ECE215A/Materia s206A Winter 2008
Prof. Brown/ECE Dept/UCSB

Homework 1

1. From agood table of matrials properties find the highegs and loweg valuesof the following
guartitiesfor elemental solids ator near 300 K:

(@) Compressibility inunitisPa’.

(b) Bulk exparsivity (or CTE) in unit of T™.

(c) Thermal conductivity at300 K in unit of W/m-K.

(d) Electical conductivity in units of S/m.

2. Anideal gasand a block of copper have equal volumesof 0.5 m* at300 K ard 1 atm pressure.
The hydrostatic pressure on both isincreagd adabatically and isothermally at5 atm.
(&) In which procesisthe work greaer?

(b) Find the work done on eachsampleif the compressibility of the copperis0.7" 10'® atm''.
(c) Calculatethe changein volume for eachsamge.

(Clues treatthe gasasbeing OdealO such that PV=NRT where N is the number of molesand R
istheidealgasconstart R = 8.31 Jmole-K.

3. A 1cm?’of copper and 1 cmof crystalline Si are heated from 300 to 400 K.
(&) Whatchange of hydrostatic pressure would be requiredto keepthe volume of each constant?
(b) Giventhe constart volume, what would the total heatinput ! Q for eachcube be?

(c) What change of volumewould be requiredto keepthe hydrostatic pressure constant?
(Clues assumebulk expansivities copperf8 =55x107°/K ; for Sif =8.4x10°°/ K ; specific heat

camcities Cu= 387 Jkg-K, Si = 700 Jkg-K; for Si! =1.0#10°atm'*).

4, Evaluate the maximum erergy stored per unit volume and polarization (electric dipole momert
perunit volume)in a parallel-plate capacitor filledwith SiO, (glass), asuming /!, =4.0 and a

maxmum sustainable electic field of 5.0x10°V /cm.

5. (Good exercisein statistical mecharics). A two-dim solid attemperature T isin the form of a
squarelattice with nominal neutral atoms having an occadonal defect The defectconsists of a
negatively chargedimpurity ion that substitutesa normal atom (i.e. substitutional impurity) and a
positively charged smallerimpurity ion that goesinto the latticeinterditially mid-way to the next-
neares$ neighbors of the square lattice. Assume thatthe positiveion is smal ernough to occupy
ary of the four interditial siteswith equal probahility in the absernce of external forces Now
amly anelectric field along the asshown to the right, and assuming that Maxwell-Boltzman
statisticsarevalid.

(a) Formulate the new probahility of occuparcy ateach

interditial site.

(b) Calculate the new occuypancy probahility for eech state Q a_© O
asuminga=3.0Ang, £ =1.0! 10°V /m and T =300 K @ o Y
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