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Prob. 1. Transient Harman method
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Heat balance equation under adiabatic 
condition at the cold side 
(TH=constant/reservoir):
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What we measure is the total voltage:
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Prob. 1. Transient Harman method
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1-2. 
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Prob. 2. 3 method



Prob. 2. 3 method
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2-1. 

Assuming 1D heat flow from 
heater through thin film,

From the left figure, the 
temperature drop across thin film
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Prob. 2. 3 method
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2-2.   
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Take the derivatives with respect to 
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From the TS curve in the plot,
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Prob. 3. Individual 
nanowire
characterization
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Prob. 3. Individual nanowire characterization
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3-1. 
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Heat energy conservation at the heating membrane:
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Prob. 3. Individual nanowire characterization

9

3-2. 
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Prob. 3. Individual nanowire characterization
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3-3. 
a) Thermal resistance of nanowire is underestimated if radiation loss from the nanowire 

surface is not taken into account.

b) Radiation loss can be negligibly small if the nanowire is sufficiently thick and short. 

c) Thermal contact resistances between nanowire and membranes reduce the actual 
temperature gradient across the nanowire, and create non-uniform temperature on 
the portion of the nanowire that is in contact with the membrane surface. 

d) The nanowire thermal resistance is overestimated unless the thermal contact 
resistances are accurately quantified and added.

e) All of the above
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Prob. 3. Individual nanowire characterization

11

3-4. 
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Prob. 4. 
Scanning 
thermal probe 
method

Neglect temperature 
distribution around the lead
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Prob. 4. Scanning thermal probe method
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Prob. 4. Scanning thermal probe method
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4-2. 
Which one is closest to the measured Seebeck coefficient value, and 
why?

a) S1, because R1 is much larger than the other two resistances. 
b) (S1+S2)/2, because R3 is much smaller than the other two resistances.
c) S2, because the probe tip is centered at the position of R2.
d) (S2+S3)/2, because R1 is much larger than the other two resistances.
e) S3, because R3 is much smaller than the other two resistances. 
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Prob. 5. Raman spectroscopy
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Prob. 6. Ballistic and diffusive thermal transport
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