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Physicist improves particle interaction
modeling

April 25 2017

Advanced Classical Electrodynamics
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The cover of Dr. Jentschura’s new book on electrodynamics. Credit: Missouri
University of Science and Technology

Quantum electrodynamics is a lot like baking a cake, and then trying to
take apart the individual ingredients. At least, that is what physicist Dr.
Ulrich Jentschura equates to the process of creating an equation that can
couple particles' and antiparticles' predicted masses at the same time.

"It 1s a little bit like trying to take an already baked cherry cake apart and
separate its ingredients," says Jentschura, a professor of physics at
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Missouri University of Science and Technology. "You can pick the
cherries off the top, but you cannot separate the batter of egg, flour and
sugar."

With funding from the National Science Foundation, Jentschura and his
research team are trying to "take apart" the Dirac equation, which
describes particles and antiparticles simultaneously — antiparticles being
the corresponding antimatter with the same mass and opposite charge of
particles. The magic trick that takes the cake apart is a transformation
devised by two other physicists, Foldy and Wouthuysen, in the 1950s.
However, this trick had never been applied consistently to Dirac
particles within the context of Einstein's formulation of gravitation.

Taking the equation apart, Jentschura and his team were able to show
that particles and corresponding antiparticles couple in just the same
manner to gravitation — meaning that their inertial and gravitational
masses are the same. Provided the Dirac equation holds, particles and
antiparticles must have the same mass and the Einstein equivalence
principle must hold for antimatter. This realization has fundamental
consequences for antimatter experiments currently being done at physics
laboratories around the world.

Jentschura and his team have previously studied quantum
electrodynamic effects in atoms, and obtained theoretical predictions for
energy levels in hydrogen and deuterium, for which Jentschura was
elected a Fellow of the American Physical Society in 2013.

"Quantum electrodynamics provides much more insights than just
quantum mechanics alone," says Jentschura. "It is like trying to do home

repairs without a multi-tool, it just makes the work way easier."

In addition to his research, Jentschura authored a new textbook titled
"Advanced Classical Electrodynamics," which will soon be published by
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World Scientific Publishing. He says he developed the book based on his
experiences with teaching electrodynamics to graduate students.

"The current book we use in the class is an old 1,000-page text that you
need to get through in five months," says Jentschura. "That is too much
for anyone; you could study it for five years instead of months.
Hopefully the new book will ease the class for students, who always rate
the class as one of the most dreaded to go through."
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