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Abstract:  The modern transmission electron microscope (TEM) is widely used for comprehensive 
microstructural characterization of materials.  Indeed, many properties can be characterized with a TEM, 
including composition, structure, and local chemistry.  The images obtained are time-averaged over at 
least tens of milliseconds - typically much more - such that dynamic processes occurring on faster time 
scales are not resolved.  Thus, spatial pathways from one thermodynamically (meta)stable structure to 
the next must be inferred.  In this talk, I will describe the experimental configuration and capabilities of 
ultrafast electron microscopy (UEM), a relatively new technique that is emerging as a powerful means to 
characterize dynamic material and chemical processes.  With UEM, nonequilibrium structural changes 
occurring on the sub-picosecond time scale can be spatiotemporally resolved by operating a TEM in a 
stroboscopic pump/probe configuration.  This is achieved by interfacing the microscope with pulsed 
lasers and making use of the photoelectric effect to generate discrete electron packets whose properties 
are dictated by the photon bunch.  I will describe how the properties of the electron packet (distribution 
and duration) can be measured in situ, and how nanostructure evanescent fields can be visualized by 
exploiting image filtering and laser-induced free-free transitions. 
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