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Physics 130A

NAME

Secret Number

Score

i = 1.05 x 10727 erg sec

¢ = 3.00 x 10'° cm/sec

e = 1.602 x 107! coulomb

leV =1.602 x 1072 erg

< —1/137

he = 1973 eV A= 197.3 MeV F

1A=1.0x10"8 cm

a=<
1 Fermi = 1.0 x 10713 e¢m

h —0.529 x 108 cm

amec

ag =

m, = 938.3 MeV/c?

he —
m, = 939.6 MeV/c?

me = 9.11 x 10728 g = 0.511 MeV />

kp=138x10""% erg/°’K | g.=2+2¢ gp =5.6
[Bohr = 72— = 0.579 x 107® eV /gauss T dx f(z) 6(g(x)) = {dlgf(x)J
‘ —0 dz 9(z)=0

70 dr f(z) 0(x —a) = f(a) 70 dx e~ = e use £ for other forms
et = io: - sinf = io: %(—1)7171 cosf = § 2 (-1)2

n=0 " n=135.. " n=024.. "
P(z) = 21 _em /207 [drrremor = E = /m2ct + p2c?

o 0
GENERAL WAVE MECHANICS

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

Ap Az > 14 AAAB > (1[A, B)) AA = ,/(A2) — (A)?

(@) = 7 | dp o(p) e/ 6(p) = 7 | da () er/h

Pop =22 E,p =ih2 Top = ihgy

Hu;(z) = Ejuy(x) i(@,t) = uy(x)e Bt | 2T LV () = ihDL

Y () continuous Z—f continous if V finite

A% = 2;?—2)‘ (a) for V(z) = Mo(xz — a)

() = J deg*(@)y(z) | {uilus) = 0y 2 fua) (il =1

0 =2 aiu; a; = (ug|@) U(x) = (z|)

(BlAlY) = (P|Al9)" = ($|Av) = (ATd[¢)) ¢(p) = (pl)

Hip = Ey
[P, x) =12 (Lo, Ly) = ihL. [L?,L.] =0
i = (uilY) Aij = (uil Aluy) = (% + i (H,A)




HARMONIC OSCILLATOR

H = % + %mw%z = hwATA + %hw

E,=n+3)hw n=0,1,2.

Un(x) = kzo apye v’ /?

a _ 2(k—n) a
k2 = D) (k+2) 7k

v=

A= (/5 +igt) Al = (e — i) | [A, AT = 1
Alln) = i+ 1) In+1) [ Afn) = /() In=1) | uo(w) = (52)7 e

ANGULAR MOMENTUM

[Li> L]] = ZhﬁzjkLk

(L% L;] =0

LYy = £( + 1)R*Yo,

L <m</

Li=L,+iL, LYy = haJU(0+1) — m(m £ 1) Yimir
YO():\/% YH:—\/E;EW@"‘Z5 sin 6 Ym:\/%cose

_ [15 2 .2
Yoo = (/55 € sin 0

Yo = —,/é—i €' sin @ cos 6

Yoo = y/70= (3cos? 6 — 1)

Yy = € sin 6

YVE(—m) = (_1)£YV€>:71

Yﬁm(ﬂ- — 0,0+ 77) = (_1)£ Y€m(07 ¢>

32 [ a2 2
i [y Fr] R () + (V) + “GE0) Belr) = B Rue(7)
Jo(kr) = % no(kr) = —% h@l)(kr) = Jo(kr) + ing(kr)
H:Ho—ﬁé 'JZZ;CE 'L_L»:Qgrc;c_)
Si:%O'i
_<0 1> _<0 —i) _(1 0>
==\1 0 =\ 0 7=~ \o -1

HYDROGEN ATOM

H=1p 2 Yt = Rt (r)Yem (0, 9) B, = — 2ol _ _136 oy
n=n,+{+1 ap = i (=0,1,..,n—1

Ryu(p) = p' kijo arpte | agiy = 7(kf$f:i;g;2) a p = =2
Rig=2(2)s e Rog = 2£)3 (1~ Z5) %0 | Ry = L(£)3 (%) 70
L e N e (Unem | [Vnem) = g = #404=




1. What is the maximum wavelength of electromagnetic radiation which can eject electrons from
a metal having a work function of 3 eV? (3 points)

2. A nucleus has a radius of 4 Fermis. Use the uncertainty principle to estimate the kinetic
energy for a neutron localized inside the nucleus. Do the same for an electron. (3 points)



3. Use the uncertainty principle to estimate the ground state energy of Hydrogen. (4 points)

4. 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 3L. 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(Ax)sin(Bz)dx = Sin;é’::g))w) — Sinééﬁig))w) (5 points)




5. A beam of particles of wave-number k (this means €***) is incident upon a one dimensional

potential V(z) = ad(z). Calculate the probability to be transmitted. Graph it as a function
of k. (5 points)

6. A particle of mass m is in a 1 dimensional potential V' (z). Calculate the rate of change
of the expected values of x and p, (% and %). Your answer will obviously depend on the

state of the particle and on the potential. (6 points)



7. Derive the commutators [L?, L] and [L,, Ly]. Now show that L, Yp, = CYjun41), that is, Ly
lowers the L, eigenvalue but does not change the L? eigenvalue. (8 points)

8. Write the (normalized) state which is an eigenstate of L? with eigenvalue £(¢ + 1)h* = 2h*
and also an eigenstate of L, with eigenvalue 0% in terms of the usual Yy,. (6 points)



9. Compute the commutators [AT, A"] and [A, ef!] for the 1D harmonic oscillator. (6 points)

10. Assuming u,, represents the n'* 1D harmonic oscillator energy eigenstate, calculate {(u,|p|uy,).
(5 points)



11. Evaluate the “uncertainty” in x for the 1D HO ground state \/ (uo|(z — Z)?|ug) where = =

(ug|x|ug). Similarly, evaluate the uncertainty in p for the ground state. What is the product
ApAzx? (10 points)

12. Calculate the Fermi energy for N particles of mass m in a 3D cubic “box” of side L. Ignore
spin for this problem. (8 points)



13. A Hydrogen atom is in its 4D state (n = 4,¢ = 2). The atom decays to a lower state by
emitting a photon. Find the possible photon energies that may be observed. Give your
answers in eV. (5 points)

14. Using the 1,4, notation, list all the n = 1,2,3 hydrogen states. (Neglect the esistence of
spin.) (5 points)



15. At t = 0 a hydrogen atom is in the state %(zﬁlog — 1hg00). Calculate the expected value of r
as a function of time. (12 points)



