Midterm 1 May 2, 2005 Physics 130A

NAME Secret Number Score

(write your name and secret number on the blue book)

1. What is the maximum wavelength of electromagnetic radiation which can eject electrons from

2.

a metal having a work function of 1.97 eV? (5 points)

a) What is the deBroglie wavelength of an electron with 5 eV of kinetic energy?
b) What is the deBroglie wavelength of an electron with 100 MeV of kinetic energy?
(6 points)

Given the following one dimensional probability amplitudes in the position variable x, com-
pute the probability distribution in momentum space. Show that the uncertainty principle is
roughly satisfied.

a) Y(x) = \/%Tz for —a < z < a, otherwise ¥(z) = 0.

b) P(x) = d(x — o)
(10 points)

. A particle is confined to a box of length L in one dimension. It is initially in the ground state.

Suddenly, one wall of the box is moved outward making a new box of length 2L. What is the
probability that the particle is in the ground state of the new box? You may find it useful to

know that [ sin(Az)sin(Bz)dr = Sin;gj:g))x) - SiHZ(((jIg))x) (7 points)




Constants

h = 1.05 x 10727 erg sec

e =1.602 x 1079 coulomb

leV =1.602 x 107'2 erg

¢ = 3.00 x 10'° cm/sec
a2

< _1/137

hic = 1973 eV A= 197.3 MeV F

1A=1.0x10"8 cm

1 Fermi = 1.0 x 10~ cm

h —0.529 x 1078 ecm

amec

Qo

m, = 938.3 MeV/c?

m, = 939.6 MeV/c?

me = 9.11 x 1072 g = 0.511 MeV /c?

kp=138x 107" erg/°’K | g =2+ 2 gp =05.6
[iBohr = 72— = 0.579 x 107® eV /gauss [ dx f(z) d(g(x)) = {dlglf(x)J
‘ — = 9(x)=0
[ dz f(z)d(x—a) = f(a) | [ dxe @ = \/§ use £ for other forms
et = %O: 4 sinf) = %O: %(—1)%1 cosf = %o: (-1)2
n=0 n=1,3,5... n=0,24...
P(z) = 21“72 —*/20” Z)/’d?" e = aﬂl m2ct + p?c?

HARMONIC OSCILLATOR

H = Fo + jmw’s® = hwATA + jhw Ey=(n+YHhw n=012..
Un(x) - I;—:o kake_yQ/z Q42 = %ak Yy = %1‘
A=(f3etisle) | A= (/Br—isl—) | [A Al =1

Alln) = /(n+ D [n+1) | Afn) = J(n) n—1) | up(x) = (f)r e/

ANGULAR MOMENTUM

[LZ', L]] = Zhﬁkak

[L2,L;] =0

JYE Y dQ = 00,y

LYy = £(+ 1)R* Yo,

Lz}/ém = mh}/Em

L <m</

Li=L,+iL, LYy = haJl(0+1) — m(m £ 1) Yimir
YOOZ\/% Yllz—\/gew5 sin 0 Ym:\/gcosé

_ 15 2ip 32
Yoo = (/55 € sin” 0

€' sinf cosd

- _ /15
Y21_ 8T

Yoo = y/10= (3cos? 6 — 1)

Yo = et Sinee Yﬁ(fm) = (_1>m}/€>:n nm(ﬂ - 97 gb + ﬂ-) = (_1>€ }/Km(07 ¢)
P 2
22+ 221 Roy(r) + (V) + “S245) Run(r) = ERp(r)




GENERAL WAVE MECHANICS

E=hv=hw A=h/p p = hk

Ap Az > 1 AAAB > (1[A, B)) AA = ,/(A?) — (A)?

¥(x) = 7 | dp op) €7 () = 7o S dwdb(a) emm

Pop =22 E,p = ilid = ihg,

Huj(x) = Eju;(z) Vj(z,t) = uj(z)e Eit/h ;Zj g?’f + V() = ih%

() continuous % continous if V finite

d m —

AL — 2h2’\ (a) for V(z) = Xé(x — a)

(oly) = _f dr¢™(z)ip(x) | (uilu;) = 6y 2 |ug) (uif =1

¢ =2 au; a; = (ui¢) Y(x) = (z|¢)

(PlAlY) = (V[Alg)* = (plAv) = (Alg|v) ¢(p) = (pl¢)

H+y = Ev
[pe, 2] =2 Ly, L,] =ihL, (L2 L,]=0
Ui = (uil) Ay = {us|AJuy) G = (5 + £(H, AD
HYDROGEN ATOM

H = % - ZT?Q ,lvbnﬁm = Rnﬁ(r)nm<97 ¢) E, = _% = _12726 eV
n=n,+0+1 a,[):ai#c (=0,1,...n—1
Ryu(p) = p* P} appte | app = G p=hEr=2
Riy=2Z)% e Ry = 2(5)3 (1~ ) e ™0 | Ry = i) () e
Rn,n—l x r" €7ZT/na0 o= % <¢nﬁm| |¢n€m> = n2a20 = %




