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ECE215B, Quiz#1 Solutions

1. (Electrostatics Problem):
1) En=E.=N(P/&)=E,=Pl& =1 forfim or slab). But in so
E,=E,-%E,=E,0+2)=E, , E.=E/Q+x)=E/¢ & =1+y,

(2) with metal plates, E;j, = Vg/d , so the bias voltage required to get the same E;, as in (a) is simply Vg =
Eo'd/ 8(

P=y.,E

n

2.(Ferroelectric Problem):

(a) Eoc = Ein + Pe/3gg = Eiy (1+ X€/3)

(b) p=a Ejc =a Ein, (1+ %e/3) ; Pe = np = na(Ein + Pe/3gy), S0 that Pe = nalEin/(1 — no/3ey)

(c) The spontaneous polarization occurs when the denominator goes to zero, or na/3go = 1. For a body-
centered cubic lattice, the volume occupied by each primitive cell is just a*2, so for a =5 Ang, n =
1.6x10® m?, and o = 1.66x10°*° Cb-m*/V

3. (Magnetic Problem):
(a) the maximum quantum number isy = 3 +s =2 + % = 5/2. The corresponding eigenvalue of J

is \y(y+1)-fi=~35/4-h. There are 2y + 1 = 6 possible eigenstates of J for this v, denoted
uniquely by their corresponding z components of J, my = +5/2, +3/2, +1/2, -1/2, -3/2 and -5/2.
(b) For any magnetic dipole Mm=—-guzJ /% , and the corresponding potential energy is

U=-mM-B  Forour given atom, —m-B=gu,J-B/h=gugm, -B where m; = +5/2, +3/2,
+1/2, -1/2, -3/2, and -5/2. So we have six energy levels U; = (-5/2)gugB , U, = (-3/2)gusB ,
Uz = (-1/2)gusB , Uy = (1/2)gusB , Us = (3/2)gusB , and Ug= (5/2)gugB . We expect ym to
be positive — paramagnetic, or perhaps ferromagnetic under special conditions

4.(Kinetic theory)

a) Az =V, 1, where t is the collision time, so k = (C’v)(v,)*t. But if all the carriers have the
same magnitude of velocity v, and are randomly directed in space, then the statistical average
is equivalent to a spatial average, and <ik> = (C’\)t <(v,)*> = (C’v)t (1/3)(Vo)?

b) From kinetic theory, o = ne’t/m, where m is the mass of the electron, or T = mo/ne? = 2.8x10°
45 =28 fs. By definition, Te = Ug/kg = 6.4x10* K. Thus at 300 K, Cy’ = 1.88x10* J-K*-m™®
,and k = (C’\)t (1/3)(Vo)? = (C’v)t (1/3)(Ve)? = 3.4x10° W/m-K = 3.4 W/cm-K.



