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EEE352: Properties of Electronic Materials

Homework set #2
{due Wednesday, February 7", 2007)

A beam of elecirons with number density of I= 10" electronsim is incident from the lefi on
the step potential encrgy
0 xz<i
l'-r' Xi= ll
[=Fy x=z0

{ The constant Fy 1% positive, so this is a "down-step” rather than an "ip-step™ potential)

(&) Write down ihe form of the spatial Tunetion @ cdx) in ench region of this potential, de-
fining all wavenumbers and'or decay comstams, Don't forget to impose asympotic condi-
tions for & — 2w,

(b3 Oboin expression For the transmission and reflection coefficients for this potential, ex-
pressing your results in terms of the quantities you introduced in part (a),

(e} Evaluate T{E} and AiE} for an incident beam of kinctic energy 100 €V and a step of
magnitude ¥y = 5lel .

(i) Evaluste the incident und transmitted fluxes tor the conditions of part ¢. Be sure to show
umits.

(e Skewch wpixh. being careful W clearly show any differences in the nature of the =patial
function or in itz amplitude or wavelength between the regions.

A heam of particles of mass m is incident from the left on the potential well shown in the fig-
ure below, Suppese that the energy of the particles is greater than the height of the walls, e
E=¥)

T Fixl
v, 1] F.u
L 5
=Li2 Lid

(a) Write down the TISE and its general solution in each region, defining appropriate
wiaveniumbers and arbitrary constants as needed. 1T you can set one or more of these arbi-
trary constants 1o zere i this point, do so-and explain why.,

ib) Evaluate the reflected and transmitted probabiliey current densities in each reglon. [

sure o indicate the direction asd magnitede of each current density and label it as re-
tested. transmitted. erc.




el

List the conditions that you would sse to relate the pieces of the function & cdab i each
region i one another. Do vou have enosgh conditions 1o uniquely determine all of 1he
arbitrary constants in these solutions? If not, discuss the phyvsical significance of the one
{or ones) vou cannot detenmine from these conditions.

{d} Define the probability of transmission o the region x 2= L/ 2, explain the phvsical sig-

&

nificance of this quantity and relating it 1o the current densities of pari ¢,

Caleulate the expression for the transmission coefficient as & function of &3 . where is
the wavenumber in the region —L/2=x=L/2. Under what conditions on & s
T E)=1_ Consider an energy E soch thar this condition s sanisfied. AU this energy,
what is-the value of the reflection cocfficient R(E) for this system? Why?

Compare the desenption given by quanium and ¢lassical physics of the motion of a mi-
croscopic particke with this potential,

Lizing the graphical solution methed deseribed wn class:

tal

(b}

]

Caleulute the cigenvalues of a finite potential well with height ¥, = 0.8 eV and widih £
=20 nm, For the effective electron mass use the valee approprinie for Gieds  material,
e am = o 1P kg,

Caleulate the corresponding mfinite well results and compare them Lo the finie well
case.

Phot the transmission coefficient 4= a function of the energy. for energies larger than (L8
eV, What is the reason for the existence of the transmission cosfticient maxima?
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