












Table 1. Summary of diffusion and 1 * data for various volume fractions of polystyrene in 
water. Also shown are the theoretical extimates for the self diffusion coefficient, 
D=Do(l-1.83<!>), [15], where Do is the Stokes-Einstein diffusion coefficient 

(kBT/67tT1a) and <I> is the volume fraction of spheres. 

Concentration l*(µm) D(cm2/s) D(cm2/s) 
(volume fraction) (exp.) (exp.) (theo.) 

0 .05 148±16 1.06±0. lOx 10-8 1.14xI0-8 

0.10 61.8±4.0 7.34±0.8xI0-9 l.03x I0-8 

0.20 41.7±3.4 7 .85±0. 78x 1 o-9 7.97xI0-9 

0. 30 31.6±2.2 
.· 9 

6.20±0.47x 1 o- 5.67xI0-9 

It addition to the measurements described above we report some preliminary results 
of a concentration dependent study undertaken with this technique in the high volume 
fraction limit. In Table 1 we have tabulated our measured values of 1 *, and D for various 
particle volume fractions. We also indicate theoretical estimates of D based on 
hydrodynamic corrections to the motion [ 15]. There clearly exists a substantial deviation 
between theory and experiment as we approach the highest densities. At present we are not 
sure of the origin of these deviations, but quantitative studies are underway to try and 
understand these differences. 

In conclusion we have introduced a pulsed DWS technique which substantially 
improves on the spatial resolution and the interpretation of conventional DWS experiments. 
With shorter light pulses it will be possible to observe ballistic particle motions, and more 
complicated systems in greater detail. The technique has enabled us to explicitly test a 
fundemental assumption of DWS theory, and it can be applied in the important 
backscattering geometry where some of the diffusive assumptions are known to break 
down. We note also that this general idea of performing an autocorrelation measurement 
on optical gated photons can be extended to conventional QELS measurements. In this 
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Figure 4. (a) Plot of the decay rate, ft, of the SH temporal field correlation function vs 
reference arm delays (same scale as (b)). Solid line is a least squares fit to the 

data. Inset: Plot of the log of the SH intensity autocorrelation function 
[g1 (2roo,t)]2 vs t for s=7.0, 13.0 cm. Both curves exhibit the expected single­
exponential decay. (b) P(s): measured (open circles) and calculated (solid line). 
Dashed curve represents P(s) for delta function input pulses. 
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case the gating feature can be used to do optical ranging since there is no multiple light 
scattering. Projects along these lines are underway in our laboratories. 
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