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Therefore the time evolution operator
is unitary
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0 If the system has time translation
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then the origin of time coordinate
has no physical significance

Wit t victet

Tilt ti Nlt ta Ultiti

Group law 514 ti ti ti

Nlt e
it It

whentittist

indent Et



IT is called the Hamiltonian

H generates time translations

H measures energy which should be conserved
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Equation

Analog of F mas for QM
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Average energy is conserved But
even more
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i e energyprobabilities conserved too
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0 What if system does not have
time translation symmetry

E.g say your system is not isolated
from outside world so feels some

time dependent force from outside

For example could be an atom
in an external magnetic field

B Blt
that varies with time

Idea for very short times energy
is approximately conserved since
external influence approx constant
over those short times

So should have Schri Eau
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which measures a time varying
energy so no longerconserved

0 Note in case of Alt 0 hard to

integrate
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Look at energy eigen basis
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Conservationtant

If observable A commutes w H it is
conserved
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A result from linear algebra
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Meaning unclear because IT depends
on the observable A
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i Time evolution precession of spin
around direction of B field
with angular frequency wo

This is the same as the classical answer
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H eigenstate energy is conserved

Prob SEE II Alta 1 141471
h eiwotkyfze iw.tk f

I 2teiwotte wot it cos wot

cos WE

Note Time dependent ble SI not conserved
Prob e o I

Oscillates like expected clanical precession

But in probabilistic sense bk QM



54.4 Townsend

Migititingentatmagitiia
BB BBooz BB costa I

f
will be interests
in situation where

YjI trialed

So instantaneous t dependent energy operator

H WoJI t w JI cos w
W Wo EEBo W E É B

since It is t dependent must solve
Schri eyu

EH 14147 41414

Can't use t indy't formula ble energy eigenvectors

now change with time



Write Iz basis
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Approximate analysis of CA
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i e oscillates w frequency WE between
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When we Wo pan through a

resonance peak where spin flips
maximally energy maximally
absorbed

So by measuring energy absorption
get map of resonance peaks
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Values of Wo I IfeBo depend on

g g m of spins For nuclei
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From pattern of Wo's can identify nuclei
From amplitudes deduce concentration a

Reconstruct map of atom types in object


