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168  Prof. Maxwell on the Theory of Molecular Vortices

We have in general, for the force in the direction of z per unit
of volume by the law of equilibrium of stresses*,
(3)

d d a
X—d—z’p"-l- @Pq'*'zp". - .

In this case the expression may be written

dpa dP d(l‘ﬁ) dx
4«-{ ) 4 , B
« + ;:Y) -}-Mj:} e s e v ' e ' (4')

dy __1d , @ el
Remembering that a— +B + Y= 2 da (a®+ 5% 4-47), this
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“Disturbances” in the magnetic medium can
propagate far away from the current
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Testing different separations

“The experiments were carried out in a large lecture room, in
which there were no fixtures for a distance of 12 meters [...]”
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“As the distance from the primary oscillator increases, the length of the sparks diminishes,
at first rapidly but afterwards very slowly.”
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“As the distance from the primary oscillator increases, the length of the sparks diminishes,
at first rapidly but afterwards very slowly.”

“The total force may be split up into the electrostatic part and the
electromagnetic part.”

7
+«~— “Primary
oscillator”
“The experiments were carried out in a large lecture room, in
which there were no fixtures for a distance of 12 meters [...]” ) J
0 -
\s‘2m N i \‘0 -:a-

21



Testing different separations

“As the distance from the primary oscillator increases, the length of the sparks diminishes,
at first rapidly but afterwards very slowly.”

“The total force may be split up into the electrostatic part and the
electromagnetic part.”

“There is no doubt that at short distances the former, at greater distances the
latter, preponderates and settles the direction of the total force.”

7L
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“For let us suppose that a vertical wave of electric force proceeds
towards the wall, it is reflected with slightly diminished intensity,
and so gives rise to stationary waves.”
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Making the waves visible

“For let us suppose that a vertical wave of electric force proceeds
towards the wall, it is reflected with slightly diminished intensity,
and so gives rise to stationary waves.”

Locations where sparking occurs make the “electric wave” visible!
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Making the waves visible

“For let us suppose that a vertical wave of electric force proceeds
towards the wall, it is reflected with slightly diminished intensity,
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and so gives rise

Lc

1887:

“In optics and acoustics these experiments count as
arguments in favor of the wave-nature of light and
sound; and so the phenomena here described may be
regarded as arguments in favor of the propagation of
an electric oscillation by wave-motion.”
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Electromagnetic waves exist!
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“It's of no use whatsoever ... this is just an experiment that proves Maestro
Maxwell was right—we just have these mysterious electromagnetic waves
that we cannot see with the naked eye. But they are there.”



Guglielmo Marconi

Self-taught inventor and engineer
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Guglielmo Marconi

Self-taught inventor and engineer

His middle school teacher:
“It is necessary to improve your
pronunciation of Italian,
my dear boy [...]”

Vincenzo Rosa
(At Livorno)

At their family residence
at Villa Grifone

Augusto Righi
(At Bologna)
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“At my home near Bologna, in Italy, |
commenced early in 1895 to carry out
tests and experiments with the object of
determining whether it would be possible
by means of Hertzian waves to transmit to
a distance telegraphic signs and symbols
without the aid of connecting wires.”
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Seeing opportunity where others did not

“At my home near Bologna, in Italy, |
commenced early in 1895 to carry out
tests and experiments with the object of
determining whether it would be possible
by means of Hertzian waves to transmit to
a distance telegraphic signs and symbols
without the aid of connecting wires.”

“My first tests were carried out with an
ordinary Hertz oscillator [...]”

“With such apparatus | was able to
telegraph up to a distance of about half a
mile.”
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Marconi’s “coherer” receiver

Metal /

contacts

Metal
filings

Fast oscillations of “Hertzian waves” makes
coherer conducting to non-oscillating currents
(“direct current”)

“The coherer was publicized as wonderful, and
it was wonderfully erratic and bad. It would not
work when it should, and it worked overtime
when it should not have.”
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“In August 1895 | discovered a new
arrangement which not only greatly
Increased the distance over which | could
communicate ...”
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The first transmission stations

“... but also seemed to make the
transmission independent from the
effects of intervening obstacles.”

“In August 1895 | discovered a new
arrangement which not only greatly
Increased the distance over which | could

communicate ...”
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Scaling up

“The distance of communication was extended to 4 miles in March 1897 ...”

114

... and in May of the same year to 9 miles.”
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Bridging the English Channel

“After numerous tests and demonstrations,
communication was established for the first
time across the English Channel between
England and France in March 1899.”
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Transatlantic wireless telegraphy

December 12, 1901

Only 43 years after the first
transatlantic cable!
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Transatlantic wireless telegraphy

December 12, 1901

Only 43 years after the first
transatlantic cable!

Poldhu Wireless Station, England
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Transatlantic wireless telegraphy

December 12, 1901

Only 43 years after the first
transatlantic cable!

St. John’s, Newfoundland
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Pearl Street Station, New York City,
Edison llluminating Company
1880-1901
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Q& US Patent: “Construction and Operation of a Simple
Homemade Radio Receiving Outfit”
“Crystal receiver”, 1920
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And the rest Is history

% US Patent: “Construction and Operation of a Simple
Homemade Radio Receiving Outfit”

“Crystal receiver”, 1920
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But what /s the nature of electricity?

34



But what /s the nature of electricity?

Is this all there is to it?
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Back to Michael Faraday

Magnetic “lines of force”
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Electrical sparks

“If two conducting surfaces in opposite states of
electricity are brought nearer to each other, a spark
at last appears.”

—Pa:/g'-—

[source]
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at last appears.” [source]

“Some results obtained with brass balls
were exceedingly interesting.”
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Electrical sparks
“If two conducting surfaces in opposite states of
electricity are brought nearer to each other, a spark -!!a;/g-—
at last appears.” isourcel

“The discharge is from the end of the rod outwards, in
diverging lines towards the distant conductors, as the

“Some results obtained with brass balls
were exceedingly interesting.”

walls of the room, etc.”
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1838

“Rarefaction of the air wonderfully favors
the glow phenomena.”

“A brass ball, being made positively electric in an air
pump receiver could be covered all over with this light.”

Frg. 19.

“When two balls were used in a large air e, |
pump receiver, with the rarefaction high, e
the dark space appeared.”
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John Peter (Gassiot takes over

Wine merchant, amateur scientist

Glass vessel

To
air pump
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Plasma etching
(“How can you print on plastic?”)
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Plasma physics today

[source]

Plasma thruster Plasma etching
(communications satellites, space probes) (“How can you print on plastic?”)

Plasma cutting

Fusion plasma
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Magnetic deflection (1878)

“The path of the ray traces itself in a straight line when the

magnet is absent, and curved when the magnet is present.”
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The kinetic theory of heat ...

Kinetic theory (early 1800s)

“Heat is a rapid internal tremor of the
small particles of the heated bodies.”

|
g
TC
Heat from electricity ] —
< M= Lo
- i e
l Heat from friction T

James Joule, 1849:

“Heat is simply
a mechanical effect,
not a substance.”
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... and molecular rays

William Crookes, 1878:

“The modern idea of the gaseous state of matter is that
there are millions of millions of molecules in rapid motion
in all directions, each having millions of encounters in a
second.”
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... and molecular rays

William Crookes, 1878:

“The modern idea of the gaseous state of matter is that v ?
there are millions of millions of molecules in rapid motion Ko~

in all directions, each having millions of encounters in a ¥ %9
second.”

Crookes got it wrong!

(What’s the connection
with electricity?)

To pump

“By great rarefaction the hits become negligible in comparison to the misses.

7

“The average molecule is allowed to obey its own motions without interference;

the properties with constitute gaiety are reduced to a minimum.

— Molecules move in straight lines at low pressures

7
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Rontgen’s experiments

“A discharge from a large induction coil is passed through
a well-exhausted Crookes’ tube.”

To pump
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Rontgen’s experiments

“A discharge from a large induction coil is passed through
a well-exhausted Crookes’ tube.”

“The tube is surrounded by a fairly close-fitting shield of black paper.”

To pump

“Paper covered on one side with barium platinocyanide was brought near the tube.”

47



Barium platinocyanide?!

Very common material, used by Crookes
and others in lecture demonstrations

>

Crookes’ tube containing fluorescent materials I
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“A new kind of rays” (1895
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“A new kind of rays” (1895

“The moment the current passed, the paper began to glow.”

“A yellowish-green light spread all over its surface in clouds, waves, and flashes.
The luminescence trembled, wavered, and floated over the paper,
in rhythm with the snapping of the discharge.”

To pump

“It is seen that some agent is capable of penetrating black cardboard which is
quite opaque to ultra-violet light, sunlight, or arc light.”
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“A new kind of rays” (1895

“It is therefore of interest to investigate how far other bodies can be penetrated
by the same agent.”

“For example, paper is very transparent.”

To pump
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“A new kind of rays” (1895

“It is therefore of interest to investigate how far other bodies can be penetrated
by the same agent.”

“A piece of sheet aluminum, 15 mm thick, still allowed the X-rays
(as | will call the rays, for the sake of brevity) to pass, but greatly reduced the fluorescence.”
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“If the hand be held before the fluorescent screen, the shadow shows the bones darkly,
with only faint outlines of the surrounding tissues.”
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A world-changing discovery

(Airport) security

Materials science,
crystallography

Medicine

But what about the nature of electricity!?!
People still didn’t know what the “molecular rays” or “cathode rays” consist of!
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Joseph John Thomson

1882: Prize-winning
Master’s thesis

ON THE MOTION OF VORTEX RINGS.

§1. THE theory that the pi'operties of bodies may be
explained by supposing matter to be collections of vortex lines in
a perfect fluid filling the universe has made the subject of vortex
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Magnets deflect X m

1897:

“As the cathode rays are deflected by an electrostatic force

as Iif they were negatively electrified

and are acted on by a magnetic force in just the way in which
this force would act on a negatively electrified body moving

along the path of these rays,

| can see no escape from the conclusion that they are
charges of negative electricity carried by particles of matter.”

Electricity is carried by particles!!
(There is a “smallest amount” of electricity.)

Today, we call this “particle of electricity” the “electron”.
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Or matter in a still finer state of subdivision?
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Thomson:

An electric current is a stream of

negatively charged electrons moving
In the same direction



What is a table?

63



What is a table?



What is a table?

The Oxford English Dictionary:

A piece of furniture with a flat top and one or more
legs, providing a level surface on which objects may
be placed, and that can be used for such purposes
as eating, writing, working, or playing games

63



What is a table?

The Oxford English Dictionary:

A piece of furniture with a flat top and one or more
legs, providing a level surface on which objects may
be placed, and that can be used for such purposes
as eating, writing, working, or playing games

63



What is a table?

The Oxford English Dictionary:

A piece of furniture with a flat top and one or more
legs, providing a level surface on which objects may
be placed, and that can be used for such purposes
as eating, writing, working, or playing games

63



What is a table?

The Oxford English Dictionary:

A piece of furniture with a flat top and one or more
legs, providing a level surface on which objects may
be placed, and that can be used for such purposes
as eating, writing, working, or playing games

63



What is a table?

The Oxford English Dictionary:

A piece of furniture with a flat top and one or more
legs, providing a level surface on which objects may
be placed, and that can be used for such purposes
as eating, writing, working, or playing games

T L
Ot 13
HER S




What is a table?

The Oxford English Dictionary:

A piece of furniture with a flat top and one or more
legs, providing a level surface on which objects may
be placed, and that can be used for such purposes
as eating, writing, working, or playing games




What is a table?

The Oxford English Dictionary:

A piece of furniture with a flat top and one or more
legs, providing a level surface on which objects may
be placed, and that can be used for such purposes
as eating, writing, working, or playing games

- EETa
. ~—~

-
-
.
~

.
.

.
-~

.
.
g
g
g
Q
L]
]
L]
L]
-
-
.
.
.
.
.
.

.

-~

.
.
e ———



What is a table?

The Oxford English Dictionary:

A piece of furniture with a flat top and one or more
legs, providing a level surface on which objects may
be placed, and that can be used for such purposes
as eating, writing, working, or playing games

- EETa
. ~—~

-
-
.
~

.
.

.
-~

.
.
g
g
g
Q
L]
]
L]
L]
-
-
.
.
.
.
.
.

.

-~

.
.
e ———



What is a table?

The Oxford English Dictionary:

A piece of furniture with a flat top and one or more
legs, providing a level surface on which objects may
be placed, and that can be used for such purposes
as eating, writing, working, or playing games




What is a table?

The Oxford English Dictionary:

A piece of furniture with a flat top and one or more
legs, providing a level surface on which objects may
be placed, and that can be used for such purposes
as eating, writing, working, or playing games

.
.
.
L]
]
»
o
.
.
.
P
e

* * !
* .
0. ) - k .
. i d .
V1 i ; . o
;
‘e ! P ‘ N
T L Y y as® o !
au ¥ . . ¥
L4 [
. 'l 'O :'
neutrino . . o B
~-~ ------- 'l "_— ;.
RRTSU R LT P L H
Tl i
RAER '
. Sy '
V fooT -
. ~. '
M ) . .. '
'I e L]
~ .
Muon ; |
i [y 3 ~~"~ 5
\/e neutrino S .. ‘
Al S A}
’ ~
Electron Electron i |
. .
” ..
.

neutrino

~en
=



What is a table?

The Oxford English Dictionary:

A piece of furniture with a flat top and one or more
legs, providing a level surface on which objects may
be placed, and that can be used for such purposes
as eating, writing, working, or playing games

.
.
.
L]
]
»
o
.
.
.
P
e

* * !
* .
0. ) - k .
. i d .
V1 i ; . o
;
‘e ! P ‘ N
T L Y y as® o !
au ¥ . . ¥
L4 [
. 'l 'O :'
neutrino . . o B
~-~ ------- 'l "_— ;.
RRTSU R LT P L H
Tl i
RAER '
. Sy '
V fooT -
. ~. '
M ) . .. '
'I e L]
~ .
Muon ; |
i [y 3 ~~"~ 5
\/e neutrino S .. ‘
Al S A}
’ ~
Electron Electron i |
. .
” ..
.

neutrino

~en
=



What Is the
nature of electricity?



nature of electric







(My) references

1.

9.

W. Crookes, “The Bakeries Lecture: On the lllumination of Lines of Molecular Pressure, and
the Trajectory of Molecules” (1878)

J. J. Thomson, “Recent Researches in Electricity And Magnetism”, Clarendon Press (1893)

D. D. Patton, “Roentgen and the ‘New Light’—Roentgen’s Moment of Discovery”,
Investigative Radiology 28, 10, 954 —961 (1993)

M. Sekiya, M. Yamasaki, “Antoine Henri Becquerel: A scientist who endeavored to discover
natural radioactivity”, Radiol. Phys. Technol. 8, 1—3 (2015)

F. W. Aston, “Isotopes”, Edward Arnold & Co (1922)

J. L. Heilbron, “Ernest Rutherford And the Explosion of Atoms”, Oxford University Press
(2003)

H. E. Roscoe, A. Harden, “A New View of the Origin of Dalton’s Atomic Theory; A
Contribution to Chemical History”, Macmillan And Co. (1896)

D. N. Schwartz, “The Last Man Who Knew Everything: The Life and Times of Enrico Fermi,
Father of th the Nuclear Age”, Basic Books (2017)

A. Wattenberg, “The Birth of the Nuclear Age”, Physics Today 46, 44 —51 (1993)

10. L. Woods, “The Uranium people”, Crane, Russia (1979)

66



