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Q.1 For questions (I to VII), circle the correct answer: (I pt each question)

(1) An electron is in a one-dimensional trap with zero potential energy in the interior and infinite
potential energy at the walls. The ratio E3/E, of the energy for n= 3 to that forn=1 is:

a. 1/4 b. 1/9 ¢. 3/1 @on e. 4/1

(IX) The energy of the third excited state of “an electron in a one-dimensional trap with zero potential
energy in the interior and infinite potential energy at the walls” is 32.0 eV. The ground state energy will be:
a.4.0eV b.8.0eV @2.0 eV d.3.0eV e. None of them

the interior and infinite potential energy at the walls. A graph of its wave N
function y(x) versus x is shown. The value of the quantum number n is: \ X

a. 4 b. 2 .8 d. 6 CE ’ \/ ,

(IID An electron is in a one-dimensional trap with zero potential energy in W(X)V\

(IV) If a wave function y for a particle moving along the x axis is normalized, then:

a. | |yPdt=1 @J [ dx =1 c. dylox =1 d. oy/et=1 e yP=1

(V) For the hydrogen atom an electron is in the state (with the orbital quantum number, / = 3), the number

of different allowed values for the magnetic quantum number my is equal to:
@7 ‘ b. 6 c.3 oo do4 - e, none of them

(VI) When a beam of electrons of kinetic energy 40 keV strike a molybdenum target, they produce both
continuous and characteristic x-ray. If we increase the kinetic energy of the electrons to 80 keV, then the

energy of K, line will:
a. Be doubled b. Be half the original value . @not change
d. Be four times the original value e. Be decreased to one fourth the original value

(VII) In atomic states a metastable state is a state with:
a. Life time much smaller than other states Life time much larger than other states
c. Life time about that of other states d. none of them
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Q.1 For questions (I to VII), circle the correct answer: (I pt each question)

(D) An electron is in a one-dimensional trap with zero potential energy in the interior and infinite
potential energy at the walls. The ratio E,/E3 of the energy for n =1 to that for n =3 is:

a.1/4 1/9 c.3/1 d. 9/1 e. 4/1

(IT) The energy of the third excited state of ““an electron in a one-dimensional trap with zero potential
energy in the interior and infinite potential energy at the walls” is 64.0 eV. The ground state energy will be:
(BH40ev b.8.0eV c.2.0eV d.3.0eV e. None of them

the interior and infinite potential energy at the walls, A graph of its wave
function y(x) versus x is shown. The value of the quantum number n is: /\ <

2.4 b.2 o5 d.6 e. 8 ’ \/ \/

(1) An electron is in a one-dimensional trap with zero potential energy in  y(x) V\

(IV) If a wave function v for a particle moving along the x axis is normalized, then:

a [ fdt=1 b. By/ot=1 c. dy/ox =1 @il dx=1 eyP=1

(V) For the hydrogen atom an electron is in the state (with the orbital quantum number, / = 4), the number

of different allowed values for the magnetic quantum number my is equal to:
a.5 b. 8 @9 d. 4 e. none of them

(VI) When a beam of electrons of kinetic energy 40 keV strike a molybdenum targef, they produce both
continuous and characteristic x-ray. If we increase the kinetic energy of the electrons to 80 keV, then the

energy of K, line will:
a. Be doubled b. Be half the original value c. Be four times the original value

d. Be decreased to one fourth the original value @not change

(VII) In atomic states a metastable state is a state with:
Life time much larger than other states b. Life time much smaller than other states

c. Life time about that of other states d. none of them
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Q.2 An electron of energy E = 8 eV originally traveling to the right in a
region of space where U, = 6 eV (for x<0) strike “a step down potential of B |
U=0 (for x>0)” at x=0, as shown in the figure. (Use the notations k; and k; for
the wave numbers in the regions x <0 and x > 0, respectively). e Uy
(i) Write down the general solution to the time-independent Schrédinger
equation for the regions x < O and x> 07 (2 pts)

-1 ; x=0 +x
For 140 N =AY 2B € EYE k= e T
2 X
Tor X304 N, = CE & ) Ke=ZmME [f |

(ii) Use the boundary conditions on the wave function to write linear equations for the unknown constants
of your general solution of part (i)? (2 pts)
_— - — ‘
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(iif) Find the values for the wave numbers in the regions x <0 and x>0?(Ipts) __ — —— é 3 5( )

.‘ 2Me CC U“) /t/ = &—ZK-CII //)(/53 (g——é))d‘é)(/ﬁ—l?

QLN i
7-?-2‘%%‘0 (rod(m) —= g3l EX/E ‘7/ m'a j:—lﬁf'izm
7 (rectim

K = A2 F

(iv) Sketch the solution, using the x-axis in the following figure. (2 pts)

W(x)
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(v) The reflection coefficient is R = [(k;, — ki )/ (k; + k))I% if there are 1000-electrons incident, find the
number of transmitted electrons? (2 pts) ' :

2
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. K2 +K) 14 4 q T2

e (o059 (20
VCH-‘:J &pc&@ﬂ?\h—— - (0 (28‘7(5/5»0@4)?'\5)

T 3%9

Nurler of trons




Phys. 3104, Second Exam, Spring 2011

Page 4 of 4

~rfa

Q.3 An electron in the hydrogen atom is in the state Yoo =A €
(i) Normalize this wave function (i.e find the value for A that will make the wave function normalized) (2

ps)

va -
2 —*ZY”/Q-
fﬁ e u4Tr

since W doperdson wmtj tian = 4TS
—_2Y/a
7;@),.—-[._91—#77_/4{ 2 d)r" ,

\

T /4 o.af . l N /—\
NI [ ] = = 3/
(:4/ ) {1 a™'*
(i) Find the probability that the electron in this state wxll be found between two spherical shells with radii
0.8a and 1.2a? (2 pts) ' l-24
2o > r/ a =
— P
?/ /\D ’-L-Tr PZF - /‘§ [ <<ﬁ}r+,2,__y-+z>e.
r=o3a 9/5‘61 ) Y=oR
- [ _____\» ‘”7@« —_— ,,2 S P - - S D
e 2o o5
—2.(}* -2 (Dt
=a2]- “'Z)“ "mw;]e = (m%) o’ 0'3‘1 Al
& “ar
= [ 0-2822+6:391F] ~ me2lld = 2/ ?—/
Q.4 A rectangular corral of widths L, =L and L,= L/2 contains seven non interacting electrons withvspin 2
of s = % for each electron.
(i) Write down the general form for the energy of any level. (2 pts) 2
S \3 n" L g j
— N A = 2
LYW L?, 7 T™M Lz_ X %MLZ IM L/L,L
ez \ Q‘/ 3, -
~<ﬂx+L\-W> T |2 J )(\jﬁ\)zjg/_,-
(i) Find the energy of the ground state of this system of seven electrons? (3 pts) hz*
2. .
i/ 2 /N )
E,= 2 .:h_/gml. io_f‘*EC%mLz
N o
E'z.,/:% ),\,/gML 1 =
E e L | ¥ I
3 ’ 8 2 lg,.. B
g, =3 ket 2
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=2 &2, T2 lot
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