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Nuclei observable by NMR



Why some nuclei have no spin ? The proton is composed of 3 quarks stuck together by gluons



12C
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Mass number
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Spin quantum number



0



1/2
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Atomic number



Why some nuclei have no spin ? Isotopes with odd mass number (1H, 13C, 15N, 19F, 31P) S = 1/2, 3/2 … Isotopes with even mass number Number of protons and neutron even S=0 Number of protons and neutron odd S=1, 2, 3 …



Larmor frequency



Laboratory reference frame



Rotating reference frame at frequency ω



Bloch equations without relaxation B0 static magnetic field M macroscopic magnetization ∧Cross-product B1 r.f. magnetic field



Bloch equations with relaxation 90º pulse



Magnetization in the XY plane Precession around B0 Recovery to the equilibrium state ?



Longitudinal magnetization  Spin-lattice relaxation



Transverse magnetization 



T1



Thermal motion ⇒ Fluctuating magnetic field



Precession in a fluctuating magnetic field Non isotropic motion Magnetization ⇒ Thermal equilibrium



Bloch equations with relaxation 90º pulse



Magnetization in the XY plane Precession around B0 Recovery to the equilibrium state ?



Longitudinal magnetization 



Transverse magnetization 



Bloch equations with relaxation 90º pulse



Magnetization in the XY plane Precession around B0 Recovery to the equilibrium state ?



Longitudinal magnetization 



Transverse magnetization  Spin-spin relaxation



T2



The individual magnetic dipoles all have slightly different precession frequencies  True T2 relaxation  B0 inhomogeneity Precession in the transverse plane



Bloch equations with relaxation 90º pulse



Magnetization in the XY plane Precession around B0 Recovery to the equilibrium state ?



Longitudinal magnetization 



Transverse magnetization 



Bloch equations with relaxation 90º pulse



Magnetization in the XY plane Precession around B0 Recovery to the equilibrium state ?



Longitudinal magnetization 



Transverse magnetization 



Bloch equations with relaxation 90º pulse



Magnetization in the XY plane Precession around B0 Recovery to the equilibrium state ?



Longitudinal magnetization 



Subtitution



Incorporation of T1 and T2 relaxation times



Transverse magnetization 



Bloch equations with relaxation 90º pulse



Magnetization in the XY plane Precession around B0 Recovery to the equilibrium state ?



Longitudinal magnetization 



Transverse magnetization 



Bloch equations with relaxation 90º pulse



Magnetization in the XY plane Precession around B0 Recovery to the equilibrium state ?



Longitudinal magnetization 



Transverse magnetization 



Bloch equations with relaxation 90º pulse



Magnetization in the XY plane Precession around B0 Recovery to the equilibrium state ?



Longitudinal magnetization 



Longitudinal and transverse relaxation mechanisms are independent



Transverse magnetization 



Bloch equations with relaxation 90º pulse



Magnetization in the XY plane Precession around B0 Recovery to the equilibrium state ?



Longitudinal magnetization 



Transverse magnetization 



Bloch equations with relaxation 90º pulse



Magnetization in the XY plane Precession around B0 Recovery to the equilibrium state ?



Longitudinal magnetization 



rf pulses connect the z axis with the transverse xy plane



Transverse magnetization 



Longitudinal and transverse magnetization



Thermal equilibrium Longitudinal magnetization



Longitudinal and transverse magnetization



Thermal equilibrium Longitudinal magnetization



At room temperature «



1



Longitudinal and transverse magnetization



Thermal equilibrium Longitudinal magnetization



At room temperature «



1



Longitudinal and transverse magnetization



Thermal equilibrium Longitudinal magnetization



Transverse magnetization At room temperature « 1 Coherence



Bloch equations with relaxation What are the limitations of the Bloch equations?



Bloch equations with relaxation What are the limitations of the Bloch equations?



Planes : no collision



Bloch equations with relaxation What are the limitations of the Bloch equations?



Planes : no collision



Cars : collision



The limitations of the Bloch equations Suitable dimensionality for description
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I y x Ix, Iy, Ix, N



The limitations of the Bloch equations Suitable dimensionality for description



z



I y x Ix, Iy, Ix, N



number of spins



The limitations of the Bloch equations Suitable dimensionality for description



z



I y x Ix, Iy, Ix, N



number of spins



Vector



Transformation



The limitations of the Bloch equations Suitable dimensionality for description



z



I y x Ix, Iy, Ix, N



number of spins



The limitations of the Bloch equations Suitable dimensionality for description



z



z



S



I y



y



x



x Ix, Iy, Ix, N



number of spins



Sx, Sy, Sx, N



The limitations of the Bloch equations Suitable dimensionality for description



z



z



S



I y



y



x



x Ix, Iy, Ix, N



number of spins



Sx, Sy, Sx, N



Additional terms if I and S interact



The limitations of the Bloch equations Suitable dimensionality for description z I
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The limitations of the Bloch equations Suitable dimensionality for description z I



y



x Ix, Iy, Ix, N z y



S x Sx, Sy, Sx, N



Vector 16 terms



The limitations of the Bloch equations Suitable dimensionality for description z I



y



x Ix, Iy, Ix, N z y



S x Sx, Sy, Sx, N



Vector



Transformation



16 terms



16x16 terms



Basic Quantum Mechanics Operator



Performs some operation on a function



Ex: Dx derivative operator Ex: 1 unity operator



1f(x) = f(x)



The effect of consecutive operations may depends on their order



Commutation Drive straight for 100 m



Drive straight for 50 m



Turn left



Turn left



Drive straight for 50 m



Drive straight for 100 m



B{A( f(x) )}



? =



A{B( f(x) )}



Commutator



[A,B] = AB - BA



Basic Quantum Mechanics Matrix representation of operators !! The matrix representation depend on the basis Product of two operators A.B Usual law for matrix multiplication



Inverse



Adjoint



Hermitian operator A = A†



AB = AB = 1



Aij = Bji*



A = B–1



A = B†



Unitary operator A–1 = A†



Basic Quantum Mechanics Eigenvalues Change of basis



Diagonal matrix



A |νi> = λi |νi> Operator Eigenvector



Eigenvalue ( complex number)



Basic Quantum Mechanics Eigenvalues Change of basis



Diagonal matrix



A |νi> = λi |νi> Operator



Eigenvalue ( complex number)



Eigenvector



Orthogonal eigenvectors



Real eigenvalues



Hermitian operator A = A†



Basic Quantum Mechanics Eigenvalues Change of basis



Diagonal matrix



A |νi> = λi |νi> Operator



Eigenvalue ( complex number)



Eigenvector



If [A,B] = 0 i.e. A and B commute ∃ Basis such that A and B diagonal



Orthogonal eigenvectors



Real eigenvalues



Hermitian operator A = A†



Basic Quantum Mechanics Exponential operators  Power of operators A0 = 1



A1 =A



A2 =AA



A3 =AAA



Basic Quantum Mechanics Exponential operators  Power of operators A0 = 1



A1 =A



As [A,A]=0



A2 =AA



A3 =AAA



A |νi> = λi |νi>



An |νi> = λin |νi>



All power of an operator have the same eigenvector



Basic Quantum Mechanics Exponential operators  Power of operators A0 = 1



A1 =A



A2 =AA



A3 =AAA



Basic Quantum Mechanics Exponential operators  Power of operators A0 = 1



A1 =A



A2 =AA



A3 =AAA



 Exponential of operators For ordinary numbers For operators



!



exp(A+B) = exp(A) . exp(B) only if [A,B]=0



Basic Quantum Mechanics Exponential operators  Power of operators A0 = 1



A1 =A



A2 =AA



 Exponential of operators For ordinary numbers For operators



A3 =AAA



Basic Quantum Mechanics Exponential operators  Power of operators A0 = 1



A1 =A



A2 =AA



A3 =AAA



 Exponential of operators For ordinary numbers For operators  Complex exponential of operators For operators



A hermitian



A = A†



E unitary



E–1 = E†



Basic Quantum Mechanics Cyclic commutation [A, B] = iC



 Definition



[B, C] = iA



[C, A] = iB



Rotation angle



 Sandwich formula



exp (-iθA) B exp (iθA) = B cos θ + C sin θ Cyclic permutation



B A C



Basic Quantum Mechanics Cyclic commutation



exp (-iθA) B exp (iθA) = B cos θ + C sin θ



 Rotation around the 3 axes



B A C exp (-iθC) A exp (iθC) = A cos θ + B sin θ



exp (-iθB) C exp (iθB) = C cos θ + A sin θ



Liouville-von Neumann equation Classical description



Magnetic field



Magnetization



Liouville-von Neumann equation Classical description



Magnetic field



Magnetization



Quantum description



Density matrix



Hamiltonian



Liouville-von Neumann equation Classical description



Magnetic field



Quantum description



Magnetization



Density matrix



E |β> |α>



Hamiltonian



Liouville-von Neumann equation Classical description



Magnetic field



Quantum description



Magnetization



Single 1/2 spin particle |ψ> = cα |α> + cβ |β>



Density matrix



E |β> |α>



Superposition state Quantum indeterminacy



Hamiltonian



Liouville-von Neumann equation Classical description



Magnetic field



Quantum description



Magnetization



Single 1/2 spin particle |ψ> = cα |α> + cβ |β>



Density matrix



Ensemble of 1/2 spin particles



E |β> |α>



Superposition state Quantum indeterminacy



Hamiltonian



Density matrix



Ensemble average



Liouville-von Neumann equation Quantum description



Density matrix



Hamiltonian



Liouville-von Neumann equation Hamiltonian:



Quantum description



Time-independent part Static magnetic field B0 Scalar coupling



Time-dependent part Radiofrequency field B1 (pulses)



Density matrix



Hamiltonian



Liouville-von Neumann equation Hamiltonian:



Quantum description



Time-independent part Static magnetic field B0 Scalar coupling



Time-dependent part Radiofrequency field B1 (pulses)



Density matrix



Hamiltonian



Rotating frame



σr = U σ U-1 Transformation that render the pulse Hamiltonian time-independent ?



Rotating frame



Rotating frame



σr = U σ U-1
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Matrix representation of the spin operators We use the |α> and |β> states of the spin as a basis



E |β> |α>



Matrix representation of the spin operators We use the |α> and |β> states of the spin as a basis



E |β> |α>



Matrix representation of the spin operators We use the |α> and |β> states of the spin as a basis



E |β> |α>



The spin operators satisfy the commutation relation



[Ix,Iy] = i Iz



Matrix representation of the spin operators We use the |α> and |β> states of the spin as a basis



E |β> |α>



The spin operators satisfy the commutation relation



[Ix,Iy] = i Iz



Matrix representation of the spin operators We use the |α> and |β> states of the spin as a basis



E |β> |α>



The spin operators satisfy the commutation relation



[Ix,Iy] = i Iz



Matrix representation of the spin operators



Matrix representation of the spin operators



The transverse coherence has a phase !



Matrix representation of the spin operators Bras / Kets Bra notation (1×2 vectors)



Ket notation (2×1 vectors)



Matrix representation of the spin operators Bras / Kets



Operator (square matrix)



Bra notation (1×2 vectors)



Before Ket notation (2×1 vectors)



After



Matrix representation of the spin operators Bras / Kets



Operator (square matrix)



Bra notation (1×2 vectors)



Before Ket notation (2×1 vectors)



Bra ← adjoint → Ket



} †



After



Matrix representation of the spin operators Bras / Kets



Operator Orthonormal basis (square matrix)



Bra notation (1×2 vectors)



Before Ket notation (2×1 vectors)



Bra ← adjoint → Ket



} †



After



Matrix representation of the spin operators Bras / Kets



Operator Orthonormal basis (square matrix)



After



Bra notation (1×2 vectors)



Before Ket notation (2×1 vectors)



Bra ← adjoint → Ket



} †



Matrix representation using different basis sets can be interconverted using unitary transformation



Multispin systems Bloch model



Strictly applicable only to a system of non-interacting spins



Quantum mechanics



Direct product space The two spins are independent



|ψ> = |ψ1> ⊗ |ψ2> basis vector for spin #1



Nb of basis vectors = 2N Spins



1



2



3



Basis size



2



4



8



basis vector for spin #2



Multispin systems |ψ> = |ψ1> ⊗ |ψ2> Operators



Multispin systems |ψ> = |ψ1> ⊗ |ψ2> Operators Incorrect !



Multispin systems |ψ> = |ψ1> ⊗ |ψ2> Operators



Multispin systems |ψ> = |ψ1> ⊗ |ψ2> Operators



Multispin systems |ψ> = |ψ1> ⊗ |ψ2> Operators
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Multispin systems |ψ> = |ψ1> ⊗ |ψ2> Operators



Multispin systems |ψ> = |ψ1> ⊗ |ψ2> Operators



Multispin systems |ψ> = |ψ1> ⊗ |ψ2> Operators



Multispin systems |ψ> = |ψ1> ⊗ |ψ2> Operators Incorrect !



2×2 Dimension



4×4



Multispin systems |ψ> = |ψ1> ⊗ |ψ2> Operators



AB|ij> = (A⊗B)(|i> ⊗ |j> ) = A |i> ⊗B|j>



Multispin systems |ψ> = |ψ1> ⊗ |ψ2> Operators Product operator



AB|ij> = (A⊗B)(|i> ⊗ |j> ) = A |i> ⊗B|j> A is an operator that acts on the i spin B is an operator that acts on the j spin AB= (A⊗B) = (A⊗E) (E⊗B)



Multispin systems |ψ> = |ψ1> ⊗ |ψ2> AB|ij> = (A⊗B)(|i> ⊗ |j> ) = A |i> ⊗B|j>



Operators Product operator



Ex:



A is an operator that acts on the i spin B is an operator that acts on the j spin AB= (A⊗B) = (A⊗E) (E⊗B)



Iz|αβ> = (Iz ⊗E)(|α> ⊗ |β> ) = Iz |α> ⊗E|β> = 1/2 |α> ⊗ |β> = 1/2 | αβ >



Iz|αβ> = 1/2 |αβ>



Multispin systems |ψ> = |ψ1> ⊗ |ψ2> AB|ij> = (A⊗B)(|i> ⊗ |j> ) = A |i> ⊗B|j>



Operators



A is an operator that acts on the i spin B is an operator that acts on the j spin AB= (A⊗B) = (A⊗E) (E⊗B)



Product operator



Ex:



Iz|αβ> = (Iz ⊗E)(|α> ⊗ |β> ) = Iz |α> ⊗E|β> = 1/2 |α> ⊗ |β> = 1/2 | αβ >



Iz|αβ> = 1/2 |αβ> Iz Sz| αβ > = (Iz ⊗ Sz)(|α> ⊗ |β> ) = Iz |α> ⊗ Sz |β > = 1/2 |α> ⊗ –1/2 |β> = –1/4 | αβ >



Iz Sz| αβ > = –1/4 | αβ >



Multispin systems - product operators Spectrum of a AX spin system



Multispin systems - product operators Spectrum of a AX spin system



Thermal equilibrium populations



Product operators - coherence /population Populations Az



AzXz



Xz



Product operators - coherence /population ±1 Quantum coherence |ββ>



|ββ> |αβ>



|βα>



|αα>



|ββ>



|ββ> |αβ>



|αα>



Xx



Ay



Xy



|αβ>



|βα>



|αα>



|βα>



Ax



|αβ>



|βα> |αα>



Product operators - coherence /population 0 / 2 Quantum coherence |ββ>



|ββ>



AxXy AxXx |αβ>



|βα>



|αβ>



|βα>



|αα>



|αα>



|ββ>



|ββ> |αβ>



|βα> |αα>



|αβ>



|βα> |αα>



AyXx AyXy



Multispin systems - product operators Spectrum of a AX spin system |ββ>



|αβ>



|βα> |αα>



Multispin systems - product operators Spectrum of a AX spin system |ββ>



|αβ>



|βα> |αα> Spectrum of A



Multispin systems - product operators Spectrum of a AX spin system



X(β)



|ββ>



X(α)



|αβ>



|βα> |αα> Spectrum of A



Multispin systems - product operators Spectrum of a AX spin system



X(β)



|ββ>



X(α)



|αβ>



|βα> |αα> Spectrum of A



Multispin systems - product operators Spectrum of a AX spin system



X(β)



|ββ>



X(α)



|αβ>



|βα> |αα> Spectrum of



X



Spectrum of A



Multispin systems - product operators Spectrum of a AX spin system



A(β)



A(α)



X(β)



|ββ>



X(α)



|αβ>



|βα> |αα> Spectrum of



X



Spectrum of A



Multispin systems - product operators Spectrum of a AX spin system



A(β)



A(α)



X(β)



|ββ>



X(α)



|αβ>



|βα> |αα> Spectrum of



X



Spectrum of A



Multispin systems - product operators



Multispin systems - product operators



Spectrum of A



Multispin systems - product operators



In-phase coherence of A along y



Spectrum of A



Multispin systems - product operators



In-phase coherence of A along y



Anti-phase coherence of A along y



Spectrum of A



Multispin systems - product operators



In-phase coherence of A along y



Anti-phase coherence of A along y with respect to X Spectrum of A



Multispin systems - product operators



Spectrum of A



Multispin systems - product operators



Spectrum of A



Multispin systems - product operators



Spectrum of A



Multispin systems - product operators |ββ>



|αβ>



|βα>



|αα>



Spectrum of A



Multispin systems - product operators |ββ>



|αβ>



|βα>



|αα>



|ββ>



|αβ>



|βα> Spectrum of A |αα>



Commutation in coherence space Rule 1:



[Ix,Iy] = i Iz



y



Quantum description x z Density matrix



Hamiltonian



Commutation in coherence space Rule 1:



[Ix,Iy] = i Iz
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Quantum description x z Density matrix



[Iy,Iz] = i Ix



Hamiltonian



Commutation in coherence space Rule 1:



[Ix,Iy] = i Iz



y



Quantum description x z Density matrix



[Iy,Iz] = i Ix [Iz,Ix] = i Iy



Hamiltonian



Commutation in coherence space Rule 1:



[Ix,Iy] = i Iz



y



Quantum description x z Density matrix



[Iy,Iz] = i Ix [Iz,Ix] = i Iy



[Sx,Sy] = i Sz [Sy,Sz] = i Sx [Sz,Sx] = i Sy



Hamiltonian



Commutation in coherence space Rule 1:



[Ix,Iy] = i Iz



y



Quantum description x z Density matrix



[Iy,Iz] = i Ix [Iz,Ix] = i Iy



[Sx,Sy] = i Sz [Sy,Sz] = i Sx [Sz,Sx] = i Sy



Hamiltonian



Commutation in coherence space Rule 1:



[Ix,Iy] = i Iz



y



Quantum description x z Density matrix



[IRule = i Ix y,Iz] 2: [Iz,Ix] = i Iy



[Sx,Sy] = i Sz [Sy,Sz] = i Sx [Sz,Sx] = i Sy



Hamiltonian



Commutation in coherence space Rule 1:



[Ix,Iy] = i Iz



y



Quantum description x z Density matrix



[IRule = i Ix y,Iz] 2: [Iz,Ix] = i Iy [Iy,Ix] = – i Iz



[Sx,Sy] = i Sz [Sy,Sz] = i Sx [Sz,Sx] = i Sy



Hamiltonian



Commutation in coherence space Rule 1:



[Ix,Iy] = i Iz



y



Quantum description x z Density matrix



[IRule = i Ix y,Iz] 2: [Iz,Ix] = i Iy [Iy,Ix] = – i Iz Rule 3:



[Sx,Sy] = i Sz [Sy,Sz] = i Sx [Sz,Sx] = i Sy



Hamiltonian



Commutation in coherence space Rule 1:



[Ix,Iy] = i Iz



y



Quantum description x z Density matrix



[IRule = i Ix y,Iz] 2: [Iz,Ix] = i Iy [Iy,Ix] = – i Iz Rule 3:



[Sx,Sy] = i Sz [Sy,Sz] = i Sx



[S ,S ] = i S z x y [Ip,Iq] = 0 for (p,q) = (x,y,z)



Hamiltonian



Commutation in coherence space Rule 1:



[Ix,Iy] = i Iz Rule 2:



[Iy,Ix] = – i Iz Rule 3:



[Ip,Iq] = 0 for (p,q) = (x,y,z)



Commutation in coherence space Rule 1:



[Ix,Iy] = i Iz Rule 2:



[Iy,Ix] = – i Iz Rule 3:



[Ip,Iq] = 0 for (p,q) = (x,y,z)



Rule 4:



Commutation in coherence space Rule 1:



[Ix,Iy] = i Iz Rule 2:



[Iy,Ix] = – i Iz Rule 3:



[Ip,Iq] = 0 for (p,q) = (x,y,z)



Rule 4:



[Ip Sq , Ir] = [Ip , Ir] Sq



Commutation in coherence space Rule 1:



[Ix,Iy] = i Iz Rule 2:



[Iy,Ix] = – i Iz Rule 3:



[Ip,Iq] = 0 for (p,q) = (x,y,z)



Rule 4:



[Ip Sq , Ir] = [Ip , Ir] Sq [Ip Sq , Ir] = Ip Sq Ir – Ir Ip Sq



Commutation in coherence space Rule 1:



[Ix,Iy] = i Iz Rule 2:



[Iy,Ix] = – i Iz Rule 3:



[Ip,Iq] = 0 for (p,q) = (x,y,z)



Rule 4:



[Ip Sq , Ir] = [Ip , Ir] Sq [Ip Sq , Ir] = Ip Sq Ir – Ir Ip Sq Commuting operators



Commutation in coherence space Rule 1:



[Ix,Iy] = i Iz Rule 2:



[Iy,Ix] = – i Iz Rule 3:



[Ip,Iq] = 0 for (p,q) = (x,y,z)



Rule 4:



[Ip Sq , Ir] = [Ip , Ir] Sq [Ip Sq , Ir] = Ip Sq Ir – Ir Ip Sq



Commutation in coherence space Rule 1:



[Ix,Iy] = i Iz Rule 2:



[Iy,Ix] = – i Iz Rule 3:



[Ip,Iq] = 0 for (p,q) = (x,y,z)



Rule 4:



[Ip Sq , Ir] = [Ip , Ir] Sq [Ip Sq , Ir] = Ip Sq Ir – Ir Ip Sq [Ip Sq , Ir] = Ip Ir Sq – Ir Ip Sq



Commutation in coherence space Rule 1:



[Ix,Iy] = i Iz Rule 2:



[Iy,Ix] = – i Iz Rule 3:



[Ip,Iq] = 0 for (p,q) = (x,y,z)



Rule 4:



[Ip Sq , Ir] = [Ip , Ir] Sq Rule 5:



[Ip Sq , Ir] = Ip Sq Ir – Ir Ip Sq [Ip Sq , Ir] = Ip Ir Sq – Ir Ip Sq



[Ip Sq , Ir Ss ] =



Commutation in coherence space Rule 1:



[Ix,Iy] = i Iz Rule 2:



Rule 4:



[Ip Sq , Ir] = [Ip , Ir] Sq Rule 5:



[Ip Sq , Ir] = Ip Sq Ir – Ir Ip Sq



0



[Iy,Ix] = – i Iz Rule 3:



[Ip,Iq] = 0 for (p,q) = (x,y,z)



[Ip Sq , Ir] = Ip Ir Sq – Ir IpifSp≠r q and q≠s



[Ip Sq , Ir Ss ] =



Commutation in coherence space Rule 1:



[Ix,Iy] = i Iz Rule 2:



Rule 4:



[Ip Sq , Ir] = [Ip , Ir] Sq Rule 5:



[Ip Sq , Ir] = Ip Sq Ir – Ir Ip Sq



0



[Iy,Ix] = – i Iz Rule 3:



[Ip,Iq] = 0 for (p,q) = (x,y,z)



[Ip Sq , Ir] = Ip Ir Sq – Ir IpifSp≠r q and q≠s



[Ip Sq , Ir Ss ] =



1/ [S , 4 q if p=r



Ss ]



Commutation in coherence space Rule 1:



[Ix,Iy] = i Iz Rule 2:



Rule 4:



[Ip Sq , Ir] = [Ip , Ir] Sq Rule 5:



[Ip Sq , Ir] = Ip Sq Ir – Ir Ip Sq



0



[Iy,Ix] = – i Iz Rule 3:



[Ip,Iq] = 0 for (p,q) = (x,y,z)



[Ip Sq , Ir] = Ip Ir Sq – Ir IpifSp≠r q and q≠s



[Ip Sq , Ir Ss ] =



1/ [S , 4 q if p=r



Ss ]



1/ [I , I ] 4 p r if q=s



Commutation in coherence space (summary) Rule 1:



[Ix,Iy] = i Iz Rule 2:



Rule 4:



[Ip Sq , Ir] = [Ip , Ir] Sq Rule 5:



0 [Iy,Ix] = – i Iz Rule 3:



[Ip,Iq] = 0 for (p,q) = (x,y,z)



if p≠r and q≠s



[Ip Sq , Ir Ss ] =



1/ [S , 4 q if p=r



Ss ]



1/ [I , I ] 4 p r if q=s



Operator product



Operator product



Any operator commutes with itself



Operator product



Operator product



[Iz,Ix] ≠ 0 They do not commute



Operator product



Operator product



Any operator of I commutes with any operator of S



Operator product



Terms of the spin hamiltonian B0 (static field) Spins



B1 (rf field) Other spins



Terms of the spin hamiltonian Zeeman interaction H = – (1 — σiso) B0 Iz



B0 (static field) Spins



B1 (rf field) Other spins



Terms of the spin hamiltonian Zeeman interaction H = – (1 — σiso) B0 Iz Shielding tensor



(fast tumbling in liquid)



B0 (static field) Spins



B1 (rf field) Other spins



Terms of the spin hamiltonian Zeeman interaction H = – (1 — σiso) B0 Iz



B0 (static field) Spins



B1 (rf field) Other spins



Terms of the spin hamiltonian Zeeman interaction H = – (1 — σiso) B0 Iz RF field H = – ω1[ Ix cos (ωt) - Iy sin(ωt)]
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The end…



























des documents recommandant







[image: alt]





3H MAS NMR 3H - GERM 

Jan 17, 2010 - D(t)dt âˆ� âˆ« RD(Î©ij (t)) Ã— Tij dt = 0 ... NMR. 3H: the highest gyromagnetic ratio (Î³). High sensitivity and no (probe) backgroung. Very low 3H/1H ...










 


[image: alt]





Basic Principles of Shock Loading 

21.5 Section Properties for Optimum Design. 21.6 Detailing and Workmanship for Shock Loading. 21.7 An Example of Shock Loading. 21.8 Conclusions.










 


[image: alt]





Miniaturized NMR and MRI D. Sakellariou - GERM 

framework for the design of permanent magnets for portable NMR and MRI ... the light of applications of solid-state NMR in metabolomics and cell imaging.










 


[image: alt]





Protein NMR Structure Dynamics Interaction function - GERM 

Structure determination from NMR data is an non-linear inverse problem: Dihedral ... Protein dynamics leads to a non-linear averaging of NMR observables ...










 


[image: alt]





basic principles - Lamaneta 

According to the engine design and its opera- ting conditions (r.p.m. and load) a ..... note the progression passage immediately below the throttle valve. port.










 


[image: alt]





NMR Relaxation and Molecular Dynamics - GERM 

NMR dipolar couplings provide a highly detailed description of conformational .... P()=. 1. 2. G( )e i d. +. J()=. 1. 2 c( )e i d. +. How can we describe of these fluctuating Local Fields? ..... No direct information about slower internal motion? Ï„ 










 


[image: alt]





carburetor: basic principles - LaManeta.org 

THIS MANUAL HAS BEEN WRITTEN IN CO-OPERATION WITH THE ... fuel mixture in order to make ..... The venturi of the modern motorcycle carburetor is carefully developed to ..... controlling the air, this system has its own influence on the progression ..










 


[image: alt]





STUDYING PROTEIN DYNAMICS USING NMR Martin ... - GERM 

Nuclear magnetic resonance (NMR) is exquisitely sensitive to protein ... In particular spin relaxation measurements provide precise information about local ...










 


[image: alt]





Research engineer in design and development of NMR ... - GERM 

Research engineer in design and development of NMR methods. Contacts : Alain Kondjoyan ... The NMR platform (Clermont-Fd, ... Multidimensional NMR,.










 


[image: alt]





The measure of the fractal dimension of proteins by NMR - GERM 

proteins. Our goal now is to gather as many data as possible (such as relaxation data, SAXS,. EPRâ€¦) to be able to study completely those proteins. References.










 


[image: alt]





NMR studies on modified RNA and DNA molecules - GERM 

are interesting because they mimic natural DNA lesions, while others have possible medical applications in anti-sense therapy or for RNA interference. Finally ...










 


[image: alt]





Improvements in solid state NMR for materials characterization - GERM 

Improvements in solid state NMR for materials characterization. Cristina Coelho-Diogo. (1). , Florence Babonneau. (2). (1). UniversitÃ© Pierre et Marie Curie-Paris ...










 


[image: alt]





Introducing Basic Principles of Haptic ... - Dr. Fabien Danieau 

and finally the last section concludes this introduction to haptic cin- ematography. 2. .... ence is linked to the physical point of view specified by the artist. Figure 4: Example ... by the change and would be distracted from the narrative. Figure 










 


[image: alt]





Chapter 6 Basic Principles of Electromechanical Energy Conversion 

Basic Principles of Operation. â�‘ Force on a ... Application of Basic Principles. â�‘ Assumptions .... How do we determine the polarity of the induced emf? 6-12 ...










 


[image: alt]





Computation of NMR properties 

Principles of NMR spectroscopy in liquids and solids ... M. SALANNE, Maison de la Simulation, France ... Computer sessions using relevant software:.










 


[image: alt]





Basic Principles to Explore the Parameter Space of Social Simulation 

In the Management Science Literature: Competing ... Ex.: Customer Relationship; Solutions. (Emphasis on .... Pareto Diagram for Benefit Max and ... 16.70. Maximize Cash Flow. Statistics. # Data. Min. Max. Ave. Std. Dev. Var. Statistics. # Data.










 


[image: alt]





Imaging of moving organs - GERM 

cooperative patients, due to severe pathologies), and in most cases not reproducible. Clinical experiences, previous and published works have shown that MRI ...










 


[image: alt]





Principles Of Truss Analysis 

member, has been measured and shown. The drawing is ... Measure its length, and multiply by 50 Ibs. to ... stand these loads, not forgetting to add the required ...










 


[image: alt]





Principles of Operating Systems 

Sep 15, 2005 - higher (but the total time to complete a process is also longer). With multitasking ... the same illusion of parallelism is achieved at a finer grain process 1 prg 1 .... illusion of full-time interactivity toward the user while perfor










 


[image: alt]





Principles of Operating Systems 

the disk can be divided up into several partitions that each hold .... 4/27/2006. CS 446/646 - Principles of Operating Systems - 6. File System. 49. 6.d File System ...










 


[image: alt]





Principles of Drawings - Description 

Mar 16, 2005 - Drawings and other printouts such as reports, nc data files etc. are output ..... To add manual Y-dimensions to the diagonal bracing connection (on .... We will use the existing ga layout as basis for creating a new layout for GA.Missi










 


[image: alt]





NMR Relaxation 

NMR Relaxation .... can be the lattice, the vibration-rotation spectrum of the molecules or the ... extent of proton signal is about 20ppm and the separation of multiplets is ... In MRI, the problem is different if we exclude the MRSI approach, we do










 


[image: alt]





Principles of Operating Systems 

Apr 18, 2006 - typical code organization of a device driver: a. check validity of input parameters coming from above b. if valid, translate to concrete commands, ...










 


[image: alt]





Principles of Data Mining 

undertake these large data analysis projects, researchers and practitioners have ..... (such as supermarket transaction data, credit card usage records, telephone .... deciding how to quantify and compare how well different representations fit.










 














×
Report Basic principles of NMR - GERM





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



