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Fig. 1. Typical examples of RF pulses and its frequency characteristic functions. The relationship between the
RF pulse and the frequency characteristic function is represented by Fourier transform (FT).
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Table. Major properties of Fourier transform
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Fig. 2. Typical FT Relationships between RF pulses and frequency characteristic functions in producing a dual-
band frequency characteristic function. FT transforms multiplication of sinc pulse and cosinusoidal pulse in time-
domain into convolution of unit function and two Dirac functions in frequency domain.
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Fig. 3. Mechanism of chemical shift displacement (CSD). Chemical shift produces displacement of slice position.
Left image shows CSD of water and fat along the z-direction. Right graph shows how CSD is produced by the
chemical shift and slice gradient. The diagonal line is the strength of gradient magnetic field. The displacement is
proportional to the chemical shift and reciprocal to the strength of the slice gradient.
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Fig. 4. Magnetization behavior under excitation of an RF pulse with on-resonance and with oft-

resonance frequencies.
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Fig. 5. Magnetization behavior under irradiation of RF pulses with on-resonance and with off-resonance frequen-
cies. Upper figures show the rectangle pulse case and lower figures show the sinc pulse case. Off resonance pulses
produce nonlinear relationship to the irradiated amplitude and the frequency differences from the magnetic

resonance frequency.
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Fig. 6. Difference between the frequency characteristic function and simulated magnetization profiles after ir-
radiation of the sinc pulse with various flip angles. Larger flip angle produces larger difference in magnetization

profile from the frequency characteristic function.
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Fig. 7. Schematic diagram of Shinnar-Le Roux (SLR) pulse calculation. Target pulse is calculated
by desired digital filter created by polynomials of e,
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Fig. 8. Resultant magnetization profiles after irradiation of sinc pulse, SLR pulse (excitation) and
SLR pulse (inversion). SLR pulse (excitation) shows good profile at flip angle of 90 degree, and
SLR pulse (inversion) shows good profile at flip angle of 180 degree.
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Fig. 9. Magnetization behavior under irradiation of an adiabatic inversion pulse and resultant magnetization pro-
files. The resultant magnetization profiles show that the adiabatic inversion pulse is tolerant to the amplitude of

added RF pulse.
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Magnetic resonance is induced by adding an electromagnetic wave having a certain radio frequen-

cy (RF). RF pulses, of which duration is relatively short, have a fundamental role to observe

biophysical phenomena and to create desired contrast among biophysical tissues by using relaxation,

spatial and spectral excitation or suppression, magnetization transfer, and spin correlation. In order

to understand the mechanism of these observations or contrast creation, it is necessary to understand

the basics of RF pulses. In this review, the basics of RF pulses are explained by two approaches : one

is the frequency characteristic function which is calculated by the Fourier transform of an RF pulse,

and the other is analysis of magnetization using the Bloch equation. Roughly approximated behavior

of the magnetization is explained by the frequency characteristic function, and precise behavior of the

magnetization reflecting non-linear characteristic to an RF pulse is explained by analysis using the

Bloch equation.
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