Physics 214 Common Formulae

Sl Prefixes

Power Prefix Symbol
10° giga G

10° mega M

10° kilo k

10°

107 milli m

10° micro | p

10° nano n

10" pico p

Waves, Superposition

kEZ—ﬂ w=2rf TEl v=af=2
A f k

General relation for land A: 1 oc A, A=A + Ay + ...

Two sources: Imax=|A1 + Agl*, Imin= |A1 - Aol

Two sources, same ly: | =41, cos®*(¢/2) where
p=27511

Interference: Slits, holes, etc.

Physical Data and Conversion Constants

speed of light

¢ =2.998 x 10% m/s

Planck constant

h=6.626 x 10%*J-s
=4.135x 10%eV-s

Planck constant/ 2z

h=1.054x10%*J-s
=0.658 x 10 eV s

Far-field path-length difference: 5 =r, —r, ~dsing
Phase difference: 22 ix—~—=if 0 small""";;
2r A A A AL

electron charge

e=1.602x10%°C

energy conversion

1eV =1.602 x 10%°]

conversion constant

hc = 1240 eV-nm= 1.986x 102°J-m

sin(N¢g/2)

2
- where ¢ =2zdsin@/ A
sin(¢/2)

N slit: 1, :Il{

useful combination

h?/2m, = 1.505 eV nm”

Bohr radius

a = (4ze,)h* Ime’ =0.05292 nm

Rydberg energy

hcR, =me'/2(47e,)" h* = 13.606 eV

Single slit: 5, =asing asing,;, =tmA with m=123..
B 0y asind ad ay

~N—_—a — —

~ ~

2 A A A AL

Coulomb constant

x =1/ (47,) = 8.99 x 10° N-m*/ C*

Avagadro constant

N =6.022 x 10%° / mole

Single slit: 1, =1, {M

2
512 } with g =2rasind/ A

electron mass

m. = 9.109 x 10 ** kg = 0.511 MeV/c?

slit: ,=A/a or hole: §,=1.224/D=«,

proton mass

m, = 1.673 x 10 %' kg = 938.3 MeV/c’

neutron mass

m, = 1.675 x 10 %" kg = 939.6 MeV/c?

hydrogen atom mass

my = 1.674 x 10" kg

Approx. grating resolution: AL > 1
A Nm

Electron magnetic
moment

1, = 9.2848 x 1024 J/T
=5.795 x 10° eV/T

Proton magnetic
moment

o =1.4106 x 10%° JT
=8.804 x 10° eV/T

Quantum laws, facts....

UNIVERSAL: p=fik=h/A E=hf=hw

Trigonometric identities

sin@+cos’*0 =1

Cosf +cos¢g =2 cos(ijj cos (?j

sin@ +sin ¢ = 2sin (QL;})COS(MJ

2

Lightt E=hf =hw=hc/ A= pc

Slow particle: KE =mv?®/2 = p*/2m =h?*/2mA®
Photoelectric effect: KE,_, =€V, =hf-®
UNIVERSAL: AXAp, =27 AE At>h

cos(€ +¢) =cosdcosg—singsin ¢

w* () () =lw ()|

b
Pasz' lw(x) [[dx, a<x<b

sin(@+ ¢) =sin@cos ¢ +cosdsin ¢

A sin(wt +¢) + A, sin(wt + ¢,) = A, sin(ot + ¢;)

A’ +B*+2ABcos¢ =C? (¢ here is the external angle)

(Slow) particle in fixed potential U:
1 Ik

. ap(Xx)
o oy +U(x)1//(x)_|h—0,,t
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Physics 214 Common Formulae

Quantum stationary states (energy eigenstates):
P(x,t)=w(x)e™™  where E=ho

I V) L 0w (0 = heo () = E w(x)
2m X

Tunneling

In1-D box: n1=2L wheren=12...

v, (X)= (sm(—x) for 0<x<L

2 hz
B0 = Zm(Tj (SmLZJnZZEan (*last part*)

T ~Ge?*t where G :165[1——

i

0

K=\/2h—T(Uo E)= zﬁ\/zhm(uO—E)

E

0

Angular momentum and magnetism

Box, 3-D:
W(X, Y, Z) = ism(nl_ﬂ- stin (nz_ﬂ yjsin (n:"_ﬂ- Zj
abc a b c

h*> n®> n}?
E(n,n,n)=—(-%+-2 +-3
(nl 2 3) 8m(a2 b2 C)

Orbital: L, =m#A where m=0,+1,+2,...+(

L? = ((¢+1)n* where (=0,1,2,...

Spin: S, =m where m, :i%

Magnetic energy: U =—/i-B

Simple Harmonic Oscillator (SHO):
E,=(n+%)hw where n=0,12..

i

Force: F, = 4, a8, where g, o S,
dz m

e

Atomic orbital filling

Free slow particle with definite p:
Y(x,t) = Ae' M with hw = h%k? / 2m

H-like atom
. Ze®
potential U(r)=—K
_ -1 (ZeP1 1 me'z?
" 4ge, 2a, n’ (47g,)” 2h°n®
ZZ
=-13. 606eV—

Ground state: vy, (r,0,¢) = %e_r’a‘)

ra

Radial density for s-state: P(r)dr = 4zr? |w(r) [ dr

Form of n, I, m eigenstate:
l//nfm(r’ 0,4) =R, ()Y, (0,4)

Yoo = Yo = 3 0039

T

Y, =F ,i sin@e*?
B 8z
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