PHYSICS 2D QUIZ 4 WINTER QUARTER 2025
PROF. HIRSCH

Justify all your answers to all problems. Write clearly.
Time dilation; Length contraction: At=yAt ; L=L /y ;c=3x 10°m/ s

Lorentz transformation: x'=y(x —ut) ;y'=y; t'=y(t—ux/c”)

. | V. —u v 14 1
Velocity: v_ =—2r v = 4 = V=
l-uv /¢ 7 y(-uv _/c”) 1-u?/c?
) ) ) , lxu/c
Inverse transformations: u — —u, primed <> unprimed; Doppler: f'=1f =g/
Ful/c

Momentum: p=ymv ; Energy: E=ymc’ ; Kinetic energy: K =(y-1)mc’

E=\p°c®+m’c" ; restenergy: E, = mc’

Electron: m_ =0.51 IMev /c* ; Proton: m, = 938.26 Mev / c* ; Neutron: m = 939.55Mev / c*
Atomic unit: lu=931.5MeV /c? ; electron volt: leV =1.6x107"°J

Photoelectric effect: eV =K _ =hf—¢=hc/A-¢ ; ¢ =work function
Stefan law: I =0T", 0=5.67037x10"W /m’-K* ; Wien's law: A T =2.8978x10” m- K
I(T)= [I(A,T)dA 5 I=(c/4u ; u(A,T)=NAE, (A,T); N(A)= i—’f

0

Boltzmann distribution: N(E) = Ce™* ; N= f N(E)dE ; E, =% f EN(E)dE
0 0

Classical: E, = kT ; Planck: E = ne = nhf; N=EN(EH) s E = %EEHN(EH)
n=0

n=0
51.4
Planck: E, = % ; hc=1,240eV -nm ; /lmT = hc/4.96k ; o= 27 2k3
el T _q 15¢°h
Boltzmann constant: k=(1/11,604)eV /K 1A=1A=0.1nm
Compton scattering: A'-A=4 (1-cos0); A = N =0.00243nm
mc

double-slit interference maxima: d sin 6 = nA; single-slit diffraction minima: asinf = nA

de Broglie: :ﬁ ;f=% ; w=2xf ;k=27”; E=hw ; p=hk hc=197.3 eV nm
p

2

matter: £ = ;; (nonrelativistic) or E =/ p’c’ + m*c* (relativistic); photons: E = pc
m

Uncertainty: AxAk~1 AtAw~1 ; AxAp~h AAE~h AA=\/<A2>—<A>2



PHYSICS 2D QUIZ 4 WINTER QUARTER 2025
PROF. HIRSCH

. dw w
group and phase velocity : v, = i v, =—
2 (92 E

Schrodinger equation: - om +UX)W(x,t) =ik é;—lp o W(Xx,1) :1,1)()()67Z
m t

; wave packets: y(x,t) = fa(k) /(o

2
X

. . . . "9y r
Time - independent Schrodinger equation: - P +Ux)y(x) =Ey(x) ; f dxypy=1
m Jx 2

Pl <x<x)= [lw)fdr 3 <f(0)>= [19) [ f(x)dx

1

222 2 2
- J';hljlz : Zh =0.0381eVam® (electron)
m m

2 . nmwx
oo square well: X)=,—sin(—) ; E
q Y (x) ,/L ( 2 )

232 2 2
2D square well: W (X,y)=‘l’1,n (x)‘Pz,n » S E _Th (?+Z—§) ;IPM(W) = \/%sin(mzw)

2m )

: : o 1 p2 1 221 242

Harmonic oscillator: W (x)=H, (x)e *" ; E =n+—-)hw, E=—+—mw x"=—mw A
2 2m 2 2
2
Step potential : reflection coef : R = M , T=1-R ; k= 2—T(E -U)
(k, + k,) \ %
—270{(){)(!){ _
Tunneling : Px)~e™ ;3 T=e™™™ ; T=e " ;o alx)= W
. 27e° )
Rutherford scattering: U = ;e /(4me))=1.44¢eV -nm
dmer
2
_Z.¢ cotlH s f,= ntwb® ; N(O)= constantx(i)2 x%
K 4me, 2 K, sin“(8/2)
. 1 1 1 1
Line spectra: —=R(—-—) ; R=—"—— hcR=13.6eV
A ng, n 91.13nm
2 2 2 2
Bohratom: F="2_pn ¥ . y-KZ  p_giy- 22, _00529mm
r ‘r r 2r
2 2, 2 ke’ n

r=(a,/Z)n" , E =-EZ°In" JE = ca, = sL=myr=nh; E =-13.6eV

0 0 2
2a meke

1-dim atom: U(x) = _k : P(x)=Axe™
X





