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Preface
In a previous issue of, SEP No. 7, Problem 7. 1.2(c)

Taylor's Serles waas stated as follows:

The Taylort's Series used in mathematics to represent a
funotion in a8 1limited region sbout = point'nuggelts 8 geries
of partisl histories of different orders for obtaining a
suitable perspective to deal with the essential historical
background of a problem dealing both with sngineering and
soclology. Taylor's serles ensbles us to expand a function
in terms of powers of x-8 when the value of the function
and its derivatives are known for x=a. The function is ssid
to be expanded in the nalghbofhood of x=8, and the series
can be used to compute the value of the function for velues
of x which 8re neer s, For exemple, set

f(a+h) = f(a) + htl(a) + %3; £"(a) o ,lsxi ¢ ia) +

’ooo*_!nf(n)(&)"nooOoo
n}

If we take the first derivative of f(a+h) with respect to h, we have
£3(aen) = £1(a) + be¥(a) + %f *ta) +§f £"a) f‘: (a)
Then the 2nd through Sth derivatives are:
£"(aeh) = £"(a) + nt"{a) + b2 £™a) « b3 £la)
Z ki1

£'(asn) = £"(a) + ne'{a) + Ehz £'(a)
|
£ (aeh) = £'(a) + htV(a)

£¥(a+h) = £Y(a)
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With the taking of each derivative less detsil sbout the
function 1s left. The objective of this note is to col-
lect some reference materisl for the development of series
of partisl derivatives of history similsr to the Taylor's
Series of methemstics. Upon completion of this study, it
may well be found thst some other series repressentstion

is wore applicadble.

These notes were origineally orgenized ss a preliminary
draft of a paper on “"The History of Electromsgnetic Theory"
which 18 described in SEP No. 1ll-A. A graph 1llustrating
the relative emphasis on these partisl derivatives or
history is included in SEP No. 3l as Fig. 1. To be more
complete this note should have s graphicel example of a

Taylor's series expansion included.

Date: 11/25/46 3/15/61 5/29/61 3/6/62
38 9=A S=A
Stage: D H H



PARTIAL DERIVATIVES OF HISTORY PART I.

1. Introduction.

In the considerstion of the history of electromagnetic
the;ry from en engineering viewpoint it appears that
different methods of sttack may yield different types of
concepts. James Clerk Maxwell stated thet the relation of
electricity and msgnetism to severasl other important phe-
nomens seem to indicate the speciel importance of electrical
sclence as an aid to the interprstetion of neture, Maxwell
compared Faraday's methods with those of the mathematiclaens.

When I hed translated whet I considered to be
Fareday's ideas into & mathematical form, I found
that in general the results of the two methods
coincided so that the same phenomens were accounted
for, and the same laws of ection deduced by both
methods, but that Faraday's methods ressmbled those
in which we begin with the whole and arrive st the
parts by anslysis while the ordinery mathematical
moethods were founded on the principle of beginning (1)
with the parts and bullding up the whole by synthesis,

In s philosophicsl point of view, moreover, it
is exceedingly important that two methods should
be compared, both of which have succeeded in ex-
plaining the prilncipsal electromagnetlic phenomena,
and both of which have attempted to explsin the
propagation of light as an electromagnetic pheno-
menon and have actually caloulated its velocity,
while at the same time the fundamental conceptions
of what actuslly takes plsce, s well as most of
the secondary conception os the quantlties concerned
sre radically different.(2

(1). Mexwell, James Clerk, A Trestise r

%ﬁsggﬁﬁi%’ Preface to rst e on s P. 1x, Of
e jon.

{(2). Ibid., p. x. of 1892 edition.



Pascual Jordan stated:

The history of physics contalms no more impress-
ive example of the creative foroe of theoreticsl
thought in physlcs than the history of the discovery
of electro-msgnetic waves.... They wers formulated
on paper educed from the mathematical formulse whiaoh
Mexwell had begun to evolve as a quantitetive de-
soription of Faraday's ldeasa. Only subsequently
were they sought experimentally, and found by Hertz. (3)

However, with the passage of time what was at one time

best interprstation of nature may bscome incomplete if one
nothbd is wused to the exclusion of others, 3tratton in
1941 commented on Maxwell's influence:

The psttern set nearly 70 years ago by Mexwell's

?_gi_u_'_% gg sand Ms has been @
ominant Influence on almost svery subdsequent English
and Amerlcan text, persiating to the present desy....
from the single point of view of Faradsy. Thus it
contained little or no mention of the hypotheses put
forwsrd on the continent In earlier years by Rlememm,
Weber, Kirchhoff, Helmholtz, and others.... Only the
original and solitary genius of Heaviside succeedad
in breaking swsy from this course.

For san axploration of the fundamental content of
Maxwell's equations one must turn agaln to the
Continent. There the work of Hertx, Poincaire,
Lorentz, Abraham, and Sommerfeld, togetber with their
sagsoclates and succossors, has led to s vestly deeper
understanding of physical phenomens snd to industrisl
developments of tremendous proportions.{l)

In considering the history of electromagnetic theory
we should wetch out for possible factors which may be

overlcoked due to concentration upon what has deen the

(3). Pascusl Jordan,
(Brasuns

.. iy : A a4 - L,_
ey (1944), p. 29.
941), Introduction.



in the past. Maxwell appreclated the Interrelationship

of electromagnetic theory with other physico-chemicel
phenomena, but theres may have been restrictions upon the
scientific research of his time which prevented possible
relationships with other phenomensa to.be carefully studied.
A study of the history of the Royal Sociaty reveals that
political problems were svoided in the 17th Century because
of the social canditionalexiating at that time. The pro-
hibition of considersation of pollticel problems may have
delayed the dlscovery of important relatlonships between
physical, chemlecsl, blologicsel, psychologleal, and soclsl
phenomensa.

The group tebooed theology and politicas, &né
discussed medicine, snatomy, geometry, etc....
The group wished to be unnotliced by the theo-
logical and political contestants, end held its
meetings 1n modest obscurity.... The Royal Socl-
ety's relative lack of intere=t in the social :
relation of sclence since the end of thet century
(17th) until today is a reflection of an unchang-
ing conception of the relation of sclence to
soclaty in the intervening period. (5)

One can understand why the Royal Socliety avoided the
investigation of problems related to politics, by noting
the fate of some of the individuals who dared to question
the politlcal and religious ideas of their time. Joseph

.Priestly (1733-1804)}, who 18 noted for his achievements
in chemistry, published in 1767 8 treatise on the Hlstory

P a [ o city which contained some

(5). J. @. Crowther, The Social Rela ence (1941),
Ch. 62, The Hoya ocliesty, pp. » s .



originsel work., He was also & minister of religilon. His

inquiry into philosophical and theologicel problems was
not apprecisted by the church suthorities, and irn 1791 his
chapel, house, snd laboratory in Birminghsm, England, were
burned and wrecked by a mob. He and his family escaped,
but all his books, notes, and laborstory equipment were
destroyed.

From the sbove it is apparent that soclal conditions
soted to direct scientists inte study of less controversisl’
phenomena. To study the history of electromsgnetic theory
from an engineering viewpolint as defined in Chapter 1% of
the manuseript, it is necéasary to find 8 method of sttack
that will remove the retarding restrictions imposed by
socisl conditions. It ocours to me that the first step in
establishing such sn approach might be to estadblish en
historical perspective consistent with the engineering view-
point previocusly defined.

The history of electromagnetic theory can be consid.
ered s 8 part of the history of physics, so that a per-
spective in respect to physics can be obtained by reference
to an outline of the history of physics which I shall call
8 "first partisl history of physics.” Then the bhistory of
physics ocan be considered as a part of the history of
solence, so that its perspective in histery may be sought

* The Chapter I of 1946 "Enginéering Viewpoint® is lost.



in 8 "second pertisl history of science.® The term "second
pa§t1:1 history" 1s used to indlcste that & greater number
of events has been omitted in order to weke & brief out-
1ine. To obtain s perspective of where the history of
physics atands in respect to the history of science, a
briefer cutline is prepared, called a "Second Order Partisl
History of Science.” Similerly higher order partial his-
tories of man, the earth, and phe universe are inocluded to
provide & base for an historical perspective of the history
of electromagnetic theory.

Following this procedure it 1s proposed that the

meterial be srranged as follows:

I. The Engineering Viewpolnt

II. Historical Perspective
1. Introduction
2. Fifth Ord;r Pertial History of the Universs
3. Fourth Order Partial History of the Earth

li. Third Order Partial History of Man
5. Sacond Order Partiel History of Science
6. Pirst Order Partisl History of Physics
III. Basic History of Eleetromagnétic Theory

IV. General History of the Application of Electromagnetic
Theory

V. History of Application of Electromagnetic Theory to
Microweve Wave Gulde Transmission

* Note the portion of the outline enclosed in the box
constitutes this lssue of Socio-Engineering Problems.
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To consider the possible value of using the above oute
line let us consider the relationship of "“documented" history
end "undocumented™ history or pre-history. It is assumed
thst any history is really a history™ of some type of phe-
nomena. The complete history of a type of phenomena would
irclude both the documented and undocumsnted history. To
get & more complete plcture we can meke guesses concerning
the portions of history for which we do not have documen-
tary ovidoence, but we must keep In mind the extent to which
our guesses are trustworthy. In the csse of electro-
magrnetic theory the documented history goes bsck to the
18th century. If we coraider the phenonann6 instead of the
theory we can estimste that from the evidence available to
date, electromagnetic phenomeﬁa must have been in existence
from the time of the beginning of our universe. The
relevance of this slementary consideration cen bs deterlinoé
by inquiring as to whether there are other types of natural
phenomens which may be considered to have different starting
dates in hisﬁur:. Since Siological phenomens are considerod
to have started later than the formetion of the universe,

this question of the starting dates of phenomens may have

hd 8 a (1945 Rdition), p 11.594. The

. ooncept © story'ia changing.

6 This raises the question 8a to whether this paper should
be titled, "The History of Electromagnetic Phenomena®
instead of “"The History of Electromagnetic Theory."

This and other questions of the nature of definition
and usage of words, I am leaving for later considerstion.



. some significance. Similsarly psychological and soclel
phenomens may be considered to have respectively later
starting dates in history.

2. Fifth Opder Partlal Histo ¢ _Unlverse

Since the history of the universe 1s such &
comprehensive subject, I shell only attempt to deal briefly
with one sspsct from the point of view of an engineering
scientist ss described in Chapter I." Here I shall con-
sider the basis upon which the age of the universe has
been estimated.

From the relativistic gravitation constant, the
mean mass density of the universe, and gravitation theory
the diameter of the universe has been estimated to be ten
billion light years. The velocity of spiral nebulae as
measured by Doppler shift of spectral lines fit reasonably
well with the hypéthesla of an expanding universe in which
the diasmeter of the universe 1s incressing with the veloc-
ity of light. From these two considerations and the
-agsumption that the dismeter of the universe started from
ﬁ vanishingly small value, it would take ten billion ysars
for the dismeter to attain the value of ten billion light
years. This means that the age of the universe can be

estimated to be approximately ten billion years.7

# This "Chapter I" is missing.

7 It should be remembered thet the suthor is an expert in
nelther astrophysics nor cosmogony. The dats used here
is taken from secondary references in order to make an
initial attempt at a partisl synthesis as discussed in
Chapter I of this paper; Sir Jemes H. Jeans, "Cosmogony,”
Encyclopedia Britannice (1945), VI, ;88-493; Pascusl
30r§en, op. cit., PP. 173-185. BSee also p 19-98b.

7



Rext we should consider the age of our solar system.

Prom the assumption that the earth wes once formed
out of the materisl of the sun and from terrestrial radlio-
sctivity investigeations of the type suggested by St. Meyer
it hes bsen shown thet s part (perhaps half) of the life
of the sun 1s .6 billion yeers.

3. Fourth Ordepr Partiel History of the Fsrth

From redioactivity investigationa of how far the
decay of radium has proceeded in different strats of rock,
the age of the earth hes been shown to be greater than
1.5 billlion years. Pa#cual Jordan states that the age of
the earth is probadly not mofa than three times this value.a
Others eostimate the age of the earth to be from three to
four blllion yeara.9 ‘Herold Jeffreys gives an explanstion
of the radioactivity studles of Holmes, Lawson, sand H, N.
Russell which lead to the conclusion that the age of the
earth is betwesn 1,500 and 3,000 millien yoars.lo

8 Jordan, op. git., Appendix II.

9 Jobn Phelsn 'Anthropologicul Bnckgrounds,' 1n Elmer
Pendell {ed.) - in )

to SQglology
10 'The Aga of the Earth," Encyglopsedis Britapnics (1945),
83lia.



