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The universe is divided into two fundamentally different 
types of particles:
fermions: have half-integer spin: e.g.,  electrons, protons, 

obey exclusion principle

bosons: have integer spin e.g., deuterium, photons, 
obey inclusion principle (which means all particles have
a tendency to jump into the same state)

gives phenomena like lasing, superconductivity, etc. 
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This is the same Boltzmann ratio as the change in air pressure from the
floor of this room to  1 meter above the floor!!
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∆E=hν

down

up

At room temperature
only 0.01 % more in
lowest state than in
highest state

Resonant frequency is RADIO FREQUENCY;
Wavlength is ~ ½ meter, so
Entire sample literally feels oscillating magnetic field.

Einstein pointed out that excited spins are stimulated 
from the high state to low state at same rate as excitation 
upwards.
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Although the there are two quantum “energy levels”:
spin up and spin down, there is a continuous mixture.
The spins are all in superposition states.

The square of the coefficients gives probability to observe in the up state

The lines pointing in all directions give an idea of the proportion of
spin up and spin down for each of the spins.  

An earlier slide shows there is only 0.01% less probability
to be in the high energy state because ∆E<< kT.

Ψtotal = cupΨup + cdownΨdown

c2
up + c2

down = 1

∆E=hν
down

up

Ψup and Ψdown are “orbitals” i.e., wavefunctions for 
the nuclear spin.
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We only observe one or the other of the two energy levels when we measure.

Energy is not absolute: Observing the two spin levels in NMR  means only 1 frequency 
gives resonance, i.e., will transfer energy to the spins 

∆E=hν
down

up

intense pulse of radio freq
in coil perpendicular changes
ratio of up/down from .9999 to 1
Cause coherent motion of the 
0.0001 excess spin up.
So sample magnet points 
horizontally.  Creates signal in
receiver coil (not shown).

Entropy makes sample return to
most probable state (Boltzmann
distribution). Time to do so is 
called the T1 relaxation time. 
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