PHYSICS 4E QUIZ 3 SPRING QUARTER 2010
PROF. HIRSCH MAY 7

Formulas and constants:
he =12,400 eV A ; k, =1/11,600 eV/K ; ke’ =14.4eVA ; m,c>=0.511x10%V ; m,/m, =1836

Relativistic energy - momentum relation FE = ‘/m2c4 +p°c ; c=3x10"m/s
Photons: E=hf ; p=E/c; f=clA Lorentz force: F = qE +qVv x B
Photoelectric effect: eV, = (— mv®) =hf-¢ , ¢=work function

0 © 3 4
Integrals: I, = fx"e‘)“zdx ; 4, _ -1, ; I,= l\/E ;

0 dA 2V A 0

, ) = ) RV A he 1

Planck'slaw : u(A)=n(A)E(A) ; n(A)= ol E(A) = R ]

Energy in a mode/oscillator: E, =nhf ; probability P(E) x e’ ”‘B

Stefan's law : R=0T" ; 0=5.67x10°W /m’K* ; R=cU/4 , U = fu()»)a’)»
0

Wien's displacement law : A T = hc/4.96k,

. h h
Compton scattering : A-A=—-(»0-cos0) ; A =—=0.0243A
m,c m.c
. 1
Rutherford scattering: b= kq.Q ~cot(6/2) AN o« ———-
Y sin"(0/2)
ios: F o k%% . . kg _
Electrostatics : F (force) ; U =gq,V (potential energy) ; V = (potential)
r? r
Hydrogen spectrum: l—R(L—i : R=1.097x10" m™' = !
yETO8En SP AT TR ' 91134
2 a, VA n ke®
Bohratom:r, =rn"r,=—""  E, =-E;— ; a,= 5;=0529A ; E,=—=13.6eV; L=mvr=nh
mke 2a,
1 ke*Z ke*Z v?
Ek=5mv2 ; E, =- o E=E+E, ; F= 5= m— shf =hc/A=E, -E,
mM 1/2
Reduced mass: u= ; X-rayspectra: f"=A(Z-b) ; K:b=LL:b=74
m+M
2
deBroglie:)»=ﬁ ;f=£ ; w=2maf; k=2—n; E=lhw;p=hk; E 2 ; hie=1973 eV A
p h A 2m
group and phase velocity : v, = Z—i) 5V, =% ; Heisenberg : AxAp~h ; AtAE~h
Wave function W(x,1) =1 W(x,0) e P(x,t) dx =1 W(x,t) * dx = probablhty
P A4
Schrodinger equation: - 2—2 +VE)W(x,t) =ik &_ ;o WXt = Ip(x)e '
m t

Time - independent Schrodinger equation: - 2—0;—1‘0 +Vx)yx) =Ey(x) ; f dx yy=1
m -0

2 . nmx a'h’n’ hd o
oo square well : X)=./—sin(—) ; E = ;0 X, =X, p,="— ; <A>=|dw A,
q YD) = sin(C o) 3 E =T p =X Py = fxww
Eigenvalues and eigenfunctions: A/ W=a W (a is a constant) ; uncertainty: AA=1/< A’>-<A>?

mw 5 2

. . X 1 1
Harmonic oscillator: W,(x)=C, H, (x)e > ;E, =(n+ E)hw JE = 2‘0— +—mw*x* = Emsz2 s An==x1

m
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Step potential : R=M , T'=1-R ; k= 2—’?(E—V)
(k, + k,) \ 7
—Z}a(x)dx
Tunneling:  y(x)~e™ ; T~e™™™ ; T~e" Ca(x) = W
ﬂZhZ I’l2 n2 n2
3D square well: W(x,y,z) = ¥V, (x)W,(y)W,(z) ; E= L4243

Justify all your answers to all problems. Write clearly.

Problem 1 (10 pts)

An electron is in the ground state of an infinite one-dimensional well of width 8A.

(a) Estimate the probability that the electron is in a region within 1A of the center of the well,
and compare with the classical answer.

(b) If you were to calculate this probability exactly, would it be larger or smaller than the
answer you gave in (a)? Justify.

(c) Give the uncertainty in the momentum of this electron, Ap, in units eV/c.

(d) For extra credit, do after you finish the rest of the quiz: calculate the probability in (a)
exactly.

Problem 2 (10 pts)

The ground state energy of an electron in a harmonic oscillator potential is 3eV.

(a) What is the wavelength of photons emitted and absorbed by this system, in A?

(b) What is the classical amplitude of oscillation (=classical turning point) when the electron
is in the ground state, in Angstrom? Use #*/2m, = 3.81eV A’

(c) How much more likely is it to find the electron in the ground state at position x=0 than
at a classical turning point?

Problem 3 (10 pts)

2V,
left VOI electron right
Ty 1s here ?
L=10A

An electron is in the one-dimensional well of length L=10A shown above, bounded by the
two barriers of height V, and 2V, and widths 2a and a respectively.

(a) For what energy range of this electron is it more likely to escape the well through the
right barrier than through the left barrier? Give your answer in terms of V.

(b) Assuming you can approximate the energy levels of the well by the infinite well energy
levels, for what quantum number n is the electron equally likely to escape through the right
as through the left barrier, for V ,=127eV?

(c) If you now took into account that the energy levels in a finite well are not exactly the
same as for the infinite well, would the particle in the level n found in (b) be more likely to
escape through the right or the left barrier? Justify your answer. You can answer this (with
justification) even if you didn't find the answer to (b).

Justify all your answers to all problems. Write clearly.



