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A Classical View
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Fig. 1. Characteristics of the classical and the quantum physics
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Fig. 2. A quantum view of macroscopic mag-
netization (u) in a static magnetic field (Ho)
Magnetization always gets the force (F) in a
right-angled direction of both # and Ho. There-
fore 4 exchanges no energy for Ho and con-
tinues to spin.
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Fig. 3. A quantum view of spin in a static magnetic field (Ho)

Degenerated energy level could be split in the presence of Ho (Zeeman
effect). A fractional number of spins in each state (N-/N+) obeys
Boltzmann distribution.

E : Energy level, AE : A subtraction of energy level, N+ : A number of
spins in lower state, N- : A number of spins in upper state, y : magnetic
gyro ratio, A : the reduced Planck constant, % : The Boltzmann constant,
T : A thermodynamic temperature, ¢ : the base of the natural logarithm.
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RN

Fig. 4. Pitfall

a) Results of the quantum theory must not be
included in a classical explanation.

b) Emission could not happen in radio frequen-
cy energy level.

AE : A subtraction of energy level, y : A mag-
netic gyro ratio, % :the reduced Planck con-
stant, Ho:a static magnetic field, RF : Radio
Frequency.
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Understanding the Origin of Magnetic Resonance Signal by Classical
and Quantum Physics

Hiroshi SATO
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Fujishirodai 5—7-1, Suita, Osaka 565-8565

The origin of magnetic resonance (MR) signal can be explained by either classical or quantum the-
ory. Quantum theory provides a precise understanding of nature, whereas classical theory leads to ap-
proximations using easier mathematics that are acceptable to most applications of MR imaging.
Familiarity with quantum theory is not mandatory, but a basic understanding of the limitations of
classical theory is important for most researchers and clinicians involved in MR imaging. This article

attempts to provide a starting point for contrasting quantum and classical theory to understand the
origin of MR signal.
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