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“WHO AM 17
THE . STUDENT

Russell H. Graham

The following selection, which is taken Trom Vital S peeches
of the Day, Vol. XXXV, No. 3 (November 15, 1968y, iz an
address to the students delivered by Dr. Russell I, Graham,
President, Coffeyville Community Junjor College, Colfeyville,
Kansas, September 13, 1968, at the fall convocation. The title

. here is inclosed within quotation marks because it is treated as

a quoted question an incoming.. freshman may have in his
mind. The question is by no means a formal one and is,
therefore, not ended by a question mark.

-~ Welcome to Coffeyville Community Junior College—if yoni
are here for the first time, we are indeed happy to have you
with us—if you are returning, we are glad you are hack. You
afe’ the fabric! of this, institution, and for each of you there is
a place here. Nevertheless, in your own minds you are perhaps
asking yourselves, “Why am I here?” “Who am I?* You have

a right to ask these questions and to realize and understand {72254

every _fécetz of the answers to them.

First, you are a college student. With that title cm.n_:é"
many responsibilities. Classes must be attended, lessons prepared,
texts and reference books read, papers written, anq.for some;

(L~ 7 4
athletic achievements made. These ?n for_a A1saphn.e of

1. fabric—framework or structure; something put together, # o
2. facet—phase; aspect,

3. Note that each of the co-ordinate independent dlauses 'foI]owing the first one
is elliptical, with must ¢ understood.
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tnne and Inind .So you are, therefore, an ow‘gamzer‘——one who
will arrange a work load and plan a schedule t_(:)____Sll_l} the needs
of the 1equ1rements You are also a recipient—a veSSeI into
which W will be poured, mixed, and hopefully

A£% retained. You are a recipient of the -achievements and expe-

d%u:
_riences of those thse works youfpﬁlsulfe(‘} :You will be an

- analyst, able to studry 07{>Ject1ves %% reason, tog éarate to crit-

28
icize, and- to recommend In time, you will be able to discern 14

fik
3k

the o.CClll atee from the 1ﬂane —t0 discriminate betweenivahdlt
Rul¢]
and V’TuSl\on You ali a responder, one who will be called

f s,
upon to answer, to 1efute to provide and partxcxpate You are

a seeker——an acquirer of the. 1mag1na;10nshand ex‘ﬁl essions of
men to thosg lsnmds and thoughts yoﬁ' will be exposed. You-
are an exp{forel you will deal with the abstract, the theoretical;.
thewé plicit. You will be expected to do research and seek

mto areas new to
i

ou. It is hoped you will be an observer—
pe?éeptlve, and a good listener. You are not a statis-
tic® but a very.important individual fo\r Whom New programs
and new - propes?cs are innovated® to keep abreast of’ the
changing world.

attentlve,

When you ask, “Who am I,” remember you are the leaders
of tomorrow.;,You are tomorrow's teachers,
nessmen, homeﬁx}la‘f ers, bankers, accountants, Joumahsts doctors,
and lawyers. You are the decision makers of the future. The

outcome and reliability of those dec1szons depend on what you

s

tomorrow’s busi~-

. inane—empty; void; senseless, :
— . . .
statistic—any value, item, etc., used in statistics.

ERIBZ—A -

. innovata—introduce (something new) for or as if for the first time, 3:\35}
Leep abreast of-—level with, not behind. 3};_

M Mv} WM O ooume éiﬁ‘/‘fﬁ)%“f
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learn today. You will help design and build the future—your
future. We a1e%to help you prepare for that architectural
assignment. Yours is an exciting existence—for thereis much
to learn. These years cannot be relived. The record you attain

here, now, is permanent and lasting. Make every class, evary .

course, an exciting adventure into the unknown. Discourags-
ment may be a battle you will have to fight. Yet, no one will
expect more of you than you are capable of giving. Most of
you will succead, will graduate, and continue with yo{u' educa-
tion. Some of you will fail. But the decision is, in the long
run,® your own choice. The teachers cannot learn for you.

You do-your own learning.

The advantages, individually,

remain the same for all. Help is always available—{hrough
advisers, counselors, instructors, mechanical aids and tools, a

well-equipped library, and the administration. Take advantage

_of that help. Familiarize yourself with every -aid and tool.

Reconcile® yourself to the fact that you are here to .study, to

R e e

learn, to grow and you will have no fear of failure.

yourselves to the great minds of the past, have an awarensss

of the world and learn to appreciate nature and the valuzss as
*;E&r\’xw

set forth!t by our standalds an&“ entagﬁ In the final analysis,

Training is

'mvolved Vocatlon is not neghglble, social putwmauon must

186 o1 Tis
bz lively and interesting; phymcal activity must bs vigorous.

Nevertheless, the central objective of collega is the cultivation

of the hfe of the mind and we must makn that our foremost
)» -5 . . .

8. in the long run——in the end; ultimatzly.
9. reconcile—bring into harmony or agresment. F. .
10. set forth—utter or express as a declaration. EHR.

W B wr yoedion &Wmce\ﬁ (Rl 2B H AR 240)
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ADDRESS TO FRESHMEN IN
HARVARD COLLEGE!

James Bryant Conant
(1893- )

James Bryant Conant— American chemist and educator, A

graduate (B.A., 1913; Ph.D,, 1916) of Harvard, he became a

member of the chemistry department there in 1916, served in

World War Ias a Jﬁ]?éijor in the Chemical Warfare | éifvice, and

returned to Harvard to become professor of chemistry (1927).

In 1933 he succeeded Dr. Lowell as president of Harvard and

contin‘},led in office until 1953, when he was appointed U.S.

P high’q%x_ﬁzanissioner for Germany. His administration at Marvard

3

NN A P, epe . .
has reaffirmed his firm opposition to Loy narrow specialization,
: A e . -
Notably among the experiments he mauguraled in the first
. . . . . Ak
SIX years of his administration are the extracurricular study

1. Harvard Universitymthe oldest institution of higher learning in the Unijted
States. The Puritan migration to Massachusetts, constituting a proportion of
educated men unique in the annals of colonization, included over a hundred
graduates of Oxford and Cambridge. Thess men were determined that their sens
should have the same education that they enjoyed. On October 23, 1635, the
General Court of Massachusstts voted to give “£400 toward a school or
college.” In 1633 John Harvard, an immigrant Puritan minister to America,
also a bachelor and master of arts of Cambridge, hequeathed £730 (half his
estate) and 260 books, and the college, until then unorganiced, was named
Harvard College (1639) in his honor. By continual "avgmentation [aryard
became, especially after 1869, under the direction of President Charles W, Eliat,
in the highest sense a university, but the “college™ proper (Jlarvard College),
whose end is the liberal culture of undergraduates, continues to be {he center

' of university life, as it is the embodiment of university traditions. The

# freshmen are usually housed in the older college dormitories centered about the

historic Yard while the remainder of the undergraduates are for the most

part members of one of seven residential houses, each of which is an
independent student living center comprising dormitories, dining halls, common

Toems, tutorial offices, libraries, and athletic {acilities. :
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of American history and the national scholarships, which
provide higher education for carefully selected students of
unusual ability and promise from distant parts of the United
States, His chief works include Our Fighting Faith (1942),
Gencral Education in a Free Society (1245), and Science and

Common Sense (1951).
N ey
2 Jl 1-r'\'>,‘

L This is an ummpaned version of the speech delivered by

Dr. Conant in September 1953, with only the last three
paragraphs of the original text deleted for brevity's sake.

It is my privilege as president of the university to welcome
you to Harvard: I welcome you most cordially, both personally
andlon behalf of the faculty and the student body. We are
gladee to us and hope you will find this college

a place where you may spend four. satisfactory vears. These .

will be years of seltmdevelopment—-self ~development along
intellectual lines and as human beings. They will be full of

: ‘excitement and, I hope, of enjoyment. I am sure that most

of us who have been in your place wish we might have once
again the unique experience of entermg college. Harvard has
much to offer you: the nmmgour,c_es of an ancient
college now part of a large university, the opportunity to study
in many fields, the privilege of living in a community of

fellow students and above all, a greaj\tradmon of freedom— ’

freedom coupi%d with a sense of %arne responsibility. L”t;/
/\-k Gt
The very fact of your coming to us indicates that you

.share our falth m the lmpmtanc of knogvledge, our belief in
;'the Sngflcance of man’s power of ‘undelstandmg You clearly -
think it worthwhile to contmue this process of education four

do your thinking for you.

45
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“years longer. You do not expect to obtain here a professional’
training—that is a matter for the graduate school-—but

. . . . o L,
something else, an experience which will equip yont hetler to

live a rich life in this lughly complicated modern world. And
this experience is 1w§ the acquiring of specific

knowle_dge, necessary and valuable as that may be. {gy!ﬁpﬂ et “b ﬁ”’ .

qnvi’l
To my mlnd one of the most 1mp01tant ‘aspects of a .
college education is that it provides a vxggrouq stimulus to f:lff’vjb

independent thinking. The tremendous range 30{ huwman
LTS B B

knowledge covered by the cix{urulum the diverse opinions

expressed by the professors, the n;x(él mmable arguments with

your friends—all these contribute to {feed the intelleciual

i . . Eil lb al:"\ .

- curiosity of all but the most’@c@&pfacent student. A desire to
know more about the different sides of a question, (and] a

L, 2

? %raving to understand something of the opinions of other

————

peoples and other times make the educated man. Education
should not put the mind in a strait-jacket of <‘onvenhou'\iﬁ
formulas but should provide it with the n‘o%mshmem oit which
it may inceasingly expand and grow. Think for yvourselves!
Absorb knowledge wherever possible and listen to the opinions
of those more experienced than youxself but don't let anynne

b X7,
A;CLJ (l/‘ ./Eﬂ" \4j

- Bernard Shaw? jn “Fanny’s First Play,”® which you may
recall is a play within a play, in the final scene places a

2. Bernard Shaw~—Ir15h dramatist and critic (1856-1950); received Mobel P!J‘(
in Literautre, 1925,

3. Fanny’s First Play—A drama by Barnard Show (1911), which hy the device
of a “play within a play” satirizes saveral contemporary critics.
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number of dramatlc critics on the stage to discuss the play,
by an anonymous author, which had just been performed. The
first critic whose opinion was asked complained: “You don't
expect me to know what to say about a pla? when I don’t
know who the author is, do you?---If it's by a good author,
it’s a good play, naturally. That stands to reason.” With this
point of view we can all sympathize at times. This sort of
intellectual crime we all commit in our lazy moods. We tend
to form our judgments on the basis of, labels These labels
may be the. fashjon of the moment, the verdict of the multitude
or the cherished opinion of a little group that “really knows.”
It does not matter what the _source, if you accept labels at
their face value you have abdlcated your functions as an

%@t individual. In art, in literature, in all matters where judgments

P"m"“éw of value are concerned, .an educatlon, particularly a college

w education, should provxde thef ackground from which each
person can develop his own sta‘%ﬁjﬁs and ideas %@%

When we turn to politics and the economic problems which
the world—and who doesn’t turn to them toda '~the same
face the wor %\fr&m,mé‘im%%
ﬂ*“vﬁ/ considerations clearly hold. Somehow or other, out of theé
MT complexities of the past and present, each person has to shape}b&
" his own philosophy as best he can. If -you are willing to

borrow somebody else’s you are not of the stufg that makes a

ﬂ)‘lﬂ?l

free and vigorous nation. It is admittedly dlfflcultf—sw_l_x_l}__n\nng
against the stream of ready-made opinions and the masses of
propaganda which descend from all sides—but this is one of
the hard tasks of your generation. Even during your college

career you will find groups of propagandists ready to use you

T SN o

for their own purposes; you will find them te right and (o

+ left. I heard the other day a story of a student who was
discussing with an older man a proposed demonstration of some
sort or other. “I admit it doesn’t make much sense,” he said,
“but that is what the teH us we should do.” _The value of
joining -any group of. enthusmsts Who pfesinie to chtate what

diudbizs t
one should do is extremely Jdubloug Have the courage of your

-t

% convictions but be sure they are your own convictions arrived

at patiently by hard thinking. There are plenty of peaple whe
are willing and anxious to shout, to march and Lo wave [lags
and b¥nners. I do not feel that this ﬁf'f}éi?meds reinforcement
from the-student body. What we do ;{c;;d are citizens who will
examine seriously and ci}gcuss v1g01ously the many difficult
problems with which the'tnneg present us. On all sides we
hear it said that.what the world needs is leaders; it does, as
always, of the ught sort. But it needs above all an independent
;- group of hazd headed cleur( hl;lklﬂgt people who face (he

:':' 7 future courageously without tanmg lefugf‘ behind  worn-out iz ?M:

——l K

!
- formulas and who can tell a statesman from aded IT‘JQ(‘JHP Ypazd RG]
% The world does not need more followers, it has too many
already. Don't acquire the habit young!

The university and all the other institutions of higher
learning in this country are t}we result of a long. slow growth.
Like individuals they have a fmeage and have inherited many
traits and accepted many traditions from their ancestors,
Harvard is désceiided from Paris through Oxford and Cambr idge,
Colleges are mnot machines for training youth, hurriedly /*’%%’ 43
constructed accmdmg to blue-print designs. They represent Fi 2.
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rather the accumulatron Jof . the wisdom of generations of
#R }\7)1(\ devoted teachers and leartied scholars. They h% ye_been made
possible by the efforts of those who loved %fearnmg and
believed in its value for civilization. Laboratories, museums,
libraries are at Mniand of the college vouth to-day to

assist him in his wom—-mcalculable 11ches from the standpoint L
o s |

&

of even fifty years ago. All thrs is supplied by institutions in ,‘%” TR

this country, privately endowed or publicly supported, because §

those who have preceded us were convinced that a steady 754 fra(/ozl’ﬁ

stream of highly educated young men was essential for the o,
welfare of the country. Will the events of the next frfty years

JUStI‘fY this expectation?@%%%ﬁ 1%"73 ﬂw\vfuﬁ, AL

Gentlemen, you and the other of your age who are
. entering the colleges and um\; {sl}zes of this country are a
sef@cted group, in a sense a ‘prrvr eged group on whom heavy
s responsibilities will shortly fall. Only about one of twelve of
" the young men and women of this country receives a college
. education; some are not interested, some are incapable of
benefiting, but many who could .profit from it are for one-

+% reason or another deprrved of the opportunity. Whether a
smaller or a larger number should pass through our- colleges
is a large questlon and one I shall not touch on tonlght but

pass on to you as an educational problem Worthy, of many
a night’s argument with your room—mate At. all events, if
civilization is to continue to' prosper in these United States,

in your hands and those of your contemporaries in other
colleges lies the future. ’
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PULLING BACK FROM PERMISSIVENESS'

QOutside, rain spattered the windows of Universily Hall, the
high-ceilinged, portrait-lined® administrative heart of Harvard.
Inside, there was not a ‘vacant chair in the hall's sleamy?
conference room as some 200 members of the faculty of arts
and sciences convened for a highly charged* debate. The topic:
a complete overhaul® of the undergraduate general education
curriculum®, which for the past 30 years has served as a model
for higher education. ' '

At issue’ is Harvard’s revered tradition of welcoming
graduating seniors into “the company of educated men and
women.” The late Harvard president, Jameés Bryant Conant,

"1, The curriculum reform reported in this stéry was subsequently approved by the
Harvard faculty senate on April 11, 1978, though the measure will not be fully
instituted until 1983, President Charles William Eliot (1869-1909) of Harvard
first introduced the elective system in the belief collegemen were old encugh
to know what was good for them. President Conant (1893-1978) was the first
to see it was not so. The new direction in American highar education shows
that educators believe young people still need guidance in what they sre ta Jonin,

'pull back—to retreat; to stop short.

permissiveness—Ileniéncy. toward things that used to be pot allowad,

2. portrait-lined—lined Chung in a line) with the likenesses (of famous former
Harvard people). .

3. steamy—giving off vapors, i.e., of perspiration,

4. chafged—emotion—f_illed; emotional.

5. overhaul—making needed repairs, adjustments, etc., to restore (a machine, etc.)
to good working order.

6. general education curriculum—courses not intended to train in special compstenre,

-7, at issue—what is to be dehated on.
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in a 1945 report entitled “General Education in a Free Scciety,”
maintained that an educated graduate must complete courses in
three broad categories—the natural sciences, the social sciences
and the humanities®. But with the loosening of requirements?®,
the growth of specialized courses and the permissiveness of the
1960s, the general education idea all but disappeared. Easy
courses that could be used to satisfy the requirements, such as
“History 1380: European Oceanic Discovery, Trade and Settle~
ment, 1680-1815” (dubbed!® “Boats” by irreverent students),
mushroomed!!, Says David. Riesman, Harvard profeésor of sccial
sciences: “There was a feeling on the part of the faéulty that
too much had been given away.”!?

As part of a growing nationwide .movement toward curri-
culum reform, Dean ‘Henry Rosovsky started in 1947 a major
review of Harvard’s undergraduate course of study. The result
was a 36-page proposal for a “core curriculum” that is now
being debated by the faculty. Scrapping'® the amorphous!*
general education categories, the proposal outlines specific course

requirements in five precisely -defined core areas, As it stands -

8. humanities—philosophy, literature, classical studies, etc.

.9, requirement—all that are called for graduation,

10. dub—to name. )

11. mushroom—to grow or spread rapidly like mushrooms (qr bamboo shoots with
us) after a rain. -

12. too much:s-es away-—too much concession has been made (to the students) to
make it easy for them to graduate.-

13, scrap—to abolish; to nullify.

14. amorphous—formless; ill-defined.

now, 'the proposal would require each graduate, whalever his
major,'s to have completed:

A One course in literature, one in music or fine arts and one
dealing with the “contexts of culture”—like a study of Medi-
cean'® Florence or Neoclassicism!’—in a “literature and the arts”
core area.

A Two history courses, one contemporary and one on an older
epoch like the French or Russian Revolution.

A A social science course such as a psychology course on
personality and one on moral or political philosophy.

A One course in physical science'® or mathematics and another
in biological or behavioral science.!®

A A course within a “foreign languages and cultures”
category.

The proposal emphasizes that ccurses would be interdis-
ciplinary,?® with an eye toward?! a “basic literacy in major forms

15. major—chief area of field of study.

16. Medician—of the Medici family, which ruled Florence, Italy, from the fifteenth
century until ‘fl{e eighteenth, The “¢” in Medici is pronounced “ch.”

17. Neoclassicism—Iliterary doctrines prevailing in 17th- and 18th-century Furope.

18. physical science—physics, chemistry, geology, etc,

i§. behavioral science—psychology, anthropology and the like that study buman
behavior. '

20. interdisciplinary—having to do with several disciplines, i.e. branches of learning,
21. with an eye toward—considering; aimed at.
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of intellectual discourse”?? for all students. Students would be
required to take an expository writing course and to demon-
strate competence in a foreign language, as they are now; they
would also have to take a math review course if they failed an
exam at the beginning of the freshman year.

A number of schools, including the University of Chicago,
already have some version of a core curriculum, while St. John’s
in Annapolis, Md.,?* has developed its own “great books curri-
culum.”Other colleges, notably Brown,*! are standing by?® their
liberalized?® curriculums, in which students have few set
academic requirements. .

Champions of the core plan, including Harvard President
Derek Bok, contend that students need more guidance in what
they study. Says Government Professor Michael Walzer: “We
can’t function?” as a nutritionist who tells his patients that
they are very intelligent and that there’s a supermarket around
the corner.” Proponents also argue that even though the new
requirements are more rigid than existing ones, they would
still fill only a quarter of an undergraduate’s schedule, the same
as in the present system. That Would leave the equivalent of

22, intellectual discourse—-communication- of a learned or sophisticated nature.

23, Md. —Maryland.

24, Brown—university located in Providence, Rhode .Island, Founded in 1764
- (Harvard, 1636), it belongs to the Ivy League.

25. Stand by—to hold on to.

26. liberalize—to make liberal, i. e. to be more pérmissive.

27. function—to operate, to perform (certain duty).

na
two years for a major area of study and one year for electives,®

Foes of the reform attack it as reactionary.?® Says Soci-
ology Professor Orlando Patterson: “Arriving at some fixed
nofion of what constitutes an educated person—in this day and

age, it just won’t wash.®® it moves away f{rom a view (hat

“learning to think for oneself is the key to a modern education.”

Meanwhile the Harvard Crimson, one student newspaper, has
counseled that “the core will not solve one of Havard's funda-
mental problems, the dearth?® of close associatimi between students
and faculty members.”

Harvard’s scientists in particular are massed® agaiust the
proposal, arguing that it slights technologically oriented™ science
courses and will discourage the “better studenis” in those nrens
from applying to®* Harvard. But, counilers one propenent of the
system, “the kind of science student who'd turn this place
down?® because of the core is the kind who'd end up* at M.I.'T.”"

anyway.”

28. electives—optional courses which students may choose freely; opposed to pres-
cribed or compulsory courses.

99. reactionary—going against the times.

30, wash— (British colloquialism) to withstand a.test or examinaton.

31. dearth—Ilack. )

32. massed—to gather or agsemble in a mass.

33, technologically oriented—directed or tended toward technology.

34. apply to—to make request to--.(for admission, help, etc.).

35. turn down—to reject; to refuse. ‘

36. end up—to finish; to be finally.

- 37. M.LT. —Massachusetts Institute of Technology, is located about one mile enst

of Harvard University in Cambridge, Mass.




If passed, the plan would be phased- in®® during the fall of
1979. But it would not be easy to put into effect. Many faculty
members traditionally have preferred scholarship to teaching,
and specialized graduate courses to basic undergraduate ones.
“The real question,” says Riesman, “is whether-faculty members
can be persuaded that they can teach these courses while keeping_
their peer respect.”?® Furthermore, says Physics Professor Robert
Pound, “The likelihood that these enormous courses will cause
any excitement is fairly small.”

Despite -the problems, it is expected that some version of
the core will pass at a facdlty vote on April 11—especially
since Rosovsky, who turned dewn the presidency of Yale pattly
to push the reform, has personally lobbied*® 150 to 200 of the
733 faculty members. Said one professor: “The dean has really
hitched his wagon to this.”# E

38. phase in——to carry out in stages by adding little by little."

39. peer respect—respect by peers, i.e. people of the same rank, age, group, social'
status, etc,

40. lobby—to persuade legislators to act.in a favorable way to the persuader’s
cause,

41. hitch one's wagon to—to set one’s goal on.
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Commencement address, St. John’s College,
Santa Fe, May 18, 1986

N. David Mermin
Comell University

I have to say that the only other time I was asked to talk at a
commencement was 1952, when 1 graduated from high school. So
while I suppose I should have spent the last month thinking hard
about the great challenges lying ahead for all of you, I was
actually more preoccupied with the great challenge lying ahead
for me. What can a middle aged theoretical physicist have to say
to the graduating class of this unique college?

The answer came to me a few weeks ago, when ] read in a
pamphlet about St. John's College that the principal goal of a
liberal education is to acquire the skills - of rational thought,
careful analysis, logical choice, imaginative experimentation, and
clear communication. Having always regarded these as the
primary tools of the physicist, I realized that I could do no petter
than to call to your attention a few examples of the application of
these skills in public affairs, in private life, and on the frontiers of
science.

Let’s begin with clear communication in public affairs. Seyeral
years ago I was half listening to an early speech by a new Pre&d@t
who was acquiring a reputationasa clear communicator. Talking
about a trillion dollar national debt, he was saying: “A trillion
dollars is so much money thatit’s hard to grasp the idea, so I want
to tell you how to make it a little more real.”

Instantly, the President had my full attention. I spend a lot of
time trying to get students to think meaningfully abqut
quantitative information, and I hate the mindlessness with which

Commencement address, St. John’s College, Saunla Fe 21

people publicly discuss numerical facts without any attention to
scale. Here, I thought was a new moment in public discourse. This
President — this Clear Communicator — was probably going to
explain that there were a quarter of a billion people in the country,
so a trillion dollars was $4000 per person, or $16 000 per family of
four. He-would then go on to compare this public debt with the
personal debt of such a family — maybe $40000 on a home
mortgage and $8000 on an automobile, and he would then discuss
whether this 1 to 3 ratio of public to personal debt was or was not
reasonable. A new era of rational thought was about to dawn.

That’s what I expected. What he actually said was something
like this: “If you took a trillion dollars in one dollar bills and
stacked them on top of each other, the pile would reach halfway to
the moon.”

I had two reactions to this, and I maintain that the liberally
educated person should have both. First, and most importantly,
in the matter of clear communication, disappointment and dismay
at this triumphant substitution of one meaningless number for
another. Second, an annoying but irresistible urge — the
unbreakable habit of one trained in careful analysis—to check this
particular piece of foolishness. Was the President right?

Well, a dollar is a pretty sturdy piece of paper. A book of well
made pages like that would probably be an inch thick if it had 400
pages. Don’t forget that 400 pages are only 200 pieces of paper, so
an inch is $200. A foot (10 inches) is $2000. A mile (5000 feet)is $10
million, a hundred miles is $1 billion, and a hundred thousand
miles —half way to the moon ~is $1 trillion. Right on! God protect
us from such misuses of the noble art of arithmetic, but if you've
got to do it, at least do it right.

Life will continually present you with such technically correct
but wacky and wildly wrongheaded appeals to the fruits of
arithmetic. Watch out for them.

Equally abundant are similar invocations of science. Last
March I was at a meeting of the American Physical Society,
which, improbably, took place in Las Vegas — the real Las Vegas —
among the slot machines and blackjack tables of a huge
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establishment called the MGM Grand Hotel. After two days in
this genuinely lunatic environment I couldn’t stand it anymore. I
got a rental car, and drove out to Hoover dam, which I'd always
wanted to see. The contrast was powerful and dramatic between
the dignity of this immense and overwhelmingly purposeful piece
of architecture, and the vast monuments to bad taste and
pointless frenzied activity that I had just escaped from, but what
particularly intrigued me was a great plaza on the Nevada side of
the dam built to commemorate the formal dedication by
President Roosevelt. :

Set in gleaming brass in an enormous marble pavement flanked
at either end by two fierce, lean, gigantic white angels, was — what
do you think? Surely a map of the Colorado river and the
surrounding lands that this wonderful structure would fertilize
and protect? No — not at all. Imbedded in that vast stretch of
marble were a great many circular brass disks. They represented
the positions of the planets with respect to the fixed stars on that
day, September 30, 1935 that President Roosevelt dedicated the
dam.

The attention to detail was impressive — the disks came in half a
dozen sizes, representing stars of different magnitudes. Most
remarkably, embedded in the pavement, in brass letters almost an
inch high, was a giant astronomy lesson. To read it, you had to
walk back and forth along each line of text, squinting in the
blinding sunlight. But if you worked hard, walking back and
forth, you could learn about red giants, white dwarves, cepheid
variables, red shifts, and the expanding universe.

What did any of this have to do with Hoover dam? Absolutely
nothing. It was an expression of exuberance: “We’ve conquered
the Colorado river, and we’ve frozen the planets in place against
the stars to help any visitors from outer space figure out when we
did it. And please note that we know one hell of a lot about those
stars.” '

Is Hoover dam a contribution to science? Certainly not. It is a
contribution to human welfare, a spectacular achievement of
engineering, and a great work of art. Somehow that wasn’t
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enough, and it had to be additionally recorded in brass and
marble that the achievement resembled the discovery of the
expanding universe. '

The world will continually present you with opportunities like
these, to misinterpret big numbers and confuse with science things
that are not. Often critical questions of logical choice depend on
making the right interpretation or avoiding the confusion.

Fifty years after the construction of Hoover dam, the great

‘public works projects of our time are done not by the Army Corps

of Engineers, but by the National Aeronautics and Space
Administration. A new space shuttle will cost a couple of billion
dollars to build. How does one find the measure of such a sum?
Not in a stack of ones stretching from Albuquerque to Los
Alamos. Nor as the yearly income of 30000 commencement
speakers, nor even as a tenth of one percent of the national debt.
No. A couple of billion dollars is somewhat larger than the
annual budget of the entire National Science Foundation, the
nation’s most important source of support for pure research in all
the sciences. Why do we need another space shuttle? For the
science. What science? Well, maybe it will be possible to make
more perfect ball bearings in a weightless environment, or grow
more perfect crystals, or improve the manufacture of pharma-
ceuticals. Ah, then it must be being done as part of the crash
national program in crystal growing, pharmaceutical, and ball
bearing betterment. No. It’s being done for many complex
reasons, but few of them have anything to do with science.
The space shuttle teaches us that careful analysis and rational
thought have suffered a decline since 1935. In 1935 we needed a
dam, built it, and then, in a ceremonial moment, tried to lend it an
absurdly inappropriate cosmic significance. Today we build on
that grand scale out of some inarticulated sense of cosmic
significance, and then search around frantically for a purpose.
Watch out also for heroic efforts, launched on behalf of an
articulated but manifestly preposterous goal. Recently, scientists
have been called upon to render nuclear weapons “impotent and
obsolete.” This is a new level of confusion — the confusion of
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. science with magic. The level of expenditure is also new: twenty-
five billion dollars over five years just for research and
development.

Scientists and engineers are almost unanimous in agreeing that
the protection of people and cities that this program ostensibly
aims at is impossible. Powerful demonstrations of its absurdity
can be found in the pages of Scientific American or even the New
York Times. Over half the faculty of the top twenty physics
departments in the nation have signed a pledge not to participate
in such folly. Even the organization established to carry out this
parody of a research program acknowledges, when pressed, that
the announced goal is impossible to achieve. Yet it looks as if
spending at the rate of five billion dollars a year will be approved
for a fantasy that will, inevitably, drain the resources for real
scientific investigation, which pays some attention to where we are
and where we can get to from there, as well as where we might like
to be. - '
So much for rational thought in public affairs. President
Delattre told me that a good commencement address should
illustrate how intelligence and the liberal arts can affect a life, so I
also tried to think on a very small scale, of characteristic incidents
in my own life. I offer you two:

The first I flatter myself comes under the category of
imaginative experimentation. I've lived for several years in
England, a country where people drive on the wrong side of the
road. I discovered that in England I could not correctly use the
words right and left when I was in a car. Something deep within
me knows ineradicably that “right” means “easy turn” and “left”
means “hard turn”; and I invariably produced the wrong term
when I tried to give directions.

More recently I was in Japan where they also drive on the
wrong side, and I had to learn enough Japanese to give directions
to cab drivers. Double trouble. Getting straight the difference
between right and left is hard enough in a language where each is
represented by an entirely meaningless sound. Now added to that
difficulty, was the further problem of interchanging them while
driving along the wrong side of the road.
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The solution came to me in a great flash, and the same sense of
pride and joy that accompanies a discovery in physics: don’t learn
the terms as “left” and “right” — learn them as “easy turn” and
“hard turn.” “Hidari e magatte kudasai” — “Please make the easy
turn.” It worked perfectly, and I see no flaw in my solution, until
the improbable day I find myself giving instructions in Japanese in
a country where they drive on the right.

Here’s a second example of how careful analysis and
imaginative experimentation can be put to work in your own lives.
Suppose you add up the results of many measurements. Each has
a certain error. How big is the error in the total? Well, you might
think if you were adding up N items, the error in the total would
just be N times the error in each. But it’s not that bad. Some of the
measurements will be too big, some too little, and when you add
them up the errors start to cancel each other.In fact it’s a famous
theorem (which is very easy to prove) (and I hope you learned it in
your four years here) that the error in the total is not bigger than
the individual error by N, the number of measurements, but only
by the square root of N, a much smaller number. If you're adding
100 items, the error in the total will not be a hundred, but only ten
times the individual error.

You can put this principle to good use relieving tedium at the
supermarket and checking the accuracy of the clerk. As you put
items or groups of small items on the counter it’s very easy to keep
a running total of the price in your head if you estimate each item
only to the nearest dollar — hardly more difficult than just
counting what you put down. The size of the typical error in each
estimate is 25 cents. If you have 35 items, then the square root of
35 is about 6 and so the typical error in your total will be 6 x 25
cents or about a dollar and a half. With a little practice you can
begin to develop a sense of whether you've been rounding up
more than you’ve been rounding down, and make the occasional
adjustment to improve your total. ’'m at the point where I often
get to within a dollar of the right answer. My children are
enormously impressed (or embarrassed) when I announce the
total (“looks like about $43”) just before the clerk rings up $42.38.

What is the point of all these examples? What have they to do
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with the life of a scientist, or the attitudes of the liberally
educated? They share a few principles of almost banal simplicity:
one should take nothing for granted; one should try to
understand everything; one should constantly look for new ways
to deal with old ideas, new ways to apply knowledge. One should
take delight in surprises — in turning things upside down. In
discovering that one was entirely wrong about something
obvious.

One of the classic examples of this in the 20th century is the
theory of relativity. You remember Newton’s wonderful state-
ment at the beginning of the Principia: “Absolute, true, and
mathematical time, of itself, and from its own nature, flows
equably without relation to anything external....” Lovely as this
is, as a description of nature one might think it was trivially self
evident, or one might think it was devoid of content. Neither view
is correct: as you know, it is simply wrong.

There is no absolute, true, and mathematical time. One man’s
now is another man’s then is a third man’s yet to be. Time is
something we impose on nature, as we impose lines of latitude and
longitude on the world. Minkowski’s poem isn’t as magnificent as
Newton’s, but it has the advantage of truth: “Henceforth space by
itself, and time by itself, are doomed to fade away into mere
shadows, and only a kind of union of the two will preserve an
independent reality.”

This is a good thing to know. If this astonishing discovery had
not been made we would not today have anything remotely
comparable to our present understanding of matter or the
universe. But, just as importantly, in making this discovery or
learning about it, we discover something very important about
ourselves: that everything, no matter how evident or obvious,
should be doubted, questioned, viewed with suspicion; that
unexamined truths are likely to be falsehoods; and that there is
much to be gained from the discovery that one has been deeply,
persistently, and utterly wrong.

Here is a final example from my own work as a physicist in the
last year and a half. Matter likes to solidify into crystals. The
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characteristic feature of crystals is that their atoms are arranged
in regular periodic patterns, that repeat themselves like the design
on a tile floor. Such patterns are often quite symmetric: if you take
a crystal and rotate it appropriately it ends up looking exactly the
same as before. It’s very easy to prove that not any rotation is
consistent with the periodicity of the crystal. Crystals can be
symmetric under rotations that are a half, a third, a quarter, or a
sixth of a complete revolution, but nothing else. (This is another
nice theorem — if I had two hours and a blackboard I could teach
you a lot of nice things.) In particular they cannot be symmetric
under five-fold rotations, that are one-fifth of a complete
revolution.

This means that of the Platonic solids only the tetrahedron,
octahedron, and cube can have the same rotational symmetries as
a crystal. The icosahedron and dodecahedron have five-fold
rotational symmetries, and these are impossible.

This has been known for as long as the atomic theory of matter
has been accepted, and has been one of the pillars of
crystallographic science. It therefore caused a general sensation,
when about a year and a half ago an alloy was produced whose
electron diffraction pattern had certain characteristic features
that occur only in crystalline matter, but with a rotational
symmetry precisely that of the icosahedron (or dodecahedron). To
get a sense of how revolutionary this is, you should know that
Landau and Lifshitz, probably the most authoritative series of
physics texts in the world, baldly states that icosahedral symmetry
is “of no physical interest,” since it does not occur in Nature as a
symmetry of inorganic matter.

This is the context in which it is the most fun to do physics.
Everything has to be reexamined. We thought we knew all the
ways atoms might arrange themselves into chunks of matter, but
now we've found stuff that has some properties we were sure only
crystals could have, and another property we know no crystals
can have. All the old ideas have to be viewed with suspicion — all
the obvious old definitions have to be reexamined. Any idea is
worth trying out, and most of them will probably have to be
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rejected. Papers are flying back and forth — new expériments are
being done all over the world — so many conferences are being
organized that if you went to half of them you wouldn’t have any
time to think about the problem at all. Priority disputes have
erupted. The crystallographers think the physicists have gone
crazy. The physicists deplore the limited imagination of the
crystallographers. It’s science at its raucous best.

This is not how you go about building Hoover dam. This stuff
was found by accident. We have no idea what it's good for or
where it will lead us. The entire national effort in this field
probably amounts to a few hundred thousand dollars — to be
viewed not as a hundred foot stack of ones, but as the cost of
supporting a few dozen graduate students, since most of the
experiments are easily done with existing equipment. These
icosahedral quasicrystals are providing us a most excellent
occasion for exercising the skills of rational thought, careful
analysis, logical choice, imaginative experimentation, and clear
communication.

The best I can wish for you on this commencement day is that
you too will continue to find many such occasions.
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IF I WERE A FRESHMAN AGAIN
Thomas Arkie Clark

(1862-1932)

Thomas Arkle Clark—American educator. e was born at
Minok, Illinois, and educated at Illinois, Chicago, and Harvard.
He published a number of books and articles on the problems
of undergraduate life. This essay is reprinted from The
Fmte/niz‘y and the College (1916).

It is the hablt of age' to give sage® advice (o 3(m,th Tue
of theh'g'zias,t“l}gﬁa%mn% ‘whmh everyone periodjc a]lvpn')‘c) 'T!Ic’rns is the
pleasant hatllucma'uon3 that if he were given the opportunity
to live his youth over again he would do it differently and
more successfully. We are all of us, even though we have ne
more than reached middle age, given to* regretting our

y neglected opportunities and our IOW It gives one a
Ww w virtuous feeling in imagination deodve °all etivr, but it is
! extremely do/ubtful if many of us, eveﬁgl if we had a second
chance, WouWIlwﬁfaHs‘ Jdnte which  we

g%’w"stumbled or follow a stlalghtel path than thal by whic b owe

1. ‘age—old persons collectively, in contrast to yo:th.

2. szge—:haracterized by wisdom; showing judgment and discernment, as: sage
advice , sage comment.

3. hallucination—fancied percepuon of someuhmg which has no real Lxxstence,
illusion,

__4. bé given to—have the habit of.

5. dodge—avoid by some trick.

6. pitfall—a trap for animals to fall into; hence, figuratively, an atior or danger
into which it is easy for one to fall. T
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have so far’ come. If it is merely pleasant for us to conjecture®
what we should do if we had a second try at it; it may be
_only 3 ah

profitable for those who are younger to listen.
foresight could be as accurate as the backward vieW!”

If T were a freshman again I should not work so many
hours as I did. I put in'® enough hours with my boeks in my
hands, but I did not accomplish much. I had little concentra-
tion. Many students whom I know, and’ 1 was one of this
sort, spend a great deal of time in getting ready to work.
With a book in hand they look out of the window at the
clouds or at the pretty girls passing along the street, and all
the time they deceive themselves with the idea that they are
working. ‘

Many an evening, when the work was heavy, I would
determine to begin early and get it over with;* but I could
spend half an hour in arranging my books and getting myself
seated in a comfortable chair, All thibs time I imagined I was
working. I spent as much time in goa mg myself on to duties®®

% qv/f/\ti

7. so far—up to now.

8. conjecture—guess. )

9. If only foresight could be as accurate as the backward view! Here Clark states

" his wish that those who are young should first lay a plan and them carry it
through. (1) If (often with only) may be used to introduce an exclamation
indicating a wish, as: If only Dad could see me now! (2) forgsigit; the act
or ability of foreseeing. (3) backward view, hindsight, i.e,, ability to see,
after the event, what should have been done: opposed to foresight, There is an
English saying, “Hindsight is alway$ better than foresight.” %38 [{EEH#LEL|
HEE ]

10. put in—spend.

11. get it over with—get through with it; have done with it. )

12. goad oneself on to duties—incite or urge oneself to do.work that one dislike
doing.

1
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that I should have liked to shuk or in getting ready to work

as_ I did in actual labor. If I were a freshman I should plan
my work, I should try to develop concentm(mn_I qhmlld

o7

Work harder but not so long.

Vot g 5%33!fnfﬁf\fﬁ
I should learn to work with people about me. As it was, i

I lived a somewhat isolated life. I did my reading and my

studying alone, and though thelepwere som% advantages in

this method, there were serious ob)ectmm Now I must often

work under different conditions {from those by which 1 was

surrounded in college; there js ka to be done where there

LRt RN
is no quiet, and I do it Wlth dlfflrulty As T tried on a

crowded ocean steamer to put these Wandeun thoughts on

R et A

paper I was constantly annoyed by the confusion about me
and by the spasmgdlc
Spasmodic

attemp conversation made by a
o A 3 ?dta
well-intentioned but misguided young man at my side. 1f [
had learned to work under d}fferent condluons ; mlght have
turned the conversation aside a8 a steep roof thd" he rain.
I believe it is a great advantage for a young man (r( do his
A1 LA, eyl

“The snhrg bl Sheda /!/‘bwu . ;,\f_(’fﬂ _
M‘?«LJ Aotlanls w«uw-l: "'7"‘/" la e '{i?/\-{;z E.r/}lz %S‘
I should take as a freshman, if I had my work to do over

of doing it alone.

- again, more work that I have no especial fondness for or that

I find difficult. I like an easy time as well as any one, and
I do not wish to give the impression that I think it an error
for a student to follow the profession he enjoys or to do the

work he likes. In point of fact' I believe that a sfudent

13, spasmodxc—occurl:nu> very irregular Iy
14. in point of fact—as a matter of fact.

T autds : B zio B8, L
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work himself, but he should not subject himself to the slavery 1l 154,
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should choose those lines of work along which his tastes lead
him. I think it very likely that those things we do most easily
. we shall do best; but I have. found that ‘training comes

through struggle, and that people ‘are developed most who 3"

es1§g? most, or who struggle against difficulty and opposition
T

and-we. I have known a good many geniuses, but they

generally had the most commonplace®  careers because they

never learned to do difficult or disagreeable things.

Students come into my office every day who,want to get
out of work!® or to drop a subject,’” or to cit a class exercise'®
= for no better reason than that they find the duty difficult or

" the mstructor or the subject dull. Much of the work of life

is not pleasant. Half the things I am forced to do during the
busy days of the college year are unpleasant things and things I
dislike doing. I have been forced to learn to give these things
my best attention whether I like them or not, I wish I had
learned in my freshman year to do more such things..

Just. yesterday as I was sitting at the breakfast table

talking to a yqung freshman, in whom I have a rather v1ta1’ g(@j;m

interest, as to next year’s course, I suggested a subject which
I thought good for him to take. “Is it easy?” was his first

ques 1on, and when I answered in the negative his interest .
Wane In the world m thch we must in tlme work there

ER

R LR ol ‘rl
15. commonplace—-ordinary, neither new nor interestmg.
16. get out of work—avoid, escape from work.

17. drop a subject—give up a subject which one has taken, cease to purSLe a-'

subject.

18. cut a class exercise—(Collog.) be absent from-a class exercise without bemg
excused,

69
are few easy roads, few snap' courses. We shall be forced to

do a great nmany hard things. If I were-a freshman I should
learn to do such things early.

Like a great many people, I surpose I am not now doing
the work that as a college student I planned to do. I am in
no sense®® a fatalist, but 1 am convmced that men have. their
work chosen for them qulte “as’ éﬂen ‘as they themselves
choose it. If I had supposed that I should he C_wl 1 to
speak on the most unforeseen occasions and upon the most
unfamiliar topics, I should have given myself while in college
‘the practice which I beheve 1s the method everyone must
employ if he is to become a 1eady speakm I have learned
that, sooner or later, every intelligent man iz called upon
publicly to express his ideas, and no matter how abundant
these thoughts may be, he will suffer much pain and have
little success unless he has had pretty regular and persistent
practice.

I ran across®® an old classmate last spring, an engineer

. et .
of no little Alrei))ute,23 whom 1 had not met since the day of cur

graduation. “How would you change your course,” I said to
him, expecting that he would long for more mathematics, "if
you had it all to do over again?”

*] should learn to write and I should learn to speak," he

19. ﬂgp—(Slang) simple, easy; as, 2 snap assignment.

20. in no sense—zbsolutely not.

21. call on or upon—request or order (someone) to do something; require.
22. run across—meet by chance. »

- 23. of no little repute—quite famous (repute, reputation; public esteem),

e ,;f'l.0(3 ;‘»((
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answered, “and I should begin as a freshman. As it was, I
avoided every opportunity to do either, with the idea that
only ministers and lawyers have need of such practice, and I
suffer for it every day. My boy is to be an engineer, but I
am going to see that he does not make the mistake that I
made.”

When I am called upon, unexpectedly to speak and my
knees shake and my voice faI’ters ? and 'the word that I long
for comes with difficulty, or fails to come at all, I agree with
my classmate, and I feel sure that 1f I were a freshman
again I should learn to speak correctly and without notes.

I wish that as a freshman I had learned to play well
some athletic :‘game " It is not entirely for the pleasure that
I should have derlved or should be able ;to derlve from such
games that I feel as I do though that would mean much. If
a man succeeds as all hope to do, he gets into a -business
which is likely to be cruelly exactmg,25 and he demands some
relaxation in which he finds pleasure: For me there is no
pleasure in hitting a bag that simply bounds back to be struck
ag‘alfh,l or in pulling up a weight that drops stupidly and

jgéit}}j“ down to be raised the second time. I would rather

hoe in the garden, saw wood, or beat a car et . hanging on a
PRy

clothes’ line in the back yard. I find no vzrtue n}ﬁ 7ﬂany of the

machinery or in any of the

inventors for keepmg the human system“ in ideal Workmg'

24. falter—speak in hesztatmg way, or with broken voice. 3% ¥ ,\\\;_ﬁ,
25. exacting—demanding great care, patience, etc. = - . i
23. inertly—slowly; lifelessly. ’

27. the human system—the human bedy.

&

P

“systems” "devxsed "By shrewd f

“: ‘matferially in bringing about that condition. One may learn,
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condition. If I am to have pleasure in exercise, and I will

 not take it from a sense of duty only, it must be in a
' physmal contest where scmefhmq definite can he accompiished,

Z-0F

where I have a §531 to attain or an opponent to beat. I would
rather play a good game of tennis than ‘agitate?® all the
exerc1se1329 m Christendom.?®- I think there are few things
that help more to keep men young and ready for the daily
battles than good physical health; and the athletic game aids

.:Lw" "

e

college; but pride and awkwatdness and the m'unfo]d duLxesﬂ‘V ;,9 .

of course, late in his college career or even after he is out of .

of the day come in and prevent one’s doing so. 1f one does |~ ‘/ ,
[

not develop some skill while a freshman he is very unlikely Ve
to do so later. :

If I were a freshman I should determine to do some one :

line of work well. As Iremember, I was principally concerned
ih“ “getting through.” 1 ‘was not quite so thodest in my
scholastic ambitions as the young fellow who told me not
long ago that a “pass” was as good as one hundred per cent
to him-, but at least I was not so much concerned aboul:?
doing my best in some one line of work as I wish now I had

28. agitate—rouse to action; move or force into violent, irregular action. !

29, exerciser—(a) a person who exercises, (/lg)‘_@ mechanical apparatus for
exercising the muscles. i

30. Christendom—those parts of the world where most of the inhabitants profess
the Christian faith. B
The whole sentence means, I would rather play a good game of teanis than
work on any apparatus or instrument for physical exercise the “civilized”
world devised. FMEFRIFIFIT—S#ER » T EECE FTC 0 BT -

31, be concerned in—be interested in.

32. be concerned about—be anxious about, - e




62 a1

lreshman included, is
than he
he neglects to prepare the assignments at the

been. Practically every college man, when I was a freshman.

I thought as a freshman that the
. . less I bothered my instructor the better, and if by some good
' fortune he was ill or out of town I put it down at the end of

the day as one of the blessings for which to return thanks.

"rushed® with his work. He takes more "‘houls
should, or
proper time, so that when his work is done it is done hastily. .
Nine out of ten freshmen are behind with assignéd work, I

P have known fellows even to go as far as to argue that it is
Wan excellent plactlce to get behind, for if one is to catch up
Mhe must then force himself to do a large amount of work in

a short time. I grant that g‘gg_/l'/llqay be a good thing, but work

" done under such conditions usually shows all the earmarks of
slovenliness and superﬁciélify.“ There are many subjects in
which I think it would be sufficient to merely® do good work,

but at least in one subject I wish I had made it a point to

I came in “the end to see that my instructors—even those who

at first had seemed most 1mpossﬂ)1e-were pretty huwman

_%Wmcreatuzeu, with a wide knowledge and a generous willingness
,\ﬂ/to help. The trouble was with me quite as much as with
@}Uﬁ them. I count it the greatest pleasure and benefit of wy
college life that I came to know one instructor well, that
rom this ‘acquaintance there came to me a friendship and an ;
, )?)F"‘ me:rat}on that was worth more to me than all the rest of i
my college course. How much more it might have meant had ?('/'id

take time to give the matter careful thought, and to do it as I come more closely into contact with the real lives of the o

~ well as it was possible for me to do. Oue has to rush through
work far too often later in life; it would. be a comfort to
remember that at one time at least I had -deliberately taken i

time enough to do an assigned task well.

other men and women with whom I worked!

If I were a fres hman I should not lose an oppertunity to
see and to hear the 1om1nent men and women in public life

» who for one reason-or another come to every college lowi,

I should make more of an effort than I did to get
R LT T —— :
-acquainted with my instructors. The conception of the average

fleshman is that the instructor is a somewhat

college
abnormal mortal full of kno ledge——sovnetlmes“but without
much understanding of the individual or sympathy for him.

Some are; and some of this sort expended their time on me

33. rush—;forced into hasty action, without time for reflection. -

84, earmarks of slovenliness and superficiality—signs or characteristics of
carzlessness and shallowness.

35, to mefely do—(This is a split infinitive. The splitting is justifiable if it
avoid awkwardness or makes the meaning clear.) -

I was often hard up or “broke,”** and I could easily find an
excuse for not going to lectures,
theater.
came again,

_or the coucert, or the
Now I regret that I missed opportunities which ne"ver
I had always wanted te hear IHenry Ward
Beecher® but when he came to town the dellar fhat was-
required to get into the lecture hall seemed hig to,me, and [
decided to wait until the next time. But the nexl time naver

came, for Beecher diéd soon after, and, it is one of the regrets

36. hard up or “broke”—penniless or “bankrupt.”
87. Henry Ward Beecher (1813—1837)—American preacher and writer, an advocate + -
of the abolition of slavery.




®

- THE METHOD OF SCIENTIFIC INVESTIGATION

88

Thomas Henry Huxley
(1825-1895)

-Thomas - Henry Huxley (huks'li)—an eminent English -
scieﬁtist, the author of a number of works. He was an ardent
evolutionizst and the chief expositor of , Darwin’'s theory of
evolution. His essays and addresses are very recomzne&ﬁable,
“partly because-they are excslleat expressions of the spirit and
methods of science, and partly because Huxley as a writer is
berhaps the clearest and the most readable of‘ the scientists.”

The following speech was first delivered in 1856 to an
audience of unread workmen in England. Since Huxley, a great
popularizer, here was at his test, the speech, when published as
an essay, won wide and lasting fare as a model explanation. '

The method of scientific investigation is nothing but the
expression of the necessary mode® of working of the human
mind. It is simply the mode at -which all phenomena are
reasoned about, rendered precise and exact. There is no more
difference, bput there is just the same kind of difference,
between the mental operations® of a man of science and those
of an ordinary person, as there is between the operations and
methods of a baker or of a butcher weighing out his goods in
common scales® and the operations of a chemist in performing

1. mode—way, manner, in which something is done. 73> ik B o
2. mental operation—the way in which one’s mind works. [y 2@«
8. scale—simple instrument for weighing.

39

a difficult and complex analysis by means of his halance and
finely graduated* scales. It is not that the action of ti scaies

4

in the one case, and the balance in the other, di{fer in the

principles of their construction or manner of working; but the

beam® of one is set on an infinitely finer axis than the other,
and of course. turns by the addition of a much smaller weight.

You will understand this better, perhaps, if I give. you
some familiar example. You have ali heard it repeated, I dave
say, that men of science work by means of induction® and
deduction,” and that by the help of these operations, thsy, in
a sort of sense wring® from Nature certain other things,
which are called natural laws, and causes, and that out of
th=se, by some cunning skill of‘ their own, they build up
hypotheses and theories. And it is imagined by many, that
the operations of the common mind can be by ne means
compared with these processes, and that they have to he
acquired by a sort of special apprenticeship to the craft.’' Ta
hear all these large words, you would think that the mind
of a man of science must be constituted differently {rom
that of his fellow men; but if you will not be frightened by
terms, you will discover that you are quite wrong, and that

4. graduated—marked out in degrees. JERY -

5. beam-—crossbar of a balaiice. KT ZFIE -

6. induction—reasoning from particular facts or individual cases. to = ganaral

©  conclusion. ik o o

7. deductionwreasoning_from a known principle to an unknown, from the geneisl
to the spscific, or from a premise to a logical conclusion. TIRTE »

8.. in a sort of sense—to a certain extent; to some desgree.

9. wring—obtain by force, effort, persuasion, pressure, etc. 8-

10. hypothesis—supposition made as basis for reasoning. {Bi% .

11. crait—some special skill, art, or dexterity.

H
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all these terrible apparatuses™ are being used by yourselves -

every day and every hour of your lives.

" There is a well-known incident in one of Moliere’s® plays,
where the author makes the hero™ express unbounded delight
on being told that he had been talking prose during the whole
of his life. In the same way, I trust that you will take
comfort, and be delighted with yourselves, on the discovery
that you have been actiﬁg on the principles of inductive and
deductive philosophy'® during the same period. Probably there
"is not one here who has mot in the course of the day had
occasion to set in motion a complex train of reasoning, of the
very same kind, though differing of course in degree, as'¢ that
which a scientific man goes through in tracing the causes of
natural phenomena.

A very trivial circumstance will serve to exemplify this.
Supﬁose you go into a fruiterer’s shop, wanting an apple,—you
take up one, and, on biting it, you find it is sour; yvou look at
it, and see that it is hard-and green. You take up another one,

_and that, -too, is hard, green, and sour. The shopman offers
you a third; but, before biting it you examine it, and find
that it is hard and green, and you immediately say that you

12. apparatus—the instruments, materials, tools, etc. needed for a specific use,
experiment, atc. ' .

13. one of Moljere's plays—Moliere (1622-1673), a celebrated French writer of
comedies. The play refers to Le Bourgeois Gentilhomme.,

14. the hero—DM.Jourdaia.

15. philosophy—Ilogic.

16. differ...as (4rchaiz).Differ is followed by from when it means to be unliks -

or diffasrent.

.

RO

Gf

will not have it, as it must be sour, like those that you have
already tried.

Nothing can be more simple than that, you think; but if
you will take the trouble to analyse and trace out” jnto its
logical elements what has been done by the mind, you will
be greatly surprised. In the first place, you have performed
hardness and greenness in apples, went together with scurness.
It was so in the first case, and it was confirmed by the
second. True, it is a very small basis, but still it is enough
to make an inducton from; you generalize the facts, and you
expect to find sourness in apples where you get harduess and
greenness. You found upon that a general law, that all hard

‘and green apples are sour; and that, so far as il goes, ig a

perfect induction. Well, having got your natural law in thia
way, when you are offered another apple which yoit find is
hard and green, you sajr, “All hard and green apples are sour,
this apple is hard and. green, therefore this apple is sour.”
That train of reasoning is what logicians call a syllogism,!®
and has all its various parts and terms,—its major premise, ile
minor premise, and its conclusion. And, by the help of {urther
reasoning, which, if drawn out,' would have to he exhibited

in two or three other syllogisms, you arrive at your final

17. trace out—discover by searching or researching evidence. {F5t
18. syllogism—a form of reasoning in which two statemsats or premises are made
and a logical conclusion is drawn from them. - Example:
All men are mortal (major premise). (ZEHKEIAFR » ANHE » Fassm)
Socrates is' a man (minor premise).
Therefore, Socrates is mortal (conclusion),
19. draw out—extend. iEfdio
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determination, “I will not have that apple.” So that, you see,
you have, in the first place, established a law by induction
and upon that you have founded a deduction, and reasoned
out the special conclusion of the particular case. Well now,
suppose, having got your law, that at some time afterwards,
you are discussing the qualities of apples with a friend: you
will say to him, "It is a very curious thing,—but I find that
all hard and green apples are sour!” Your friend says to you,
“But how do you know that?” You at once reply,i “0Oh, because
I have tried them over and over again, and have.‘ always found
them to be so.” Well, if we were talking science instead of
common sense, we should call that an experimental
verification.”® And, if still opposed, you gb further, and say,
“I have heard from the people in Somersetshire and
Devonshire,?t where a large number of apples are grown, that
they have observed the same thing. It is also found to be the

22

case in Normandy,?® and in North America. In short, I find it

to be the universal experience of mankind wherever attention
has been directed to the subject.” Whereupon, your friend,
unless he is a very unreasonable man, agrees with you, and is
convinced that you are quite right in the conclusion you have
drawn. He believes, although perhaps he does not know he
believes.it, .that the more extensive verifications are,—that

the more frequently experiments have been made, and results

20. experimental verification—the establishment or confirmation of the truth of
a fact, theory, etc.by expetiences. (verify—v.show the truth of.) IRIFERTIE
HOTETE o :

21. Somersetshire and Davonshire—counties in southwestern England.

22. Normandy—a former province of France, on the English Channel.

-

of the same kind arrived at,—that the more varied the
conditions under which the same results are obtained, the more
certain is the ultimate conclusion, and he disputes the question
no further. He sees that the experiment has been tried under
all sorts of conditions, as to time, place, and people, with the
same result; and he sayé with you, therefore, that the law
you have laid down must be a good one, and he must beljeve
it.

In science we do the same thing;—the philosopher®
exercises precisely the same faculties, though in a much more
delicate manner. In scientific inquiry it becomes a matter of
duty to expose a. supposed law to every possible kind of
verification, and to take care, moreover, that this is done
intentionally, and not left to a mere accident, as iu the case
of the apples. And in science, as in common life, owr
confidence in a law is in exact proportion to the absence of
variation? in the result of our experimental verifications. For
instance, if you let go your grasp of an article you may have
ia your hand, it will immediately fall to the ground. That is a
very common verification of one of the best established iaws
of nature—that -of gravitation. The method by which men of
science establish the existence of that law is exactly the same
as that by which we have established the trivial proposition
about the sourness of hard and green apples. But we believe
it in such an extensive, thorough, and unhesitating manner

because the universal experience of mankind verifies it, and we

" oe

23. philosopher—scientist ("man of science,” "scientific man”").
24. variation—departure from a former or nermal condition.
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can verify it ourselves at any time; and that is the strongest
possible foundation on which any natural law can rest.

So much, then, by way of proof that the method of
establishing laws in science i§ exactly the same as that pursued
in common life. Let us now turn to another matter (though
really it is but another phase of the same question), and that
is, the method by which, from the relations of certain
phenomena, we prove that some phenomena stand in the
position of causes towards the others. '

I want to put the case clearly before you, and will
therefore show you what I mean by another familiar example.
1 will suppose that one of you, on coming down in the morning
to the parlor of your house, finds that a teapot and some spoons
which had been left in the room on the previous evening are
gone,—the window is open, and you observe the mark of a
dirty hand on the window frame, and perhaps, in addition to
that, you notice the impress?® of a hobnailed shoe? on the
gravel?” outside. All ‘these phenoméena have struck your
attention instantly, and before two seconds have passed you
say, “Oh, somebody has broken open the window, entered the
room, and run off with the spoons and the teapot! ” That speech
is out of ycur mouth in a moment. And you will probably
add, “I know there has,®® I am quite sure of it!” You mean to

25. impress—mark or print, Fifko

28. hobnailed shoe—a shoe with heavy-headed nails set on sole. §§ -7 TIHIHATF
Aok o

27. gravel—a loose mixture of pebbles and rock fragments coarser than sand,
often mixed with clay, etc., much used for roads and walks. TR W o

28. there has—There kas is in this case an ellipsis, meaning “There has been
somebody, etc,”

b
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say exactly what you know; but in reality you are giving
expression to what is, in all essential particulars, an
iypothesis. You do not know it at all; it is nothing hut an
hypothesis rapidly framed in your own mind. And it is an
hypothesis founded on a long train of inductions and
deductions.

What are those inductions and deductious, and how have
you got at this hypothesis? You have observed, in the first
place, that the window is open; but by a train of reasoning
involving many inductions and deductions, you have probably
arrived long before at the general Jaw—and a very good one
it is—that windows do not open of themselves; and you
therefore conclude that something has opened the window. A
second general law that you have arrived®® at in the same way

i3, that teapots and spoons do nt go out of a window

spontaneously, and you are satisfied that, as they are not now
where you left them, they have been removed. In the third
placs, you look at the marks on the window sill, and the shoe
marks outside, and you say that in all previous experience the
former kind of mark has never hbeen produced by anything
else but the hand of a human being; and the same experience
shows that no other animal but man at present wears shoes
with hobnails in them such as would produce the marks in
the gravel. I do not know, even if we could discover any of

those “missing links”®® that are talked about, that they would

29. arrive at—gain. . ‘

30. “missing link"—intermediate forms undiscovered but assmned (or
hypothesized) to have existed in the evolutionary process (or chain) hetween
man and- the anthropoid apes. SEAIEH (AT ABLEZ Ry » (B0 » (LR
1 AR SRS o
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help us to any other conclusion! At any rate the law which
states our present experience is strong enough for my present
purpose. You next reach the conclusion that, as these kinds
of marks have not been left by any other animal than man,
nor are liable to be formed in any other way than by a man’s
hand and shoe, the marks in question have been formed by a
man in that way. You have, further, a general law, founded
on observation and experience, and that, too, is, I am sorry to
say, a very universal and unimpeachable®? one,—that some
men are thieves; and assume at once from all these premises—
and that is what constitutes your hypothesis—that the man
who made the marks outside and on the window sill, opened
the window, got into the room, and stole your teapot and
spoons. You have now arrived. at a wvera causa,**—you have
assumed a cause which, it is plain, is competent to produce
all the phenomena you have observed. You can explain all
these phenomena only by the hypothesis of a thief. But that
is a hypothetical conclusion, of the justice of which you have
no absolute proof at all; it is only rendered highly probable
by a series of inductive and deductive reasonings.

I suppose your first action, assuming that you are a man
of ordinary common sense, and that you have established tlis
hypothesis to your own satisfaction, will very likely be to go
off for the police, and set them on the track of** the burglar,
with the view to the recovery of your property. But just as

31. liable—have a tendency to; be likely to.

32. unimpeachable—indisputable. #EEEZ%AY o

83. vera cansa—real cause. (R TEE) ETFENER-.
34, on the track of—in pursuit of. iB¥ie
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you are starting with this object, some person comes in, and
on learning what you are about, says, “My good friend, yon
are going on a great deal too fast, How do you know that
the man who really made the marks took the spoons? It might
have been a monkey that took them, and the man may have
merely looked in afterwards.” You would probably reply,
“Well, that is all very well, but you see it is contrary to ail
experience of the way teapots and spoons are abslracted?® =o
that, at any rate, your hypothesis is less probable than mine.”
While you are talking the thing over in this way, another
friend arrives, one of the good kind of people that I was
talking of a little while ago. And he might say, “Oh, my dear
sir, you are certainly going on a great deal too fast. You are
most presumptuous,®® You admit that all these occurrences tonk
place when you were fast asleep, at a timie when vou could
not possibly have knovn anything about what was taking
plact. How do you know that the laws of nature are noi
suspended during the night? It may be that there has been some
kind of supernatural interference in this case.” In point of
fact,'” he declares that your hypothesis is one of which you
cannot at all demonstrate the truth, and that you are by no
means sure that the laws of natur are the same when you are

‘asleep as when you are awake,

Well, now, you cannot at the moment answer that kind
of reasoning. You feel that your worthy friend has you
somewhat at a disadvantage, You will feel perfectly convinced

35. abstract—take away; steal.
86. presumptuous—(of behavior, etc.) too bold or self-confident. EIEHY »
37. in point of fact—in fact; in reality.
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in your own mind, however, that you are quite right, and you
say to him, "My good friend, I can only be guided by the
‘natural probabilities of the case, and if you will be kind
enough to stand aside and permit me to pass, I will go and
fetch the police.” Well, we will suppose that your journey is
successful, and that by good luck you meet with a policeman;
that eventually the burglar is found with your property on
his person, and the marks correspond to his hand and to his
boots. Probably any jury would consider those facts a very
good experimental verification of your hypothesis, touching®®
the cause of the abnormal phenomena observed in your parlor,
and would act accordingly.

Now, in this supposititious case, I have taken phenomena
of a very common kind, in order that you might see what are
the different steps in an ordinary process of reasoning, if you
will only take the trouble to analyse it carefully. All the
operations I have described, you will see, are involved in the
mind of any man of sense in leading him to a conclusion as to
the course he should take in order to make good® a robbery
and punish the offender. I say that you are led, in that case,
to your conclusion by exactly the same train of reasoning as
that which a man of science pursues when he is endeavoring
to discover the origin and laws of the most occult*’ phenomena.
The process is, and always must be, the same; and precisely
the same mode of reasoning was employed by Newton*' and

38. touch—have to do with; concern.

39. make good—restore.

40. occult—mysterious; hidden; concealed. E Y ; FBRAY o

41, Newton--Sir Isaac Newton (1642-1727), English physicist and mathematician.

- U
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Laplace? in their endeavors.to discover and define the causes
of the movements of the heavenly bedies, as you, with  your
own common sense, would employ to deteet a burglar., The
only difference is, that the nature of the inquiry heing more
abstruse,*® every step has to be most carefully watched, so {hat
there may not be a single crack?® or {law*®.in your hypothesis,
A flaw or crack in many of the hypotheses of daily life may
be of little or no moment® as affecting the general correctness
of the conclusions at which we may arrive; but, in a scientific
inquiry, a fallacy,'” great or small, is always of importance,
and is sure to be in the long run constantly productive of
mischievous,’® if not fatal, results.

Do not allow yourselves to be misled by the common
notion that an hypothesis is untrustworthy simply because jt
is an hypothesis. It is often urged, in respect to some scientific
conclusion, that, after all, it is only an hypothesis. But what
more have we to guide us in nine tenths of the most important
affairs of daily life than hypotheses, and often very ill-based*®
ones? So that in science, where the evidence of an hypothesis
is subjected to the most rigid examination, we may rightly .
pursue the same course. You may bave hypotheses and
hypotheses. A man may say, if he likes, that the mosn is

$2. Laplace—Marquis Pierre Simon de Laplace (1749-1827), Freach astronomer
mathematician.

43, abstruse—profound; deep; hard to understand. {RELAY o

44, crack—partial breakage. W%z
45. flaw—a defective place.

"46. moment—importance.

47. fallacy—error; false reasoning; a false or mistaken idea, opinion, ete,
438. mischievous—harmful or injurious.
49. ill-based—with very weak ground. EHTREZA o




made of green: cheese: that is an hypothesié. But another man,
who has devoted a great deal of time and attention to the
subject, and availed himself of the most powerful telescopes
and the results of the observations of others, declares that in
his opinion it is probably composed of materials very similar
to those of which our own earth is made up: and that is also
only an hyvpbthesis. But I need not tell you that there is an
enormous difference in the value of the two hypotheses. That
one which is based on sound scientific knowledge is sure to
have a corresponding value; and that which is mere hasty
random?®® guess is likely to have but little value. Every great
step in our progress in discovering causes has been made in
exactly the same way as that which I have detailed to you.
A person observing the occurrence of certain facts and
phenomena asks, naturally enough, what process, what kind of
operation known to occur in Nature, applied to the particular
case, will unravel®* and explain the mystery? Hence you have
the scientific hypothesis; and its value will be proportionate to
the care and completeness with which its basis has been tested
and verified. It is in these matters as in the commionest
affairs of practical life; the guess of the fool will be folly,
while the guess of the wise man will contdin wisdom. In all
cases, you see that the value of the result depends on the
patience and faithfulness with which the investigator applies
to his hypothesis every possible kind of verification.

50. random—lacking aim or methnd; purposeless; haphazard. HIELRY 5 BEERY o e
51. unravel—solve; make clear. f#f{o




HOW to BECOME a GOOD THEORETICAL
PHYSICIST s
S| _

by Gerard 't Hooft

This is a web site (still under construction) for young students -
and anyone else - who are (like me) thrilled by the challenges
posed by real science, and who are - like me - determined to use
their brains to discover new things about the physical world that
“we are living in. In short, it is for all those who decided to study
theoretical physics, in their own time.

It so often happens that | receive mail - well-intended but totally
useless - by amateur physicists who believe to have solved the
world. They believe this, only because they understand totally
nothing about the real way problems are solved in Modern
Physics. If you really want to contribute to our theoretical
understanding of physical laws - and it is an exciting experience if
you succeed! - there are many things you need to know. First of alll,
be serious about it. All necessary science courses are taught at
Universities, so, naturally, the first thing you should do is have
yourself admitted at a University and absorb everything you can.
But what if you are still young, at School, and before being
admitted at a University, you have to endure the childish
anecdotes that they call science there? What if you are older, and
you are not at all looking forward to join those noisy crowds of
young students ?

It should be possible, these days, to collect all knowledge you need
from the internet. Problem then is, there is so much junk on the
internet. Is it possible to weed out those very rare pages that may
really be of use? | know exactly what should be taught to the

| beginning student. The names and topics of the absolutely
necessary lecture courses are easy to list, and this is what | have
done below. It is my intention to search on the web where the really




useful papers and books are, preferably downloadable as well.
This way, the costs of becoming a theoretical physicist should not
exceed much the price of a computer with internet connection, a
printer, and lots of paper and pens. Unfortunately, | still have to
recommend to buy text books as well, but it is harder to advise you
here; perhaps in a future site. Let's first limit ourselves to the
absolute minimum. The subjects listed below must be studied. Any
omission will be punished: failure. Do get me right; you don't have
to believe anything you read on faith - check it. Try alternative
approaches, as many as you can. You will discover, time and
again, that really what those guys did indeed was the smartest
thing possible. Amazing. the best of the texts come with exercises.
Do them. find out that you can understand everything. Try to reach
the stage that you discover the numerous misprints, tiny mistakes
as well as more important errors, and imagine how you would write
those texts in a smarter way.

| can tell you of my own experiences. | had the extreme luck of
having excellent teachers around me. That helps one from running
astray. It helped me all the way to earn a Nobel Prize. But | didn't
have internet. | am going to try to be your teacher. It is a
formidable task. | am asking students, colleagues, teachers to help
me improve this site. It is presently set up only for those who wish
to become theoretical physicists, not just ordinary ones, but the
very best, those who are fully determined to earn their own Nobel
Prize. If you are more modest than that, well, finish those lousy
schools first and follow the regular routes provided by educators
and specialized -gogues who are so damn carefully chewing all
those tiny portions before feeding them to you. This is a site for
ambitious people. | am sure that anyone can do this, if one is
gifted with a certain amount of intelligence, interest and
determination.

Theoretical Physics is like a sky scraper. It has solid foundations in
elementary mathematics and notions of classical (pre-20th century)
physics. Don't think that pre-20th century physics is "irrelevant"




since now we have so much more. In those days, the solid
foundations were laid of the knowledge that we enjoy now. Don't
try to construct your sky scraper without first reconstructing these
foundations yourself. The first few floors of our skyscraper consist
of advanced mathematical formalisms that turn the Classical
Physics theories into beauties of their own. They are needed if you
want to go higher than that. So, next come many of the other
subjects listed below. Finally, if you are mad enough that you want
to solve those tremendously perplexing problems of reconciling
gravitational physics with the quantum world, you end up studying
general relativity, superstring theory, M-theory, Calabi-Yau
compactification and so on. That's presently the top of the sky
scraper. There are other peaks such as Bose-Einstein
condensation, fractional Hall effect, and more. Also good for
Nobel Prizes, as the past years have shown. A warning is called
for: even if you are extremely smart, you are still likely to get stuck
somewhere. Surf the net yourself. Find more. Tell me about what
you found. If this site has been of any help to someone while
preparing for a University study, if this has motivated someone,
helped someone along the way, and smoothened his or her path
towards science, then | call this site successful. Please let me
know. Here is the list.

Note that this site NOT meant to be very pedagogical. | avoid
texts with lots of colorful but distracting pictures from authors who
try hard to be funny. Also, the subjects included are somewhat
focused towards my own interests.

I LIST OF SUBJECTS, IN LOGICAL ORDER (not
everything has to be done in this order, but this
approximately indicates the logical coherence of the
 various subjects. Some notes are at a higher level
 than others).




Languages
Primary Mathematics

Classical Mechanics

Optics

Statistical Mechanics and Thermodynamics
Electronics

Electromagnetism
Quantum Mechanics
Atoms and Molecules

Solid State Physics
Nuclear Physics

Plasma Physics
Advanced Mathematics

Special Relativity
Advanced Quantum Mechanics

Phenomenology
General Relativity
Quantum Field Theory

Superstring Theory

More resources

The .ps files are PostScript files €.

(In this initial phase this page is still incomplete!)




: French, German,

' Spanish and Italian
. may be useful too, BBC world service learning English.
but they are not at
: all necessary. They
- are nowhere near

Free English courses and resources.

our sky-scraper, so don't worry. You do need the Greek
alphabet. Greek letters are used a lot. Learn their names,
otherwise you make a fool of yourself when giving an oral
presentation. Now, here begins the serious stuff. Don't

| complain that it looks like being a lot. You won't get your Nobel
| Prize for free, and remember, all of this together takes our
students at least 5 years of intense study (at least one reader
was surprised at this statement, saying that (s)he would never
 master this in 5 years; indeed, | am addressing people who

plan to spend most of their time to this study). More than

5’ rudimentary intelligence is assumed to be present, because
ordlnary students can master this material only when assisted
by patient teachers. It is necessary to do exercises. Some of
' the texts come with exercises. Do them, or better, invent your
:own exercises. Try to outsmart the authors, but please refrain
from mailing to me your alternative theories until you have

: studied the entire lot; if you do this well you will discover that

many of these authors were not so stupid after all.
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Return to List

e R N RS AT R

s

R e L T T T, A P P R AL P L c!‘?

% Primary Mathematrcs

r.s

: Are you comfortable with numbers, adding, subtracting,
! square roots, etc.?
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= Natural

*Beginning Algebra* (West Texas
numbers: 1, 2,

A&M)

3, ... *Intermediate Algebra* (West Texas

s |Integers: ..., -3, A&M)
-2,-1,0,1, 2,

= Rational numbers (fractions): Y4, V2, %, 237914 773, ...
= Real numbers: Sqrt(2) = 1.4142135..., T =
3.14159265... , e = 2.7182818..., ...

= Complex numbers: 2+3j, e/8= cos(a) + i sin( a), ... they
~ are very important!

Set theory: open
: sets, compact

Topology.You may
: be surprised to

:equations.
' Approximation
 techniques. Series

5

. expansions: the

: Taylor series.
' Solving equations
| with complex
§ numbers.

Trigonometry:

Dave E. Joyce's trigonometry course

This is a must:
Prof. James Binney's course on
complex numbers(PDF)

(nearly) complete overview of

primary mathematics(K.Kubota,
Kentucky)

See also C.hris Pope's lecture notes:
Methods1-ch1
Methods1-ch2

The complex plane. Cauchy theorems

and contour integration (G. Cain,
Atlanta)

(sin, cos, exp). Integration. Integrate basic functions, when

. possible. Differential equations. Linear equations.
‘ The Fourier transformation. The use of complex numbers.




: Convergence of series.

The complex plane. Cauchy theorems and contour integration
| (now this is fun). i
' The Gamma function (enjoy studying its properties).

| Gaussian integrals. Probability theory.

i

Partial differential equations. Dirichlet and Neumann boundary
conditions. :
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i
v
;
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ThIS is for starters. Some of these topics actually come as |
' entire lecture courses. Much of those are essential ingredients |
;4 of theories in Physics. You don't have to finish it all before '
| beginning with what follows next, but remember to return to

' those subjects skipped during the first round.

;’»

Return to List

B T T T T B P L BN

i
= Static An intermediate level course on §
: Analytical Classical Dynamics by R.| 1
mechanics Fitzpatrick Univ. of T ALsti ;
(forces, itzpatrick, Univ. of Texas, Austin. .
tension); A good set of Lecture notes from
hydrostatics. Harvard.
Newton's -
Laws. A short course on Classical
= The elliptical Mechanics by Prof. J. J. Binney
orbits of

planets. The
many-body system.

= The action principle. Hamilton's equations. The
Lagrangean. (Don't skip - extremely important!)

= The harmonic oscillator. The pendulum.

= Poisson's brackets.

s Wave equations. Liquids and gases. The Navier-Stokes
equations. Viscosity and friction.
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A.A. Louro's lecture Notes on Optics

: |
. = fractionand R. V. Jones lecture notes on
§ reflection. Classical and Quantum Optics
g m Iepses and
g mirrors.
i = The telescope and the microscope. :
. = Introduction to wave propagation. g
. = Doppler effect.
; = Huijgens' principle of wave superposition. %
: = \Wave fronts.
i = Caustics.
Egt.u.mm_Ls_x i%
Statistlcaﬂ Mechamcs and Thermodynamlcs %
« The first, The course "Statistical Mechanics" %
second and by Alfred Huan
third laws of Prof. Kelly's lecture notes on

Statistical Physics

Gould/Tobochnik lecture notes

Intermediate level course on
Statistical Mechanics by R.
Fitzpatrick

thermodynamics.
= The Boltzmann distribution.
= The Carnot cycle. Entropy. Heat engines.
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= Phase transitions. Thermodynamical models.

= The Ising Model (postpone techniques to solve the 2-
dimensional Ising Model to later).

= Planck's radiation law (as a prelude to Quantum
Mechanics)

Return to List
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:

« Ohm's law, Lessons In Electric Circuits by T. R. g

capacitors, Kuphaldt §

inductors, §

using complex @
numbers to

calculate their effects.
= Transistors, diodes (how these actually work comes
later).

A e AR R NSNS T ST T

Return to List

W.J.Spence, Electromagnetism

= homogeneous

and Notes on Classical Electromagnetism

by R. Fritzpatrick.

Bo Thide's EM Field theory
text(advanced)

Worked out exercises from Jackson's
book,
set1/set2




inhomogeneous

Maxwell's laws in a medium. Boundaries. Solving the
equations in:

= vacumm and homogeneous medium (electromagnetic
waves)

= in a box (wave guides)

= at boundaries (fraction and reflection)

B R A N o S B o T T T P R R G L

The vector potential and gauge invariance (extremely
. important)

. emission and absorption on EM waves (antenna)
hght scattering against objects.

R S ST

vf Return to List

Return to List
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| Even the pure sang Mathematica for St de;:)r:,ts:J ;1; 23;&(};(':'3
: theorist may be > 1
;‘ Inter estedfln some Angus MacKinnon, Computational %
aspects o ] Physics

: Computational ;
: physics. Prof. Mathews' projects on Numerical | |
” Analysis
i

i

:

%
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Quantum i\iiechamcs (Non—-relatlwsttc)

B R B T T T S I R »wmﬁ..w%

Bohr's atom Introduction to QM and special ?
DeBroglie's ' relativity: Michael Fowler |
relations Niels Walet lecture course on QM | |
éfe';igzéy (Manchester)|

) :
momentum- | Z
wave number) Lecture Notes on QM from MIT| |
Schr@dinger's ;’
equation (with lecture notes | |
electric _ z
potential and James Branson, Quantum Physics|
magnetic UCSD
field).

Ehrenfest's theorem.

A particle in a box.

The hydrogen atom, solved systematically. The Zeeman
effect.Stark effect.

The quantum harmonic oscillator.

Operators: energy, momentum, angular momentum,
creation and annihilation operators.

Their commutation rules.

Introduction to quantum mechanical scattering. The S-

Y R R A e T T L G Ry M R B PR e S Oy

m Atomic and

Return to List

g
:
e
i
matrix. Radio-active decay. :
:
:

Notes on General Quantum
Chemistry from Georgiatech

Chemical
binding
Orbitals

Lecture notes on Physical Chemistry
by Darin J. Ulness

molecular
spectra
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Emission and "

absorption of light.

RetUrn to List
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= Quantum selection rules
= Magnetic moments.

2

| Solid State Physics:
e

An introduction to Solid State |

Crystal groups B I
Bragg Physics by Yuri M. Galperin g
reflection A course in Solid State Physics by | |
Dielectric and Mark Jarrell ;
diamagnetic s%
constants Solid State Physics: notes by Chetan| |
Bloch spectra Nayak (UCLA)| |
Fermi level §
Conductors,

semiconductors and insulators

Specific heat

Electrons and holes

The transistor
Supraconductivity
Hall effect.
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Return to List
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Isotopes
Radio-activity
Fission and
fusion

Droplet model

Five lectures on Nuclear Theory by

D. B. Kaplan

A A primer in nuclear theory by J.
Dobaczewski




Nuclear |
guantum numbers
Magic nuclei
Isospin

= Yukawa theory

Return to List

Plasma physucs Introduction to plasma physics by R. g
? Fritzpatrick| |
. = magneto- ' g
? hydrodynamics I
g = Alfv@n waves
|
| Return to List
i

See John Heinbockel, Virginia.
See Chr. Pope: Methods2€

Mathematics textbooks list

't Hooft: Lie groups in Physics, (now also in English) + exercises

For Lie Groups, see also the last section of Chr. Pope's lectures
(under "General Relativity")

The special functions and polynomials(PDF) (just understand the

Group theory, and the linear represe—znta’tionspo?I gpoupz
Lie group theory
Vectors and tensors

equations

More techniques to solve (partial) differential and integral ;




Extremum principle and approximation techniques based
on that

Difference equations

Generating functions

Hilbert space

Introduction to the functional integral

Return to List
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Peter Dunsby s lecture course on

tensors and special relativity
« The Lorentz tensors and special relativit

transformation | prof. Firk's book on Special Relativity
Lorentz
- contraction,

time dilatation

E = mc?

4-yectors and 4-tensors
Transformation rules for the Maxwell field
Relativistic Doppler effect

Return to List

« Hilbert space Prof. Stringari's course on Ultracgld
= Atomic Fluids
transitions Introduction to the Quantum Hall
= Emission and effect by A.H. MacDonald
absorption of
light Introduction to Coherent States and
= Stimulated Quantum Information Theory by K.
emission Fujii
= Density matrix
= Interpretation Tutorial on Quantum information by




of QM Peter Zoller
= The Bell

inequalities Intoduction to Quantum Computation
= Towards by A. Chatterjee
lativistic QM:
rI?hZ 'El)liralg @ Advanced QM by Freeman J. Dyson
e_quatlon, K. Schulten's notes on advanced QM
finestructure
= Electrons and Hans Paar, Advanced Quantum
positrons Theory
= BCS theory for
supraconductivity

= Quantum Hall effect

= Advanced scattering theory

= Dispersion relations

= Perturbation expansion

» WKB approximation, Extremum principle
= Bose-Einstein condensation

= Superliquid helium

Return to List

Lecture notes on phenomenology by
R. Casalbuoni

; subatomic particles
: (mesons, baryons,
: photons, leptons,

: quarks) and cosmic
: rays; property of

' | materials and

Paolo Franzini's notes on elementary
particles

? (cosmologlcal models mﬂatlonary umverse theories,
microwave background radiation); detection techniques.




Introduction + exercises by G. 't

= | he metric Hooft

tensor Alternative: Sean M. Carrol's lecture

Space-time notes on GR
curvature

Einstein's Chr. Pope, Geometry and Group
gravity Theory, PS, PDF

equation
The
Schwarzschild black hole
Reissner-Nordstr€®m black hole
Periastron shift

Gravitational lensing
Cosmological models
Gravitational radiation

Return to List
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%« uantum Field Theory

:
:
§

| Classical f|e| ds: Pierre van Baal's notes on QFT

‘ The Conceptual Basis of Quantum
| spinor, Yang-Mills Field Theory by G. 't Hooft

e R R s e

 vector fields. a chapter in Handbook of the
 Interactions, Philosophy of Scienc é
: perturbgtlon Magnetic monopoles and instantons |
‘ expansion. , %
. Spontaneous

symmetry breaking, Goldstone mode, Higgs mechanism.

A R S TS

Partlcles and fields: Fock space. Antlpartlcles Feynman rules.

ﬁ
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Z10Ne wel-viann-L¥vy sigimna Ifnoacei TOI pl1ons dra nuciei. Loop
| diagrams. Unitarity, Causality and dispersion relations.

¢ Renormalization (Pauli-Villars; dimensional ren.) Quantum
gauge theory: Gauge fixing, Faddeev-Popov determinant,

1 Slavnov identities, BRST symmetry. The renormalization

- group. Asymptotic freedom.

i Solitons, Skyrmions. Magnetic monopoles and instantons.
: Permanent quark confinement mechanism. The 1/N
expansuon Operator product expansion. Bethe-Salpeter
equatlon Construction of the Standard Model P and CP

z S uperstrmg heory ]

; Introduction + exercises
Return to List introguction = EXCICISES
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E. Kiritsis' Introduction to Superstring |uea
Theory

A T T RN VR RSB

A more general site for superstrings

There are many more
lecture notes to be found
on the web.

There are numerous good books on all sorts of topics in Theoretical
Physics.

Just to name a few:

Classical Mechanics:
= Classical Mechanics - 3rd ed. - Goldstein, Poole §
& Safko "
= Classical dynamics: a contemporary approach -
Jorge V. Jos©. Eugene J. Saletan




Y ’ Yt

= Classical Mechanics - Systems of Particles and
Hamiltonian Dynamics - W. Greiner

= Mathematical Methods of Classical Mechanics,
2nd ed. - V.1. Arnold

s Mechanics 3rd ed. - L. Landau, E. Lifshitz

Statistical Mechanics:

s L. E. Reichl: A Modern Course in Statistical
Physics, 2nd ed.

» R. K. Pathria: Statistical Mechanics

= M. Plischke & B. Bergesen: Equilibrium
Statistical Physics

= L. D. Landau & E. M. Lifshitz: Statistical Physics,
Part 1

s S.-K. Ma, Statistical Mechanics, World Scientific

Quantum Mechanics:

= Quantum Mechanics - an Introduction, 4th ed. -
W. Greiner

= R. Shankar, Principles of Quantum Mechanics,
Plenum

= Quantum Mechanics - Symmetries 2nd ed. - W.
Greiner, B. Muller

= Quantum Mechanics - Vol 1&2 - Cohen-
Tannoud;i

= J.J. Sakurai, Advanced Quantum Mechanics,
Addison-Wesley

Electrodynamics:

= J.D. Jackson, Classical Electrodynamics, 3rd
ed., Wiley & Sons.

= Electromagnetic Fields And Waves - lorrain and
corson

» Classical Electrodynamics - W. Greiner

= Introduction to Electrodynamics - D. Griffiths




Quantum Electrodynamics - 3rd ed., - W.
Greiner, J. Reinhardt

Optics:

Principles of Optics - M.Born, E. Wolf
Principles Of Nonlinear Optics - Y. R. Shen

Thermodynamics:

Thermodynamics and an Introduction to
Thermostatistics 2ed - H. Callen
Thermodynamics and statistical mechanics -
Greiner, Neise, Stoecker

Solid State Physics:

Solid State Physics - Ashcroft, Neil W, Mermin,
David N

Introduction to Solid State Physics 7th edition-
Kittel, Charles

Special Relativity:

Classical Mechanics - Point Particles And
Relativity - W. Greiner

Introduction to the theory of relativity and the
principles of modern physics - H. Yilmaz

General Relativity:

J.B. Hartle, Gravity, An Introduction to Einstein's
General Relativity, Addison Wesley, 2003.
T.-P. Cheng, Relativity, Gravitation and
Cosmology, A Basic Introduction, Oxford Univ.
Press, 2005.

Particle Physics:




= |ntroduction to Elementary Particles - D. Griffiths
= Fundamentals in Nuclear Physics - From Nuclear
Structure to Cosmology - Basdevant, Rich, Spiro

Field Theory:

= B. de Wit & J. Smith, Field Theory in Particle
Physics, North-Holland

= C. ltzykson & J.-B. Zuber, Quantum Field
Theory, McGraw-Hill.

String Theory:

= Barton Zwiebach, A First Course in String
Theory, Cambridge Univ. Press, 2004

= M.B. Green, J.H. Schwarz & E. Witten,
Superstring theory, Vols. | & Il, Cambridge Univ. §
Press

Cosmology:

= An Introduction to cosmology, 3rd Ed — Roos
= Relativity, thermodynamics, and cosmology -
Tolman R.C.

General:

= J.B. Marion & W.F. Hornyak, Principles of
Physics, Saunders College Publishing, 1984,
ISBN 0-03-049481-8

= H. Margenau and G.M. Murphy, The

Mathematics of Physics and Chemistry, D.

v.Nostrand Comp.

R. Baker, Linear Algebra, Rinton Press
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(most of these are rather for amusement than being essential for
understanding the World),
or a little bit more seriously: Physics.

There already is some response. | thank: Rob van Linden, Robert
Tough, Thuy Nguyen, Tina Witham, Jerry Blair, Jonathan Martin,
David Cuthbertson, Trent Strong, and many others.
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" _You sketch the path for potential students through the forest
f college level physics... Two years ago | decided to self-

' study theoretical physics by following the syllabus of a renown
: university and the advice from your page and now I'm half-way

those who decided to study theoretical physics, m their own
time.", Do you know of anyone who got tenure at a physics
department or any research institute based on studies he did
! in his own time without holding a university degree??"

S L S S TR O A B D S T ST

“ some University degree, if you WISh a self-supporting career in :
: theoretical Physics. One possibility is to follow a Master

. course such as the one offered by our University. | don't know
3*‘ about your qualifications, but | suspect that, with enough
determination, you may be able to comply.
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‘ also advisable not to wait until you think your self-study is
completed You must allow your abilities to be tested, so that
you get the recognition that you may well deserve. Also, |

: frequently meet people who get stuck at some point. Only by
| intense interactions with teachers and peers one can help

! oneself across such barriers. | have not yet met anyone who

B ~nrild AA the antira etiidhv all kv him/hareslf withArit anvg
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guidance. If you really think you have reached a professional
: level in your studies, you can try to get admitted to schools,

conferences and workshops in topics of your interest.

: 3/04/06: Message received from John Glasscock,
Bloomington, IN:
: The only one | know of currently is John Moffatt at U Toronto,
:who was a student of Abdus Salam at Imperial College, :
' London. He started life as a painter in Paris, had no
undergraduate degree, taught himself, corresponded with

| Einstein, and was admitted, based on his demonstrated

| 1. The archimedeans webpage: It has a lot of lecture notes in |
: Physics and Mathematics from Part | and Il from Cambridge. |
' 2. David Tong's (DAMTP) lectures in classical mechanics |

¢ found these lectures fascinating.

3. Bo Thide's (Uppsala) lectures in electromagnetic theory.

4. Angel Uranga's lectures in String Theory.
: 5. | found also extremely helpful MIT's OpenCourseWare:

Lewin's lectures in basic Physics are terrific (in video).
' 6. Michael Fowler's (Virginia) lectures in Quantum Mechanics

| thank Aldemar Torres Valderrama for his assistance in
updating and renewing numerous links on this page.

§ Note that .ps files are PostScript files, so defend yourself against
Microsoft PaintShop, that often wants to appropriate .ps files.
PostScript files are read using GhostView (gsview)

Back to homepage.

Your visitor number is: (since 21/8/03)




Last revised: 2009
Design by CJ




Rido 78 338 B3 2 i g
/’er:/beci'&Ve ﬁﬁ%

Power ié y
[erseverance. W
ey

7 S TG IR F 2 et
Fassion ‘%/:Q 7“5" |
FPrecision fé‘ Z{i

Fatvence )W "y

T &y




P ol

FHER

D,

RUEIEWRZH

(1 Wk
(2 Faphcks

1933 £ 5 1937 FHRA NP EE P EXT WE
Py AR —B O, R YREFEREZF %
LB —RRAGEBE R EBEmBISFRE
MBE RE—WEMB - HH LR F R EE
TRMEE 548 B B T Jeans BUCHTLBY S 57 Y rh A
(JLE 1), Jeans #4 1905 4 {5 SCARXTIE . 1915 4F Y
T AESTIEFN 1925 FREF S HEBHIETH
B, ERE AL T WHRIE M.

=
B Ry

1937 EHLH RSB A REXB2I TEKS
PRI OB, T 1938 SR8 T BA. IRAt I8 8 2k T 1Y
W R R £, BT A R EE BRI h s sk Bealk Y
EHEPDREENWEBSMIREAZEZRXLE 2),
R BEXFETIRERR D T AREIKES KEQUT R
FRER RO 55 — 4.

2 KE ALY RIS
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65T 100084)
i

REER/LEPYWERE, A TSMIBRAEE
R.ET B WHEHIAR B, AMNBETILANE
B, RRESkRYERBIE SRU RN ER, T IR
KEMEETYHR, CHBIEEFEOR . BREE
HORLE AR, R RS SR 89 77 18 B D Y, TR
RIFEVLTEAN. BB REXSEWERRS
AALMFANERT—WRUEA TR, FREERE—
ANEE, EARE K/NTERE T Y.

XNMUEBELATRBRUBE . BN ANEENNW
ZIERA — L H O XS H L RIEHN . TRNBA
— S BETE RN A — A A, A R B A
EHRWER BATTME,. —FEEREEEE,
ARS—FEXEHERMREEFTNRSEEADH
HiH,

1942 FHFER, ATHESES —H Y BRKKERD
VIS0, R PR R EOR (JLE 3) T b 4%
RS O+2FEUGE, BXEMARGEERES
BT A,

(#) % T &R — K Reviews of Modern Physics
(RRYEIFEND M AREHFEALP—BXE, FH
AHacE XELEFAGRASTFRLESF OB
AR BAREXEIFTEHRLNERF LERRS
R R T MR 8 T KK L # (Dickson)
Bt B &5 — K 3, » % Modern Algebraic Theories
CHEARRBEE). KL BEXLEEERF LS
EIF. ERAEEFEFASRY ook, BHERE
B, EHEE TR Akl P RFTEA”
EFEVRELEHFRT. RAFATHBWEYH
CEMEFERGEN SRS R THEFLER
)RR, XA AR R, AR REL A
MM ERETAHEE LA F.

WK R T — 4 FE WO, & T R
BEIEN=42Z.




BAER

B3 RAHEA(1907--2000) FTE (1982 FEF AL TR
1942 SRR I % Bt T 7 4 K2 0¥ 55 B 19 2
R L. GIRA 5 AR 09 40 B 4 0 R Bk (1 2
AT RMIRAES BE RIS EERE B
REZAFRLNEE, BIRITH RBLE ST MR
REE-BHFETH.ORWSITEEELRENTIE
HEBELE O KBS %, BBIERS S
BT HEHIIFHHRAE. S XA ERK— £

MATEBERE =402 —RESIT R,

T g, oy 5

B4 EATEBEd1911—1983) (1980 4 B iR B

RTREBRMBTAEMNED, REEFRE
o AR

1941 53] 1942 -, A ALV B AKA KX FH
BEWFRGEL EMRERD, LT 10 5%
RI0OEBH AT Afe— e KA 4 KA 45
PEFRE 20 A 1941 SRR A FHNE, A8 E
HLERT , MHAEL S, LEZRLTHETX
EERFTHEF LS, 3B EHBH FEX
A EAMFBBRE, TR TRNEAS L AT,

BN RBE, HARZARKFAHHE
BAEREFAF EFHFR-—ANESROHL
B 21925 F3) 1927 FEARTRE . BL KR
Fofrk REKRPEGHEEET, A 20 ¥% 30
FREWOFRNAETREETFAF F A H. K
REBFEHFEXTETHEGTEHLEZREY
WL B AT, M e, KA IAR T R R

t 2 http://www. wuli. ac. cn

W H ATt F B B

—5)5, 1942 FH AR, F R R EM AR
KOBFR AL, FRREF R LR RS
BERFFoFRAGEL, RBIHEHIEUT A5
HAFHEL, ST LGN R TG, TR
AV R ACF AL R A R ATH RN, R E M
gt t, TRETRHRK LEHER AP
RFR(H L BEHLAE)LE S, B R b
BB EMAST—ALFHEE, mERERT —
EHEAAZESG— N AERSRMNEALE,

s R VKTHRMKI9924 6 A L BT AE IR
RS BT AU H 2 )

M TFEEBRRXEREZNE, ZMN=ZAG
EBEEXFRBE LR vhm, LE $48, 0 L4
BEENGEBRE RAKXKFRBALHLELL
KGR, TABMFERT — AT R FRBEE,
B E P AT, AR FA R E B R, A
BRELEPTREWEMZLHE BEFLBR
& aF ia) , Z AN EINR T Mk, KAV RS HET
—b— i A ERGFH LB ERGBE, NABE
A LA X B R EAEN L H I . AR
BEP RN RETRRE LD FHHREE, RERR
F4b 8 58 584 I . RFERFHF — AN, iR L
fRfadedb ey LR RE. R S HFEE, w AR
W&, RA A & ey 27 P W
AR EE.

R EAMNCIERRAS ARV F A T
KEBHBERZGR D E KXo bt sk ko4 HAA.
XEMGHEE L, D RXRNBERFERRG. A8
&, B 5 FAMBEANBLE, SRAERANAMNY E
FAK, KEHREFFRMNEFHFETRFR— LK
MAFLE#HL). TR B AL, FENPEAEXES
18) 3 3% A R A b SR

ERET, RANE 2 A8 — LR REETY
HEFFH FLUALEREHUEFRE , RNAFL
—A—R LT E—EBRAGLT AL, AGR

Y8 - 413 (2012 4E)1 #8




HAER

B 8 A AR 4G s f kA, AR R R H R AL IR, &
—ARAHEE -G EHRT, LB E S0
LFEFRIF KRS HGBRASHMRELEEH
SHHBE- LT B EE, AL
BN — R S X AR A, RIS R B e
FRILE KRB, ZRATRMGREAT , XML H
WEE,FHEELENAESR, GdF DRI &,

HEEHFR  ANARLLBEAEHR LR
HRHAFME TR R RNFROEELELTE
FhAEF R B LM E L, X2 F KB (Co-
penhagen) F ikt — A E XM A 6h Tk, R, M
TRt baa)| e dPf, £70M, LT
VA P45 3R A 4% 0k

AAECERRERR L LSS Hhmm Y
T. ORefEHA 2L 2R F 2 nin i
AREAMMIEERE R, S ETHR A ELR
(Heisenberg) 45¢ & -F 2 680 40 3 8 2 Y & A IE AN

BMGEFRT WL, BENw—REL
ROUZR—-FHEBHEL, TRRNFAEBREE,
BMEALEMR LB LKL XMNERTE
M ANAFEEF o RG BB XA+ OH
BWMEERH R T RN HE AR, BAT AN
HYE TG ER AR RMNABEHHRTHA2L
BT RA,XRRMY PR AINRE .

HE BT RRAAENGS, U RI O O HEE
EWMEZFEE1 .85 FE . MERTERRIFHEE
FIWHNE.

TRAT BRJE SR A B LS 0 L 78 35 48 B 1
T2 AR AR, B A M SRR B RR R
R BERAERGERESIE 24, AR ARy
HHEZETW. T 1950 ERWEE, 7| # £ F49
BEFNEN,FB T E A FRTFE. BF 2001
ERTERERHEL, T 2005 4£5£4H,

1945 SFHLM ARG, IR /DAY DC3 KHL K
BIMREZE. T ILA A WAL, FIR4E 10 B T
Sl HELEWAERE, T 1A 24 AEGA
H 2. 1946 FERIFTN LA L B K2 8 R 18
THE,EENMFNEERFERERBEERB - Bk
(Enrico Fermi,1901—1954, L& 6) B — & L0 F
[if) A o

2001 E R FRIELE 100 ME, ETMBFME L
HEDESMZEARASW. HESW EFiEHLE
HEX#E—ED,

W . 413 (2012 4E)1 8
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Be BHEPE - AT 1940 48

BEH« FRR-_GTHEMAESEROHEER
TRESPFEREETZ — MRS EYF 25,
REHWEL LN EFERYLHF GO T, 2
BHEMFGF THIHAALLZRT B HE
W B EEHRE G A AR T Fo T4E
A 5 bR IE By 5 3b, M8 B AR, HP R R vk,
LRSI E, RITERA, £ — A S EE— M
BHERET.

S ZTMHRENYERR SRR~
W BRI, DA — (B WY B R
# (Edward Teller,1908—2003, LI 7), Y 5
FTBME EEW T, RRA B WY IYR, 5
e 1950 FA LML EI T 6l 5 S A ¥, — BRI
Bt R A

o

A A IR B R AL IO W S O BE 5, TR TRAS
A 4R i B9 SC B0 2 FE BT 37 (Argonne) 24 B AR S 1Y, 3
AHEHEA. BT LA B R HEFE TR S0 BRAG B A6 T4E.

1946 4 P24  RE B NI 4&. BB HBEA
RHE—THREMERZETF Be 5 BeO B K-8 F
BEBEHY JLZE [ AL, A2 A Thomas — Fermi—
Dirac 5 Wigner— Scitz IE B F BT E. LAE




HAER

PR RAEMBROTBEER R E M TR
— R4 AR R AR B — R MERIRY. T8
MREBE+ILANAPEHFILGLERER A, 08k,
Y8, J& B (Harold Clayton Urey) H1 35 8 3k 139
(Mayer) % . i # LAJE KSR 09 SR #F Ak % 47, S 0
KIEWTEBR—FBXE TERET—EWRM
WTHE TEEXRERRLAEBIAESLEREDN
AR TR, B B T IF LA R R AL
B UBARTET. U GAREE. ATRB
—MRFZYHEMER.

RS E AN LA &, BAE A — RS R K
RAE—RAEITE , R 5 Fb I #4845 a5 0L
WAERZ L 3T S S MRS ME T
LR B R4 SRR B 4, TR TR MR 2 I, A B
MRFESRFIERNHAR T ER—FE FTUREH
SESMLAYS S, TTRETTHA A O HRESHE.

1946 SEFK K , oK A 403K 2= 3 B ) (Allison)
BEMPIRLE MR YBER, YN T ERE
— & 400 FLRIY Cockroft— Walton Ji i, ALk sC
WERHAASNMIRLE BRERNE P —F, BARE
MRS IMFEH 64,

S REZMFRENYEREETH LN
FE BRI RERKFTRE MR ISYE D KT
T S BRI AR AT R R S F AR E .
2 TR IR AR TR A9 28 A0 IR, B E E R B4Rk
B SIE, TRRR—-BERELREBEFEM.
“Where there is Bang, there is Yang!”

1947 EXFHRB—NRPIEH Y — . Mt HEE
BE EMBAF R AR R A A i 15 TPk B B “ Disillusioned”
(KPR RO R R T Mt py .01, 4w B
— N AREARE TR EA SRR RS, B
FEYE,JLA B SR B A R,

BLtEIRAEERIEERRE RIS,

BN, IB—4EH A WA IS B a4 T i
PHIR . (1) 1944 4F Onsager #Y 3 F Ising Model By SC
T;(2)1931 4F Bethe f93¢F Spin Wave KI3CE; (3)
1941 4F Pauli B R T HIB AV E G MG (4)1943 4E LU
& SR T A 44 09 3CE. X A E B PR A 2
Gt A F B S, B EIIBOGBREZ T E1E
SN, 5B ANE B 5 X AR A ok, X
IR AR T 2R Stk BB,

EXWAEEF, =M mEkEgs
PINBNEB, AT — P AEBRBERTE, KT
iR RER. B—TEHAET LTBHOSE N, HUT

. 4.
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BRI E 2. RS NI AR B MR T 5.
T3 77 H A IS8 IR &, TT REB A . BT
JUABH A S0 W 32 B A28 (Invari-
ance of Physical Laws under Space Rotation) i) &
/M TINMERNTHE, B —%E3. BER
BRI, A5 1948 EEH K, & R ITAEEH
EHERTEXBEDEZREN TERRS. TEEW
kLB .

H—F W REK ALF] R R R RE
FRAHF? KA AT 3 AL BHE—FEH
—REBAEL RCBETERSL, LA —E2
Wk SURAE S AL 3 v, & T AR 89 BT, VR R
TEREREZ, BALMBERA - —FRE—F %
BRI AHXFTEA-B ATHE, ALHLIH
AN ETENREABE , BB EH. XARKSH
RARR—ANGEYEZRAER, FHHM ALK R
MR EEHEEFHFiE,

MARN—HELNLRETESHFTR? R
B AR BAP TR TEZEWNMERS
B TEERR, X—SBWTRUENTFLITIE,
ERREEMNRE 1956 FNFHRTEATEH XSS
1964 4F Y CP 78 57 18 89 M 18 4 $7°7 (phenomeno-
logical analysis).

T -8 SO R T A XRS5 A 28 M (Tnvari-
ance) FIRAIE — R E. BHE X LR T RE WS
BRRE TRCE,RET o 89 B BEAY T E, B b T
ST GWHR RN CER. X SR~
BRI R 9 B 5 50 A W 5 R 89 % 2% BRI 1 47,
7 W T 46  BETE DS A A E 90088 R A 3235 114,

R IFFESUS I 1A B N — L

1948 FHE B LM G, T IME k¥ ER
B3R (Instructor), T AR AT 48 % 3 T L6, T 24
AR 2N EF , B oK A3 AN SO (Wentzel) = {37 #4240
AT UCENE , BT A —4E LS 3R 0l 3 2 2 Ak BT 15 49
TAS(Institute for Advanced Study). %% %3= TAS 1R
b AETRE A TAE RIS ML B P BERE  ERA
= IAS —4F , B [E 22 i 8F. 3 M RRE B s 3h4
TR 5 Sk B k£ BA A 09 IR 1, BRI [ A,
ZEIRTE TAS R T +-L4E,1949—1966.

ERXT-CEE, REZMET D RVEOANMER
AL RT. K% —11, Ising Model , B E7C {8
RN ARB TRBEAM,

1949 # 11 At — R, AR FERMETEKF
HEBHERES B EHTAHZ G # % (2011 £33,

BB - A1 % (20124)1 8




HAER

BEA& %)L, Luttinger (3 T )18 R o K A
Ising# 8, Luttinger 3, Bruria Kaulman(# X )84
de B iEH G F ok M AL, B 4k 8 BT aE 2n A —
RARS HIRASES R F . B XARET MR
"G BRRELREFRETRER—F X I T %
b BB, KRS R R —F kAR Y
B, AL TEBRT FFERGMEREZX

BAB HABRES—F T EPHEREE,
1% gk e ik AN 4E ML E R

ZEKRYCAAMBEENS A LT AN
ABRABAE R, FETHFEHAZAA0HE 6
.

KRBT ERTERHELOREER.

I AREBEBRESHREET BFER—FR
BIOTHENELR? BIZ. T EEMN X FEX
FENRAER PEPHE Dirac FEW A TIED
BT MEEENRERETMIARFEETHE
BEPTRATERAY 1944 FH30F  BR YN EE 1
R EEST P i TR A T N A
TIERAAR, B E] Luttinger B9 JLA1E R
BEMELT W EFIEMWEIERM.

XA ST AR 4 O - £ AT S (E IR X Gt
J1%E B MR, E IR BRI SRR, T RMT
DEHEETE KRR T H AR BHESER
T.ENHE . NB-EETE>REQ,RINHE
LA TIESZ M = () .

E LR TR RFEWEE O, B I
AU B ARBIE H A (Luttinger 19 JLAITR). AT R A
ZAEWMEET . BALE O WHE"HRN AESET
Bl i FEETERMEFHRFINEHE RS
RAKWBTERMWA S, WPE T, Poincare™ &8
B4 A& B f% Sudden TInspiration, flb 3% & uncon-
scious work H4ER,

REZMAROE=ZAEEHERXT Pauli (9F
B AR R T B2 Z W A (Gauge
Invariance). X2 MR (Weyl, & 8)F 1918—1929
AF () R LAY, TR AR 10 B AN AR P IR ARG , FR A
BT (4 Ze R py R R R UT R A T A
XAMRUE? KFRENRIFEIL SR HRHA X
R, M 122 3T B 42488,

RICHEUFEPHEEARN

F,=A,,—A

w <5

v Ve ?

38 - 414 (2012 )1 M8
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B 8 #}K(Hermann Weyl, 1885—1955)
i
Fu =B, —B,,. (2)
Hev By B—2X2 MR, AR Ay RE—1H
BAY IX1 MAERE. XARE RAHES L HT B
SRME TR BT R R RIS IR R 1947 4R,
et A H R S E R MMIF SR F,.A.K
GRS THREAREERUREMZENHEE
YEFH. IRR Ry JL T 240 V5 B Vea SAEZENTH 9.

= o N

o 1947 MY SLTIZAT
LA B LT R IR BT SR &, T DA R 8K
WA B T s, B RS B R — R A AR

2, “HHLRE", W AE S, 1953—1954 4, F F| BNL
. (Brookhaven National Lahoratory) 3% i 8] — 4, [&] Jp

NBHEWAAER N, — £ 1 K /R B (Robert Mills,
19271999, JL & 10), & Norman Kroll (1922~
2004) B2 IRET B B 2 7. B b — (R 5
B4 B AR 4 Burton Richter (1931— ), G TF
1976 4F 5 T & b [F]Inf 3K 48 ¥ LK 3.

Gii

B0 MRTTMIRI099E S F 22 HETAEHR




FAER

AR A SR HLEE RO R ET R B T 3¢ FIe S 3E A
MR R ER. H — K, RITH CORBRE
H AR B2 R B R

F, =B,,, —B,,, + (B, 5 B, ZWX) .
(3)
iR ERERZRWEIR, WRAT, HERE
WHY &4, SEiE i RRIBATI & R0 )=
TR LW, H
Fu=B,,,—B,,,+BuBy—BwB, , (4
DEMHTASEEMES RMNUBERMNEHE
nmrn

BT XTE, FAE L E WA (Maxwell,
1831—187NHIE M E R F &, . B E T TRES
RRTE G B WRHMEHIET Xty Bl
FRERNERFREMREITNR T XBEEL
SRR, RIS F YR E A, XA R A RATH
3T A AE 1 B2 4% T S B AR R [B] R (Y T A, b AL A
H—B Pauli IHERMEY. BRERMNEEBR
SRR AR, BN RS, NRER, T
1954 4 6 AS T — 8 X EF A Physical Review,
EMMZAWERT,F 10 AkE.

RENERR—EREENT/E. BRLAES
Iy, BRkE S R RERERN. BATIARE.
YIEh RRERE , A REAER— SR,

KT REABERRT R, 3T 1970 £HIF
T3 T X BR W il 194 SO0 8% T & R R AR R T Y A oA A
W, TR0 R B R Al Y B L R 5 e Bk
BRU BT LS R T AR MR E.

: KRFARRGMRWEIE, A+EFLE.CCTV

BUERRSEET 2005 45 1 A 26 B s3I0 g i)
BRI 2BRABE THEMBBRASIFN. R
@%:{“]:

SR IS BT, B AR g 4R — A
BIAL,H R EARBT R BEAARB T, BA
B R e B SN A — A AR AR AR 3 6, 9] 4R LA )
M, AEBRRk—AFHHFTH, TRAAKILD T,
XAERE R —MHRA R IR,

FURIA RN EERTSE BT
RH*E.

1954—1956 “F | , LW E R T T L H b F.,
MARNERLFHRT,.05 < BIER. B11ED
BAREE W .

0 —mn+m

T M-+
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H SR 22 5 e AR T G SE G R RLOR T
ER—MHF, RRAPWMA AR T, X4k BH
ftafmar A RYHEPH T FIRFEEE. 2
SR FEBELEE. A W FHREFHL W=
M FERE-LNROS c BRA—BTF, 4
CHRBELR+1 WFR, LEZEEHR—1 BFRK,
FHREATET X RN RGB!

XA A Y 0— ¢ gk, & 1954—1956 4F [A]
FeA Y B A R R R A TR R, JE SR 7E 1957 4R 89
— R EPUHREY.

AT M EEFRMGAEGRBES - AL E
BETFHA B EX—AFTH—EHF—AN
TUhARE, BRINMTERSF R

1956 FE R, ZFEBEMIL(AE 1D THRXA
T, EFRREE XL MBIERESHEEERPF
FrsplE AR IR R IR SR B 14 L FIEHF K
FEEMNHEAEE R RAOT WA B IS T 2
RN F REBEEERAR Y RERT

SFiE.

Bl 11 ZEEGH MR (1957 FHCTHMO0 S ST D

WE6 ARMNIBXBERE RFEN A, FE
Physical Review , 03 TR M A RATH]. BEesk
E, 50, -8B E R . FREN RERTFEH
ZEHRENMNEZRMERANESEIR! RAREH
(1912—1997, W 12) M ELZX MR, B4R Z T Pauli
BRI EFRESARTE, 7T RN NEER T
KEBEEPIHERIEAFHRETTE , BLAAE
79 V7 2 D 5 B 2 0 3k A A A e

ZFAMNAWSE S, T 1957 SR E i E T
MHEAER R FEMIIFARTE, LR ERTE. X
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