 1.200 92 5s
871 (1600) 21 4100 24 000 200 1400
28 (4) 1300 6.400 (1] 330
41 (6 280 1.000 11 64
982 (1800 T ) 2200 13.000 100 750
14 (D 230 1.000 | H 66
21 s % 26 16

in Figs. 6 and 7 for rupture life and time 10 1% stnin
respectively. Symbols represent tests performed at
different temperature kvels. Plotting the dependent
variable rupture life (or time to 1% strain) on the
abscissa conforms to accepted practice in material-
properties research. Care should be exercised in
interpreting the graphs since variability is in the
horizontal ditection.

ANALYSIS OF DATA FROM VARISTRAINT
TESTS ON INCOLOY 300

Varistraint tests at five levels of strain were performed
on seven hears of Incoloy 800. The simple correlations

between total crack, 3 measure of hot cracking, and
chemistry were computed for each element and several
combinations of elements at each of the five strain
levels. These simple comelation coefficients are a
normalized measure of the linear dependence between
two random variables and were used as a source for the
subjective comment to compare current results with an
carlier report of York and Flurry.?

There appears to be no linear relationship between
hot cracking and the elements carbon, aluminum, and

3 5. W. York and R. L. Flurty, Assessment of Candidste
Weid Meisls for Joining Alloy 300, WNET-119, Westinghouse
Tampe Div. (February 1976).



STRESS (MPe)

STRESS (MPo)

ORML-0WE 77-799%

'03
:'.-\JL“ ‘”.c
[~ S llzm.ﬁ
——
w? -
 (rep—
= )
[ alaal
x aa
- n| .".C p ‘lﬂ
. x x : "Oo-,,
'
s .
. "’%.’ e P~
5 ‘ s g ] )
[ | |
!o° A i d .I.IIJ
o' w? w0’ 10* 0*
ARUPTURE LIFE (hr)
Fig 6. Hu .elluy X shest expected velue of ruptare Bfe.
'o’ ORRL-OWE 77-0000
T | 1
- ." ' 4 f
Y ”?Oo-, -t
[ 7600 ]
..\CTHQOO.” L{ '
o "‘n 1]
<y ' ‘J
2 "oo.'. r’\
10 9 ’
- ‘2'6 Ill L)
o .%
. .”
», H
%C, ‘ ” ¢ a .. .
! eooo.pl n‘b\n " sa
( " x
\ A
10
E ! ' M\ ' »x {
- [ 2L J \<\ v \J\
~
| .
'00 s aalaa s aaliad |4-L Laalay aaals
' 1w0° w0’ 10 10° 10’

TIME TO 1% STRAIN (

hr)

Fig. 7. Hastelioy X shest expected value of time (o 1% straim.



titanium 2 reported by York and Flurry. Also, the
reporsed (Al + Ti)AC + Si) ratio was found 10 be 2
“reasonable™ predictcr of hot cracking in Incoloy $00.
The simpler forms TiC + Si) and Ti/Si performed
better then the wported rativ at the higher strain levels.
Numerows other combinations of clements were
considercd and were found 10 be equal to or worse than
the above ratios. Nome clearly stood out as being
ssperior.

The correlation between hot cracking and aluminum,
Blamium, and slicon appears 10 be an increasing
fenction of varistraint strain level, while the correlation
with manganese Unds 10 be a decreasing function of
siraim level. Although there is insufficient information
to determine if these effects are real, future effort
should not overlook the possibility of a significant
strain effect.

A SUMMARY OF RESULTS FROM
PILOT MEMBERSHIP SURVEYS

A mail survey of the American Welding Society
(AWS) membership is expected in 1977. The purpuse of
the survey B t0o gain better understanding of the
makeup of the Society. To prepare for ihe overall
survey, pilot surveys of the Houston and Niagara
Fromtier sections were conducted in 1976.

The questionnaires of the (wo sections dilfered in
content and n time of delivery, the second
questionnaire hopefully being an improvement over the
fist. Also, studenis were excluded in the Nisgara
Frontier survey but not in the Houstun survey. The
increased response rate in the Niagara Frontier survey
(42.1% vs 18.1% in the Houston survey ), attributable to
the use of prepaid, seif-addressed return envelopes, is
still too small to permit valid inferences about the 1wo
sections. The conclusions should be verified by an
expanded survey. A briel summary of the findings of
the pilot study follows:

Typicel Member

The aveiage or lypical member of the Houston and
Niagara Frontier sections has been with AWS for about
ten years and is 43 years old with a bachelor’s degree in
an engineering or scientific field. He is at the
management level in the fabricated metal products
industry and carms $20,000 tv $30.000 a year. He is
neither a union member nor a registered professional
engincer.

o

Educetion

Differences are noted with respect o age. As
expected, the younger members have received more
formal education. Members of the Houston section “with
only 2 high schoul diploma decrease from | in 4 for
those at least 5O years of age (o fewer than | in 10 fer
the youngest group. A correspondingly larger number
of the younper members have attended junior college.
Simidar but mixed trends are found in the Niagara
Froatier section.

Job Funcrion

Of the respondents, §8% indicated first-Jevel manage-
ment responsibilities ( “president, vener, officer™). 20
indicated secondlevel wanagemcent  sesponsibilities
("manages. director.  superintendent”), and 18%
clcimed 1w be welding engincers. “Sales” and
“metaliurgist™ were the job categuries next in Jine. Only
4% of the respondents marked their job function as
“welder or culting operator.” One in fifteen (6.9%)
belongs 10 2 univn, whereas | in 4 (23.0%) is a
registered professional engineer. The percentages are
not additive since multiple responses were permitted.

Compensation

Because Houston has a2 low cost of living. it may be of
interest to lovk at salaries. The two sections may be
compared by deleting the younger age group and all
returns that do not specify age. From the remainder,
two-thirds (68.1%) of the Houston members earmned
more than $20.000. wi.!~ only slightly betier than half
(56.7%) of the Niagara members were similarly
compensated. However, results above $30.000 agree
remarkably well Approximately 1 in 4 received an
annual income of $30.000 or more. 1 in 10 received
$40.000 or more, and 1 in 20 received $50,000 or
more. Note that 'hese figures apply to those
respondents known 10 ou ot least 30 years of age.

Length of Membership

The distribution of length of membership as adjusted
to equal time intervais shows a high proportion of new
members in buth sections. Better than one-third of the
section members responding have been with the Society
fess than three years. This phenomenon is seen at all age
levels. Nearly half (46.2%) of the members over 40
years of age have been with the Society less than ten
ycars, onc-fourth less than five years.



Many factors may be crauributing 10 tis srge in new
mewbers of all ages. [lmse statistics may reflect the
resslts of am active campaign 10 recruit new members.
There may be an increased attraction of the Society
browght about by expanded bemeflits and insproved
respcast to membership needs. Also, there may be a
sigaificant segment of mdividuals who for variows
rexsons join for short periods of time. This latter
sepment includes those who are promoted imto and then
out of short-term positions that bemefit from AWS
membership. those who join 10 receive the wide range
of publications free or at reduced prices, and thuse who
join o please their seachers.

Journal R cadership

Curent applied technology paced by the Feature
Anicles and New Products sections ranks a2 strong first
n mwerest among readers of the Welding Jownal with
articles about people and events bringing up the rear.
There is substantial interest among younger members in
advertisements sad in the Practical Welder section. This
interest does not scem to-be shared by the alder
members.

A question added to the Niagara Fromtier question-
maire asked which Joumnal section was most imporiant.
Feature Articles. New Products, and Practical Welder
sections stood out 33 being most imwportant. Readers
wnder 30 years of age comsidered the sections on
Practical Welder and Tech Topics to be most important.
The Research Supplement ranked fourth and fifth
except in the 30--39 age group, where it tied with
Practical Welder for second in impourtance to Feature
Anicles.

Reasons for Membership

The Niagara Frontier survey requesied that three
amswers be ranked in urder of importance. Results show
that “*professional contacts”™ and “section technical
meetings” were strong primary reasons for being a
member of AWS. Receipt of the Wekiing Jowmal and
other publications were mentioned as frequently but
tended to be of secondary importance.

Oversii Survey

A sunatified sample survey is being recommended for
the overall membership survey to be conducted in the

latter part of this year. A sawpie survey can achitve
resalts equivalent to a2 census survey but at greatly
reduced custs. Stratification according to type of
membenhip, size of lucal section, and geographical
locativn will be necessary for improving precision of
estimates within these subgrowps. Follow-up nmilings
will be necessary to achieve 2 high rate of retum o that
aorespondent bias is minimized.

ANALYSES OF DRY DENIER VARIANLITY
IN KELVAR YARN

The variability patteras of denjer in spocls of Kelvar
yam have bren investigated. The analysis of the denier
data imdicated that the denier within 2 spool of yam
was relatively uniform. However, the amalysis aso
indicated that a significance between spool variability
existed.

Genenally, the results of the amalysis of the denmier
data indicated that one 3¢t of use specifications for the
whole lot of spools would not be feasible and that exch
spool m the lot would have (o be comsidered
independently. The denier measurcrnidts were collected
aspecif‘izd'nmumwdesvpnﬁouly
reported.

As previously indicated,® a subset of the design points
were to be used to study thu patiemns of variability in
the chemical structure of the yam. As was true with the
denier analysis, 3 significapce between spool variation
was ndicated for one of the chemical compouenlsof
the yamn.

COAL RESEARCH PROGRAM

An experiment design is being prepared to study
crosion and corrosion of ha::” surface materials for
handling coal slurries at high -<rperatures, in support
oi the coal research program. These experiments are
expecied to be conducted on sie.

4. "Evaluation of Characteristics of Keivas Yam,” Merh. Ssat,
Res. Dep. Pog. Rep. Jwme 30. 1976, ORNL,CSD-1), p. 45
(Oxtober 1976).



17. Sampling Inspection and Quality Control

R S Leete’

AN INVESTIGATION OF THE TUBE
SHEET INSPECTION PLANS

Tube sheets supplicd by 2 vendor for use on the
pscous diffusion process were subjected W0 2 guality
control inspection by both the vendor and the Oak
Ridge Gaseows Diffusion Plaat (ORGDP). One part of
this imspection imvolved checking for oversize holes in
the mbe sheets. The procedures vaed by the vendor and
ORGDP appeared o give comflicting reselts; the
vendor’s imspection uien yielded 30 to [00 oversize
holes, while the imspection at the gascows diffwsion
plont typically yiclded mot any or omly ume oversize
beole.

An imvestigation 10 resvive the apparent differences
between Uhe two plans fuund them to be gemerally
complementing. rathes than cuntradicting. exch other:
the (wo procedures had vastdy different properties. The
vendor’s plan resulied m poorly defined samples which
generally yiclded 2 lower-bound estimate of the total
number of oversize holes in the sheet. The mature of the
plan limnited severely the statistical interpretation of the
resuits of the inspection and tended to imply a lower
quality than actually existed.

The ORGDP plan was fownd 10 have a precisely
defined sampling plan. which was based on the
proportion of oversize holes in the sheet. Since the plan
was precisely defmed. it was readily subject to
statistical mierpretation. However, 3s a quality control
proeouce the plan had a very poor menufacturer’s risk
and, when :igidy enforced, would have Jed 10 The
rejection of many vtherwise acceptable tube sheets.

Because both plans had serious drawbacks, 2 set of
potential alternatives was presented which involved
suggested changes in both inspection plans.

INSPECTION PROBA BILITIES

The results of the inspection of 3 unit are dependent
on many leatures, such as the tolerances allowes by the

1. Techmical Division, Y-} 2.
1. Instrumentation and Quality Assurance Devclopment,
ORGDP.

W.E.Lever R C. Mexham

G. L. Gramverbamer®

specifications. the patterns of variation present in the
uwnit being inspected, and the variation paiterns present
wn the mensuement process. As 2 planning aide for
proéxtion and imspection schedulers, valwes of
probabilities assuciated with the results of imspections
wcre calculated. These probubilities were calculated
wnder the amumption that the tree valwe of the
measurement was 2 fandum valwe from 3 mormal
distribution and that the crvor in the measuring device
wa 2 ramdom variable from 32 different normal
For a series of potential tolerances. wnit varistions,
and meassrement error variations, tee probabilitics of
the potential disposition of the measwred unil were
tabled.?

INSPECTION FREQUENCIES FOR
ERDA QUALITY AUDIT

By a reinspection of a randomly chusen set of parts
previously found acceptable, ERDA contimually audits
the cffectiveness of quaity costrol inspection pro-
cedures used n the Y-12 plant.

A new sequential audit prucedure has been developed
by ERDA which will have parts reimspecied at a rate
that is a function of the part production levels and the
mumber of seinspecied parts which do ot meet
specifications. Because this procedure has never been
used before and has varying inspection levels, the
numoer of additional inspectors required to fullill this
sk was not knpown. To ecstimate the number of
additional inspextors required. 3 simulation study of the
reinspection provess was conducied using proposed
production levels for the Y-12 plant and historical data
on the results of previous reinspections. The study was
conducted for each general type of part inspected, and
tables of month-by-munth projecied inspection fre-
quencies were generated.

LW F Lever and R. S. Leste, Jr, 4 Srwdy of the
Relutionship of Three Fectors on Frrors in Inspection,
UCCND/Y-207S (Aprid 1977).
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i8. Uranium Resource Evaluation Research

F. L. Miller, Jr.

URANSUM RESOURCE EVALUATION PROGRAM

The National Ursninm Resowrce Evaluation (NURE)
Program was cstablished by the Energy Rescarch and
Development  Adwmimistration 10 evaluate uraniem
resources and to dentify Bvorable aress for detailed
wranism prospecting throughout the United States. The
Hydeugrochemical and Stream Sediment Reconnais-
mace Survey part of the NURE Program is to identifly
areas m the United Stases which are favorable for
wianium cxploration. This s accomplished by 3
recomaissance of surface water, groundwater, stream
sedioment, lake sediment, and plamts. Union Carbide
Corporation. Nwlear Division, will swrvey approsi-
malely onc million square miles uver a [2:slalc area
collecting 130,000 samples.

From the imitial planning stages. the Union Carbide
Urasism Resource Evaluation Project has received
statistical suoport in fiedd data collection, sampling
design, inlerpretative data reports. and special testing
studies. This year we have been comcermed with the
identification of laboratary or dats processing errors
and fmding statistical methods that aid in the
identification of promising uranium districts.

Before amy data interpretation is performed, it is
desirable to correct any errors that may have owxnrred
in the hburatory or the computerization ¥ the data.
The larpz volume of data necessitated that an
mwiomated dala verification provess be developed.
Comsequently, a principal compunent analysis proce-
dure was instituted in which outlier samples are easily
identified. In the principal component analysis, the
wousual nature of the outlier samples is assessed with
regard (o the multivasiate nature of the data. These
samples are then reanalyzed in the laboratory, ensuring
high quality for the linal data.

A typical collection of data would be a survey over
21,000 km? (8000 sq miles) with a sample «ollected
sbout every 26 km? (10 sq miles). Each sample has
approsimately 25 associated measurements. A basic
problem is (o uncover any geographic patiems in the
deta which may be related (o uranium mineralization.
Two mathematical techniques have proven successiul.
The first is 2 mighted-sum contour of uranium-related
clements. Let X, denote the ith measurement los the

1. Uraniom Resource Evaluation Project.

C. E. Nichols'

V.E.Kane

jth sample, i = 1. ....p. 7= 1. ..., N then the
quantity

| 4
Y,- = z ','-'i
(58 )

s 2 veighted sum of measurements for the jth sample.
The weights, w;, combine 3 subjective weighting a5 well
= 3 wale adjustment for the th vaniable. The y's are
plotied and contoured, penerally showing smoothed
variation patierns. Because uranium-related clements
are used, regional uranium patierns are more easily
Wentified. This technique differs from most other
smouthing methods in that the mu'ticiement characte:-
istics of 2 sample, rather than the mathematical
methods, are responsible for the smoothing.

The second method used in assessing grographic
patterns is chuster analysis, in which the uranium-related
clements are weighted the most heavily. 1t is desirable
o weight an clement heavily if it separates the data
acording to geology and related 1o uranium.
Geologic variation is anessed by plots such as Fig 8, in
which sulfate separated some of the geologic units.
Once weights are determined, plots such x Fig. 9 are
constructed by geologists to identify potential uranium
districts. Research in various clustering methods is
conlimuing to oblain the best possible interpretation of
the data.

BOTANICAL COMPARISONS

During the Llano field trial, the regular samples were
supplemented with samples of pairs of tree species al
wmany sample locations. For each of six pairs of tree
species  (cedar-elm, cedar-live ovak, cedar-sycamore,
dm-live oak, elm-sycamore, and eim-willow), the
concentrations of ten elements (Al, B, Ba, Ca, Fe, M3,
Mn. P, Pb. and U) in « ne species were regressed on each
element concentration in the other species. A difficulty
in doing this is that elemznt coucentrations are not
measured without error. The estimation procedure is
unbiased, but significance testing can lead to statisti-
cally invalid coiclusiors. The purpose of the regressions
was to see how well one could predict the element
content of one tree trom that of another, with further
goals of using smilar technigues to estimate missing
values and to construct contours of equal uranium
concenlration from the botanical data.
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Part C. Educational Activities

The Mathematics and Statistics Research Department engages in a variety of educational activities both
ascademic and professionsal. This year the department was host for both the Second ERDA Statistical
Symposium and the Union Carbide Corporation Applied Mathewntics Symposasm. Individual departanent
members have presemted shont courses at Oak Ridge and at UCLA: organized several seminar series and a
workshop; served as part-time university lecturers, thesis advisors for doctoral candidates. and supervisors
Jor students m the Oak Ridge Asmsociated Universities (ORAU) Summer Studest Program and other similar
programs; given talks uader the auspices of the ORAU Traveling Lecture Program: and worked with

SECOND ERDA STATISTICAL SYMPOSIUM

The Second ERDA Statistical Symposium was held October 25-27, 1976. at Oak Ridge Nationa:
Laboratory. The program was plansed by Domald A. Gardiner of MSRD, Romid K. Lohrding of Los
Almos Scientific Laboratories, Wesley L. Nicholson of Pacific Northwest Laboratories. and George P.
Steck of Sandia Laboratories. Organization and local arrangements were handled by Kimiko O. Bowman.
‘Charles K. Bayne, William E. Lever, and Forest L. Miller, Jr.. all of MSRD. There were 65 participants
representing ERDA. NRC. ERDA Isboratories. universities. and contractors in the ERDA statistical
community.

The program consisied of three technical sessions at which research papers were presented. three
sessions st which problems were presented. and three sessions at which the problems were discussed. Local
purticipants .n the program were Roger F. Hibbs of UCC-ND, Alex Zucker of ORNL, and Victor E. Kane
and Toby J. Michell of MSRD. Also featured on the program were tours of the American Museum of
Atomic Energy and the Oak Ridge National Laboratory.

The proceedings of the symposium. including the discussions, were published in April 1977 by Los
Alamos Scientific |.aboratories.’

The Third ERDA Statistical Symposium is planned for October 26-28. 1977, at the Pacific Northwest
Laboratories. MSRD will be responsible for the publication of these proceedings.

UNION CARBIDE CORPORATION APPLIED MATHEMATICS SYMPOSIUM

The third Union Carbide Corporation Applied Mathematics Symposium. organized by C. K. Bayne and
D. G. Wilson of MSRD, was held April 18-19, 1977, in the ORAU administration building at Oak Ridge. The
purpose of the symposium was to bring together practitioners of applied mathematical techniques within Union
Carbide. Participants consisted of 36 applied mathematicians, statisticians, engineers, and computer scientists
from 11 Union Carbide installations. Nine talks were given in three technical sessions. From MSRD. A. D.
Solomon presented a paper titied, “The Response of a Latent Heat Thermal Energy Storage Process to a
Sinusiodal Input Tempenature,” and D. A. Gardiner served as a session chairman.

1. Proc. Second ERDA Ster. Symp.. LA6158-C (April 1977).
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SEMINAR SERIES

A. D. Solomon, on sabbatical lcave from David Ben Gurion University. organized a colloquium on
moving boundary problems. This colloguium begaa i October 1976 aad contmued through Jume 1977.
Parnticipants were maialy from MSRD, but there were atiendees from the Computing Applications
Departmemt and the Chemistry, Metals and Ceramics. and Eagincerirg Technology divisions. The speakers’
names and the titles of theis talks are given at the end of this sectior..

R. C. Ward of MSRD and R. J. Picmmons of the mathematics department of the University of
Teanessee organized a semmar srics oR matnx methods in Numerical Analviis. This series started
Janvary and continued into March. The speakers’ names and the titles of their talks are given at the end of
this section.

F. L. Miller, Jr., coordinated the costinuir-g department seminar serics. These seminars are intended to
acquaint the MSRD stafi with each other’s work and to encourage imteraction. Occasional outside speakers
arc also imvited 0 iniofm us on research ia progress at ORNL and at other facilitics. The speakers’ names
and the tiles of their talks are listed at the end of this section.

IN-HOUSE CONTINUING EDUCATION PROGRAM

T. L. Hebbie and R. C. Ward taught the statistical and numerical lincar algebra sections, rospectively, of
the course entitled “Numerical Analysis—Least Squares™ coordinated by R. E. Funderlic of the Computing
Applications Department, CSD. UCC-ND. The course consisted of cight 2-hr lectures subdivided as
follows: onc lecture on applications, three lectures on numerical hincar aigebra spproaches, three lectures on
statistical approaches, and one lecture on available sofiware. Fifteen employees enrolied and compieted the
course during the 1977 winter session.

J. J. Beauchamp and T. J. Mitchell taught a 10-week counse entitled Practical Statistics. The purpose of
the course was to acquaint the participants with statistical methods applicable to problems of concern to
ORNL ard the UCC-ND. The course emphasized (1) point and interval estimation, including the
calkculation of standard errors of functions of measured variabies, and statistical inference (e.g . hypothesis
testing); (2) regression analysis; and (3) experimental design. The course was given n the fall quarter to 24
students and. because of the overwhelming demar 1, again in the winter quarter to 22 students.

UCLA SHORT COURSE

T. J. Mitchell of MSRD and Professor Norman Draper of the University of Wisconsin gave a
onc-week course on “Regression Analysis and Response Surface Applications.” April 4-8. [977. for the
University Extension, UCLA.

MOVING BOUNDARY PROBLEMS WORKSHOP

A. D. Solomon organized a one-day workshop on moving boundary problems at which six researchers
from five different divisions of ORNL spoke about their problems. The workshop was held in the
Environmenta! Sciences Building at ORNL on May 5, 1977. D. G. Wilson of MSRD served as session
chairman.
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VISITING UNIVERSITY FACULTY

A. Berman of the Mathematics Department of the Technion in Haifa. Israel. spent the summer of 1976
working with R. C. Ward of MSRD on matrix theory problems. With R. S. Varga of Kent State University
they published a report. ORNL CSD-21. on matrices with noanpositive off-diagonal clements.

A. D. Solomon joined the department in September 1976. He s on cxtended keave from his post as
chairman of the mathematics department at the David Ben Gurion University. Beersheva. Isracl. He has
been working with D. G. Wilson on moving beundary problems and with the Engincering Technology
Division of ORNL or: problems related to thermal energy storage by a phasc-change material.

B. W. Tumbull of Comell University is working with MSRD staff analyzing biological data. He arrived
Jume 8. 1577. for a stay of approximately three months.

\

ORAU TRAVELING LECTURERS

Six departmemt members participated in the ORAU Traveling Lecture Program this last year. They
were ). ). Baauchamp. T. L. Hebbie. F. L. Miller, Jr.. T. J. Mitchell. A. D. Solomon. and R. C. Ward. The
tithes of their talks and the dates and locations where they were given are listed at the end of this section.

SUPERVISION OF STUDENTS

Max D. Morris. a Ph.D. candidate in statistics at Virginia Polytechnic Institute and State 'niversity,
worked on factorial designs for the detection of model inadequacics under the direction of T. J. Mitchell and
C. K. Baync. This work is discussed in detail in Part A of this report.

John Kkin. a Ph.D. candidate in statistics at the University of Missouri. spent June 1977 of this report
period {and will spend the summer) working with T. J. Mitchell of MSRD. J. B. Storer of the Biology
Division, and B. W. Tumbull. a visiting profesior of Operations Research from Comell. analyzing data from
experiments on the cffect of low-level radiation on mice.

Two students. Steve Blume from lowa State Uaiversity and Dan Callon fsrom Franklin College, worked
with department members in the summer of 197¢ as ORAU Summer Student Research Trainees. Keaven
Anderson, a graduate of Jowa State Univensity nuw doing graduate work at Suanford, was a summer
employee wita the department in 1976 and again in 1977. Bob Wolfson and Mikc Slocum from Kalamazoo
College spent the fail quarter of 1976 with the department under the auspices of the Great Lakes Collcges
Association. Roy Tamura from Oberlin College worked with several department members during the month
of January.

CONSULTANTS

P. M. Ansclone. Oregon State University.
E. H. Lee. Stanford University.

C. S. Lever. Oak Ridge.

D. S. Robson. Comell University.

L. R.

M.S

L.

D.

Shenton, University of Georgia.
obel. University of California. Santa Barbara.
Solomon, Cornell University.
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MSRD MOVING BOUNDARY PROBLEMS COLLOQUIUM SPEAKERS

D. G. Wilson. “A Uniqueness Theorem for the Sicfan Problems,” October 14, 1976

L J. Gray. “On W. Kyner's Existence Prool for a Free Boundary Problem of the Heat Equation.” October
2, 197%

A. D. Solomon. “On the Asymptotic Behavior oi Solutions of Phase Change Problems - a Paper of A.
Friedman.” October 28, 1976

S.-J. Chang, “Some E<act Solutions for the Moving Boundary Problems of the Heat Equation.” November
4, 1976

5.-J. Chang. “On an Exact Similarity Solution to a Multi-Phase Sicfan Problem,” November 11, 1976
R. C. Ward, “On the Numerical Solution of a Phase Change Problem.” November 18, 1976
D. G. Wilson, “A Weak Solution Numerical Method for Phase Change Problems.“ December 2, 1976

A. D. Solomon, “The Solution of Moving Bouncary Problems via a Change of Varimble Method,”
December 9, 1976

A. D. Solomon, “On a Method of Lines Approach to the Numerical Solution of a One-Phase Sicfan
Problem,” December 16, 1976

A. D. Solomon, “An Integro-differential Equation Method for Freezing of a Corner.” December 30, 1976
R. C. Ward, “The Use of Tau Methods for Moving Boundary Problems.” Junuary 6, 1977

S.-J. Chang, “A Laplace Transform Approack ic Moving Boundary Problems.” January 13, 1977

D. G. Wilson, “Momc! Methods for Moving Boundary Problems.” January 20, 1977

1 ). Gray, “A Phase Change Problen for 2 Wedge,”™ January 27, 1977

R. J. Ribando, Engineering Teuksology, “Convective Instability in a Mcelt Layer Being Heated from Below,”
February 3, l?77

S.-). Chang, “Boundary Layer Temperature Profiles in Freezing Liquid Metals to Bemard Convection,”
February 10, 1977

A. D. Solomon. “Freezing of Liquids in Forced Flow Inside Circular Tubes,” February 17, 1977
A. D. Solomon, “The Effect of Mehing in Heat Transfer to Submerged Bodies.” February 24, 1977

R. J. Ribando, Engineering Technology, “The Melting of Ice in a Hot, Humid Stream of Air.” March 3.
9

L. J. Gray, “Solidification of Molten Steel,” March 10, 1977

D. G. Wilson, "An Analysis of the Dip Soldering,” March 17, 1977

Nlana Siman-Tov, “Heat Transfer in Continuous Casting Machine Molds.” March 24, 1977

J. V. Wilson, Engineering Technology, A Model of Heat Transfer in Fluidized Beds,” March 31, 1977

Nans Siman-Tov, Computer Sciences, "A Coupled Flow and Phase-Change Problen; in a Porous
Medium,” April 14, 1977

A. D. Solomon, “On the Freezing of Sea Water,” April 21, 1977

D. G. Wilson, “Unsteady-State Diffusion or Heat-Conduction with Moving Boundary,” April 28, 1977
L. J. Gmy, "A Moving Boundary Problem Ari:ing in Statistical Decision Theory,” May 12, 1977

A. D. Solomon, "A Model of a Cryosurgical Procedure,” May 19, 1977
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A. D. Solomon, “Solidification of 3 Semitransparent Material.~May 26. 1977

A. D. Solomon, “On Freeze Drying in Foed Precessing.™ June 2. 1977

S.-J. Chang. “Moviag Boundary Problems in Elastic-Mestic Mediom.™~ June 9. 1977
J. V. Wikon, Engincering Technology. “On the Growth of Bebbles.™ June 16, 1977

UT-MSRD SEMINARS ON MATRIX METHODS IN NUMERICAL ANALYSES
R. J. Piemmons. University of Teantssee, “Block lwrative Methods for Large Sparse Least Squares
Problems,” Janwary 7. 1977
J. E. Cope. CSD, UCC-ND. “Bounds on Solutions of Limear Sysiems with dacxact Data.” January 21. 1977

R. T. Gregory. University of Tennessee, “Computing Eigenvalues Using 2 Norm-Reducing Jacobi-Like
Algorthm,” senuary 28. 1977

S. H. Watson. CSD, UCC-ND. “Applying Matrix Techniques to Health Physics Problems.™ February 4.
{22

C. P. Huang, University of Tennessee, “Global Convergence of the Shified QR Algonthm for No-wal
Matrices,” February 1. 1977

M. T. Heath, Stznford University. ~Partia! Hessinn Update in Constrained Optimization,” Febrwary 17. 1977

R. E. Bank, Uaiversity of Chicago. “Marching Algorithms for Elliptic Bowndary Value Problems.” February
24,1917

B. W. Rust, CSD. UCC-ND. “Least-Squares Analysis of Time Series.”™ March 4. 1977

M. D. Gunzburger. University of Tennessee, “Some Open Matrix Problems in Numerical PDE.” March 11,
97

MSRD DEPARTMENT SEMINARS

R. C. Mcacham, “Time Sharing and Terminal Usage.” July 1, 1976

J. A. John, The University, Southampton. England. “Outliers in Factorial Experiments.” August 16. 1976
A. Berman, Israel Institute of Technology. “Diagonal Solutions to the Lyapunov Equation,” August 17, 1976
W. S. Chern, Energy Division, “Econometric Techniques in Energy Modcling.” August I8, 1976

R. S. Varga, Kemt State University. “Zeros and Poles of Pade Approximations to exp(x).” August 31, 1976
T. J. Mitchell, “Ridge Regression.” September 1. 1976

R. A. McLean, "Restriction Ervors in Experimental Design Models.™ September &, 1976

J. R. Van Ryzin, University of Wisconsin. “Nonparametric Bayesian Estimation of Survival Curves.”
September 16. 1976

G. H. Golub, Stanford University, “Numerical Quadrature and Inverse Eigenvalue Problems.” Sepiember
22, 1976

T. C. T. Ting, University of llinois. "Propagation of Discontinuities in Nonlinear Media.” September 29,
1976

S.-J. Chang, “A Problem of Elastic Wave Diffraction,” October 13, 1976
J. E. Akin, University of Tennessec, "Basic Concepts of Finite Element Analysis,” October 6, 1970
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James Godbold, ORAU Medical Division, “An Adaptive Approach to Multiple Comparisons,” October 20,
1976

Charles Van Loan, Comell University, “Some Compuiational Problems in Connecticn with the Lincar
Optimal Regulator Problem,” October 27, 1976

R. C. Meacham, “Time Sharing and Graphics.” November 3, 1976
D. G. Gosslee, “Statistical Aspects of Enzyme Kinetics Experiments,” November 10, 1976
A. D. Solomon, “How to Model a Solar Energy Storage Unit.” November 17, 1976

S. Serbin, University of Tennessee, “Approximate Methods for Time-Dependent Problems Obtained by
Rational Approximation,” December 1, 1976

Max Gunzburger. University of Tennessee, “Stability of Finite Element Methods for Hyperbolic Partial
Differential Equations,” December 8, 1976

S.-J. Chang, ~A Discussion of the Lax-Wendroff Method for Conservation Laws,” December 15, 1976

D. G. Wilson, “The Moving Boundaries Defined by a Simikarity Solution of a Multiphase Stefan Problem,™
January S, 1977

R. C. Ward, “The Theory and Application of Statistical Error Analysis.” January 12, 1977
T. L. Hebble, "Designing a Membership Survey for the Americar Welding Society,” January 19, 1977

L. J. Giay, ~Introduction 10 Wicner-Feynman Integrals and Their Numerical Approximation.” January 26,
1977

G. Novelli, Biology Division, “The Potential Use of Tumor Specific Tran:‘er Factor in Treating Human
Cancer,” February 2, 1977

C. K. Bayne, “Analysis of Unbalanced Data with SAS.76,” February 9. 1977

V. E. Kanc. “Robust Estimation with Unusua! Estremes in the Data.” February 16, 1977

K. O. Bowman, “Certain Aspects of Divergemt Series,” February 23, 1977

F. L. Miller. Jr., "Leukemiz Incidence in Hiroshima and Nagasaki,” March 2, 1977

W. E. Lever. “Experiences with ERDA, EPRI. and che Elkectric Utility Industry,” March 9, 1977

J. J. Beauchamp, "A Model to Describe the Change in Concentration of Polycyclic Aromatric
Hydrocarbons and Amines in Daphnia,” March 16, 1977

J. R. Whiteman. Brunel University, Middlesex, England, “Variational Inequalitics with Applications to
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