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8 
Training Quantum Mechanics

In the autumn of 1961, Rich ard Feyn man launched a new 
experiment. Together with several colleagues at Cal tech, 
he aimed to overhaul the curriculum for physics students. 
Their main goal was to introduce students to some of the 
most exciting—yet abstruse—aspects of modern physics as 
early as possible, right in their first year as undergraduates. 
That way, they hoped, they could fire the young students’ 
imaginations, rather than making them wade through im-
portant but staid topics first. The capstone of the new syl-
labus, filling the final third of the yearlong course, centered 
on quantum theory.1

Feyn man and his colleagues, Rob ert Leigh ton and Mat-
thew Sands, feverishly composed the new lectures. Feyn-
man delivered each one with his usual gusto, after which 
Leigh ton and Sands transcribed the recordings. Before 
long, rumors of the new course reached several textbook 
publishers. Feyn man and his colleagues got to name their 
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 Training Quantum Mechanics 117

own terms. Leigh ton drew up a form letter, instructing 
interested publishers to submit written proposals to the 
authors within three weeks—a reversal of the normal pro-
cedure, in which authors submitted proposals to the pub-
lishers! The publishers were to describe how quickly they 
would be able to produce the books, at what price the new 
textbooks would be sold, what share of the royalties would 
be paid to Cal tech, and what additional expenses the pub-
lishers proposed to absorb.2

In the end, Feyn man and his colleagues chose to work 
with Addison- Wesley. Before the books came out, a sales 
representative took galleys on a tour to gauge interest 
among other physics faculty. Writing to the president of 
the press, the sales rep could hardly contain himself. “Com-
ments: Great enthusiasm,” began his long memo. “Where? 
In every department of physics, of course.” Several faculty 
seemed to be amazed by the new book. “It took me a life 
time to leave his room with the Feyn man book, he just 
wanted to read another chapter and another one!!” Another 
professor tried to brush him off, until the crafty salesman 
flashed the book’s red covers. “Well . . . we had a nice talk for 
fifteen minutes and made an appointment for next spring. 
Of course he wanted a copy of the book.” And so it went, 
town after town during the sales representative’s two- week 
tour. “Give me a Feyn man once or twice a year and I will do 
my job!” he closed. “I do not know who signed up Feyn man, 
but I suggest that you owe him (not Feyn man) a fine Turkey 
for his Christmas dinner!”3

The sales rep’s instincts proved accurate. The Feyn man 
Lectures on Physics sold more than 130,000 copies within six 
years of publication—even though Feyn man himself later 
conceded that the pedagogical experiment had been a bit 
too ambitious. Some of the material really did prove to be 

You are reading copyrighted material published by University of Chicago Press. 
Unauthorized posting, copying, or distributing of this work except as permitted under 

U.S. copyright law is illegal and injures the author and publisher.



118 Chapter 8

too advanced for first- year undergraduates. Yet sales re-
mained brisk—indeed, the books remain in print today—
driven largely by demand from more advanced students, 
and even faculty, who have continued to snatch up copies 
for self- study.4

Figure 8.1. Richard Feynman lectures before a large undergraduate class at 
Cal tech, ca. 1956. Recordings of lectures like these formed the basis for The 
Feynman Lectures on Physics, first published in 1963–65. (Source: Courtesy  
of the Archives, California Institute of Technology. Used with permission  
of the Melanie Jackson Agency, LLC.)
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 Training Quantum Mechanics 119

Though Feyn man, Leigh ton, and Sands might have got-
ten a bit ahead of the curve, by the early 1960s most of their 
colleagues shared their impulse to teach quantum theory 
to younger and younger students. Given how slowly uni-
versity curricula usually evolve, the changes typified by The 
Feyn man Lectures were extraordinary. Just twenty years be-
fore Feyn man began lecturing on quantum theory to first- 
year undergraduates, many physicists in the United States 
had earned their PhDs without taking a single course in the 
 subject.5

Amid the rapid- fire changes, some expressed alarm that 
too much was changing too quickly. A professor at Vander-
bilt University, calling himself “one of those old- fashioned 
persons,” suggested that “children should eat a reasonably 
good meal before partaking of dessert”—and, for this in-
structor at least, quantum theory was “distinctly dessert,” 
which “could easily cause intellectual indigestion if not pre-
ceded by a properly balanced diet.”6

Others, like J. Rob ert Oppen heimer, observed a more 
subtle shift: not just in what was being taught but how. 
Ever since the earliest work on quantum theory by the 
likes of Ein stein and Schrö dinger, Hei sen berg and Dirac, 
the subject had inspired heated debate. So many of its core 
notions—the uncertainty principle, Schrö dinger’s cat, 
quantum entanglement—seemed to be at odds with other 
leading physical theories, let alone common sense. Yet when 
Oppen heimer surveyed how his colleagues taught quan-
tum theory just a few years before Feyn man, Leigh ton, and 
Sands launched their new course, he noted that the subject 
was by then “taught not as history, not as a great adventure 
in human understanding, but as a piece of knowledge, as a 
set of techniques, as a scientific discipline to be used by the 
student in understanding and exploring new phenomena.” 
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120 Chapter 8

Quantum mechanics had become “an instrument of the sci-
entist to be taken for granted by him, to be used by him, to 
be taught as a mode of action, as we teach our children to 
spell and add.”7

How much things had changed. Oppen heimer had been 
among the first to bring working knowledge of the still- 
new quantum theory back to the United States, follow-
ing his studies in Europe in the mid- 1920s; before long, 
his course on the subject at Berke ley had become legend-
ary. Yet by the time most of his colleagues began to offer 
their own courses on the subject, after the Second World 
War, the dramas of the wartime projects and the ensuing 
hyperinflation of physics enrollments had affected nearly 
every aspect of young physicists’ training. The transition 
that Oppen heimer noted, perhaps a bit wistfully, in the 
1950s—teaching quantum mechanics more as a toolkit 
than an adventure— became emblematic of broader shifts 
in the field after the war. Facing runaway enrollments, many 
physicists across the United States winnowed the range of 
what would count as “quantum mechanics” in the class-
room. Where once- fabled teachers like Oppen heimer had 
relished talking through thorny conceptual challenges with 
small groups of students, instructors after the war—their 
intimate classrooms by then replaced by large lecture halls, 
tiered rows of seats teeming with students—increasingly 
aimed to train quantum mechanics: skilled calculators of the 
atomic  domain.

: : :

Oppen heimer’s own entry into physics had been meteoric. 
Born in 1904 to a family of wealthy Jewish immigrants in 
New York City, he skipped several grades during his sec-
ondary schooling and entered Harvard for his undergradu-
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ate studies. (He later described his young self as “an unc-
tuous, repulsively good little boy.”) At Harvard he piled on 
extra courses each semester, graduating in just three years. 
During his first year as an undergraduate, he was invited to 
skip the introductory physics courses and dive directly into 
doctoral- level coursework.8

As was typical at the time for the best American stu-
dents who were interested in theoretical physics, Oppen-
heimer next set off for Europe to pursue his PhD, studying 
first at Cambridge before transferring to Gött ingen. There 
he studied under Max Born, just as Born was collaborating 
with Wer ner Hei sen berg and others to craft the new quan-
tum mechanics and working frantically to try to make sense 
of the strange new formalism. Oppen heimer absorbed the 
emerging material quickly, publishing a dozen research 
articles while in Gött ingen. He completed his PhD in the 
spring of 1927, a month shy of his twenty-third birthday.9

After a brief postdoctoral fellowship, Oppen heimer ac-
cepted teaching appointments in 1929 at both the Univer-
sity of California at Berke ley and at Cal tech—more than 
370 miles apart. Each department was so eager to hire him 
that they reached a compromise: Oppen heimer would teach 
at Berke ley in the fall and then decamp to Cal tech for the 
winter and spring terms. During his first semester at Berke-
ley, he taught an elective course for graduate students on 
quantum mechanics. One student registered for credit, 
while twenty- five signed on to listen. During that first 
course, Oppen heimer raced through the material so quickly 
that students complained to the department chair; Oppen-
heimer grumbled, in turn, that he had to crawl so slowly 
through the syllabus. Before long, however, he developed an 
engaging lecturing style.10 Graduate students routinely sat 
through his Berke ley course on quantum mechanics more 
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122 Chapter 8

than once; one desperate student staged a hunger strike 
until Oppen heimer relented and allowed her to attend the 
class for a fourth time.11

As late as 1939—the year that one of Oppen heimer’s 
graduate students transcribed the lectures and made hecto-
graphed copies, which quickly saw wide circulation—
Oppen heimer still introduced quantum mechanics as a 
“radical solution” to problems that were as much philosophi-
cal as physical. Lecture after lecture, he focused not only 
on the new mathematical formalism, centered on Schrö-
dinger’s wave function, ψ, but also on its curious physical 
interpretation. He lingered over Born’s interpretation of 
|ψ|2 as yielding probabilities for various outcomes, empha-
sizing the remarkable conceptual break from the rigid de-
terminism of classical physics. Wielding New ton’s laws or 
even Ein stein’s relativity, physicists had long since been able 
to calculate that B strictly followed A. In the newer world 
of quantum theory, on the other hand, physicists could 
calculate only likelihoods: B had certain odds to follow A, 
and physicists remained utterly stymied from saying more. 
Oppen heimer even indulged in Ein stein- styled attempts to 
circumvent Hei sen berg’s uncertainty principle—revealing, 
with a flourish each time, how such clever efforts were des-
tined to fail—all before walking his students through the 
first practical calculations with the formalism.12

Oppen heimer’s pedagogical approach was hardly unique 
at the time. Felix Bloch, a Jewish émigré from Switzerland 
who had studied with Hei sen berg before fleeing Nazism 
in 1934, taught his graduate- level course on quantum me-
chanics at Stan ford University in a remarkably similar way. 
Throughout the 1930s, meanwhile, Cal tech graduate stu-
dents faced tough questions about the interpretation of 
quantum mechanics on their qualifying examinations. For 

You are reading copyrighted material published by University of Chicago Press. 
Unauthorized posting, copying, or distributing of this work except as permitted under 

U.S. copyright law is illegal and injures the author and publisher.



 Training Quantum Mechanics 123

years, beginning in 1929, the Cal tech students kept com-
munal notebooks in which they recorded how they had pre-
pared for their oral exams and what questions various ex-
aminers had posed. Well into the late 1930s, faculty had 
pressed students to talk “all about [the] ψ function, physical 
meaning, etc.” or had asked, “What is [the] interpretation 
of ψ(x)? Does the Schrö dinger equation describe the rate 
of change for all time?”—a subtle question about how the 
range of probabilities encoded in the wave function reduces 
to a single, measured result. Then came the follow- up: “Dis-
cuss the nature of observation in quantum mechanics and 
in classical mechanics.”13

The first textbooks on quantum mechanics by physicists 
in the United States likewise emphasized in their opening 
pages that students would need to confront “philosophi-
cal difficulties,” which could not be “exorcised.” Some even 
paused, in the midst of what would soon become a standard 
calculation of an electron’s energy levels within a hydrogen 
atom, to assess whether various mathematical solutions 
could be considered physically meaningful if no experiment 
could distinguish between them. Others included entire 
chapters with titles like “Observation and Interpretation.” 
Reviewers of the textbooks during the 1930s agreed that an 
overtly philosophical register was appropriate when it came 
to teaching quantum mechanics. They often disagreed with 
specific points of interpretation in the books under review, 
but not with the notion that textbooks should broach such 
interpretive issues.14

: : :

Soon after the war, as more physics departments across 
the country began offering courses on quantum mechan-
ics, the style of instruction began to shift. Few instructors 
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during the 1950s lingered over how best to interpret the 
uncertainty principle or the place of probabilities in the 
quantum- mechanical formalism. Fewer still paused to dis-
sect the philosophical standing of various hydrogenic wave 
functions.

The changes came on quickly. Some Cal tech students, 
having studied reports of earlier oral exams, were caught by 
surprise. One complained in 1953 that the effort he had “in-
vested in analysis of paradoxes and queer logical points was 
of no use in the exam.” Instead, he had faced “straightfor-
ward questions” about then- standard calculations. Others 
similarly advised their fellow students to “give the usual 
spiel” or the “standard response” when asked to perform 
various quantum- mechanical calculations. One student 
suggested that his peers should simply “memorize” and “re-
hearse” answers to what had by then emerged as the stan-
dard calculations. Across the country, graduate students ex-
perienced a similar shift. Expansive essay- style questions 
about matters of interpretation, which had been common 
as late as the 1940s on the written qualifying exams, from 
Stan ford and Berke ley to the Universities of Chicago and 
Pennsylvania, Columbia University, and MIT, were replaced 
by the mid- 1950s by a collection of standard calculations.15

The pedagogical shift was closely correlated with en-
rollment patterns. Whereas Oppen heimer had lectured to 
about two dozen students at a time in his Berke ley course 
during the 1930s, after the war enrollments rapidly began 
to rise. By the mid- 1950s, courses on quantum mechanics 
aimed at first- year graduate students typically had forty to 
sixty students enrolled; in the nation’s largest departments, 
at Berke ley and MIT, the number edged over one hundred, 
“a disgrace [that] should not be tolerated at any respectable 
university,” Berke ley’s department chair complained to the 
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dean. In a handful of departments, however, enrollments 
in first- year graduate- level quantum mechanics courses re-
mained fairly small during the early 1950s or began to grow 
only later. Reading through lecture notes from these various 
departments reveals some remarkable differences. In short, 
an increase by a factor of three in enrollments was corre-
lated with a decrease by a factor of five in the proportion 
of time devoted to the conceptual puzzles or philosophical 
challenges of quantum theory.16

Beyond the numbers and statistics, the lecture notes 
themselves provide some stark contrasts. Consider the 
course that Lothar Nord heim taught at Duke University 
in the spring of 1950. Like so many of his colleagues across 
the country, Nord heim had spent the war years working 
on the Man hatt an Project. He had served as section chief 
at the Oak Ridge laboratory in Tennessee (principal site for 
isolating the fissionable isotope of uranium, U- 235), rising 
to direct its physics division between 1945 and 1947. He 
left Oak Ridge for Duke in 1947 but did not stay long: by 
autumn 1950, he had begun to work full- time on the top- 
secret hydrogen- bomb project and later chaired the theo-
retical physics division at the major nuclear- related de-
fense contractor General Atomics. In short, Nord heim was 
no stranger to the new realities of the military- industrial 
complex, and he excelled at wringing practical results, often 
under extreme time pressures, from the equations of quan-
tum theory.17

Yet when he taught his course on quantum mechanics 
at Duke in 1950, Nord heim insisted that his students focus 
on its conceptual challenges. Working with a small class of 
a dozen students, he launched into the stubborn strange-
ness of quantum mechanics in his very first lecture. Given 
the new restriction to probabilities, he asked his students: 
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“What does this do to causality?” A student recorded in his 
notes, simply, “Ans[wer]. It Fucks it!” To drive the point 
home, Nord heim devoted two more lectures to the fabled 
double- slit experiment—a favorite example that Hei sen-
berg and Schrö dinger had each introduced in his own teach-
ing, back in the early days of quantum theory, to empha-
size such quintessential quantum features as wave- particle 
duality, superposition, and the uncertainty principle. Like-
wise for Nord heim’s treatment of a quantum particle tun-
neling through a barrier. As he described the counterintui-
tive process, he pressed his students, “it is meaningless to 
ask, ‘Is there causality?,’ because we can never know the 
state completely at any time, because of [the] uncertainty 
relation. Hence, we discard the classical physical ideas of 
idealized observations.”18

In other classrooms across the country, physicists who 
had shared many of Nord heim’s worldly experiences—the 
secret, massive wartime projects, major consulting for de-
fense projects after the war—charted a very different course 
when lecturing on quantum mechanics to their own gradu-
ate students. Where Nord heim lectured to a dozen students, 
most of these others faced classes that had already grown 
several times larger. At Chicago, Enrico Fermi spent twice 
as long deriving properties of the Laguerre polynomials—
mathematical functions that quantify the behavior of an 
electron in a hydrogen atom—as he did on Hei sen berg’s 
uncertainty principle. At Cornell, Hans Bethe observed, 
with one passing remark, that trying to circumvent the un-
certainty principle was as fruitless as designing perpetual 
motion machines, full stop. Even Rich ard Feyn man, full of 
exuberance about bringing quantum theory to younger and 
younger students, made clear in his own classroom that the 
real purpose was to learn to calculate. In the lecture notes 
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from his graduate- level course on quantum mechanics, he 
admonished that interpretive issues—of the sort that had 
filled Oppen heimer’s lectures before the war and Nord-
heim’s lectures after it—were all “in the nature of philo-
sophical questions. They are not necessary for the further 
development of physics.” While Nord heim had paused to 
consider conceptual sticking points of quantum tunneling, 
Free man Dy son, lecturing to a class at Cornell with nearly 
three times as many students as Nord heim’s class at Duke, 
plowed forward, adapting the usual calculation to treat vari-
ous states of nuclear matter, such as deuterons. Dy son made 
clear, in his first lecture, that he would not follow the chosen 
textbook very closely. “Too much philosophy.”19

: : :

Two well- known textbooks, both published soon after the 
war, further illustrate the trend: Leon ard Schiff’s Quantum 
Mechanics (1949) and David Bohm’s Quantum Theory (1951). 
Schiff and Bohm had each studied with Oppen heimer in 
Berke ley during the 1930s; both authors acknowledged 
how influential Oppen heimer’s course had been for their 
own teaching. Yet what seemed like complementary models 
for teaching the subject—remarkably different in their em-
phases, yet equally hailed as great successes upon publica-
tion—soon collapsed under the pressure of rising student 
numbers.20

Leon ard Schiff had been a postdoc with Oppen heimer 
between 1937 and 1940. He later joined the faculty at Stan-
ford, and his Quantum Mechanics first appeared in 1949 to 
rave reviews. Schiff’s book exemplified the toolkit approach 
to quantum mechanics. Whereas Oppen heimer had made 
his way slowly to the details of the Schrö dinger equation, 
pausing at length to entertain many of the conceptual quan-
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daries that arose along the way, Schiff largely dispensed 
with such philosophical niceties. (“We shall discuss physics, 
not philosophy,” he announced on the first day of one of his 
courses in 1959.)21 What had occupied nearly 20 percent 
of Oppen heimer’s lecture notes, Schiff dispatched in a few 
opening pages of his book. In its place, Schiff provided what 
was widely hailed as the best collection of homework prob-
lems to calculate, of just the right level of difficulty for his 
target readers.22

David Bohm completed his PhD under Oppen heimer’s 
direction in 1942 and published his Quantum Theory in 1951 
after teaching at Princeton for a few years. He had tested out 
the material for his book in classes during 1947 and 1948, 
before Princeton’s physics department had swelled too 
large. (His enrollments in those years were around twenty 
students in each class, similar in size to Oppen heimer’s 
course at Berke ley in the 1930s.) Like Schiff’s book, Bohm’s 
book received glowing reviews at first—“a rare example of 
expressive, clear scientific writing,” proclaimed one satis-
fied reviewer. In contrast to Schiff’s approach, Bohm de-
voted several opening chapters to the kinds of philosophi-
cal challenges and conceptual puzzles that Oppen heimer, 
too, had emphasized. The Schrö dinger equation didn’t even 
appear until page 191 in Bohm’s book; Schiff had first intro-
duced the equation on page 21.23

The conceptual care that Bohm had taken when com-
posing his textbook impressed several of his earliest review-
ers. One praised “the concise and well balanced interplay, 
point- counterpoint, between formalism and interpreta-
tion.” Another compared Bohm’s and Schiff’s books side by 
side—Schiff’s being the only obvious American competitor 
published since the war—and offered the following balance 
sheet. Though only two- thirds as long, Schiff’s book treated 
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many more applications of the formalism in greater detail. 
Yet for those topics treated by both authors, this reviewer 
continued, “it is to the credit of Bohm’s book that, for ex-
ample, it gives the clearer and more physically understand-
able explanation.”24

Despite their equally promising starts, the two books—
like their authors—suffered quite different fates. Schiff be-
came department head at Stan ford and soon editor of the 
influential textbook series published by McGraw- Hill in 
which his own book had appeared. Bohm, meanwhile, was 
forced from his position at Princeton—and soon forced out 
of the country—just months after his book had been pub-
lished. He had refused to name names when subpoenaed to 
testify before the House Un- American Activities Commit-
tee, during its headline- grabbing investigation into alleged 
“Communist infiltration” of the wartime Man hatt an Proj-
ect. Bohm fled to Brazil—where, in between crippling bouts 
of nausea, he was compelled to forfeit his US passport— 
before moving a few years later to Israel, eventually set-
tling in London. Schiff’s book saw two widely heralded, up-
dated editions (in 1955 and 1968); Bohm’s book was never 
reissued during his lifetime, and his efforts to publish a 
follow- up textbook on quantum mechanics were rebuffed.25

It fell to a third veteran of Oppen heimer’s Berke ley 
group, Edward Gerjuoy, to make sense of the diverging 
paths. He took up the comparison in a review of the second 
edition of Schiff’s book, in the mid- 1950s. In expanding his 
book, Schiff had devoted even less space to conceptual or 
interpretive discussion; to Gerjuoy’s taste, each edition of 
Schiff’s book devoted too little attention to “such questions 
as correspondence, uncertainty, complementarity, and 
causality”—precisely the topics that had filled so much of 
Bohm’s book. (Gerjuoy noted that “the contrast with Bohm’s 
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Quantum Theory is interesting, even amusing.”) But Gerjuoy 
could understand Schiff’s decision not to amplify these top-
ics in his revised edition. “With these subjects lecturing is 
of little avail—the baffled student hardly knows what to 
write down, and what notes he does take are almost cer-
tain to horrify the instructor, who perspicaciously usually 
resolutely refuses to question his students on these topics.” 
So, instead, Schiff focused on a cache of worked examples: 
too soon, the student “is well into detailed algebraic com-
plexities verifying which, he readily persuades himself to 
believe, means he is learning quantum mechanics.” Though 
Gerjuoy could understand Schiff’s pedagogical choices, he 
wondered—perhaps thinking back to his experiences as 
a student in Oppen heimer’s famous course at Berke ley—
whether it was “necessary, as Schiff does, to leap so rapidly 
over the philosophical issues raised by quantum mechanics 
that the student never has a chance to gauge their depth.”26

Despite Gerjuoy’s cautions, Schiff’s textbook rapidly be-
came the standard- bearer, its collection of homework prob-
lems especially well geared to teaching large classes of stu-
dents. When asked to evaluate whether a third edition of 
Schiff’s book would be warranted, a professor at Berke ley 
responded with a sixteen- page memorandum on why the 
previous two editions had been so successful. “I believe that 
the explanation is that Schiff is a very practical book,” the re-
viewer began. “The reader who goes through the book really 
obtains a working knowledge of quantum mechanics.” A 
student using the book, this reviewer continued, is “taken 
through a number of well chosen applications, and he is 
shown, through these examples how it all works out.” It was 
an approach that the Berke ley physicist could appreciate; 
he had learned the subject from the first edition of Schiff’s 
book. “As a student I was perfectly happy with this mode 

You are reading copyrighted material published by University of Chicago Press. 
Unauthorized posting, copying, or distributing of this work except as permitted under 

U.S. copyright law is illegal and injures the author and publisher.



 Training Quantum Mechanics 131

of presentation, and the book kept me sufficiently busy to 
prevent pseudo- philosophical speculations about the True 
Meaning of quantum mechanics.”27

Many other physicists across the United States offered 
similar appraisals. Where once reviewers had evaluated 
textbooks on quantum mechanics at least in part on the 
basis of their philosophical stance, reviewers throughout 
the 1950s and 1960s routinely praised the latest offerings 
for “avoid[ing] philosophical discussion” and for omitting 
“philosophically tainted questions” that distracted from the 
business of learning to calculate. Enough with the “musty 
atavistic to- do about position and momentum,” stormed 
MIT’s Her man Feshbach.28

The new approach shaped the contents of the books 
as well. Between 1949 and 1979, physicists in the United 
States published thirty- three textbooks on quantum me-
chanics aimed at first- year graduate students. Together, 
these books included 6,261 homework problems (includ-
ing, of course, many duplicate problems that appeared in 
several books). Most required students to manipulate the 
equations in the text: make a change of variables in the 
Schrö dinger equation or evaluate various integrals. Only 
about 10 percent of the problems pressed students to go be-
yond the equations, to discuss their calculations in words. 
The pattern alarmed at least some older physicists, who, like 
Oppen heimer, had witnessed the remarkable conceptual 
transformations of quantum theory firsthand. In the early 
1960s, one grumbled that with the spate of new textbooks, 
his colleagues had confused what was “easy to teach”—the 
“technical mathematical aspects of the theory”—with the 
conceptual understanding that students needed most.29

After the enrollments had crashed, however, newer text-
books began to appear, with a markedly different mix of 
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homework problems. For example, Rob ert Eis berg and Rob-
ert Res nick pulled together a draft of their massive book, 
Quantum Physics of Atoms, Molecules, Solids, Nuclei, and Par
ticles, in the early 1970s. By the time their book was pub-
lished in 1974, first- year graduate enrollments in physics—
the population to whom the book was directed—had fallen 
more than 60 percent from their 1960s peak. Eis berg and 
Res nick’s book reflected the new classroom realities. In addi-
tion to hundreds of quantitative problems, akin to the clas-
sics that filled all three editions of Leon ard Schiff’s book, 
Eis berg and Res nick also included long lists of “discussion 
questions” at the end of each chapter. “Does a blackbody 
always appear black? Explain the term blackbody” was one 
early example. “What is the fallacy in the following state-
ment? ‘Since a particle cannot be detected while tunneling 
through a barrier, it is senseless to say that the process actu-
ally happens’”—hearkening back to one of Lothar Nord-
heim’s favorite examples from his course at Duke. In a simi-
lar way, more than half of the homework problems within 
Quantum States of Atoms, Molecules, and Solids (1976), writ-
ten by a trio of physicists at Rice University, were of this 
qualitative, essay- type form.30

: : :

During the early 1950s, a young theoretical physicist at 
Berke ley learned the hard way how bloated class sizes could 
affect research and teaching styles. Having been on the fac-
ulty in Berke ley’s physics department for a year and a half, 
the theorist was let go, not because he was unproductive in 
research or unconscientious in his teaching—the depart-
ment chair insisted that the young professor had performed 
more than adequately at both. Rather, the theorist’s chosen 
research topic fit poorly with the new pedagogical realities. 
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He had focused on rather abstruse points in quantum field 
theory. Though the topic could well prove important—the 
department chair considered it too early to say—it had 
failed an important test. Junior faculty members, the chair 
explained, needed to select research topics for themselves 
that could provide appropriate spin- off projects for their 
graduate students: “subjects that are not trivial, but at the 
same time are not unduly difficult or too time- consuming.” 
Whether or not the young physicist’s research would pan 
out in the long term, “it is not the sort of work that can 
readily be used for Ph.D. theses.” With more than two hun-
dred graduate students enrolled, Berke ley’s physics depart-
ment needed “someone who will be more useful to us.” Only 
recently, in fact, the department chair had fast- tracked the 
promotion case for a different junior faculty member largely 
on the basis of his ability to craft appropriate problems for 
his many graduate students.31

Though few departments swelled as large or as quickly 
as Berke ley’s, most felt the strain of the postwar enrollment 
boom. At nearby Stan ford, physics faculty had prided them-
selves on the small- group intimacy their department could 
offer, compared with the “factory” at Berke ley. During the 
early 1950s, when the incoming cohorts included ten to 
twelve new students each year, Stan ford faculty kept de-
tailed notes on how individual students fared on their oral 
exams, the standard gateway between coursework and dis-
sertation research: “Rather limited knowledge; shy, hesi-
tant in answers; nervous,” for example, or “well composed 
and thinks on his feet.” Yet as the number of incoming stu-
dents rose—soon up to thirty per year by the late 1950s, 
peaking at thirty- seven in 1969—the individualized note- 
taking stopped. The written exams shifted from essays to 
problems to calculate; faculty even flirted with administer-
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ing true- false exams, to keep the burden of grading under 
control.32 Physicists at the University of Illinois, facing 
similar pressures, jokingly called for a “test- ban treaty” in 
1963—between faculty and students rather than the United 
States and Soviet Union—while students there lobbied for a 
“flunk- out shelter.”33

Then the bottom fell out: only eighteen graduate stu-
dents entered Stan ford’s department in 1970, and six-
teen in 1972. Just as suddenly, the department once again 
undertook a sweeping reform of its comprehensive exams, 
restoring “a significant fraction of essay and discussion 
questions.” In September 1972, the revised exam featured 
short- answer or essay questions in 40 percent of the prob-
lems, nearly double the proportion in the previous decade’s 
exams. That same year, the department introduced a new, 
informal seminar on “speculations in physics”—just the 
sort of thing that had cost the young theorist at Berke ley 
his position twenty years earlier.34 Rich ard Feyn man took 
similar advantage of the transformed pedagogical realities 
at Cal tech. He began to offer an informal course known as 
“Physics X,” open to any undergraduates who were eager to 
puzzle through juicy scientific questions. One of my favorite 
photographs shows Feyn man gesturing at the blackboard in 
1976—the suit and tie from his early- 1960s Feyn man Lec
tures days replaced by an open, wide collar—while a handful 
of students look on, some sporting headbands, feet propped 
up on a desk.35

There has never been one “best” way to teach quantum 
mechanics. In particular, the enrollment- driven pragma-
tism, so stark in American physics departments after the 
Second World War, was anything but a “dumbing down.” The 
second and third editions of Leon ard Schiff’s acclaimed text-
book, for example, contained homework problems aimed 
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at entry- level graduate students that would have stumped 
leading physicists only a decade or two earlier. Yet that tre-
mendous accumulation of calculating skill came with some 
unnoticed trade- offs. For every additional calculation of 
baroque complexity that physics students learned to tackle 
during the 1950s and 1960s, they spent correspondingly 
less time puzzling through what those fancy equations 
meant—what they implied about our understanding of the 
quantum world.36 Different ideals—about quantum theory, 
about what it meant to be a physicist—flourished while en-
rollments bulged, and after they went bust.

Figure 8.2. Richard Feynman teaching his informal “Physics X” course at 
Cal tech in 1976. (Source: Photograph by Floyd Clark, courtesy of the Archives, 
California Institute of Technology. Used with permission of the Melanie  
Jackson Agency, LLC.)
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