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Introduction

This work is a continuation of the work [1] on
the methodology of teaching physics in universities.
While the previous article talked about the Olympiad
movement for talented students, this work examines
two common methods of teaching physics to all
students. This paper examines the teaching of
physics in Russian universities in the late 19th —
early 21st centuries, and at the end briefly describes
some pedagogical tools to help the teacher. This
work is based on a lecture given by the author in
2023 at a methodological seminar within the
framework of the project “Pedagogical Workshops
of the Polytechnic University”, which is organized
by the Center for Education Quality at SPbPU [2].

Inductive-historical
physics

There is no point in talking about the
importance of studying physics once again. | will
simply cite two very famous quotes — from Ernest
Rutherford: “All science is either physics or stamp
collection” and the famous mathematician V. L.
Arnold: “Mathematics is a part of physics” [3].

From the point of view of teaching physics in
Russian universities, the discipline "Physics" in the

method of teaching

curriculum was promoted to the group of basic
disciplines at the end of the 19th century. At the end
of the 19th century, reforms were carried out in
Russia and new polytechnic and technological
institutes were opened — in Riga (1862), in Kharkov
(1885), in Tomsk (1896), the Imperial Moscow
Engineering School (1896), in Kyiv (1898), and in
St. Petersburg (1899). Classical physics was taught
in classical universities and these polytechnic
institutes. One of the most famous courses was
taught at St. Petersburg University by a graduate of
this university, Orest Danilovich Khvolson [4], the
author of the fundamental “Physics Course”. This
was a course initially in 3 volumes (the first edition
was published in 1897-1900), then in 4 volumes,
then in 5 volumes (the fifth volume, entitled
“Additional Volume,” was published in 1926 in two
parts). | believe that any university physics teacher
should take this course. The fundamental nature of
this course is demonstrated by the fact that each
volume was about 700-800 pages long. This course
was called “a handbook for every physicist,” and in
1908 Khvolson became a laureate of the Lomonosov
Prize for creating this course. The course went
through several editions, was translated into foreign
languages (German, French, Spanish), was world
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famous and, for example, was highly appreciated by
Einstein. This was a course in classical physics (i.e.
physics before the beginning of the 20th century —
the newest physical concepts were included later in
the “Additional Volume”), with fairly simple
mathematics, and much attention was paid to
experiments. Figure 1 shows a screenshot of a
typical page of Khvolson's course - he has a lot of
diagrams and drawings of experiments in the course.
For example, in the four-volume course (1900-1913)
there were about 1800 drawings. In addition to
Khvolson’s course, there were, of course, less
grandiose courses, for example, courses by Borgman
[5], Mikhelson [6], Lazarev [7], Rozhanskiy [8],
Malinin [9], Tsinger [10], Petrushevskiy [11], but for
a long time Khvolson’s “Physics Course” remained
the main textbook in universities of the Russian
Empire, and then in Soviet universities. Khvolson
wrote: “So, the discovery, study and explanation of
phenomena, these are the three great goals that
physics strives for.” [12].

And such a presentation of the physics course
— an inductive-historical approach to the subject —
was characteristic of that time [13], and not only in
Russia. That is, the mainstream of that time in
teaching physics was to first talk (usually in
historical sequence) about the particular laws of
physics with a detailed description of the
corresponding experiments and phenomena, and
then move on to the general fundamental laws. That
is why this method of teaching is called inductive-
historical or historical-inductive.

Revolutionary changes at the beginning of
the 20th century

But at the beginning of the 20th century,
revolutionary events took place both in the world of
physics and in Russian society.

Quantum mechanics and the theory of relativity
appeared in physics, which completely broke the
generally accepted ideas about the description and
interpretation of physical phenomena. The laws of
quantum physics seemed crazy to many physicists,
even to the founders of the new physics themselves.
Much has been written about this, I will give only a
few very famous quotes from great physicists

dedicated to quantum mechanics — this is a quote
from Einstein, who for a long time could not accept
guantum mechanics “At any rate, I am convinced
that He [God] does not play dice”; the words of Niels
Bohr “Those who are not shocked when they first
come across quantum theory cannot possibly have
understood it”; Max Planck called his work “an act
of desperation”.

There were heated discussions between
representatives of classical and new physics, and, by
the way, SPbPU was one of the arenas of such
discussions in Russia. For example, there was a
heated discussion about the nature of the
electromagnetic field - on one side was academician
Vladimir Fedorovich Mitkevich, he adhered to the
theory of ether, and on the other side was
corresponding member Yakov Ilyich Frenkel - he
denied ether. This discussion lasted almost 10 years.
And there were similar heated discussions on many
issues of new physics, so the question of how to
teach physics in general became very acute.

And the second revolution was the revolution
of 1917. The country's leadership set the task of
creating a complete picture of the social and
technical movement towards building socialism
[14], and new textbooks were needed. There were
pedagogical experiments and educational reforms —
for example, in 1931 a new method was introduced
— the laboratory-team method of teaching [15]. The
class (or group) was divided into teams of 4-6
people. The teacher gave the team a book and a list
of questions to which they had to give a coherent
answer. One student answered for each subject, and
the entire team received grades. The brigade was
headed by a foreman, and he was in contact with the
teacher. This was an attempt to collectivize student
learning and concentrate it in laboratories; the
brigade method pursued a goal that eluded standard
teaching methods: to combine lecturing with
textbook study. However, this method did not live up
to expectations (it did not provide systematic
knowledge), and soon (in 1932) it was cancelled.

The country's leadership set the goal of
educating physicists in the rather harsh conditions of
that time who would be able to conduct research at a
“world level”.
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Fig 1. Page from Khvolson's textbook

Deductive-theoretical method of teaching
physics

And so Frenkel decided to make a textbook on
electrodynamics based on his lectures at SPbPU. He
first published it in Berlin in 1926-1927, and later
(1934-1935) a slightly edited version was published
in Russian. It was, one might say, a revolutionary
textbook for both Russia and Europe, where the
special theory of relativity was chosen as the initial
premise and, for almost the first time, a deductive-
theoretical, rather than an inductive-historical
approach to the subject was proposed. One of the
reviewers of the journal “Nature” wrote that Frenkel

was looking for a way to put an end to the historical
presentation of the doctrine of electricity, which is
natural in the atmosphere of Leningrad. The
deductive-theoretical approach to teaching is
characterized by the presentation of physics from the
general fundamental principles, and the usual
questions of the general physics course are then
considered as special cases of the general theory.
Moreover, the emphasis is placed on the theory.
Figure 2 shows a screenshot of Frenkel's textbook
"Electrodynamics, Volume 1" in Russian, so that the
difference with Khvolson can be seen.
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Fig.2 Page from Frenkel's textbook

And this deductive-theoretical method began to
be used in full force in the so-called “Bible of
theoretical physics” — “The Course of Theoretical
Physics” by Lev Davidovich Landau and his student
Evgeny Mikhailovich Lifshitz. This course was
conceived as a five-volume set at the very end of the
1920s, and turned into a ten-volume set in the 1970s.
This course was conceived by Landau and Matvey
Petrovich Bronshtein (who worked part-time at
SPbPU), and they began working on it together. As
is known, in 1931 Landau had a falling out with loffe
and left for Kharkov, and Landau and Bronstein
worked on the course independently — one in St.
Petersburg, the other in Kharkov. But Bronstein was
arrested in 1937 and shot at the beginning of 1938,
and Landau continued to work on the first volumes
together with Lifshitz and Pyatigorsky.

There is a lot to say about this course, it has
become a standard textbook and has spread its
influence on the teaching of physics at all levels.

Suffice it to say that it has been translated into
dozens of languages, and a total of about a million
copies have been sold (if you count all the copies in
different countries) — which is a record for such a
special textbook. After this course, the mass
transition from inductive-historical to deductive-
theoretical presentation of physics began. To make it
clear how far this course is from any description of
experiments that was accepted in physics courses
before it, we can cite the following fact: in the first
edition of "Statistical Physics" (this is the 5th volume
of the Course, but historically it was this volume that
was published first in 1938 before Landau's arrest)
the only (1) experimental numerical value mentioned
is the Boltzmann constant. That is, for the entire
large volume there is only one reference to an
experimental value, and everything else is one theory
and formulas without any experimental values.
Figure 3 shows a screenshot from the Landau and
Lifshitz Course.
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Fig.3 Landau and Lifshitz Course Page

Landau had somewhat radical views on
teaching. Landau once advised a graduate student
that "one should think less about the basics. The
main thing to master is the technique of work, and an
understanding of the subtleties will come later".
Why he said this — if you think about it, this
statement doesn’t seem so strange. Landau believed
that canonical textbooks created the idea that the
current triumph of science was achieved through the
discovery of first principles, and this is unlikely to
help students correctly prioritize solutions to modern
problems. This attitude, Landau believes, distorts the
role of outstanding people and ‘“foundational”
research, confusing talented students and distracting
them from regular studies and exercises that allow
them to master the subtleties of the craft. If they were
just disciplined enough in their studies, they could
have reached the forefront of science. And one of the
tasks set before Landau was how, under fairly harsh
conditions, to educate at least a handful of
professional theorists who would be able to conduct
research at a “world level”. Landau, by the way,
suggested taking a “theoretical minimum,”
consisting of 9 exams, including mathematical
apparatus (2 exams) and all the main sections of
theoretical physics (the remaining 7). Hundreds of
physicists attempted to pass these exams during
Landau's lifetime, but only 43 of them (during
Landau's lifetime) passed them in full, and of these,

about a dozen were honored to work directly with
Landau for quite a long time. And yet the influence
of this small group of scientists (as well as their own
students) on Soviet and Russian physics was
enormous.

It cannot be denied that in those difficult times
there was also obscurantism of the type like this: on
December 3, 1948, the President of the USSR
Academy of Sciences S. I. Vavilov and the Minister
of Higher Education S. V. Kaftanov sent a letter to
the Central Committee of the All-Union Communist
Party (Bolsheviks) with a request for permission to
convene an All-Union Conference of Heads of
Physics Departments of Universities and Higher
Education Institutions with the participation of the
Physics and Mathematics Department of the
Academy of Sciences. Here is a quote from this
letter: “The USSR Ministry of Higher Education and
the USSR Academy of Sciences believe that there
are serious shortcomings in the teaching of physics
in higher education institutions, as well as in the field
of scientific research. The physics course is taught in
many higher education institutions in complete
isolation from dialectical materialism. Lenin’s
brilliant work “Materialism and Empiriocriticism” is
still far from being fully used by physics teachers in
their presentation of the course... Idealistic
philosophical conclusions from modern theoretical
physics (quantum mechanics and the theory of
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relativity) pose a particularly serious danger to
students...” It's good that in August 1949, the first
Soviet atomic bomb was successfully tested at the
Semipalatinsk test site, and the physicists were left
alone. But it seems that the main problem in teaching
physics was not this attempt to impose a doctrine
from above, but the fact that the physicists
themselves, including the founders of this new
physics, had difficulties in trying to explain this new
physics. It was even more unclear how to teach it.

A very interesting view from the outside (I
mean Western researchers) on the influence of this
course on the teaching of physics throughout the
world is contained in [16]. The author writes that the
Course, more than any other textbook of the second
half of the last century, did more to undermine
traditional ideas about how physical canons are
created. Here is another quote from Landau, showing
that it was important for him to teach the correct
research methods: “The method is more important
than the discovery, because the correct research
method will lead to new, even more valuable
discoveries.” As already noted, it was after this
course that the transition from inductive-historical to
deductive-theoretical presentation of physics began.
Namely, in many textbooks it has become
fashionable to begin the presentation of mechanics
with the theory of relativity, the presentation of
electromagnetism with Maxwell's equations, the
presentation of thermodynamics and statistical
physics with the Gibbs distribution, etc.

Reverse rotation and current state

In the late 60s and 70s, a return to the inductive-
historical approach began and classical textbooks on
general physics were created, which are widely used
and are now used in almost all universities. These are
the textbooks of Dmitry Vasilyevich Sivukhin
(General Course of Physics (in 5 volumes), 1975-
1989), Igor Vladimirovich Savelyev (Course of
General Physics (in 3 volumes (now in 5 volumes)),
1961-1970), lgor Evgenievich Irodov (Course of
Physics (in 5 books), 1975-2001), Alexey
Nikolaevich Matveyev (Course of General Physics
(in 5 volumes), 1976-1989). The years in brackets in
the previous sentence are the years of publication of
the first editions of the corresponding courses - the
years are different, since different volumes were
published for the first time, as a rule, in different
years; between the first editions of the first and last
volumes of the course, as a rule, many years passed
(Savelyev initially had a course in 3 volumes, but
then it also became in five).

Since the early 90s, many physics textbooks
have been published, many of them were published
by local publishers, but their quality, unfortunately,
often left much to be desired. In the 2000s, this
process intensified and the situation worsened [17],
firstly, by the introduction of new Federal State

Educational Standards [18], which led to a decrease
in classroom workload (FSES-3 in particular), and
secondly, the introduction of the Unified State Exam
in schools lowered the level of school preparation
(and in our reality, it is no secret that in many schools
in senior classes teachers are forced to prepare
schoolchildren specifically for passing the Unified
State Exam). Therefore, the issue of teaching physics
in universities became acute. And the Scientific and
Methodological Council for Physics of the Ministry
of Education and Science of the Russian Federation
was created [19]. One of the main goals of the
Council is to examine educational literature and
determine the content of physics courses and courses
on the Concept of Modern Natural Science. The
Council's base university was our SPbPU - i.e. it was
there (but not only there, of course) that both
manuscripts and published manuals were sent for
review by universities and various publishing
houses. One of the main methodologists of this
Council was the deputy head of the physics
department Nikolai Mikhailovich Kozhevnikov. He
has many works on the methodology of teaching
physics, he was an opponent of the deductive-
theoretical method and a supporter of the inductive-
historical approach. The council was formed in
2002, but after the deaths of Alferov and
Kozhevnikov, its activities somehow faded away,
and now it does not exist, but there is the
Coordinating Council for the field of education
"Mathematical and Natural Sciences" [20]. And now
the question of how to teach physics correctly is
again acute.

Conclusion. So which method is better?

So what approach is best to use for teaching
physics at a university? The author's opinion is that
it is best to use a mixed approach that combines the
deductive-theoretical approach with the historical-
inductive approach. In this way, students will gain a
clear understanding of the specifics of physics and
will be able to connect practice with theory. This
approach will help participants in the process to get
more benefit from teaching physics. No matter how
much the author respects Landau, in my opinion, the
level of current first-year students does not allow the
use of the deductive-theoretical method. The author's
experience of giving lectures on general physics at
four universities tells him that, of course, the course
material still needs to be coordinated to some extent
with both the level of the students and the direction
of their training (and even within one university -
SPbPU - the author gave different courses of lectures
on general physics for different areas of study).

Regarding the lectures themselves - what
practices do | personally consider useful? At the very
beginning of the lecture, you need to very briefly, but
remind what was in the previous lecture. Very
useful, in my opinion, are the so-called Rules of the
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American Sergeant: 1) tell the audience what you
want to tell them about — i.e. tell the plan of the
lecture; 2) tell the audience everything that you
wanted to tell them — i.e. actually tell the material of
the lecture; 3) tell the audience what you just told
them about — i.e. sum up at the end. Both in lectures
and in practical classes, it is advisable to try to give
examples of various phenomena whose physical
explanation corresponds to the topic of the classes.
Such examples can be found in many classical
physics textbooks, as well as in various popular
science publications, Internet channels - now there
are many interesting videos on the Internet on
various physical topics. Students should see that
physics is everywhere and explains a lot of
phenomena around us. A mandatory part of lectures
is answering questions - both during the break and
after the end of the lectures, and afterwards (via the
Internet). In general, maintaining regular contact
with students is very important — even though it
sometimes takes a lot of time.

In my opinion, lecture demonstrations play a
very important role in the course. They are used to
visualize physical phenomena and laws and allow
students to understand the concepts more deeply and
apply them to real-life situations. In addition,
demonstrations make the learning process more

Mla Accwctent
W Npenopaearens

interesting and memorable by transferring abstract
concepts into a visual mode. In turn, this helps
students better absorb the material and improve their
understanding of physics. The Physics Department
at SPbPU [21] has a very good demonstration room,
and the author tries to show all the demonstrations of
this room in his lectures. In extreme cases, computer
modeling of some experiment is acceptable (see, for
example, [22]), but physical demonstrations are
always preferable to computer ones.

It is very important to analyze your lectures,
striving to improve your teaching skills. To do this,
you need to record them (audio or video). To reduce
the analysis time, you can avoid watching/listening
to your entire lecture (although this is also very
useful), and use a system for transcribing audio and
video into text, for example [23] (the works [23]-
[28] have been written about the IT infrastructure of
SPbPU that we are creating, which helps to conduct
classes effectively). A very useful tool for teachers
to analyze their own lectures is Teaching Assistant
[29]. This system allows you to create a lesson notes,
calculate  various metrics (distribution  of
conversation, methodological techniques,
sociological techniques, speech rate, emotional
modality), etc. The interface for loading a lesson into
the system is shown in Figure 4.

° Banum Kawesnukos

cm— > Buxon

Fig 4. Teaching Assistant

Training on a VR public speaking simulator is
very useful. SPbPU has a professional development
program that uses such a simulator [30]. The VR
simulator creates a room with listeners, which can be
used to track the dynamics of the speech. Using the
device, you can rehearse a speech, try out a prepared

References:

presentation. The program  evaluates the
performance on criteria such as eye contact and
audience interaction, use of filler words.

The main thing that is very important for a
teacher, in my opinion, is to love his job and be able
to interest the student in his subject.
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