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Nuclear Magnetic Resonance

gp = 5.58

f=egp/(2mp)/2𝞹 = 42.6 Mhz/T

independently by Stern, Rabi (1934)

basic idea: pulse @ f flips spin, observe relaxation echo
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NMR basics
https://www2.chemistry.msu.edu/faculty/reusch/VirtTxtJml/Spectrpy/nmr/

nmr1.htm

2

https://www2.chemistry.msu.edu/faculty/reusch/VirtTxtJml/Spectrpy/nmr/nmr1.htm
https://www2.chemistry.msu.edu/faculty/reusch/VirtTxtJml/Spectrpy/nmr/nmr1.htm


Physics 491 Friday feature Fall 2022, M. Gold

https://mriquestions.com/liver-sup1h-mrs.html



Physics 491 Friday feature Fall 2022, M. Gold

http://fmri.ucsd.edu/Research/whatisfmri.html

http://fmri.ucsd.edu/Research/whatisfmri.html
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>blood flow >venous O2 
⇒no (contrasting) dark lines. 

Ogawa, Lee, Kay and Tank (1990) Bell Labs

http://www.pnas.org/content/87/24/9868.full.pdf

blood oxygenation level dependent effect  
(BOLD)  

used C02 to  >blood flow 

http://www.pnas.org/content/87/24/9868.full.pdf
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fMRI Functional NMR
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fMRI 

HEM-0  oxygenated, diamagnetic, > signal
HEM de-oxygenated, paramagnetic >susceptibility <signal  

inactive brain tissue: less flow, < signal (dark)

oxy de-oxy de-oxy

active brain tissue: greater flow, > signal (bright)

oxy oxy de-oxy

diamagnetism— induced currents oppose magnetic field < reducing local field

 paramagnetism— dipoles align with magnetic field, > local field; proton phase 
dispersion reduces signal  

Δ(signal) ~1%
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http://fmri.ucsd.edu/Research/whatisfmri.html
What is fMRI ?

http://fmri.ucsd.edu/Research/whatisfmri.html
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http://fmri.ucsd.edu/Research/whatisfmri.html

http://fmri.ucsd.edu/Research/whatisfmri.html
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Dr. Victor Acosta (panda)	

Magnetic resonance spectroscopy on a nanostructured diamond chip	

Abstract:	 
Our	lab	is	developing	a	diamond-chip-based	pla5orm	for	determining	composi8on,	structure,	and	func8on	of	trace	
biochemical	analytes	via	nuclear	magne8c	resonance	(NMR),	nuclear	quadrupole	resonance	(NQR),	and	electron	
paramagne8c	resonance	(EPR)	spectroscopies.	The	pla5orm	consists	of	a	nanostructured	diamond	chip	doped	with	
Nitrogen-Vacancy	(NV)	color	centers	and	uses	non-induc8ve	op8cal	detec8on	and	high-aspect-ra8o	nanogra8ngs	to	
enhance	sensi8vity	in	a	wide	range	of	magne8c	fields	and	at	ambient	temperature.	We	have	recently	demonstrated	
solu8on-state	NMR,	NQR	detec8on	of	thin	films,	and	EPR	detec8on	of	external	spins	with	this	pla5orm.		

Q. How many  neurons in the brain?

And as long as we are talking about the human brain, 
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https://mitpress.mit.edu/books/brain-soup

A.  from counting in soup, 86 billion

https://mitpress.mit.edu/books/brain-soup

