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formula x„+i = <j>(x0, ■ ■ -, x„) which converges to a, let pn = — log|x„ — a\ so

that p„ is the number of correct decimal places in xn ; then we define the order p

of the iteration formula to be p = lim pn+i/pn as re —> oo.

If <b depends on x„ only, then the order is an integer. In fact the order in this

case is the index p of the smallest derivative of <j> such that <£(p) (a) 7* 0, as is seen

by the power series expansion of <b(xn) in powers of (x„ — a).

We now show that a particular iteration formula has order (1 + *5)/2 = 1.6+,

which is interesting because this number is not an integer and also because it is

large enough to indicate that the formula is quite useful. The formula in question

is a common one for solving y = f(x) = 0 by repeated linear interpolation : x„+i

is the point where the straight line through (x„_i, y„_i) and (x„, y„) crosses the x

axis. Algebraically this gives x„+i = (x„_iyn — x„y„_i)/(y„ — yn-i). The fact that

the formula does not involve /' (x) will often be a considerable advantage [2].

To investigate the order of the linear interpolation formula we expand

y ~ fix) in powers of (x — a) and with a little algebraic simplification obtain

Xn+i — a = (x„_i — a)(xn — a)f"(a)/2f'(a) + 8, where 8 consists of terms of

degree three and higher. From this equation it follows that pn+i = pn + pn-i

+ qn, where qH is bounded, so on dividing by pn and letting re —* <x> we get

p = 1 + 1/p, whose only positive root is p — (1 + "V5)/2. This is the desired

result.

It may also be of interest to note that the interpolation formula can be

written as xn+i = (xn — y„) + [(y„ — y„_i)/(x„ — x„_i)], which shows a close

relation to Newton's formula. Although (y„ — y„_i)/(x„ — x„_i) approaches/'(a),

the "one sidedness" of this difference quotient keeps the order of the interpolation

formula less than the order of Newton's formula.

D. D. Wall
IBM Corporation

Los Angeles, California

1. D. R. Hartree, "Notes on iterative processes," Cambridge Phil. Soc, Proc, v. 45, 1949,
p. 230-236; see also E. Schröder, "Über unendlich viele Algorithmen zur Auflösung der Glei-
chungen," Math. Ann., v. 2, 1870, p. 317-363.

2. A. S. Householder, Principles of Numerical Analysis, McGraw-Hill Book Co., Inc., New
York, 1953, Sec. 3.3, p. 118-132.
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48[C, F].—F. J. Duarte, "Tablas Logarítmicas de Factoriales Primarias, desde

2 hasta 1007, con 33 Decimales," Acad. Ci. Fis., Mat. y Nat., Bol., Caracas,

v. 15, 1953.

This booklet gives, for each prime p = 2, 3, ■ ■ -, 10007, the value to 33D

of logio (p) where (p) = 2 ■ 3 • 5 • • • p ; the last digit is asterisked when it has

been rounded up. There is a short table of log«, (p)/y, for y = 50, 100(100)

1000(1000)10000, where p is the greatest prime less than y, exhibiting the ap-

proach of this ratio to unity, a result which is equivalent to the prime number

theorem.

This table is, presumably, based on the 36D table [1] by the same author



REVIEWS  AND  DESCRIPTIONS   OF   TABLES   AND   BOOKS 169

which gives logio « for n = 1 (1)1000 (primes) 10007. It is apparently reproduced

photographically from typescript.

J- T.
1. F. J. Duarte, Nouvelles Tables Logarithmiques à 36 décimales, Gauthier-Villars, Paris, 1933.

[MTAC, v. 1, 1943-45, p. 3.]

49[D].—NBS Applied Mathematics Series, No. 40, Table of Secants and Cosecants

to Nine Significant Figures at Hundredths of a Degree, U. S. Govt. Printing

Office, Washington, D. C, 1954, vi + 46 p., 26 cm. Price $0.35.

This table lists sec x and csc x = 0(.1)90°, 9S.

The table was computed by inverting values in [1]. Differencing and other

tests were made, and the introduction states a belief that entries are correct within

six-tenths of a unit in the last place given.

The introduction provides information concerning interpolation and the use of

a truncated power series in the region where interpolation is not feasible.

The table is printed photographically, presumably from masters prepared

from a card-controlled typewriter (although there is no announcement in the

preface or in the introduction as to how the printing was done).

A spot check of 200 values for each of the functions sec x and csc x was under-

taken on the SWAC computer. 200 random arguments were chosen from [2] for

each function. The values of sin x and cos x were computed at these 200 values

from radix tables prepared especially for the purpose—that is, sin x and cos x

were computed for x = .01 (.01).1 (.1)1 (1)10(10)90°, 21D [3].
From these tables, which were stored in the SWAC, the values of sin x and

cos x for any argument in the range is computable as the function of the sum of

four arguments in the table. For the arguments chosen either sin x or cos x (as

appropriate to the function being tested) was calculated and the product of this

value with the value listed in the table was compared with 1. No divergence was

found which corresponds to an error as great as six-tenths in the last digit listed.

Ruth B. Horgan

C. B. T.
University of California

Los Angeles, California

1. NBS Applied Mathematics Series 5, Tables of Sines and Cosines to Fifteen Decimal Places
at Hundredths of a Degree, U. S. Govt. Printing Office, Washington, D. C, 1954.

2. The RAND Corporation, A Million Random Digits with 100,000 Normal Deviates, Free
Press, Glencoe, Illinois, 1955.

3. R. B. Horgan, "Radix tables for sin xandcosx, x = a- 10'degrees, a = 1(1)9,i = —3(1)1"
[see p. 164 this issue].

50[H, Z].—Proceedings of the Second Symposium in Linear Programming, held in

Washington,   D.   C, January  27-29,   1955,  edited  by  H.  A.  Antosiewicz.

National Bureau of Standards, and Directorate of Management Analysis

DCS/Comptroller, U.S.A.F. vi + 685 p.

These 2 volumes contain 27 papers in full, and the abstracts of 6 others, pre-

sented at the linear programming symposium sponsored by the Office of Scientific

Research of the Air Research and Development Command. The papers are

grouped into five parts: Applications, Economic Theory, Computation, Theory
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of Linear Inequalities, and Developments in Linear Programming. Those papers

most directly concerned with computational methods are described briefly here.

L. Gainen's paper, "Linear programming in bid evaluations," outlines the

method of computing cost contract awards on S.E.A.C. The problem is essentially

the Hitchcock distribution problem, but with extra constraints such as "Either

23 Xn = 0 or X Xn ^ Ai." This type of constraint involves solving the problem
j i

separately under each condition, and selecting the cheaper of the two solutions.

Many similar complications are discussed.

S. Johnson and G. B. Dantzig's paper, "A production smoothing problem,"

presents a graphical method of minimizing the cost of production of a single item

over a given number of time periods to satisfy known future requirements, when

the cost per unit for production, storage, and change in production rates are

known functions of time. A good first approximation to the solution is obtained

by considering the original problem and its dual simultaneously. Often this is

clearly the required solution, if not, the latter is obtained with a few iterations of

the simplex method which can easily be performed graphically.

R. Bellman's paper, "Dynamic programming and multi-stage decision proc-

esses of stochastic type," consists of a brief introduction to the author's theory of

dynamic programming, in which sequential decision problems are formulated as

functional equations.

A. J. Hoffman's paper, "How to solve a linear programming problem," consists

of a general introduction to the computational aspects of linear programming.

Machine methods are discussed in the light of experience on S.E.A.C, the IBM

701 at RAND, and other machines. The author suggests that some version of

the simplex method should always be used, but that special devices should be

incorporated to take advantage of special features. Thus a special routine should

be used for the distribution problem.

C. Tompkins's paper, "Projection methods in calculation," discusses a general

relaxation method of solving simultaneous polynomial equations or inequalities.

Methods of overrelaxing and acceleration are indicated. It is claimed that with

enough acceleration one can solve an extensive system in an acceptable time.

A. Vazsonyi's paper, "Optimizing a function of additively separated variables

subject to a simple restriction," discusses a simple technique for maximizing

¿Z, fi (xi), where the /< are general functions and the x, are nonnegative variables

subject to a single linear inequality.

R. M. Thrall's paper, "Some results in non-linear programming," is chiefly

concerned with the special case of the problem considered in the previous paper

when the fi(x¡) are all convex functions.

S. I. Gass's paper, "A first feasible solution to the linear programming prob-

lem," shows how such a solution can be found in terms of a single artificial variable

if the constraints have been solved for m of the variables—preferably those which

are expected to have positive values in the final solution. The method is in effect

the dual to that considered in [1].

H. Markowitz's paper, "Concepts and computing procedures for certain Xy

programming problems," is primarily concerned with problems of the follow-
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ing form—

£ Xn + u = Mi,
i

¿Z cLijXij = yfi.
i

Minimize £ dpi a, where an, d¡ ^ 0, the variables Xn and «¿ are restricted

to nonnegative values, and 8 is a parameter. Properties of the basic optimal

feasible solutions of this type of problem are established, and an algorithm, based

on the simplex method, for finding optimal solutions as 8 varies is described.

Extensions to more general problems are discussed.

E. D. Schell's paper, "Distribution of a product by several properties,"

discusses the distribution problem in 3 dimensions, i.e., the minimization of

Jl pijkXijk for nonnegative ac<# subject to constraints of the form X *<»* = ßy* or
i

Y. Y. Xijk m ai. Methods of finding feasible solutions, and iterative methods,
i    t

based on the simplex method, of proceeding to the optimal solution are discussed.

It is shown that the optimal solution may involve fractional values of the variables

even when the coefficients in the constraints are all integers.

I. Heller's paper, "On the traveling salesman's problem," provides theoretical

background to some semi-empirical methods of solving this problem used suc-

cessfully at the RAND Corporation.

In G. B. Dantzig's concluding paper, "Developments in linear programming,"

a method of solving the distribution problem when the variables have fixed upper

bounds is indicated. It is shown that this method can be used to solve the problem

when the requirements at each destination are unknown but have a known

probability distribution.

Possible developments in methods and fields of application are reviewed in

more general terms.

E. M. L. Beale
Admiralty Research Lab.

Teddington, Middlesex

England

1. E. M. L. Beale, "An alternative method for linear programming," Camb. Phil. Soc, Proc,
v. 50, 1954, p. 513-523.

SI [I].—J. Kuntzmann, "Formules de Dérivation Approchée au Moyen de Points

Équidistants," Report No. 1.373/1, Société d'Électronique et d'Automatisme,

138 Boulevard de Verdun, Courbevoie (Seine), France, 1954, 30.5 cm.

These tables give the coefficients Ai,P.q in the finite difference approximation
i=n

of the derivatives of fix); f(p)ixq) = E -4.■.*:«/(*,■) for p = l(l)w, q = 0(1)«;

re = 2(1)10. The tables are extensions of the earlier work [1] of Bickley. The

coefficients are given as rational fractions with a common denominator. The

coefficients for the first derivative were computed directly and the balance were

obtained recursively from the relation Mp ■ Mp> = Mp+P> where Mp is the matrix

whose elements are Ai,P.t. Checks were made by applying the results to the func-

tion x".
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Values at intermediate points, for the first derivative [2], in the case of

re = 4(1)7, have been given by H. E. Salzer.

Milton Abramowitz
National Bureau of Standards

Washington, D. C.

1. W. G. Bickley, "Formulae for numerical differentiation," Mathematical Gazette, v. 25,
1941, p. 19-27.

2. H. E. Salzer, Table of Coefficients for obtaining the First Derivative without Differences,
National Bureau of Standards, Applied Mathematics Series 2, 1948.

52[K].—W. Allen Wallis & Harry V. Roberts, Statistics: A New Approach,

The Free Press, Glencoe, Illinois, 1956, xxxviii + 646 p., 23.4 cm. Price $6.00.

Includes the first 10,000 digits from the "RAND Random Digits" [1].

C. C. C.

1. The RAND Corporation, One Million Random Digits and 100,000 Normal Deviates, The
Free Press, 1955, Review 11, MTAC, v. 10, 1956, p. 39-43.

53[L].—J. A. Stratton, P. M. Morse, L. J. Chu, J. D. C. Little, & F. J.
Corbato, Spherical Wave Functions, Including Tables of Separation Constants

and Coefficients, The Technology Press, Mass. Inst. of Tech., and John Wiley

& Sons, Inc., New York, 1956, xiii + 613 p. Price $12.50.

Angular and radial spheroidal wave functions are solutions of second order

ordinary differential equations which arise when the wave equation is solved by

using the separation of variables in spheroidal coordinates. The set of tables

contained in this book gives the coefficients of the expansions of the radial func-

tion of the first kind in spherical Bessel functions and the angular function of the

first kind in associated Legendre functions. Tables for both the prolate and oblate

cases are given. In these expansions two integers, m and /, occur with I > m and

a parameter h or g. The tables cover the ranges

m = 0(1)8    / = mil)8

g,A = 0(.l)l(.2)8.
The table entry

+0.62785671 - 02 means +0.6278567 X 10~2.

The authors state that :

"The accuracy of the tables has been checked by the hand calculation of a

number of cases. For the most part, all the significant figures published are good

except for an occasional error of one in the last place. When the coefficient itself

gets large (~102), the last place may be weak. At no time is it thought that the

numbers are off by more than 5 in the last place."

In addition to the actual tables, this book contains a foreword by P. M. Morse

and a reprinted version of the paper by L. J. Chu and J. A. Stratton [1]. In this

paper, a variety of properties of the spheroidal wave functions are derived and

discussed.

The book also contains a section entitled "Introduction to the Tables" by

John D. C. Little and Fernando J. Corbato. In this section the number notation

of the tables is explained, the accuracy of the numbers is discussed, the sources
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of auxiliary tables are listed, and a brief description is given of the programming

of the table calculations for the Whirlwind I computer.

Morse states in his introduction that ". . . the present tables were computed,

tabulated and printed automatically ; no human intervention entered between the

introduction of the program and the typed page, ready for offset photography."

One can thus expect a considerable reduction in errors, in part because of the

inherently greater accuracy of the machine over human operations with desk

calculators and in part because of the fewer transcriptions between calculated

results and final printed table.

A. H. T.

1. L. J. Chu & J. A. Stratton, "Elliptic and spheroidal wave functions," J. Math. Phys.,
Mass. Inst. Tech., v. 20, 1941, p. 259-309.

54[L].—Cecil Hastings, Jr., "Approximations for calculating Fresnel Integrals,"

Cecil Hastings' "Approximation Newsletter," April 12, 1956, Note-10.

The functions T(7^) and A(T^) are approximated to about 3D, 0 < T < <x>,

where

r«= eildt
Tix)+iAix) = e-<*L   y=-

Multiplication of these functions by sines and cosines yield the Fresnel In-

tegrals in accordance with classical formulas [1]. Note that modern notation

for C(x) and S(x) as used in [2] and [3] differs from that used here (see MTAC,

v. 9, 1955, p. 124).
The approximations are

TiT2) ~ (2 + 3.305r + 2.223F2 + 3.388P)-\
A(T*) ~ (1 + 0.739r)(2 + 1.430F+ 1.976T2)-1.

For tables of the Fresnel Integrals see [2] and [3].

C. B. T.

1. Eugene Jahnke & Fritz Emde, Tables of Functions with Formulae and Curves, Dover
Publications, New York, 1945, p. 36.

2. A. van Wijngaarden & W. L. Scheen, "Table of Fresnel Integrals," Akademie van
Wetenschappen, Amsterdam, Afd. Natuurkunde, Verhandelingen, eerste sectie, v. 19, no. 4, 1949
[MTAC, v. 4, 1950, p. 155-156].

3. AKADEMIIA NAUK SSSR. TabliTsy Integralov Frenelya, Moscow, 1953 [MTAC, v. 9,
1955, p. 75-76].

55[L].—E. A. Taylor & J. M. Kennedy, Tables of Complete Elliptic Integrals,

Atomic Energy of Canada Limited, Chalk River, Ontario, A.E.C.L. Report

No. 296, 1956, iii + 10 p., 27.5 cm. Price 50¿.

These tables give values of the well known complete elliptic integrals K and

E to 6D for k2 = 0(.001)1. There are no differences. The bulk of the values were

obtained by interpolation in tables to 7D by Milne-Thomson, but some values

at each end of the range were computed independently. The authors state that

the errors should never exceed a unit in the last place.

Values to at least as many decimals for the same arguments have been pub-

lished by several other authors, though in works which may possibly rank as not
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highly accessible. In fact, values to 10 or more decimals were printed in two tables

published by Hayashi in 1930 and 1933, and the few errors which exceed a unit

or two in the last place are all known, so that a table to 6D and entirely free from

rounding errors could be produced by anyone with access to the Hayashi tables

and the corrections, without computing any values. For details, see MTAC, v. 3,

1948, p. 232, 263.
Sampling by comparison of one-fifth of the values with those of Hayashi sug-

gests that the number of slight rounding errors averages approximately two per

column of 50 values. Evidently these will not affect the utility of the table.

A. F.

56[L].—Lucy J. Slater, "A short table of the Laguerre polynomials," Inst.

Elec. Engineers, Monograph  136,  1955, 5 p. To be republished in  Inst.

Elec. Engineers, Proc, Part C, size 27.5 cm.

This table gives Ln(x) to 5 or 6D for re = 0(1)10 and for x = 0(.1)5, together

with modified second differences:

8m2 = 52 - 0.18454 + 0.03808256;

it was computed on EDSAC 1 by direct summation of the series

Ln(x) = £ (-re)(-re + l) ••• i-n + r- l)x'/(H)2.

It is stated that the table was checked by hand differencing in the x-direction

and by use of the recurrence relation

(n + l)L„+i = (2re + 1 - x)Ln — nLn-i

in the «-direction.

The table is stated to be correct to six places of decimals. However, for large

re and x only 5 decimals are given for L„(x). Spot checking of the table, by calcu-

lation from the explicit expression for L„(x) given in Admiralty Computing

Service Report 82 [1] revealed non-trivial errors, e.g., L8(4.3) is given as 0.08940 0

whereas we find L8 = [3604.23764 321]/40320 = 0.08939 081 •■ • giving a dis-
crepancy of nine units in the sixth place.

The author has discovered a systematic error and believes the listed values

to be too large by one or more units in the sixth decimal for re = 5 and x > 4.1,

re = 6 and x > 3.4, re = 7 and x > 2.8, re = 8 and x > 2.4, re = 9 and x > 2.1,

and re = 10 and x > 1.9.

The choice of a 6D multiplier for 86 and a 3D one for 54 seems curious, and

can only add confusion to the transatlantic battle over .184 as against .18393.

The multiplier .038 is suggested by L. J. Comrie [2].

Another unconventional point is that the differences are given, not in units

of the last place of the tabulated values, but in full, and to fewer places than the

main table. Thus we find :

¿io (5.0) = 1.75628    8m2 = -0.0500.
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J. E. Wilkins and Nina Kropoff [3] give £»(*)/»! to 4D for « = 2(1)7,
x = 0(.1)10(.2)20.

There have been various tables of the corresponding orthogonal functions,

e~KL„(x), or multiples thereof. For instance, F. G. Tricomi [4], who has studied

the asymptotic behaviour of the Lna(x), tabulated e~HL„(x) to 4D for n = 1 (1)10,

x = .1(.1)1(.25)3(.5)6(1)14(2)34. This table, originally published in 1941 [5] has
been reproduced in the 1948 edition of Jahnke-Emde [6]. A table has also been

given by N. Wiener [7]. A table on punched cards, computed under the super-

vision of C. Lanczos, is available at Numerical Analysis Research, University

of California at Los Angeles, California. It gives e_IL„(2x) to 10D for the fol-

lowing ranges: re = 0(1)12, x = 0(1)12, x = 0(.1)5(5)10(1)20, n = 13(1)20,
x = 0(.5)10(1)20.

J- T.
1. Great Britain, H. M. Nautical Almanac Office, Zeros of Laguerre Polynomials and the

corresponding Christoffel Numbers, MTAC, v. 2, 1946-47, RMT 252, p. 31.
2. L. J. Comrie, Chamber's Six-Figure Mathematical Tables, v. II, Natural Values, D. Van

Nostrand Co., Inc., New York, 1949, p. 533.
3. J. E. Wilkins, Jr. & Nina Kropoff, Table of Laguerre Functions, MTAC, v. 5, 1951,

UMT 135, p. 232.
4. F. G. Tricomi, "Sul comportamento asintotico dei polinomi di Laguerre," Ann. di Mat.,

ss. 4, v. 28, 1949, p. 263-289. [MTAC, v. 4, 1950, RMT 828, p. 216-217.]
5. Francesco Tricomi, "Generalizzazione di una formula asintotica sui polinomi di Laguerre

e sue applicazioni," Accad. delle Scienze di Torino, Cl. d. sei. fis., mat., e nat., Atti, v. 76, 1941,
p. 288-316. [MTAC, v. 2, 1947, RMT 385, p. 267.] A revised and extended version of this table
has just been published in the same journal (v. 90, 1955-56, p. 1-8) ; it will be reviewed in the
next issue of this journal.

6. Fritz Emde, Jahnke-Emde Tables of Higher Functions, Treated by Fritz Emde. Fourth
(revised) edition with 177 figures. Leipzig, Teubner, 1948. [MTAC, v. 3, 1949, RMT 596, p.
364-366.]

7. Norbert Wiener, Extrapolation, Interpolation, and Smoothing of Stationary Time Series
with Engineering Applications, Mass. Inst. Tech., Cambridge, Mass., and John Wiley & Sons,
New York, 1949. [MTAC, v. 4, 1950, RMT 718, p. 24-25.]

57[L].—G. M. Müller, Table of the Function Kjnix) = —  I    unK0iu)du, Office
x" Jo

of Technical Services, Department of Commerce, Washington 25, D. C, 1954,

91 p., Price 70 cents.
1   Cx

The tables include Kj„ix) = —       unK0iu)du,n = 0(1)31, x = 0(.01)2(.02)5,
x" Jo

7 to 8D. HereKoiu) is the modified Bessel function of the second kind of order zero.

The tables were calculated on punched card equipment, and several significant

zeros are printed after the last significant digit. They are accompanied by an

introduction describing the means of calculation and drawing attention to some

uses—particularly the calculation of the integral of the product of a function

whose Taylor's expansion is at hand and the function Koiu). An example is

worked out for illustration.

No aids to interpolation are included.

The tables were checked by computation which would have accumulated

errors in the evaluation of Kjoix), and the values for this table were checked

against values already published by Bickley and Naylor [1]. No differencing or

other such checks are mentioned.

The entries are legible, but no spacing is used to improve legibility.



176 REVIEWS  AND  DESCRIPTIONS  OF  TABLES  AND  BOOKS

Related tables are listed in Fletcher, Miller, and Rosenhead, An Index of

Mathematical Tables, sections 20.832 and 20.833.

C. B. T.

1. W. G. Bickley & J. Naylor, "A short table of the functions Kin(x) from n = 1 to n = 16,"
Phil. Mag. (7), v. 20, 1935, p. 343-347.

58[L].—Joseph Kaye, "A table of the first repeated integrals of the error func-

tion," /. Math, and Phys., 1955, p. 119-125.

The tables contain values of the repeated error integrals defined by the

relations

in erfc x =   I    in~x erfc £¿£,    re = 1,2,

2
¿_1 erfc x = ~¡= e~x

Vtt

and satisfying the recurrence relation

(1) 2rey„ = yn-i - 2xyn-i

wherey„ = in erfc x. The values are given for re = —1(1)11 forx = 0(.05)1 (.1)2.8

or 3.0 to 6D or 9D together with second central differences. The tables were

computed with the aid of the recurrence relation (1) applied in the order of in-

creasing re starting with the values i~l and i° available to fifteen places [1] in

the National Bureau of Standards tables. This extreme accuracy was necessary

to obtain six significant figure accuracy in ili because of the way in which the

recurrence formula was employed. It is of interest to note that the functions

might have been generated in a manner similar to that used [2] in the British

Association tables. Thus if values of y„ are desired for re = 0, 1, • • •, p we rewrite

(1) in the form

(2) yn-i = 2nyn + 2x^n_i

and start for n > p, with an arbitrary choice for yn and yn-i, say yn = 0, yn-i = 1

and generate a sequence yk for k = re — 2, re — 3, • • -, 0, — 1. If n is chosen

sufficiently large then we obtain yk = ayk where a is a constant, for k = —1, 0,

1, • • •, q where q < re. The constant may be simply determined from the relation
2 !  '] -

y_i = -f= e-*2 = ay-i. Then increasing re   (by 5, say)  we again generate the

sequence yk, comparing the computed values of yk, k = 0(1)/?.

This procedure can be repeated until the desired agreement is obtained. The

technique is particularly suited to high-speed computers and has the advantage

of producing all the desired function values without any loss of significant figures.

Related tables are listed in Fletcher, Miller, and Rosenhead, An Index of

Mathematical Tables, section 155.
Milton Abramowitz

National Bureau of Standards

Washington, D. C.
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1. NBS Applied Mathematics Series No. 41, Tables of the Error Function and its Derivative,
U. S. Gov. Printing Office, Washington, D. C, 1954, xi + 302 p. Price $3.25.

2. British Association Mathematical Tables, v. X, Bessel Functions, Part II. Functions
of Positive Integer Order, Cambridge, 1952.

59[P, S, T, Z].—Arthur Rose, R. Curtis Johnson, Richard L. Heiny, &

Theodore Williams, "Computers, Mathematics, Statistics, and Automa-

tion," Industrial and Engineering Chemistry, v. 48, 1956, p. 622-632.

This paper is included in the fourth annual review of fundamentals of chemical

engineering published each spring in Industrial and Engineering Chemistry. The

authors attempt to give an exhaustive review of the year's literature pertaining

to applications of computers, mathematics, and statistics in engineering chem-

istry. In addition, they discuss the current trends toward automation in chemical

engineering in a way which provides a good background for chemical engineers

interested in the subject.

The present paper and its three predecessors in the series, [1], [2], [3],

constitute a serious attempt to make available to chemists and other scientists

and engineers the current status of applications of computers, mathematics, and

statistics in the chemical industry.

C. B. T.

1. Arthur Rose, Joan A. Schilk, & R. Curtis Johnson, "Computers, Statistics, and Mathe-
matics," Industrial and Engineering Chemistry, v. 45, 1953, p. 933-939.

2. Arthur Rose, Richard L. Heiny, R. Curtis Johnson, & Joan A. Schilk, "Computers,
Statistics, and Mathematics," Industrial and Engineering Chemistry, v. 46, 1954, p. 916-922.

3. Arthur Rose, R. Curtis Johnson, & Richard L. Heiny, "Computers, Statistics, and
Mathematics," Industrial and Engineering Chemistry, v. 47, 1955, p. 626-632.

60[S].—NBS Applied Mathematics Series, No.  10,  Tables for  Conversion of

X-ray Diffraction Angles to Interplanar Spacing, U. S. Govt. Printing Office,

Washington, D. C, 1950, iii + 159 p., 27 cm. Price $1.75.

The modern general purpose electronic computers,  as they become more

widely distributed, will, in time, render the use of tables largely obsolete. In

reviewing the appearance of any new book of tables its proposed use should

therefore be subjected to scrutiny to determine whether the existence of the

tables is of lasting value or not. The interplanar spacings in the table being re-

viewed are required in their own right, as, for instance, in chemical identification.

For this purpose they are compared with spacings given in the ASTM index, and

are not, in general, used as part of further complex calculations. It seems probable,

therefore, that the tables will continue to be useful to the scientist for some

time to come.

The number of significant figures given is more than adequate for identifica-

tion purposes. Indeed such accuracy for small values of the diffraction angle when

the a-doublet is unresolved is unjustified in practice. The observed angle does not

correspond to the X-ray wave-length Xjcai used in making the tables, but to a

weighted mean of Xxa, and Xxa,. For the high angle diffraction spectra used to

find unit cell dimensions, the accuracy is justified, but the tables are incomplete

since it is desirable to use the Ka2 spectra as well as the Kai.

The values of the interplanar spacings have been calculated for the six most

commonly used wave-lengths in X-ray crystallography. It seems an unnecessary
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luxury to repeat two of these six tables in terms of twice the angle and even if

this is condoned, the choice of Feria for one of the two preferentially treated

wave-lengths can be queried.

Nevertheless it is felt that the tables do satisfy adequately a present and

continuing need, especially as such tables will not be given in the forthcoming

volumes of the International Tables for X-ray Crystallography.

A. S. Douglas

A. M. B. Douglas
Cambridge

England

61[S].—G. E. Brown & D. F. Mayers, "The coherent scattering of 7-rays by

K electrons in heavy atoms," R. Soc. London, Proc, v. 234A, 1956, p. 387-389.

The matrix elements describing the coherent scattering of 7-rays by electrons

may be written as series involving associated Legendre polynomials. The coeffi-

cients of the polynomials entering these series were evaluated to three decimal

places on EDSAC, and it is shown that to this accuracy the coefficient of JFV

is negligible.

A. H. T.

62[Z].—James R. Newman, What is Science?, Edited and with an introduction

by James R. Newman. Simon & Schuster, New York, 1955, viii + 493 p.

Price $4.95.

This is a collection of essays by twelve scientists in which they explain their

fields to the layman ; each is preceded by a biographical sketch and there is a

bibliography and index. Although this review deals mainly with the contribution

of Dr. J. Bronowski, entitled "Science as foresight," it is appropriate to call atten-

tion to two other articles, for their authors have made notable contributions to

the area of mathematics with which this journal is concerned. The late Sir

Edmund Whittaker, who discusses Mathematics and Logic, recalled that shortly

after his appointment to the chair of mathematics at Edinburgh, he instituted the

first University Mathematical Laboratory. Arising out of courses given there came

his book with G. Robinson, The Calculus of Observations, which has been a

basic text in classical numerical analysis. Dr. E. U. Condon, who writes on

Physics, was responsible for the establishment of organizations of mathematicians

and automatic computing machines devoted to modern numerical analysis.

Dr. Bronowski, who is now Director of the Central Research Establishment

of the (British) National Coal Board, is distinguished for contributions to such

varied fields as algebraic geometry, operations research, literary criticism, as

well as philosophy of science; he is also well known to the listening public in

Europe for his talks and dramas.

In his essay Bronowski discusses the progress of science as a development of

tools which are extensions of the brain, rather than the hand. He begins with a

discussion of deductive machines, underlining their speed and logical character

and discusses the programming of two simple problems : n2 = 1+3 + 5+ •••

+ (2re — 1), x„+i = x„(2 — aXn). The next section deals with adaptive machines.
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He contrasts the case of machines programmed to play games using unlimited

foresight (exhaustive search of all developments, or using an analytic theory)

with those using limited foresight (exploring a short sequence of moves) and then

accumulating experience. There is then a discussion of the machine of Ross Ashby.

There follows a discussion on the theory of games exemplified by two-fingered

Morra, and this leads to the ideas of "chance" and "random" and thence to those

of "system" and "order." The concepts of information and redundancy are then

discussed.

The final section deals with the logic of science. Bronowski suggests that while

the more mechanical aspects of scientific method are comparable with the ac-

tivities of deductive and adaptive machines, the characteristically human part

is that of foresight based on insight, which is developed by a discovery of patterns.

He then develops the idea of scientific theories as decoding : the aim of science

is to present what we know in the most coherent fashion.

It has been pleasing to find essays from newcomers as well as practiced ex-

positors. The book will be specially appreciated by those of us who have no gift

for the popular exposition of our field, and also by those of us who are associating

ourselves and our machines with scientists who work in fields unfamiliar to us.

J- T.

63[Z].—D. G. Prinz, "Programming the Transportation Problem for Digital

Computers," Technical Note CS65, Ferranti Ltd., Moston, Manchester,

England, 1955, 32 p., mimeographed.

The author describes the simplex method for solving linear programming

problems, especially that version in which one transforms the inverse of the basis

rather than the entire tableau, and then shows how this method may be coded

to solve the transportation problem. He closes with some suggestions on the

judicious use of ternary arithmetic for storing the inverse of the basis (which, for

the transportation problem, has all of its entries 0, 1 or —1).

A. J. Hoffman
National Bureau of Standards

Washington, D. C.

64[Z].—Harvey Cohn, Code Library for "Stability Configurations of Electrons

on a Sphere," deposited in Library of Automatic Computer Codes. 15 tabular

sheets, 37 cm. IBM Model 701 computer.

These are coded machine commands for the calculations reported in [1].

Any one wishing to repeat the computation on the 701 would probably profit

from one portion of the code (and probably only that one), the sub-routine for

finding force vectors (No. 587 to 632) sheets 5, 6, and 7, and (No. 760 to 773)

sheet 9.

Harvey Cohn
Department of Mathematics

Wayne University

Detroit 1, Michigan

1. Harvey Cohn, "Stability configurations of electrons on a sphere" [p. 117 this issue].


