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1. Compare and contrast the principles (light-matter interactions) and 

measurement of spontaneous and stimulated Raman signals.  Include 
energy level diagrams in your explanation. 

2. Kukura et al. assert that “Spontaneous time-resolved Raman spectroscopy 
is limited to the picosecond time domain because of the transform limit …” 
Explain this statement and compute the pulse width needed to collect 
spectra with the typical 4000 cm-1 bandwidth.     

3. While a simplified apparatus is one of the developments Kukura et al. 
envision in the future of FSRS, the most recent FSRS work from the Mathies 
group utilizes the system below.  Explain the advantage(s) of this apparatus. 
Note: some system components, e.g., the “seed” laser that generates the 
pulses sent to the amplifier, are not shown.   

 
4. Kukura et al. report that the lifetime of the excited state of 11-cis-retinal 

in rhodopsin as <50fs. Compute how long it takes the spectrum of a 
species with this lifetime to decay to 1% of its initial intensity.  Use your 
results and the data in Figure 6 to assess the accuracy of this value. 

5. List any references you used to answer questions 1 – 4.   


