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SUMMARY
There were two teraiutioaa froa Each lecture was followed by a short
the Matheaatica Panel during the question period, and a special session
quarter: K P. Grew and C. L. Perry; for questions was bald on Saturday,
the latter left to organate a computing January 24. A set of practice probleaa
group at the U. S. Naval Poatgraduate prepared by 1. A. Rutledge was distri-
School, Monterey., California. buted. Attaadaace at the lectures was

J. Z. Hearon, formerly of
Department of Physiology, Univaraity
of Chicago, and a conaultant for the
Matheaatica Panel, haa joined the
Panel aa a regular employee. Ha
holda a Ph.D. in biochaaiatry froa
the Univaraity of Michigan and one in
aatheaatical biology froa tha Univaraity
#f Chicago.

The NEPA Linear Equation Solvar ia
in operation and in being used for
a variety of probleaa: matrix in-
version. ordinary linear diffarential
equationa, and eigenvalues. Soaa of
these are described in this report.

The individual aeaory units of the
ORACLE have been tested and assembled,

tha

and the aeaory and the arithaetic
unit are being joined together. It
ia hoped that teat problems can be

started within the next month or so.

A aeries of ten lectures on program*
aing for the ORACLE was given at OHNL
during the two weeks beginning January
12. Speakera and

topics were aa
follows:
W C. Sangren, Automatic Digital
Computation, January 12.
C. L. Perry, Electronic Digital
Computers, January 13.
C. L. Perry, Logical Structure of

tha ORACLE, January 14.

A. S. Householder, Operations and
Arithmetic of the ORACLE, January IS
and 16.

J.Moahaan, flow Charts and Program-
aing, January 19 and 20.

N. M. Dismuke, An Example of a
Complete Routine, January 21.

M R. Arnette, Use and Construction
of Subroutines,January 22.

C. L. Perry, Interpretive Sub-
routines, January 23.

between 70 and 80, not counting the
Matheaatica Panel. The lectures are
to be written up and distributed aa
the first part of a aanual on program*
aing and coding for the ORACLE.

Meabera of the Matheaatica Panel
praaented tha following lectures on
the Traveling Lectugj Prograa:

A. 1. Kimball,Applied Statistics
in Biological Research, St. Augustine
College, Raleigh, North Carolina,

November 6, 19S2;
Confidence-Interval Formula iidely
Used in Normal Linear Regressions,
North Carolina State College, Noveaber
7, 19S2; Some Statistical Probleaa in
Radiobio logy, Camp Detrick, Maryland,
January 29, 19S3.

A. S. Householder, Logical Design
of on Aufoaatic Digital Computer,
University of North Carolina, Noveaber
26, 19S2; Preparations of Problems for
an Automatic Digital Computer, Uni*
veraity of Tennessee, Knoxville,
Tennessee, January 12, 19S3.

An Anomaly in a

C. L. Perry presented a lecture
entitled The ORNL Special-Purpose
Computer, at the Matheaatica Col loquiun,
University of Tenneaaee, Deceaber 3,
1952.

The following report was issued:
J. Moahman, Critical Values of the
Log-Normal Distribution, ORNL-1427.

Dr. H. L. Lucas, a Matheaatica Panel
conaultant froa the Institute of
Statistics at North Carolina State
College, spent the week of December 8
at ORNL discussing probleaa with
neabers of the Biology Division and
the UT-AEC Agricultural Research
Program.

3~y
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UNCLASSIFIED PROJECTS

mITMOK |f COMPUTATION MR IIIK =ITU A
NIfIfl-SPfcKB AIITORAT1C COIPITKI
Pirll«l»illM N O irt If Pm,

callace @inaws V. C. Carloch.

kifsrcicM. KalAdilid Panel
Quarterly Pragma Htporla, OtiNI-1232.
1290, *1360, *1435.

Problu I. Nmricil C uiitiilo
er ebiriiUrlillc Vilim til Chine*
tertatlc Vectors.

Beaulta. The general method
proposed for the computation of the
Chirac tori atic valaoa of n roil,
symmetric matrix of large order heo

keen reported in previous quarterly
reports end will appear eith the title
"Simultaneous Linear Equations and the
Determination of Eigenvalues" in the
NBS Applied Mathematics Series, No. 29.
A completely detailed analysis of the
method has noe been carried through,
end its stability in guaranteed by
finding nn upper bound for the error
in any one characteriatic value, aa
eell aa for the sum of squares of the
errors made in calculating all n
values. Numerical results ere too
complex to summarise readily, but
they are eufficiently favorable that
the practical limitation on the order
of the netrix that can be treated ia
not the poaaitility of the accumulation
of round-off error but ia the memory
capacity and speed of currently
available computing machines.

The proposed computation falls into
two quite distinct parts. In the
first of theme, a sequence of 1/2
((n - 1)(n - 2)} rotations in the

coordinate planes

iril,

i'Ai of the given matrix A (mith
digital element! and norm slightly
less than one) ia carried into x*Sx,
eith S'* (Ftf) and « 0 for |»-j\>1.
After thin first stage of "concen-
trating thedata," the characteristic

values of S can be found by any one

of several methods. The particular
oae developed im full detail ia the
preaeat study amounts to determining
the atgaetura of § - £1,* for suitable
values of «I, by calculating the signs
of the minora formed from the first
I roes sad columns (i I, 2, .... n).
For the special form of < - £Tla, this
requires only n iterationa of a two-
term recursion formula for each choice
of 5. The second stage of the calcu-
lation ia easily adapted Tor obtaining
only selected (any the largest and
analleat) characteriaticvalues iaatead
of all of them.

A major purpose of thia study ess
to develop means for obtaining efficient
bounds for the effect of accumulated

round-off error. In the first - and
much the more complex - part of the
computation, it eaa sufficient to use
routine extensions of method! intro-

duced by von Neumann and Goldatine.
In the second stage, it eaa necessary
to use a different technique because a
function of £7, the signature of
A - JTIt, eaa being calculated that
assumed only integral values, and
the error eaa therefore also an
integer. Here it proved useful to
invert the error estimations by
demanding that the calculated values
be the exact anneers (wholly wun-
contaminated by round-off) calculated
for a problen eith data nunbera "near"
those of the actually given problem.
This device can be regarded as reducing
the noise level of the computation to
xero by replacing it by a suitable
increase in the noise level of the
input. Thia technique proved the
stability of the computation of the
signature of 5 - ji\m, guaranteed a
aatiafactorily small bound for the
error in any characteristic value,
and proved thia bound to be independent
of the order of the matrix. A limited
type of floating-point operation is
indicated, but multiple precision ia
nowhere required.



States. A Laboratory report

detailing tbha results obtained should
appear dwrisg iba next quarter. Flow
diagrams and rodea for tba ORACLE ara
being prepared. It in planned to
conlinut tba atudy to obtain similar
raaulta for tbe cbnrnctoriatic vectors.

Problen 1. Roots of 0 Polynoatal.

Rtetus. TKta inn newly establish*
ed problen. Techniques developed in
eorb on problem 3 a*tea likely to b«
useful in daviaing stable ootboda
for cosputing the real roots of a
polynooial Iron a suitably delimited
clasa of polynomala with rail coef-
ficionta. It la proposed to atudy
known oethods vitb a view to adapting
then to high-speed conputing.

CONSTRUCTION OP SUBROUTINES POR THE
ORACLE

Pirttclpetlag
M. R. Arnetts,
Parry,

Rafsrstcss. Nsthese(ice
Quarterly Progress Report a,
-1290, -1360, -1435.

Background and Statue. A convenient
method for prograssing short calcu-
lations tor the ORACLEhas been designed
and coded. The method includes
conversion from decimal to binary
nuubers the nuabers and orders (ad-
dresses) required by the compulation,
and the conversion of the final
results fros binary to dscinal numbers.
This part of the system (the system
has been nicknamed the "boneheed"
routine) is called the conversion
routine. The conversion routine
also eutoaetically performs some of
the coding details. For example,
provision is made to eutomaticslly
adjust a subroutine ao that it can be
placed in an arbitrary position in the
memory without previous adjustment by
the programmer. Each address in the
subroutine that depends on the position
of the subroutine in the memory is
identified by an extra sexadecimal
digit. This digit is used by the
conversion routine to adjust the

laabara of Pnnsl,
H. B. Goertisl, C. L.

Panel
(KN 1.- 1232,
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address. The other part of the
"bonahead" system is a floating-point

mterprativa routine. The interpretive
routine automatically performs binary
floating-point arithmetic operations
by using a three-address coda.

The "boa ahead" system occupies
about 200 of the 1034 memory calls in
the ORACLE. The floating-point
calculations raquira about 3 mate
par three address operations. For
comparison, the IHM-card programmed
calculator takas about 0.3 aac for a
imilar operation.

Tba eight arithmetic operations
erformed by "bonehead" are 4 1 B « C,
4| B« C, |4|1|fll - C, 4 ¢« B « C,
4 o B o C, share 4 ¢ b « C, for
oxeaple, is the mnemonic symbol for

the operation "add the
memory cell 444) to the

number in
number in

memory cell BIB) and place the result
in memory cell Jf(C)," and Jf(4) is the
symbol for the addreas of memory call

containing 4, that ia, the designation
of the place to obtain 4.

Four other operations of a logical
nature (that ia, concerned aitb the
sequencing of operations) ara also
automatically performed by "bonehtad. "
They are: an unconditional transfer
operation, a conditional transfer
operation, a aubroutine operation,
and a'transfer to normal ORACLE program
operation.

Each distinct operation (12 in all)
ia specified by asexadecimal character
1, 2, .... 9, 4, B, C. Of the re-
maining four aexadecinal characters,
O and F are used to indicate the sign
of a number, and D and C are used in
the conversion routine.

The code for numbers (not converted)

ia similar to that called scientific
notation.

For eianple, *0.937 * 104
ia coded for "bonihead” as 0/937/0/4
end -0.37 * 10*1 is coded aa F/37/F/2.
The symbol /is wused to indicate the
division of information. Nine, or
fewer, significant digit* can be

indicated. The exponent must be leas
than 137 and greater than -157.

%03 -C 3
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Tl« cod« for opiratioai it similar
to thn algebraic ayobol for tha
oparatioa. For example, tho coda

1/142/732/S21 ia tka coda for A ¢ B-C,
vkara 1 iadicataatha addition operation
A ¢Bes Cand A B and C art tha
numbers ia memory cal la 142, 732, and
521, respectively.

Tha coda for “bonehead" is being
raviaod to provide for more flexibility
ia programming for saiall calculations
(that ia, calculationa which involve
10* or fewer "bonehead" oparationa)..

TIBf sSMTINKI FBI TWK OIACLE
Participating lanhara of Panel.

A S. Householder, C. L. Perry.
Inference. Mathematics Panel

Quarterly Progreta Report, OHNL-1435.

Background and Staten. The test
prograaia mentioned in the reference
have bean coded in the atandard,

sexadecimal coda for tha ORACLE. It is
expected that these routines will be

uaed in testing the ORACLE during tha
next quarter.

PBOGIK88 OP SUBROUTINE LIBRARY

Participating gaebara of Panel.
M R. Arnette, V. A Rutledge.

lefartacaa. Mathematics Panel
Quarterly Progreta Reporti, ORNL- 1232,
«1290, -1435.

Bachgroand and Stataa. Most of the
subroutines that were referred to
in ORNL*1435 as being coapleted in
nnemonic code have been checked again
and are now in sexadecimal code;
that ia, they are ready for tapes to
be made. Tests for checking these
subroutines are being written. The
newest subroutine ia the "bonehesd
routine No. 1," which ia diacuased as
a separate project this quarter
(cf., "Construction of Subroutines for
the ORACLE"). A preparatory routine
for assembling subroutines is being
written, but it ia not yet in final
nnemonic form.

V. A. Rutledge spent approximately
two weeks rewriting the " Elementsry
Coding Problems"” that were distributed

during the ORACLE course that just
ended. These exercises, with the
answers, illustrate the need end use

of various standard and special
techniques wuaed in programming a
problea for the ORACLE.

The changes that were made last
quarter in two aubroutiaea (one uaea
precision scaling and the other uaea
transient scaling) for getting the
product of two matrices were checked
by V. A Rutledge during his visit.
These are ready to be put into machine
code. The subroutine that uaea
fixed-point arithmetic for getting the
inverse of a matrix ia still in the
flow-chart form.

It is expected that the standard
subroutinea (square root, sine, cosine,
logarithm, exponential, conversion,
etc.) will be nachine tested as soon
as the ORACLE has pssaed its test
programs and tine ia available for
testing and running of probleaa.

BASIC STUDIES IN TIE IONTE CARLO RETROD

Participating Raaber of Pamal.
G. E. Albert.

Inferences. Mathematics Panel
Quarterly Progreta Reporta, OFNL-1232
and .1360.

Bachgroand and Btatna. The back-
ground of this project is given in
the references. A conplete draft haa
been prepared and is being typed for
an ORNL report entitled A General
Theory of Stochattic Ettxmatee of the
Neumann Serxet for' the Solutions of
Certain Fredholu Equations and Related
Series. It is hoped that this report
will be issued during the next quarter.

The report containa a complete
revision and generalisation of the
material to be found in the three
memorandums from G. E. Albert to
A. S. Householder entitled A General
Approach to the Monte Carlo Estimation
of the Solutions of Certain Fredholu
Integral Equationi, Parts I, Il and
I1l. In addition, the report containa
certain new material that ia described
here. The memorandums just cited



contained an expository description
of cartain stochastic aethods for the
estiaationof ths value of the solution
of s Fredholm integral, equation at a
single point of its

range. In large
part the subject natter of these
nenoranduna eaa already well known,

and sons of it had been published.
Two element* of novelty were present,
however, in these nenoranduna. First,
the descriptions were phraaed in
aatheaatical language, baaed upon the
research of J. L. Doob on atochaatic
processes, instead of in the physical
language used in noat of the published
papers on the subject. Second, the
statistical aethod known as representa-
tive sampling from a stratified process
was introduced and exploited to a
certain degree in an attempt to define
atochaatic nethoda for the current

problen, which balanced statistical
efficiency against machine programming
efficiency.

The report goes nuch further into
the novel aspects of the problem
than do the memorandums. Chapter 1 ia

introductory. Chapter 2 contains a
detailed discussion of the speciali-
sation of Doob* a results for the
current problen and a generalised
treatnent of the stratification of
stochastic processes havingan integral-
valued parameter. Complete descriptions
are given for rather elaborate special
processes that nay be of use in the
estimation of solutions of integral
equations on high-speed machinery.
Chapter 3 reviews the material, given
in the nenoranduna, on the estimation
of the solution of an integral equation
at a single point. The fourth, and
final, chapter discusses the probleai
of estinating the complete solution
of the integral equation, not just
i ta value at one point. The method
of thia chapter ia baaed on the
introduction of an interpolating
operator peculiar to the particular
integral equation under consideration.
Interpolation is performed on the
basis of a finite number of single-
point estimates. It is shown that in

FOR PERIOD ENDING JANUARY 31, 1953
aon* caaea the operator will alao be a
aaoothing operator. Careful con-

sideration of thia operator indicates
that the estinating proceas should not
be designed for efficiency in eatinating
the solution of the given integral
equation, but, rather, for efficiency
in connection with a certain related
integral equation. Whether or not the
interpolation operator propoaed ia the
best possible in any sense is an
unsolved problen.

GENERATION OP "RANDOR" DIQ1T8 ON TIC
UNIVAC

Participating lenbers of Panel.

J. Moahaan, S. E. Etsell, P. J. Brown.
Reference. Ma theaatiet Panel
Quarterly Progreat Report, ORNL-1435.
Background and Statue. The digits

generated on the UNI VAC,
in the reference, proved
the customary testa of randoaness with
certain reservations. The last five
digitsofthe 11 digit nuaber generated
showed definite cyclic factors. The
other digits were subjected to the
usual testa of digital frequency and
the frequency of digits occurring in
pairs and triplets. The results for
the 10,000 numbers generated are
displayed in Table 1.

Probability levels were examined
based on nine degrees of freedom for
the digital frequency and ten degrees
of freedom for the other two compari-
sons. The results agree fairly well
with expectations. The value of

as described
to satisfy

TABLE |I. VALUES OF x* FOR VARIOUS
TESTS OF RANOOINESS8

DIGITAL FRFQUINCY PAIRS  1RIPLETS
POSITION

First 9.73 7.90 8.46
Second 13.12 13. S7 S. 89
Third 8.80 9.08 8.10
Fourth 3.31 12.39 8.06
Fifth 2.3S IS. 30 .06
Sixth 0.00 9.78 4.8
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)J* « 0 for tha digital
the sixth position appears to be
fortuitous, inssauch as no subgroup
of 2000 nuabers shoved exact agreeaer t,
even though all 10,000 nuabers totalled
to give precisely 10% frequency to
each digit.

Furthe more, the first three digital
positions were examined vith regard
to the frequency of nondescending and
nonaacending sequences of varying
lengths. These will be teraed runs
up and down, respectively. In each
case X* vascomputed and its probability
level assessed. These valuea of
appear in Table 2.

With six degrees of freedom, all
values fall vithin the probability
levels 0.05 to 0.95.

This procedure
pseudorandom nuabers has been used
for Monte Carlo problems placed in
the UNIVAC.

frequency in

of generating

TABLE 2. VALUES OP X3 FOB TESTS OF
BINS UP AND DOIN

DIGITAL POSITION RUNS UP RUNS DOW

First 11.39 4.95
Second 4.69 v 1.94
Third 6.10 5.01

A TEST FOB INDEPENDENCE IN A COEN

GENETICS PBOBLEB

Origin. D. Schwari1, Biology
Di vi sion.

Participating Beaber ot
A. W Kimball.

Background and Status. Most kernels
in unirrsdiated maize are colorless.
When seeds are exposed to x radiation,
the resulting ears have some kernels
that are colored, which is an effect
traceable to the induction of a
mutation characterized by a ring
chromosome. There is some reason
to auapect that the concentration of
colored kernels depends on the distance
of the kernel from the base of the

Panel.

aer. Avtast is desired of the null
hypothesis that the concentration of
colored kemala is independent of the
distance froa the base of the ear.

The 414 kernels froa one ear grown
from irradiated seed were classified
according to color and according to*

their location on the ear. For this
purpose, the ear was divided into
four contiguous segaenta, each con-

taining approximately the aaae number
of kernels. The results are shown in
Tabia 3. This is s contingency table,
and one teat for the independence of
color and distance from base is given

by the usual with three degrees of
freedom.
TABLE 3. CLASSIFICATION OF BEBNELS
FBOB ONE EAB
SEGMENTS
COLOR Iron tko km « ( th °e.r) TOTAL
STATUS
1 1 S 4
Cnlwrod 1 S 10 9 SS
Un««Ut*d T 101 10S lit sol
10 104 us 112 414

Unfortunately, this test does not
distinguish differences in sign. Thus
e monotonic increase (or decrease)
in the proportion of colored kernels
ss the distance from the base is
increased could not be differentiated

from an oscillating proportion. Since
the former relationship ia the only
alternative hypothesis of interest,
the usual test fails. Another
statistic that netsures dependence of
this aort is biserial ¢, a kind of
correlation coefficient. However,

little is known about the probability
distribution of this statistic; so it

is of no practical use.
A method that will work depends
on the exact partition of into

individual
degree of freedom.

each having one
The mathematical
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basis for this techniqut is described
by Lancaster* 1*'* and by lrwia.(l>
Tbhs coaputational aethods thay suggest

art laborious, but it ifl possibla to
find exact short-cut foraylse siailsr
to ths fsailiar 2 *2 contingency

tabls foraula. Thbara is oat formula
for tach degree of froadoa asaociatsd
vith tbs XJ ior tba ahols tabla. I f

tbs 2 *4 tabla frequencies ara
represented as

10>

gT X0

aay be used aa a taat of the uull
hypotheois by reference to standard

noraal probability tables. The root
of X\ ti assigned the saae sign ss the
qguantity in brackets in the nuaerator
of*}. In this problem
f — (0.244- 1.963-0.887) « -1.50,
SI
(nH 0. Lsasssasv, fisastrlks 31. 117-119
(19(9).
0. Liseastir, lissflrila 37. 117-1T9
(19 1.
(,,Jd. 0. Irsts, 1O siirils 31, 1li-114 (1949).
% 0 3

IfSS

abicb corresponds
Intel of 13*

Tha aatbod has two distitatrsd”
vantages over tha total 1* last,
ehen tba proportions oscillate badly,
tbs aatbndy»ill art reject tbs aull
bypotbssis ss oftsa ss tba total *
.ttili  Iban tba proportioas lacraaaa
or dacraaaa moaotoaically ettbia
experimental arror, tba aatbod is a
aora ooeatful taat than the total
last, at. Isaat for tba typa of
ternativ* hypothesis inherent in
axpariaents of this nature, In the
prsasnt problta, for essapls, tha

to a algalficaaca

significance level for tho totol **
tbs short-cut foraulas that partition 1S about 20%
V to
W=*[a| 6J - 0,6,]*
t! AB n)n| (n| 4 n,)
«»[*, (W, * «,> - «<> « >))*
* o«AB n,(n, ¢ nt)(n, ¢n, ¢n,)
v - 0,(6, 6, 46)]*
okl AB n4(n,
For the bernel data, these foraulas
yield ** « 0.05968, m 3.85364, and FIDUCIAL EXPECTATION
*} « 0.78602. Sines the square root Origin. 1L tavy, Cheaiatry Division.
of with one degree of freedom ia a Participating Neabar of Paaal.
nonnil variate with taro aesn and unit J. Mbahaan.
variance, the statistic

Background sad Status.
are aestu red
difference is

T*o varisblsa
and their true aeun
denoted by 6. An
exporiaental deteraination of this
difference is found to be x, If it
is assumed that f >0, *hat can ba
said aboutan estiasts of |, especially
if i <01 It will be assumed that
the differences have a normal distri-
bution with variance a* and mean
b >o0.

Two cases are distinguished:

1. If o* is known, then

(1)

hax a noraal distribution with xero
aesn and unit variance. Instead of

.
-/ d
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considering « to be i random variable
depending on the chance variable a,
conaider 6 a variable with x and cr
fixed. .Under theae condition*, the
fiducial diatribution of 5 ia obtained
by aiaking the substitution of Eg. 1 in
the diatribution of u.

The probabi li ty denai ty diatribution

of u, f(u)du, ia
/(u) du e — du # (2)
ehich, by the change of the variable

in Eq. 2, becomes

(1> 1S — L _ 1 l-»*eom* &5, (3)

i 2tt o

However, if 5 ia reatricted to a
nonnegative range, then the conditional
fiducial diatribution of b ia

/(&U > 0)db

%
(4)

( tst.
Then the expected value of &ia

£8 | b>0) *J /S | b>0) do

*1% db

(5)

After aoae manipulation, Eq. 5 becoaea

E(b \ b >0)

*  f-a*/te*

The denominator ia readily de-
termined froma table of the probability
integral, and the remaining calculation
ia straightforward.

2. If ol it unknown but an eatiaate
al ia available baaed on n degreea
of freedom by a similar procedure,
one finally obtains

The integral in the denominator of
Eq. 7 may be evaluated with the aid
of the tebie of Student's diatribution
to be found in' The Advanced Theory of
Stott s(icc(4} or in lletron.l

DAMAGE TO TISSUE FROM NEUTRON DISTRI-
BUTIONS 1ITH MAXIMUM ENERGIES RANGING
FROM 1 TO 300 Rev

Origin. J. Neufeld and w S.
Snyder, Health Phyaics Divi sion.
Participating Members of Panel.
P. J. Brown, N.M. Dismuke, J. Moshaan.
Reference. Mathematic* Panel
Quarterly Progrett Report, ORNL-1435.
Statue. The problem described in
ORNL-1435 hat been coded for the
(4>1. G. Kw»ad=*tl,

Jtati«eic«, Val.
Ca., Ltd., Liiiia.

Tk» irfsaactd Thttry e/
1. P. 440-441, Cka«. Griffis *s4

,S)R A PiiUr, film S. 119-120 (1952).

//



ORACLE in two parts. Part one is the
routine for computing and recording
the average damage per collision aa a
function of x, y, and t for specified
values of the problem parameters E#,
6, and d. Part tvo organitea these

data into a apace diatribution of
average damage.

BMOt EQUATION POB A COUNT-BATE IETEB

Origin. R. H. Ritchie and G. S.
Hurat, Health Phyaics Diviaion.

Participating Henbera of Panel.
N. Edmonson, C. P. Hubbard.

Staten. In flying over gamma-ray
sources, a prospecting plane receivea
an amount of radiation that may vary
sharply in magnitude with tine.
Consequently, if a count-rate meter is
uaed in connection with a counting
array, such aa G-M tubes, scintillation
counter, etc., the meter reading
may lag the signal in time and at the
aaae time give an erroneously low
indication. In calculating this

error, the following equation oust be
solved for t:

€-y /14 (reeny=

‘1 e (e//S)1 — h o

Since solutions are deaired for many
values of the parameters fi and >,
this problem has been programmed for
calculation on the UNIVAC. Results

are expected as soon as machine time
is available.

TBEBBAL-NEUTBON PBNETBATIQN IN TISSUE
Origin. R. S. Snyder, Health
Physics Diviaion.
Participating
H. B. Goertsel.
Baferaaca. Mathematics Panel
Quarterly Progress Report, ORNL-1360.

laabar of Pamal.

Background and Statna. The problem
is stated in ORNL- 1360, p. 8. The
kernel and source functions mere

evaluated for both 10 and 20 sub-
divisions, and the resulting sets of
siaultaneous equations vere solved on
the NEPA computer. The results vere

FOR PERIOD ENDING JANUARY 31,

1933

returned to R. S. Snyder for use in
choosing the number of subdivisions
necessary to obtain the final results.
These larger systems will be run on

the NEPA computer during the next
quarter.

CALCULATION OP THB EFFICIENCY OF
AB8OBPTION FOB A SINGLE CBVSTAL

Origin. P. R. Bell
McGowan, Physics Division.

Participating Bankers of Panel.
N. Edmonson, N. M. Dismuke, J. H.
Fiahel, H. B. Goertsel.

Bafaranca. Mathematic» Panel
Quarterly Progrest Report, ORNL-1435.

Background and Status. Overflow
was encountered in the last stages
of the computation on the UNIVAC.
This has been corrected, and compu-
tation will be carried out when
machine time ia available.

and F. K.

CALCULATION OF BACAB COEFFICIENTS FOB

TBB ANQULAB I|IBTBIBUTION IN NUCLBAB
BEACTIONS
Origin. M. E. Rosa, Physics

Division; L. C.
Univeraity.

Participating Banker of Panel.
C. L. Perry.

Bafarancan. Mathematic $ Panel
Quarterly Progrete Report, ORNL-143S;
L. C. Biedenhsrn, Tablet of the Racah
Coefficient!, ORNL-109A.

Background and Btataa.
consisted of tvo seta of tablea:
one set was the tables of i coef-
ficients, and the other was the tables
of Z coefficients. The demand for
ORNL-1098 has exceeded the number of
copies printed. During the quarter,
the Z tables were reviaed for publi-
cation aa e separate report, OHNL-1SO1
(in press).

Biedenhsrn, Yale

ORNL-1098

ANISBOTBOPY IN ANOULAB COBBBLATION DATA
Origin. E. D. Klena,
Di vi si on.
Participating Bankara of Panel.
J. Moshnan, E. N. Lawson, H. B. Goertsel.
Bafaranca. Mathematict Panel
Quarterly Progress Report, ORNL-143S.

Physics
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Background tad Status. The calcu*
lationa described in the reference
ere being set up on s continuing basis

for the K-25, Numerical Analysis
Laboratory's IBM punched*card equip*
sent.

BETA BBCAt (PIELD PACTORS)
Origin. M. E. Rose and P. R. Bell,
Physics Division.
Participating Baubur
C. L. Perry.

Befsrsncsa. Mathematics Panel
Quarterly Progress Reports, ORNL-1029,

of Panel.

*1232, *1290, *1360, tnd *1435; M. E.
Rose, C. L. Perry, and N. M. Diamuke,
Tablet for the Analytie for Allotted

and Forbidden Beta Transitions,
ORNL-1459 (in press).

Backgronad and Status: The multi*
plicstiona described in ORNL-143S were
completed during December on the IBM
nachines at K-2S. The tables of
field factors were printed directly on
'‘duplimat eastern and are now being
reproduced for issuance as OFNL-1459.
Graphs of the field factors were made
for inclusion in a paper describing
the tables, which will be sent to the
Physical Reviews.

BETBBBIN4TION OP THE PAST-NEUTRON

FLUX IN THE OBNL QBAPHITE REACTOR

Origin. D. K. Holees, Phyaics
Division.

Participating Heabera of Panel.
J. Moahnan, S. E. Estell.

Reference. Mathematics Panel

Quarterly Progress Report, ORNL-1435.

Backgronad sad Status. A total of
10,080 neutron histories has been
completed on the UN1VAC. The final
calculations of the flux in various
regions of interest are under way in
Philadelphia on the UNIVAC and are
scheduled for completion in February
1953.

CALCULATION OF INTERNAL CONVERSION
COEFFICIENTS HITH SCREENING

Origin. M. E.
Di vision.

Rose, Physics

10

Participating Hankers of Panel.
M. R. Arnette, N. D. Given, V. C.
Sangren.

References. Mathematice Panel
Quarterly Progress Reports, ORNL-1290
and *1360.

Background and Status. It
decided to code this problen for
solution on the ORACLE. Two reasons
for this decision are the failure of
the Williams-tube memory of the SEAC
and the desirability of having a
check on the SEAC's results if the
are completed before the ORACLE'S
results are obtained.

A review has been made of the
numerical procedures to be used for
evaluating the integral sand integrating
the differential equations. For
use on the ORACLE, it has been decided
to use cruder integration foraulas
but finer meshes. A few other simpli-
fications hsve been made in order to
facilitate the calculations.

The status of the preparation of

was

the problem for the ORACLE is indicated
in the following. Part I of the
problem, the calculation of the

screening function, has been coded
end checked. Part Il, the calculation
of the bound state wave functions and
the corresponding eigenvalues, has
been coded and partially checked.
Analysis and coding has been started
on Part Ill.

Part | has been completed on the
SEAC. Part Il is rep rted to be near
completion. In Part II1l, it was
decided to divide the calculation into
smaller calculations and recode the
smaller calculations for using the
acoustic memory instead of the faulty
Williams-tube memory.

HINIHUH BRIGHT AND PRES8SURE DROP 8TUDY
FOR AN AIR HEAT EXCHANGER

Origin. W S. Farmer, Reactor
Experimental Engineering Division.

Participating Haubar of Panel.
N. D. Given.

Reference. Mathematics Panel

Quarterly Progress Report, ORNL-1435.
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Background and Status. To obtain
optimum dimensions for a nickel or
stainless steel air radiator, evalu-
ations of algebraic formulas for
pressure changes have been started.
These calculations are an extension

of those reportedin the last quarterly
report.

LINEAB STABILITY OP BOILING BBACTOIB

Origia. P. R. Kasten, Reactor
Experiaentel Engineering Diri sion.

Participating leabera of Panel.
A. S.

Householder, J. V. Givens
V. C. Carlock.

Background and Stataa. The problea
is to find the largest positive real
root, if such exists, of /(v; A, /X a,
oji*, y) m 0, where / is  polynomial of
sixth degree in v, . The coefficients
of this polynomial are foraed from

coabinations of the paraaeters A, /X
a, oj*, y, and these coefficients are
being determined by the Lagrange
interpolation formula.

Work continues on programming the
computations for the ORACLE. The
method consists of computing Sturm
functions for each set of parameters;
an upper bound is found for the
positive roots, and the interval is
successively subdivided.

BEAT PLOW IN LONG, CIBCULAB PIPES

Origin. H. F. Poppendiek, Reactor
Experimental Engineering Division.

Participating Isaberm of Panel.

P. J. Brown, N. M Diaauke, W C.
Sangren.

Background sad Stataa. This
problem is a study of the apace

distribution of
fluid after

temperature in a
steady-state conditions
have been reached. The fluid flows
in a long, thin pipe of circular
cross section. A constant amount of
heat per unit surface ares is added
continuously through the aides of the
pipe in the normal distribution. The
differential equation to be solved is

FOR PERIOD ENDING JANUARY 11, 1955
given by
«r) -r- mo -
ox 3r» r 3r

frr—e 0, atr « 0 and r* r. ,
dr

t m0, at x« 0.

The pipeia infinite in the xdirection,
but the integration is to be carried
out to * m Xj, In the equation,

u(r)
[-(tf

ua m maximum velocity of the fluid,

t e temperature of the fluid,

r" radial distance, measured
from the pipe center to the
radius, rQ,

X - axial distance,

and a, G, cf, w and u# are constant
problem parameters.

Uniformly spaced lattice points in

the axial direction are denoted by

a, and those in the radial direction,

by n. Ax and Ar are the axial and

radial spacinga, respectively:

e o 0, L, M,

neo, 1, «, Ni

reO0 is half-way between n m 0
and n m 1,

re r0 is half-way between n m N- 1
and n ¢ N.

With this notation, the difference

equation to be solved is given by

col » C’L*t , ¢ Cl,«ti’i

‘Cs,a a, a*1 ‘C

*..» *0

The C a are given by

1 Ax
(Al‘)l 2r Ar
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2a Ax
T'Tm T o
1 As
* 2r. Ar
G As

Coding of the problem for solution
on the UNIVAC is in progress. Present
plans are to solve the problem for one
set of parameter values for the two
lattice spacings:

ro N

(1) Ar m— and As ¢ -——--

40 5000
ro
*x !

(2) 20 <l L350
If these two solutions ahow good
agreement, spacing 1 will be used to
solve the difference equation for 16
or more sets of parameter values.

REACTOR INEQUALITIES AND EIGENVALUES
FOR THE RAVE EQUATION

Origin. A. M. Weinberg,
Director's Division.

Research

Participating Heaters of Pnnel,
II. B. Goertxel, W. C. Sangren.

References. Naihematici Panel
Quarterly Progrest Heports, ORNL-1360
and -1435.

Background and Status. As a
preliminary computation, the funds*

mental eigenvalue fora square membrane
was obtained on the NEPA machine. The
result agreed with the known analytical
result to is many significant figures
as can be obtained on the NEPA machine.
The preparation of certain "concentric”
square membrane problems has been
completed and their fundamental
eigenvalues will be sought by using

the NEPA machine. Studies on the use
of general-purpose digital machines
for computing fundamental eigenvalues
are being continued. In particular,
the coding necessary for finding the
fundamental eigenvalues for concentric
spheres and parallel alaba haa been
completed for the UNIVAC.

GROWTH EPPECT8 OF IRRADIATED PITUITARY
T18SUE ON CHIGRS

Origin. J.
cultural

H. Rust,
Research Program.

UT-AEC Agri-

Participating
A. W Kimball,

lenbera of Panel.
G. J. Atta.

Background and Status.
tissue from chicks was exposed to
x radiation and then injected into
young chicks as a homogenate. One
group of chicks received 50 mg, fresh
weight, of the tissue and another

Pituitary

group received 100 mg. Two more groups
received like amounts of unirradiated
tissue. After several weeks, the
birda were sacrificed and body, teatea,
thyroid, adrenals, and comb weights
were recorded. The problem was to
evaluate the effect, if any, of

x radiation on the growth of the body
parts weighed.

Analyseaof covariance were computed
for each of the four organ weights
by using the body weight aa an inde-
pendent variate. These were compared
with the corresponding analyses of
variance. In no case were any differ-
ences found that were significant at
the 5% level. An analysis of the
body weight alone led to similar
results. In every case, covariance
methods helped reduce residual error,
but ita effect on the treatment means
varied considerably from one weight to
another. There was some indication
that at higher injection doses, the
effects might be more pronounced.
Accordingly, the experiment will be
repeated with larger doses.

% 0O3- S



DEPIGRENTATION AS A BIOLOGICAL DO-
SIMETER-OPERATION GREENHOUSE

OriRIn. A C. Upton, Biology
Division.

Participating Neabera of Panel.
J. Moshman, R. C. Reaver.

Reference. Mathematics Panel
Quarterly Progress Report, ORNL-1435.

Background and 8tatua. It was
reported earlier that nine months

after exposure, the dose, d, received
by mice at Eniwetok was related to the
degree of depigmentation, p (0 4 p 4 4),
on the back of the head by the formula

d « 318.32 ¢84.09 p (287 < 711)

The procedure described in the
reference vaa repeated for periods of
7 and 11 months after exposure. The
resulting formulas are:

FOR PERIOD ENDING JANUARY 31, 19S3

theory of
inadequate.

large deflections ia very

CODINO OF REACTOR CALCULATIONS

Origin. B. A Charpie,
Director's Division.

Participating Raabera of Panel.
N. Edmonson, J. H. Fiahel, C. P.
Hubbard.

References. D. K. Holmes, 7he
Multigroup Method as Used by the ANP
Physics Group, ANP-58; Mathematics

Research

Panel Quarterly Progress Report,
ORNL-1435.
Background and Statua. These

calculations, according to the first
plan, were to be coded for the ORACLE.
In order to obtain calculated results
sooner than the ORACLE would be in

operation, it was decided to code
7 months, d - 313.22 & 85.97 p (287 4 d4 711) ;
11 moot d « 309.96 ¢ 81.84 p? (287 4 d 4 711)
The variability among the curves these calculations for the UNIVAC.

was not statistically significant and
indicated the lack
during this period. In each case,
standard error of estimate about the
line was about 50 to 55r.

LARGE DEFLECTIONS OF PURP DIAPHRAGMS

Origin. C. D. Zerby, Reactor
Experimental Enginesring Di vision.

Participating Hemoera of Panel.
H. B. Goertsel, C. L. Perry.

Background and 8tatpis. A preliminary
investigation of the problem of the
large deflections of thin, circular
plates waa made. For the pump in
question, it was desired to accurately
obtain the deflection of the plate
under uniform, lateral loading. Work
is now being done to obtain sufficiently
accurate equations, although the

This coding has been done
of a time effect testedon the UNIVAC as soon aa machine
the time is available,

and ia to be



