PHYSICS 4E FINAL EXAM SPRING QUARTER 2011
PROF. HIRSCH JUNE 7th

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

Relativistic energy - momentum relation FE = ‘/mzc4 +p’c ; c=3x10"m/s
Photons: E=hf ; p=FE/c; f=clA Lorentz force: F =gE +qv x B

= 8 = hc 1
Planck'slaw : wu(A)=n(A)EA) ; n(A)= ra i E(A)= o T ]

Energy in a mode/oscillator: E p=nhf probability P(E) xe™® 1kgT
Stefan's law : R = oT* ; 0/=5.67x10°W /m’K* ; R=cU/4 , U = [u(A)d
0

1

Planck: u(A)=n(A)E(A) ; n(k)=i—? ; E(A)=h—;WT1 ; Wien: A, T = hc/4.96k,
e L

Photoelectric effect: eV, = (% mv®) =hf-¢ , ¢=work function

Compton: A, - A = h (1-cosO) ; A, = h =0.0243A; Rutherford: b= kq.Q cot(6/2) ; AN x !

m,c m,c m,y’ sin*(0/2)
Electrostatics: F —% (force) ; V—ﬁ (potential) ; U=gq,V ial
F==3 ; == potential) ; =¢q,V (potential energy)
Hydrogen spectrum: ! = R( ! ! ) ; R=1.097x10" m™ = !
yETosen s A omt ’ ' 911.3A
2 2 2
Bohr atom: 7, =r,n’s r, =2 E, =—EOZ—2 ; a, =h—2=0.529A ; E, =ki=13.6eV; L =mvr =nh
z n mke 2a,
1 ke’Z ke’Z v
Ek=5mv2 ; E, =- — E=E +E, ; F= Fo=m— s hf =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=2naf; k=2—ﬂ; E:hw;p:hk;E:p— ; he=1973eV A
P h A 2m

Wave packets: y(x,t) = Eaj cos(k;x —w;t), or y(x,t) = fdk a(k) 00 AkAx ~1; AwAt ~ 1
j

_do )

group and phase velocity : v, = x v, = m ; Heisenberg : AxAp~h ; AtAE~h
Wave function W(x,t) =lW(x,1) e’ P(x,t) dx =|W(x,t)  dx = probability
: . n oW A i
Schrodinger equation: -——+VX)WX,0) =17 — ; WX, =yX)e "
2m ox Jt

2 92

. . . . h™d r x
Time - independent Schrodinger equation: - 2—07—#2} + VX)) =EyXx) ; f dxyy=1
m oJx 0
2 nix a’h’n’ hd ¥ .
oo square well : X)=q|=sin(—) ; E,=—— ; X, =X, p,=—— ; <A>= A,
q P00 = sin ) 3 B, =T =X Py Jdway
Eigenvalues and eigenfunctions: A, W =a W (a is a constant) ; uncertainty: AA =< A’>-<A>?
_mo o 2
Harmonic oscillator: W (x)=C,H,(x)e > ;E, =(n+ %)hw E=P 4 %mw2 x’= %msz2 s An==1
. k —k,) 2m
Step potential : R=% , T=1-R k=1f—2(E—V)
(k, + k,) h
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-Z}a(x)dx
Tunneling:  yP(x)~e™ ; T~e®™ ; T~e Ca(x) = 2m[V;l?26) - E]

o’k onl ni on;
St ot )
om L L L

Spherically symmetric potential : Y .(ro¢)=R, (Y, 06,¢) ; Y, (00,0)=Ff, (@)™

3D square well: W(x,y,z) =¥ (x)¥,(y)¥,(z) ; E=

Angular momentum: L=7Fxp ; L = Eﬁi . LY, =(({+DRY, ; L, =mh
i
¢ 2
Radial probability density : P(r) =r* IR ,(r)F ; Energy : E, =-13.6eV—
n
G : : . _ 1 4 3/2 -Zrla,
round state of hydrogen and hydrogen-like ions: W, ;=—7(—)""¢
0
) ) - —e 7 eh s
Orbital magnetic moment: u=—-L ; u,=-u,m, ; Uy=—-=579x10"eV /T
2m, 2m,
. 1 . e -
Spin 1/2: s=5, ISkE+s(s+Dh ; S,=mh ; m ==x1/2 ,us=2—egS
m€
Totalangularmomentum:j:i+§ s WWEAJG+DR 5 ll-skj<l+s 5 —jsm; <
Orbital +spin mag moment : U= 2_—€(Z + g§ ) ; Energyinmag. field: U=-u- B
m
Two particles :  W(x,x,)=+/-W(x,,x;) ; symmetric/antisymmetric

Screening in multielectron atoms: Z —Z

Orbital ordering:

Is<2s<2p<3s<3p<4s<3d<4p<S5s<4d<S5p<b6s<4f <5d<6p<Ts<6d~5f
_ 1 1

fz(E)=Ce EIer ;fBE(E)=W 5 fFD(E)=m ; n(E)=g(E)f(E)

2
Lo L 2 o : 1 B B
Rotation : ER =57 I=uR”~, vibration: Ev =hw(v+ E), w=+K/u, u= mmsy /(m1 +m

, 1<Zy <Z

5)
_ 3/2¢,,,3701/2 - _

g(E)=[2rx(2m)~"“V /h~]E "~ (translation, per spin) ; Equipartition: < E >=k BT/ 2 per degree of freedom

Einstein coefs.: B, =B,, , A, /(Byu(f) =" =15 u(f)=@8ahf> /)" -1)



