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Manipulation of Coupled Spin Dynamics
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Problems of Broadband Excitations and Rf-Inhomogeneity
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Control Design by Area Generation
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Lie Algebras and Polynomial 
Approximations
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Fourier Synthesis Methods for Robust Control Design
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Fourier Synthesis Methods for Robust Control

NMR spectra at proton frequency of 500 MHz



Control for Minimizing Decoherence
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Random collisions with solvent molecules 
causes stochastic tumbling of the protein molecules
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Optimal Control in Presence of Relaxation
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The control problem
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Experimental Results
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Cross-Correlated Relaxation
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Time Optimal Control of Quantum Systems
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Cartan Decompositions , Two-Spin Systems and Canonical 
Decomposition of SU(4)

G = SU(4); K = SU(2)⊗SU (2)

Iα = σα ⊗ I ;
Sα = I ⊗σα ;
IαSβ = σα ⊗σβ ;
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Cartan Decompositions , Two-Spin Systems and Canonical 
Decomposition of SU(4)
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Geometry, Control and NMR
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Another Canonical Decomposition of SU(4):
Electron Nuclear Spin Dynamics
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Switched Control Problems

0 s z I zH S I S A Iω ω= + +

( / 2)
2I
Bd A z xα ω

∧ ∧

= − −

( / 2)
2I
Bd A z xβ ω

∧ ∧

= + +

Interactions

S
I

νS
J

ν I

B

(D)

Spin Hamiltonian:  H   + H   (t)

B  (t)rf

0

0 rf

N. Khaneja PRA(2007)

d

dα

β

τ2

τ3

τ1

γ

dα

dβ

3
τ

2
ττ

1  

S

αα

αβ

βα

ββ

1

3

2

4
A

B

C



Bilinear Control Problems with Periodic Drift: Solid 
State NMR 
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Phase and Amplitude Modulated 
Recoupling



Control Problems in solid state NMR
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Broadband Recoupling by Phase Modulations.
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Experimental Results (Homonuclear
Transfer)

360 Mhz
8 Khz spinning

C COα →
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TOFU: Multiple Frames and Effective Hamiltonians
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Triple Oscillating Field techniqUe +
Rotor assisted dipolar recoupling

(RADAR)

Selective
inversion
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TOFU + RADAR: U-13C,15N-L-alanine
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Accurate distances by ssNMR: 
U-13C,15N-L-alanine

Numerical simulation
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