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Some History 
 

I met Ray during my Freshman year at MIT.  He was an 
assistant professor. I concluded that he must be very 
intelligent!  (I got this one right.) 
 
I interacted closely with Ray as a graduate student at UC 
Berkeley 
 Courses:  QE and Astrophysics, Optics 208 
 Secondary mentor within the Chiao/Townes Group 
 
Aside:  Nobody wanted to appear stupid in front of Prof. 
Townes, so his students spend a lot of time presenting 
preliminary ideas to Ray. 



Ray and Florence in Hawaii 
 

 



Ray’s Influence On My Career 
 

Throughout my career, every time I strike out in a new research direction, I find 
that Ray had made pioneering contributions in that field, and then moved on to 
other topics.  Here are some examples: 
 

Stimulated Brillouin Scattering 
 Ray:  Co-discoverer of SBS (PRL, 1964) 
 Me:   Demonstrate slow light (large group delay) based on SBS (PRL,2005) 
 

Self-Trapping of Light 
 Ray: Co-predictor of self-trapping (PRL, 1964) 
 Me:  Observe honeycomb pattern formation in self-focusing (PRL, 2002) 
 

Entangled-Photon Interference 
 Ray: Demonstrate Franson Interference (PRA, 1993) 
 Me (& Howell): Observe entanglement in a large Hilbert space (PRL, 2005) 
 

Superluminal Propagation of Light 
 Ray: Predicts superluminal (but causal) light propagation (PRA, 1993) 

Me:  Observe fast and slow light in room temperature solids (Science, 2003) 



Numerical Modeling of Pulse Propagation
Through Slow and Fast-Light Media

Numerically integrate the paraxial wave equation
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and plot A(z,t) versus distance z.

Assume an input pulse with a Gaussian temporal profile.

Study three cases:

Slow light   vg = 0.5 c

Fast light   vg = 5 c   and  vg = -2 c



Pulse Propagation through a Slow-Light
Medium (ng = 2,  vg = 0.5 c)




Pulse Propagation through a Fast-Light
Medium (ng = .2, vg = 5 c)




Pulse Propagation through a Fast-Light
Medium (ng = -.5, vg = -2 c)




Slow and Fast Light in an Erbium Doped Fiber Amplifier
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•  Fiber geometry allows long propagation length
•  Saturable gain or loss possible depending on
   pump intensity
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Observation of Backward Pulse Propagation
 in an Erbium-Doped-Fiber Optical Amplifier
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We time-resolve the propagation 
of the pulse as a function of 
position along the erbium-
doped fiber.  

Procedure
 •  cutback method
 •  couplers embedded in fiber
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Experimental Results:  Backward Propagation in Erbium-Doped Fiber




Observation of Backward Pulse Propagation
 in an Erbium-Doped-Fiber Optical Amplifier
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Observation of Backward Pulse Propagation
 in an Erbium-Doped-Fiber Optical Amplifier

Summary:  

“Backwards” propagation is a realizable physical effect.



Thank you for your attention! 
 

 
     






