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The Radon transform is widely used for tomographic imaging.  Due to the penetrating 

power, fine resolution, complementary contrast mechanisms, high-speed, and cost-

effectiveness of the x-ray technology, computed tomography (CT) is one of the earliest and 

most popular imaging modalities in biomedical and other fields. The recent advancement in 

deep learning, or machine learning in general, promises to perform and invert the Radon 

transform in innovative fashions. This direction might lead to intelligent utilization of 

domain knowledge from big data, innovative approaches for image reconstruction, and 

superior performance in important applications. In addition to a general perspective (Ge 

Wang, “A Perspective on Deep Imaging”, IEEE Access 4: 8914 – 8924, 2016; 

http://ieeexplore.ieee.org/document/7733110), some “deep imaging” results at our 

Biomedical Imaging Center will be also discussed. 
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MRI Physics 

• Preview & Review 

• Physical Foundation 

 Magnetic Moment (Quantum Mechanics) 

 Magnetization (Classic Model) 

 Precession 

• Signal Generation 

 RF Perturbation (Rotating Frame) 

 Bloch Equation (Parameters T1 & T2) 

 FID Detection 

• Signal Decay 

 T1 & T2 Mechanism 

 Inversion Recovery & Spin Echo 



Anatomical, Functional, & Hybrid 

SPECT 

PET 

CT MRI 

SPECT 

PET 

CT MRI 



MRI Milestones 

MRI Measures Magnetic Resonance Specific 
to Soft Tissue Types (Anatomical) & Blood 
Oxygenation Level (Functional) 
1946: Nuclear Magnetic Resonance (NMR) 

 Bloch (Stanford) and Purcell (Harvard) 

 1952 Nobel Prize in Physics 

1973: Magnetic Resonance Imaging 

 Lauterbur (Stony Brook University) 

 2003 Nobel Prize in Medicine 

Late 1970’s: Human MRI images 

Early 1980’s: Commercial MRI System 

1993: Functional MRI in Human 

Now: Brain Initiatives 



Basic Idea 



Nice MRI Talk! 



Dot Product 

http://www.google.com/url?sa=i&source=images&cd=&cad=rja&docid=teG7yuyqtupVaM&tbnid=Nt71gHdHBSOwOM:&ved=0CAgQjRwwAA&url=http://www.sparknotes.com/physics/vectors/vectormultiplication/section1.rhtml&ei=5UNkUuieLoL94AOb44HgCg&psig=AFQjCNGi3Yp0vx5-04UHTBpBvkelq2ndDA&ust=1382389093789136


Cross Product 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=_LkQR_Llayd0PM&tbnid=qo3OOBaIpFbXaM:&ved=0CAUQjRw&url=http://www.thunderbolts.info/wp/2012/05/02/appendix-i-vector-algebra/cross-product-in-vector-algebra/&ei=WUNkUpyFC7e-4APh7oHYCQ&psig=AFQjCNHF6OnvR17rTE_vStKVEjCpIaW6FA&ust=1382388875439075


Torque Changes L 

Relationship between force F, torque τ, linear momentum p, 

and angular momentum L in a system which has rotation 

constrained in one plane only (forces and moments due to 

gravity and friction not considered) 

A Torque over Time Makes a 

Change in an Angular 

Momentum (F=ma in Disguise) 

dL 

dt 
 

Note: p=mv, dp/dt=F 



Electric 
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Magnetic 
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Magnetic Field 



E->M 



M->E 
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Lorentz Force 



MRI Physics 

• Preview & Review 

• Physical Foundation 

 Magnetic Moment (Quantum Mechanics) 

 Magnetization (Classic Model) 

 Precession 

• Signal Generation 

 RF Perturbation (Rotating Frame) 

 Bloch Equation (Parameters T1 & T2) 

 FID Detection 

• Signal Decay 

 T1 & T2 Mechanism 

 Inversion Recovery & Spin Echo 



Atomic Structure 



Spinning Proton 



Angular Momentum P & 

Magnetic Moment µ 

Important Link between Mechanical & Electromagnetic Stuff 



Longitudinal Component 



Zeeman Effect 



Energy Difference 



Tiny Difference 
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Procession 



Processional Frequency 

Note: Due to Lorentz Force 



Nice Precession Demo! 



Magnetization 



Steady State 



MRI Physics 

• Preview & Review 

• Physical Foundation 

 Magnetic Moment (Quantum Mechanics) 

 Magnetization (Classic Model) 

 Precession 

• Signal Generation 

 RF Perturbation (Rotating Frame) 

 Bloch Equation (Parameters T1 & T2) 

 FID Detection 

• Signal Decay 

 T1 & T2 Mechanism 
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Motivation for MR Signals 

M0 Reflects the Water/Lipid but How to Measure M0? 

Electromagnetic Induction Seems the Way to Go but M0 

Itself Does not Give a Changing  Field. 

 

How to Let M0 Make an Alternating Field? 

Flip M0 to Have a Transverse Component Which Will 

Produce an Alternating Magnetic Field Due to Precession 

 

 

1946: Nuclear Magnetic Resonance (NMR) 

 Bloch (Stanford) and Purcell (Harvard) 

 1952 Nobel Prize in Physics 



How to Perturb the Balance? 



RF Excitation (QM View) 

Lower

Higher

• RF to Manipulate the Magnetization 

• RF Only Effective at the Resonance Frequency 

• Perturbed Nuclei to Generate the Same RF Signal 

• Emitted Signals to Be Detected Externally 



Rotating Field (Classic View) 
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Lab & Rotating Frames 
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Bloch Equation 



Bloch Equation in Working 
• Precession 

– If M Not Parallel to B, Then M in Precession 

– If M Parallel to B, Then No (Zero) Precession 

• Flip M 

– If M Not Parallel to Be, Then Mxy in Oscillation 

– Mz->M0 (T1 Effect), Mxy->0 (T2 Effect)  

 



Signal Detection 
• When M Flipped 

– Mxy Oscillates to induce a Sinusoidal Signal via 
Induction in an RF Coil at the Resonance 
Frequency 

– The Highest Induction Reached at the Flip Angle 
90o so that Mxy=M0 



M Relaxation 
When the RF Pulse is Off, M Will Re-align with B0. 
The Excess Energy Will be Released. The RF Signal 
will Decay to Zero. This Free Induction Decay (FID) 
Gives 

• NMR Signal 

• At the Resonance Frequency 

• Proportional to Proton Density 
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Why Decay (FID)? 

• T1 Relaxation – Flipped Nuclei Realign with B0 

• T2 relaxation – Flipped Nuclei Out of Phase 

• T2* relaxation – Disturbance in the Magnetic Field 
(Susceptibility) 

 

The NMR Signal Proportional to the Proton Density, 
Reduced by T1, T2, and T2* Factors 

 

Tissues Have Good MR Contrasts to Generate Images 

• T1 –  Gray/White matter 

• T2 – Tissue/Cerebrospinal Fluid Flow (CSF) 

• T2* – Susceptibility (Functional MRI) 

 



T1: Returning to Steady State 



T2: De-phasing of Moments 



T1 & T2 



T1 & T2 at 1.5T 



T2, T2
+ & T2

* 



T1: Inversion Recovery 



Visualize it! 



T2: Spin-Echo 



BB17 Homework 

 

Due Date: Same (1 Working Week Later) 


