Dwight Chambers

HSSP Spring 2008 – Donut Spectroscopy: Homer Simpson Guide to NMR


10 Classes:

Class 1: Introduction to Magnetism

Class Time: 



- Where does Magnetism come from:




- Moving charge




- DEMO – Battery / Copper wire

- 3 forms of magnetism (ferromagnetism, diamagnetic, paramagnetic)

- Basics of NMR


- Nuclear, Magnetic (Spin-Angular Momentum), Resonance

- Rules for Magnetic-Magnetic Interaction (dM/dt = Mi x My)


- DEMO – Compass (Precession)

- Basics of Imaging: Pin Hole Camera


- Point Spread Function (Kernal & Convolution)


- Field of View



- Why is this so useful?




- Medicine




- Chemistry / Spectroscopy

Class 2: Spin Dynamics


Class Time:

· Quick Review of magnetism

· Bloch / Purcell Story

· Bloch Equations

· Percession

· Rotating Frame

· Relaxation

· Mutation

· DEMO: Spinning Top

· Rotations:

· (B1*(*(P = (
Lab Time:

· Spectrometer Basics I (Safety, Pulse Program, Tuning/Matching)

· Fourier Transforms

· D2O/H2O 90-180 pulses

Class 3: Magnetization Vector Formalism / Gradients / Famous Experiments


Class Time:

· Magnetization Vector

· Rotations / Relaxation 

· dBz/dxyz 

· Profiles: simple images

· Magnetization Vector with gradients

· Famous Experiments / Experimentalists

· Gradient Echo

· Hahn – Spin Echoes : 90/90 90/180

· DEMO: Dephasing Dye in Karo Syrup

· Inversion Recovery – T1
· Stimulated Echo

Class 4: Doing Classic Experiments


Class Time:

· Review

· Gradient Echoes

· Spin Echoes 90/90 90/180

· Stimulated Echoes

· Inversion Recovery

Lab Time:

· Spectrometer Basics II (Shims, Phase Cycling)

· Profiles X and Z

· Measuring T1 of D2O/H2O

· Measuring T2, T2* of D2O/H2O

· Observing Stimulated Echo in D2O/H2O

Class 5: K-Space and Imaging


Class Time:

· Review Gradients

· What is a “k” vector

· Rules of K-space

· Gradients

· Pulses

· Stimulated Echo K-Space representation

· Imaging:

· K-Space Picture

· Resolution

· Field of View

· Spin-warp Imaging

Class 6: Spectroscopy: Diffusion, Chemical Shift, J-Coupling


Class Time:

· Review of K-Space

· Diffusion

· Random motion

· Gaussian behavior

· Kernel / Convolution

· Diffusive Attenuation

· A = (k(t)2dt

· Chemical Shift

· Physical Basis

· J-Coupling

· The Neighbors’ Effect

· Fine Structure Rules

· ACTIVITY:  Structural Determination from NMR Spectra

Class 7: 2-D Spectroscopy


Class Time:

· Theory: Mixing

· COordinated SpectroscopY (COSY)

· Interpretation of COSY spectra

Lab Time:

· Spectrometer Basics III (Locking)

· Measure Diffusion coefficient of D2O/H2O

· Students Develop Experiment

· COSY Spectrum using C-13 Crotonic Acid

· Bring a book!

Class 8: Slice Selection


Class Time:

· Motivation for Slice Selection

· Slice Selection with Gradients

· Necessity of Gradients

· Relationship between RF Pulses and Excited Volume

· DANTE

Lab Time: 

· DANTE sequence on D2O/H2O

· Slice selection with gradients on D2O/H2O

Class 9: Special Topics


Class Time:

· NMR of Solids:

· Motion Averaging 

· MAS

· Quantum Computing

· How to make a quantum computer

· Constructing AND gates

Class 10: 


Lab Time:

· QC Experiment


Class Time:

· Review, Extra Time, Questions about Life
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