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Lecture 12:  RF Pulses - Basics

X. Joe Zhou, Ph.D.

Departments of Neurosurgery and Bioengineering and
Center for Magnetic Resonance
xjzhou@uic.edu

Lectures 12 and 13 RF Pulses 

• Lecture 12 (Oct. 3, 05)
– Review the basics
– A closer look of Bloch 

equation
– Non-linearity of RF pulses
– Flip angle and B1-field
– RF pulse shapes

• Rectangular pulses
• Gaussian pulses
• SINC pulses

– Pulse functions
• Excitation
• Refocusing
• inversion

• Lecture 13 (Oct 5, 05)
– SLR pulses
– Spatial selection and 

saturation
– Spectral selection and 

saturation
– Spatial-spectral selection
– Magnetization Transfer
– Adiabatic pulses

• Excitation
• Inversion
• Refocusing

Reference: Part II, MRI Handbook by Bernstein, King and Zhou, 

Review

• What’s an RF pulse?
• Bloch equation:

• Rotating frame:

• Resonance:

• Bloch equation on resonance:
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Let’s think …

• Can                be always satisfied?

• Can                be always satisfied?

0rfω ω=

0Lamorω ω=
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Consider a “Rectangular Pulse”

Thus,                cannot be always true. Frequency0rfω ω=

What are its frequency components?

RF (or B1) Off-Resonance

Consider a Spin System Subject to a Gradient

Thus,                    cannot be always true. 0Lamorω ω=

projectionH2O

B0 + G•r
time-domain signal

FT

frequency or location

What is ωLamor??

( )0( )Lamor x B Gxω γ= +

B0 Off-Resonance
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Non-linear Response of RF Pulses

• Off-resonance effect causes the Bloch 
equation to have non-linear responses.

• The frequency response of an RF pulse 
cannot be precisely obtained by FT; FT is 
only an approximation.   
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Bloch Equation in the RF Rotating Frame
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Consider an RF Pulse
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Example 3.1.1: A hard RF pulse has a rectangular shaped envelope. Its pulse width is 100µs,
and its flip angle (on-resonance) is 90°. What is its amplitude for proton imaging?

Answer:
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B1-field inhomogeneity

RF Pulse Shapes

• Rectangular (hard) pulse

• Frequency Response
• Hard pulse is commonly used

as non-selective pulse.
• RF un-blanking/blanking
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SINC Pulses

• Truncated SINC and
windowed (Hamming/Hanning)
SINC

α=0.46 for Hamming window,
and 0.5 for Hanning window

• Apodization
• Frequency response

• SINC pulse is commonly used
as selective pulse.
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Gaussian/Fermi Pulses
RF Pulse Shapes
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Tailored Pulse Shapes

• Shinnar-Le Roux Pulses
• Adiabatic Pulses

• …

RF Pulse Functions - Excitation
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Non-linearity in excitation

(figures were taken from “Handbook of MRI Pulse Sequences”)

Inversion
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Saturation Recovery and Inversion Recovery
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Refocusing

(figures were taken from “Handbook of MRI Pulse Sequences”)

during pre-phasing gradient

Asprinter I
•

•
Bsprinter II

(a)

Asprinter I
•

•
B

sprinter II

lane swapping

sprinter II

sprinter I
echo

spin echo

(b)

180 degree refocusing pulse

(figures were taken from “Handbook of MRI Pulse Sequences”)

An Analogy for a Refocusing Pulse


