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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.

5



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.



h. Third Order Partisl History of Man

The development of man from his sub-human predeces-
sors is briefly summarized in Table III, Sub-Divisions of
the Pleistocene and Holocene Perilods.

Although anthropological evidence 1s somewhat sketchy,
it is considered probsble that modern man developed through
svolutionsry processes in some favorable spot on the earth.
Then groups of this more sdvanced specles spread out over
the earth to displace the earllier aub-human species who
were less adapted to changing conditions. These sepsrated
groups of men were able to live and develop in comparative
isolation so that different ctustoms, habits and languages
developed in each part of the world. Different skin pig-
ments and minor characteristics developed to be better
sulted to the geographical and climatic conditions
encountered.

As men developed aome encountsred more favorable
circumstances which facilitated the development of in-
ventions.

As man developed he began to need some understanding
of the world in which he lived. Primitive religion de-
veloped tc fulfil this need. Gradually man developed
whet we call conscience and formulated rules of ethics.

Later phillosophy and mathematlcs were developed.



v

Quaternary, Age of Man, the Glacial Age

-—

Pleistocane

2

TABLE III

SUB=-DIVISIONS OF THE PLEISTOCENE AND HOLOCENE PERIODS

Time span -~ 2,000,000 years

2] Joln Phelan, op. cit., p 17

1-A

Man and Manlike Glacial Stage Cultural Characteristics of
Primates {North American Stage - Culture Stage
nomenclature in
parenthesis)
Pithecanthropus Gunz glaciatlen Pre~Chellean Appreximate date of ap-
erectus {¥ebraskan) pearance 1,000,000, Ee=
(Javas man ﬁ lithic (dawn stones)
subwhuan x| reunded bones of twemty-
put seven extinct species
o2 found in drift with
Java man,
Sianthroepus Guns-iindel in- ———
(China man) terglacial stage
Eesanthropus (Aftonian)
(Dawsen wman) Chellean Primitive hand-axs,
. : chipped stone, evidences
of fire found with
Sianthrepus,
Mindel iation No culture Ho subeilmman form dis-
{Kansan covered for this peried
of time,
Homo Heidel=- Mindel-Riis inter. | Achulean Paleolithic flints, hand
bargensis glacial axes, stene chipped on
{Sub=human (Yarmouth) both sides,
form found in ,.".:j
Germany) ":" No culture No datas
o
5| Mousterian Life in caves, evidences
Riis glaciation E of fire, burial of dead.
(IN14ineian) : Paleolithic scrapers and
borers,
Aurignscian Drswings and paintings,
Neanderthal Riis Wwurn inter= awl, plercer.
{Sub=humen ) glacial
(Sangamen) Solutrean  Bone needle and dart,
Magdalenian Needle with eye, hare
. poon e
Cro-Magnon wWurm glaciation
(Hemo sapiens) (Wisconsin) Azilian Transitional from the
Palesolithic,



Holocene

Modern man

Present inter-
glacial

Neolithic

Ground
stone

Iren

Polished stone; domesti-
catien of animals and
plants; bew and arrow;
spears, Pearied of be-
ginning 25,000 te 18,000
years agoe

Teols and weapens ef

bronge; the plow, the .
wheel, writing; pelitical
organigation, Peried of

. beginming 3,500 years

8ECe
Beginning of medern

- weorld of teclmolegical

and social advance,

Period of beginning
1,350 years age.



The hiatory of man is marked by & serles of cases
where one tribe or nation has become more powerful and
conguers the surrounding nations. In esch case the vic-
tor sooner or later becomes decedent 2nd 1s replsced by
some other group. The store of knowledge of the defeated
nations in some cases were shsorbed and used by the con-
quering nstions. Where the conquerors were not spprecis-
tive of knowledge, the sdvancement of knowledge was
maintained by peoples of other parts of the world,

The Groeeks were noted for their great llteratwre,
philosophy, and mathemetica. Roman civilization was
noted for 1ts orgenizatiocnal schievements. The Hebrew
civilizatiorn under conditiona of repestedly being raided
by greet powers turned to seerching exsminstion of the
basic meanings of life. They developed the concepts of
*"The Fatherhood of One God™ and “"The Brotherhood of Man"
out of which developed Christianity. The Christian
Church establlshed sn organization and body of doctrine
during the dying days of the Romepn Empire. During the
middle ages 8 considerable degree of stability wes main-

teined through the orgenization of European civilization
around the Christiaih falth.

With the extension of trade and advancemeni in
knowledge in Western Europe the institutional orgenigations
of Chriatienity hed diffiocult times sdjusting to the new



conditions. The Western Civilizetion which developed in
Europs began to conquer the world after the explorsations

of the fifteenth and sixteenth centuries. This civiliza-
tion which officially recognized Christlanity as its basic
religious falth, conquered most of the world. Since many
of the peoples who were conquered had dark skins, the myth
of "white supremacy"” rose. This contradiction of claiming
acceptance of "The Brotherhood of Man" while participsting
in practices based on contredlictory principles sppears to
have caused e serious weakness in our Western Civilization.

Examination of other weskening contradictions in owr
clvilization leads to consideration of the history of
science. The developnent of modern communicstions have
brought the various peoples of the world together so that
the tribes which sepsrated to live in comparstive isole-
tion in different parts of the world sre now brought to-
gether agsin, but with inadequate prepsrstion for coopera-
tive living in ore world.

In apite of serious difficulties in our civilization,
thsre are aspects which are slowly improving. The neces-
1ty of meintsining existing institutions in order to
insure progress is stated by Rosenstock-Hueasy as follows:

"The paredoxicsl truth about progress, them, is
that 1t wholly depends on the survival of massive
institutions which prevent & relapse from a stage
which hes once been resched. In general, this is

the lest thing a progressive is concerned about.
He must meke a real volte-face and learn to revers



5. Se or 3 ance
The following table gives an approximate idea of the
relationship of science to the history of mants mental
development.
TABLE IV23
EVOLUTION OF MAN'S THINKING

I. Period of subverbal thinking 1,000,000 years = 3.1612
in which the conveyance of
ideas is accomplished through

elementary lnnguage
supplemented with gestures,
demonstration with tools or
weapons, eto.

II. Period of verbal thinking in 10,000 years = 3.168

which languages are developed
to convey 8ll ordinsry
thoughts without need of
demonstratlion.

III. Period of superverbal symbolie 1,000 years = 3.16°
thinking in which mathematiocsl
symbols, philosophical concepts,
etc., are used.
IV. Period of integrated collective 316 yoara'?'3.165
thinking through organization
of I, II, III into the
scientific method.
Although the above table does not appear to fit many
historical facts without further clarification, it is
useful in showing the relationship of the acientific
method to the development of the human reace. In & more
thorough study of the history of science this table
should be expsnded to relate the early attempts to ex-

plain the mysteries of nature by theology followed

23 Adapted from Selden Smyser, “Logics: Subverbal
and Superverbal,” in "Psapers from the First American
Congresa for Genersl Semantics, March 1935,"
Arrow Editions, N.Y., 1940



our millennium of progress and invention &s a

whole,

On the other hand, the list is an important
lesson for the conaervative a8 well...."

"The ladder of potentlalities for progress and
emencipation is shown in the following list.

CENTURY

20TH

197TH

I'1TH

16TH

13TH

11TH

LIBERTIES

Freedom for
growth, heslth

Freedom for
talent, thought
geniunus, speech
creativeness to

Freedom of
sndowment

Freeo choice
of profession,
no vows for
children

FPreedom of
competition
betwesn
tsachers

Praodom of
movement
for men in
the

profsasions

PROTECTING
PRINCIPLE

Public
charscter
of labour

Public
charaoter
of private
idesas

Public
chaeraster
of wills

Publle
character
of
education

Publioc
character
of the
sclences

Pudblic
character
of clvil

1ife {truce

of God)

CORRESPORDING
IRSTITUTIOR

{ ?Perhaps:

adult education
decentralizstion
of industry?)

Copyright,
patents, &
written
constitution

An independent
Juéiclary

Publiec
schools

Pniversities

Judges of
the peace
publiec
prosecution
of crime."

Then these are the stakes of our present strugglos.zz

22 Eugen Rosenstoock-Huessy, "Out of Revolution,"
pp 31-3 2, 1938



through various stages up to our present use of the
scientific method. 1In prepsring this material some
sources have been used which sre not generally accept-
ed by both historians and sclentists, Even though these
sources may be in error in some respescts, they sre very
useful in that they reveal the problems in our civilizs-
tion that require investigation.

Rosenstock-Huesasy gives an indication of hls reaction
towsrd science in the present crisis of our civilization.

A pupll of the World Wer (I) sees a new future
and & new past. He dlscovers & new political
biologg of the human rsce, filllng in the gap be-
tween Planckism in physics, Derwinism in zoology,
Marxism in economy, and liberalism in theology and
political history.

The year of Hervard's Tercentenary, 1936-1937,
was elso the tercentenary of a great intellectual
avent....the rational foundations of modern sclence
were ssteblished....Descartes "Cogito ergo sum"
opsned the way to three hundred years of incredible
scientific progress. 25

Truth is divine and has been divinely revealed
- cEedo ut eftelliﬁag ( Anslem ) Truth is pure and
can bs sclen cally stated -- gggéto ergo g¥§
(Descertes). Truth 1s vital and must be socially
represented -- Respondeo etsi mytsbor (Rosenstock-
Huesay.)

Our ettack on Cartesianism is inevitable since
"pure” thought encrosches sverywhere on the field
of socisl studies. Historisans and economlists and
Bsychologiata cannot stand the 1dea of not being

pure® thinkers, resl scientists, What s frustration!

I em an impure thinker. I am hurt, swayed,
shaken, elated, disillusioned, shocked, comforted,

and I have to transmit my mental experiences lest
I dle....

25 Rosenstock-Huessy, op. cit., p 7



Science, and history in its positivist atage,
underrated the biological element in both nature
and society....By beginning with sbstrect figures
ir physics, or general ideas in metaphysics, they
never did justice to the central point in our ex~
istence. For neither physics nor metaphysics can
offer ua any practical base from which to enter
the fields of blology or aociology. Neither from
the laws of gravity nor from the ideas of logic
or ethics is there &ny bridge to lesd into the
realms of 1life, be 1t the 1ife of plants end an-
imals or of humen society, Deed things are for-
ever divided from the living; figures and ideas
belong to the limbo of unreality. 26

.+ .HoWwover, finally Cre ut te am led
to the Inquisition and Co O _6rgo nto an

ammunition factory. 27

George Sarton in his two-thousand pege book entitled
"Introduction to the History of Science® which covers
the period from Homer to RHoger Bscon states some sig-
nificant conclusions.

The acquisition and systemizetion of positive
knowledge 1s the only human activity which is truly
cumulative and progressive. 28

In the first place, we must consider not the
history of one or of many sclences, but the history
of every brsnch of positive science, the history of
all sciences, or more correctly, the history of
science....In the second place, it is not sufficient
to consider the evolution of a single nation,
because that evolution mey hsve been handicspped,
interrupted, or altogether halted by wars &nd other
calamities, or even it would sesm by sheer intel-
lectual exhaustion....

The maln postulate of science is the unity of
neture, a8 unity indirectly confirmed by the whole
development of knowledge....%3§¥§§E;g_%g_.

The history of science ests o8 the unity
of sclencs In at least two different ways. PFirst,
the progress of each science 1s dependent upon the

26 Ibid., p 7Thl

ZE Ibid., p 753

28 G@eorgs Sarton, "Introduction to the History of Science,”
Vol. I, p k4, 1927.



progress of the others; this implies of course that
the sclences sre not independent, but interrelated
in 8 number of ways, and that the interrelations are
not accldentsl, but orgenic. Second, the simultaneity
of scientific discoverlies mede in different places
and sometimes by mesns of different methods impllies
also an internal congruanoy...s%égggo ig geg.
Finally, the very fact thst ess simultsneocus
discoveries have been mede by different netions, and
that the chains begun by one people were harmonious-
ly completed by snother, proves that howsver differ-
ent men may seem, they are all followling the same
purpose, they are all sccomplishing the same task,
the human task per excellence «=- & task so grest
that only 8 few men are aE%e to concieve 1t in its
integrity, snd that in most cases their collaboration

is as blind as that of the bees of a hive, This
confirms the view that In spite of meny disparities

and snimositiesa, mankipnd is ope. 29
The physicist, Karl Darrow hes stated the same

idee in different words:

"All that 1s perpetusl is something of which they
all are msde, Incarnating itaelf in all of them by
turn, and passing unimpaired from form to fora.

For this immortsl substance the lesat inadequate
name, I presume, is “energy,"™ the name is of little
concern. To this have we come by applying the
methods of phyaics to the rubbing of amber and to
211 that followed from it; how great s way, from so
bumble a beginning! The stone which $0 many bullder
rejected becames the cornerstone of the templa; the
little effect which sedmed so trivisl to so many of
the wise became the key to wisdom, and supplied a
physical meaning to two of the most sncient tenets
of philosophy. Atomic theories existed long ago,
but ours 1s the generation which, first of sll in
history, hes seen the stom. The belief thst all
things are made of a 2ingle substance is old as
thought itself; but ours is the generation which,
firat of all history, 1s adle to receive the unity
of Nature not 2s a baseless dogma or & hopeless
aspiration, but & principle of scisnce based on
proof as sharp and clesr as enything which 1is
known. 30

30 K.K. Derrow, "The Rensissance of physics," 1936,
p. 301



6. Pirst Order Partiel History of Physicel Science 31

8. The Greeks attempted to coordinate knowledge.
Thales of Miletus (6l,0-550 B.C.)
Socrates (1169-399 B.C.)s Plsto (h27-347 B.C.)

Aristotle (38h-322 B.C.

1) Attempted to find purpose

2) Speculstions not checked experimentally
3) Successes in geometry, algebra, astronomy

b. Scholasticism in European universities (70021100 A.D.)

1) Greek writings were rediscovered by contact
with the Arabs

2) Aristotle was considered ss final suthority.
This wes a sad tragedy for the writings of a man
who did so much to develop the scientific method
to be used in & way to block further scientifice
inquiry.

-

c¢. Method of Controlled Quantitstive Investigation

1) Gelileo, Copernicus, and Kepler refuted the
dogmatic use of Aristotle as the final authority.

2) Scientific inquiry accelerated through the
development of ink, paper, and type.

3) Newton published %212%12££ in 1687. YNewton's

three laws of motlon formed basis of science.
d. Physicsl Science bassed on Newtonian mechanics
1) Conservation of metter, atomic theory
2) Comservation of energy

) Mayer attempted to determine mechanical
equivalent of hest, 1842

b) Helmholtz proposed principle of conservstion
of energy, 1847

31 Adopted from outline of L.B.Loeb.



¢) Second Law of Therwodynsmics established
by Clsusius end Lord Kelvin, 1850-1851.
Attridbuted dy some Lo Carnot.
d) Maxwell established electro~dynemics in 1865
6. Development of discrepsncles with Newtoniam mechanics
1) Roentgen discovered X-rays, 1895
2) Plenck developed quantum theory, 1900
3) Einstein proposed specisl theory of relativity, 1905
i) Einstein's general theory of relativity verified, 1919
5) Wave mechanlios developed by de Broglis, Helsenmberg,
Pauli, Sohroedingsr, 1926-27. Experimentally
confirmed by Thomson, 0. Stern, Davisson, and Fermer
f. Development of Nuclear Physics
1) Curie-Joliots preduced artifioisl radiecsactivity, 1934
2) Prish end Meitner predioted nuclesr "fission,®™ 1939
3) Atomic bomdb developed, 1945

11/25/46

POSTSCRIPYT:

There 2re, of course, meny other social problems
related in some way to electromagnetic theory, but they
cannot be all mentioned here. An electricel engineer
camot go into detail regsrding all relsted problems,
but he must teke the responsibility of seeing that the
sppropriate speclalists are exemining the phases of his
problem which lie in their respective fields of speciali-

zation.

10



TABLE I*

Geological Eras, Rock Formations, Main Eyents and Ap-
" proximate Dates of Beginningll

Age in Millions of
Tears of Differ-
ant Rock Strata

- Geological Main Events and Forms Approximate Date Within Each Geolo-
Era of Life of Begiming; glcal Time Period
Millions of Years (From Raﬁoaetivity
Ago (Date H;re]y Studies)
an Estimate
(AZOIC Formation of the earth 200 1,525
{ (No 11ife) from the sun 3 1,336
g 1,273
(ARCHEOZDIC Development of mountain 2,000 1,212
( (Primitive ranges which were erod- 1,150
( life) ed before the Protero- 1,089
a( zoie era; primitive 1,029
.B( one~celled plants and 961
5( animals but record in- 897
gg sufficient
&(mowmnzoxc Earliest kmown glacia- 1,200 831
( (First tion; great iron-making 767
( known age due to presence of 700
{ life) bacteria; evolution of 635
{ invertebrates, molluscs,
( worms, sponges
{PALEDZOIC Seas sweep over large por= 550 5467
( (Age of tions of the earth as con- 198
( Fishes tinents sink; first for- k30
( and Am- ests; widespread glacia- 360
( phibions) tion; great cosl forming 289

2

- Py
B Py I N, N P T P

era; world wide contine-
ental uplift toward closs;
invertebrates present;
vertebrates appear; am-
phibians and armoured
Tishes; extinction toward
close of the period of
most of the Paleosoic
forma; primitive reptiles,
sharis

# For publication, this table should be checked against up to date
primary sources, -

11 Jomn Phelan, ope ¢ite, Pe 15

12 P, Jordam, op. cit., p 176 (from a compilation by O, Halm).
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(MESOZOIC
(Age of

Tiles)

P O S N PN P T T P e

CENOQZOIC
(Recent.
Life)
(Necroic)
(Age of

and Man)

Continents emerging;
extensive chalk de-
posits, sandstones,
marl, clay and lime-
stones; reptiles domi-
nant; primitive mammals;
large amphibians, early
crocodiles and dinosaurs;
toothed birds and {ly-
Ing reptiles; extinction
of Mesczoic forme toward
close of era.

218

58,7
36e9

$-B



Tertiary (Age of Mammals)

TABLE 11 ¥

SUBDIVISIONS OF THE CENQZOIC ERA INTO PERIODS
Time span-=560,000,000 years

Geclogical Main Events and Forms Approximate Date Duration

Period of Life of Beginning Years
Ago
EOCENE Beginning mammalian’ 60,000,000 20,000,000
{Dam of the dominance; earliest
recent.) lesuroids; mexsupials

abundant; reptiles
fowe

OLIGDCENE First small and prim- 10,000,000 10,000,000
{(Few of the itive anthropoid apes; :
recent) ancestors of 0l1d World

monkeys; sarly ances-
tral elephants; fore-
runners of camels; car-
nivores; insectivores;
Parapithecus, Prow=
pliopithecus,

MIOCENE Cordillaras, Alps and 30,000,000 18,000,000
(Minority of Himalayas formed; Up-
the recent) 1ift results in cooler

climatic condition; gen-

eralized anthropoid an-

cestors of great apes;

pessibly ancestors of

man; marsuplals disappear

fossil monkeys; notable

advance in horse and ele-

phant families; Dryopi-
thecus,

PLIOCENE Warld-wide elevation 12,000,000 10,000,000
(Majerity of continues; horses and
the recent) elephants almost mod-

ermj bumanoid types;

ancestors of apes; Aus-

tralopithecus; Fliow

pithecus,

* joln Phelan “Anthropological Backerounds® in"Seciety Under Analysis®,
Jaques Cattell Press, p. 16, 15h2.



PLEISTOCEKE
" {Mpst of the
recent)

Four great ice advances 2,000,000
separated by inter-

glacial epochs with

warmer climate; early

forms of modern manj ex=

tinct ape-like primates;

early stone implements,
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