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EE 362 Electronic, Magnetic, & Optical Properties of Materials
Examination #1 (Spring 2024)

Name !Ze(/

Instructions: Closed book. Put answers in indicated spaces, use notation as given in class L[show all work for credit.
Insert equation sheet in exam. Answers should have 4-5 significant figures (use more for constants).

1) The crystal structure of potassium bromide (KBr) is simple cubic with the K (ionic effective radius
1.34 A) and Br (ionic effective radius 1.96 A) atoms alternating. Find the lattice constant (A), unit cell
volume (m?), number of K atoms per unit cell, and number Br atoms per unit cell. Then, compute the
atomic volume density for the K and Br atoms. Finally, compute the mass density of KBr (g/cm?).
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2) Anx-ray machine operates at 10'® Hz in vacuum. Find the wavelength (A) and energy (J and eV) of a
photon for this x-ray. Energetic electrons colliding with a target material generate the x-ray photons.
For electrons initially at rest, calculate the potential difference (V) used to impart the necessary energy
to the electrons (assume 100% energy transfer from electron to photon). Determine the velocity (m/s),
de Broglie wavelength (A), and momentum (kg-m/s) of each electron.
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3) A mineral has an end-centered orthorhombic crystal lattice where a =2.8 A, b =3.8 A, and c = 4.2 A.
Find the number of atoms per unit cell and atomic volume density. Then, calculate the number of
atoms and atomic surface density for the top surface as well as the diagonal surface connecting the
back left and front right edges.
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4) An electron, located far into x <0, is accelerated from rest by a potential of 0.5 V in the +x-direction.
At x =0, it encounters a 3 eV potential barrier that is 3.1 A wide. Find the kinetic energy (eV & J),
velocity (m/s), and de Broglie wavelength (A) of the electron for x < 0. Given the potential for x <0
and x> 3.1 A is zero, calculate the wave numbers for x <0 (k) and 0 <x < 3.1 A (k). Then, determine
the exact Texact and approximate Taprox €lectron tunneling probabilities to x > 3.1 A (unitless and %).

/ége = ﬁ = /e/tc'/‘fan (0 5(/) g d 0456[/
= (0.5¢ V(1602136634 x /0 -7 3') 20098 x5

/ng Sﬂ,g/ﬂlci'gj ,ZE JZ/@ ol0BBX/o ) = 4’?)352,36 Mé

G,/093837x,0"%!

b 6.626070/S -3¢ -5
(25 L = == = Br0070/0 R jg — |.23443 x )0
) s G, 1093837X1073! (4119 362.69) .73 i

v

( 2,6/4) e, = fEy = ZmE A 2 (61093237 x153') 01086 x 167>°
4T T T JesusPx o
7 rad
-_:3.52263 Kro” 722

N/ R
[ 2.6(b) Ny =g :/Zm (4-£) B Wa?‘/x/a%’)[?«as/) /.caz’zxﬁ”
H* B lr059SZ x 0734

8 1004 X 107 4

Koo = B )04 X 167 (3.1 K 1077) = 2.5/136
Texact = | 2,511 :&0/%2/‘/ :ﬁé2/7%

3tsialn
& 4(0.5)(3-25)

_ re) -
(a/f/a}(——/é 05’(/,?’;'> 2&5’—_0w5/é43y/0

KEs<o0= ” g&V g 0,0? X/O OJ’ velocityx<o= 4/2;5207 %
hy<o= / E- 34/4 A k1=3.ézw )(/O?% ku = a. /003 X ZQ? %
Towa= 00019621 - 1,462 2o 1,.-0.0/46413 - 14643 2%




AS5/5

uwy ¥%®~®W \\
128% m%%ﬂm \w\

(vez] vez] (e62] [682] [e82] (987] [s82] [o82] 4%:14] (827] (692} [roz] [9s7] [z92) toz] §T0'9ZZ 02Z0'€ETZ
uossauebg auissauuay WNLOoW 1A 1 1 4 oy wniuado) wniuabiuaoy | fwnypejswieq wnysuyapy winisseyy wnuyog wnibiogeag wngeQg I 1syny wnipey wnpuey
BO || sL || A1 f[awff 14 JuN|[ud ([ By | sallwn | sH | ug | bs || aa || s ey || 14
8TT [A33 9TT STT yIT £TT [433 1T otT 60T 80T L0T 90T S0T y0T €0T-68 88 L8
810722 £86'60Z [z86'807] 086'807 z'Loz €8EY0T 65007 £96'96T 80°S6T T7T61 €206 £07°98T S8€8T 8v6°08T 6v'8LT 8ZELET S06°ZET
uopey augesy wnuojod yinwsig pe?3 winijleyy E:uhws P09 wnupe|d wnipyg wniwso wnuayy Cﬂummcn:. wnjejuey wniujey wnueg wnisay
uy || v || od g9 qd IL || BH || nv || 1d 1] SO (|24 || M || eL || IH eqg || SO
98 58 v8 €8 z8 18 08 6L 8L LL 9L SL ve €L zL 1445 95 S5
Y6ZTET ¥06'92T 9LZT 09L7TZT TTL8TT 8TBYIT YIvZIT 898°L0T Zv'90T 906°Z0T £0°T0T £06'86 56'S6 906'Z6 yZ7'16 906'88 z9'¢8 89v's8
uoudx 3upoy wnuna] Auownuy ury wnipy| wnnwpe) JELIS 1| 1poy Il wnpauydaj wnuapgAjow wniqoin wnuesnz WNLIA wnquonsg wnipigny
9X I 21 || 9S || usS ur | pD || Bv || pd || ud || nd || oL ||oN || N || 12 A 1S || 94
¥S €5 z5 15 05 34 8y Ly £ St (a4 33 [44 v ov 6€ 8¢ LE
N lj
seces ] vosec TL6'8L zz6veL TE€9°ZL £20°69 BE'SY 9v5°€9 €69'8S £€6'8S SPE'SS 8E6'VS 966'TS 2v6'0S 88'LY 956t 8L0°0% 860°6€
uoydAsy aurwolg wnusfes Jwasiy wniuewag wnien ouiz 1addoy 2N Heqod uosy asavebuepy wniwesydy wnipeuep wniuey | wnipuesg wnje) wnissejog
g [|/3S || SV || @D || €D | uzZ || ND || IN |JOD || ®d [fun || 1D AN 11 2S || €D A
SE ’ 43 €€ 43 1€ o€ 62 8z 24 97 14 vz €2 44 134 0z 6T
8v66¢ ” TSee 950°Z¢ ¥.60E 980'82 78692 SOEvT %
uobay auuolyd ingng snioydsoyg uodijis wnuwnyy wniseubepy wnipog
W LS| d sV b || eN
8T L1 91 ST [as €T, 49 1T
0810 86681 666'ST £00'vT TT0°ZT TT8°0T 7106 6°9
uosN aunoniy usbAxg uabosn uogie) uolog winijAieg winyiy
9N 4 (0] N J g °d n
ot 6 8 L 9 S v €
£00'% 800'T
wnyay ua601pAN
oH H
4 T

Friday, February 2, 2024 ©s

@

@




