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Magnetic Resonance Imaging

Water: 42 MHz/Tesla

1.5 Tesla = 63 MHz

3 Tesla = 126 MHz

7 Tesla = 294 MHz









Magnetic Resonance Imaging (MRI)

• # of protons (H2O)

• Magnetic environment

– Tissue structure
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MRI Images with Different 

Contrast Weighting





Two Types of Neuroimaging

• Structural/Anatomical Imaging

• Functional Imaging



Fiber Track Imaging

Angiography

Venography

Anatomy
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•Functional Imaging

–Xenon Computerized Tomography (Xe CT)

–Positron Emission Tomography (PET)

–Single Photon Computed Tomography (SPECT)

–Functional MRI (fMRI)

–Electroencephalography (EEG)

–Magnetoencphalography (MEG)

–Transcranial Magnetic Stimulation (TMS)





Brain Activation

Blood flow and oxygenation

MRI signal





MRI vs. fMRI

MRI fMRI

one image

many images 
(e.g., every 2 sec for 5 mins)

high resolution
(1 mm or less)

low resolution
(1.5 to 4 mm)

…Time
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Alternating Left and Right Finger Tapping 

~ 1992



Alternating Left and Right Finger Tapping 







Topics Studied with fMRI at the NIH

•Epilepsy

•Visual processing

•Mood disorders

•Learning

•Habituation

•Plasticity

•Motor Function

•Auditory processing

•Attention

•Language

•Speech

•Stroke

•Social Interaction

•Development

•Aging

•Genetics



fMRI Setup



A typical day at the MRI scanner
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Complex Finger Movement on the Right Hand
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Reading

Listening







Word stem completion



Presurgical Mapping
Right HandRight FootTumorLeft Foot

fMRI



Haxby et al (2001)











Magnetoencephalography 

(MEG)

Figure 9-1, 9-2, 9-3

pp 370, Orrison

SQUIDs

SQUID:

Superconducting Quantum

Interference Device





Alpha Wave Activity Mapped with MEG



Functional Neuroimaging Techniques

Log Time (sec)

Non-invasive

Invasive



Transcranial Magnetic Stimulation



Transcranial Magnetic Stimulation (TMS)
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