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Characterizing Soil Colloids (10 points)

Part A. Motions of colloidal particles (1.6 points)

A.1 (0.8pt)
 
𝑣0 =
 
 
𝜏 =
 

A.2 (0.8pt)
 
 
𝑣(𝑡) =
 
 
the inequality specifying the range of 𝑡𝑖 that needs to be considered:
 
 

Part B. Effective equation of motion (1.8 points)

B.1 (1.0pt)
(use 𝐶, 𝛿, 𝑡 only)
 
⟨Δ𝑥(𝑡)⟩ =
 
 
⟨Δ𝑥(𝑡)2⟩ =
 

B.2 (0.8pt)
 
𝛼 =
 
 
𝛽 =
 

Part C. Electrophoresis (2.7 points)

C.1 (0.5pt)
(use 𝑣, 𝛿, 𝑛(𝑥0), 𝑑𝑛

𝑑𝑥 (𝑥0) only)
 
𝑁+(𝑥0) =
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C.2 (0.7pt)
(use 𝐶, 𝛿, 𝑛(𝑥0), 𝑑𝑛

𝑑𝑥 (𝑥0) only)
 
𝐽𝐷(𝑥0) =
 
(use 𝐶, 𝛿 only)
 
𝐷 =
 
(use 𝐷, 𝑡 only)
 
⟨Δ𝑥(𝑡)2⟩ =
 

C.3 (0.5pt)
(use 𝑛(𝑥), 𝑇 , 𝑄, 𝐸, 𝑘 only)
 
𝑑𝑛
𝑑𝑥 (𝑥) =
 

C.4 (0.5pt)
 
⟨𝑣(𝑡)⟩ =
 
 
𝑢 =
 

C.5 (0.5pt)
(use 𝑘, 𝛾, 𝑇 only)
 
𝐷 =
 

Part D. Mean square displacement (2.4 points)

D.1 (1.0pt)
 
𝑁𝐴 =
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D.2 (0.8pt)
(use 𝑢, 𝐷, 𝑡 only)
 
for general 𝑡:
 
⟨Δ𝑥(𝑡)2⟩ =
 
for small 𝑡:
 
⟨Δ𝑥(𝑡)2⟩ ∝
 
for large 𝑡:
 
⟨Δ𝑥(𝑡)2⟩ ∝
 
the characteristic time 𝑡∗:
 
𝑡∗ =
 
Log-log plot of ⟨Δ𝑥(𝑡)2⟩ against 𝑡:
(also indicate the approximate location of 𝑡∗ in the graph)
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D.3 (0.6pt)
(use 𝐷, 𝑢0, 𝛿0, 𝑡 only)
for small 𝑡:
 
⟨Δ𝑥(𝑡)2⟩ =
 
for intermediate 𝑡:
 
⟨Δ𝑥(𝑡)2⟩ =
 
for large 𝑡:
 
⟨Δ𝑥(𝑡)2⟩ =
 

Part E. Water purification (1.5 points)

E.1 (1.5pt)
 
𝑐 =
 


