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1 Units and Constants

1 = 1.11E-17kg = 6.24E18eV

lu = 1.66E—27kg = 931.49MeV

leV = 1.6E—19J = 1L.6E-19CV

19 =1.78E-38kg 12 =5.34E—28kgms~!

h = 6.626E—34m?kgs!
c0=8.854E—12Fm~!  jp=1.257TE—6mkgs 2 A2
kg = 1.38E—23 JK 1 ke = (4meg)
b=2.897TE—3Km o =567TWKm!

Roo = 1.097E7m™! ap = # = 0.0529 nm
e=1.602E-19C co = 3.00E8ms~!

me = 4. 109E 31kg my = 1.673E—27 kg

= 9.274E—24J T~

h=1.055E—34m?kgs~!

/’LB—Q

2 Special Relativity
(As")? = (cAt)? — (Ax)? = (As)?

2.1 Galilean Transform

=0t y=y Z=z t‘=t m'=m U, =0,—0p

2.2 Lorentz Transform

t=~t' y= 1152 (T<1}iyml+ 2 é:%
ez
' =y(z — vt) Yy =y 2=z =~ (- %)
— Vp—UF A Uy = 173 _
1-ZzlF Yy ¥ lfwch) ve v(lfwcgp>
=A@ =) y=y z=7 tZW(t’Jri’é)
S 747 N1+ E
'szl_i_v}‘%glr f* 1_%~f

2.3 Relativistic Momentum and Energy

P= yma F=
— 2 ¥ = P =

Ex=FE-me® {{<1}:Ex=L d=¢c\/1- (2

B2 = P2.2 + (m002)2

vdma E = ymc?

+1)-2

mcl

3 Electromagnetic Waves
Ey(x,t) = Eqcos(kz — wt + ¢o)
B,(x,t) = By cos(kx — wt + ¢g)
k::%’r w=2nf Uy =% =Af=c T:%
E=hf=Pe P=14 = b
g — E;fOB P \SC|2 2\52; E, = \2EHOO|Z
3.1 Quantum Theory of Light
E = 0’T4EQ
ur = Sﬂc}éfs (e’c’lleT - 1)_1
Oscillator: (E) = kgT (E) = k,f}Tf
eFT —1

Photoelectric effect: Fy max = €Viop = hf — @ fo= %

Bragg equation: nA = 2§sinf n €N Amin = eh—‘;
Compton effect: X' — \g = - (1 —cosf)
-1

E =B, [1 +oA(1- cose)}
4 Matter Particles
1 _ 1 1 _ ke*Zz?
X_ZQJ%OO(E—E) E,=-%'Z  neN
L=m R, =nh R, =%

CC BY-NC-SA 4.0

=8.99E9Nm? C~2

5 Matter Waves

., .

-y 1f B=f o-f Peu
E 2

Bo=% = =E=cyfL (2)

= _ dw 17<i>

Ug_ﬁ’ko ¢’k0+ T’ko

Fourier integrals: f(z) = %f:’; a(k)e® dk
Amp. distribution: a(k) = \/ﬁ f_+°° Y~k dy

Signal strength: V' (¢) = Ffj‘x’ (W)€t dw

Spectral content: g( ) \/ﬂ fjo‘): V(t)e—iwt dt

fla,t) = = [77 alk)eltbr=et) dk
AP;Az > 3 AEAt 2 % AkAZ>1 AwAt>
v = o

Uy Vv Wy = |02 4 |Wy)?

Uy ATy = [T + U = [T ] + [Wy|? 4 2|0 || T2 cos ¢

6 Quantum Mechanics in 1 Dimension
o) = W, ) (W) = U (2,4) (2, t)du
P(a<x<b):f:<p(x)dm P(—co <z <o0)=1

Uy (z, t) Aerkr=wt) — Alcos(kx — wt) + 1sin(kx — wt)]
hma‘;’(xt)—‘f—E()\Il( ):éh% t

(V{7 t) = (@)(0), wlx) = e, 6(t) = e}
_%iaﬁgm + Eg(x)@b(x) = Ei(z)

W (z, 1) = |¢(x)|

6.1 Particle in a Box

P(x) = Asinkx + Beoskx = Aetkr 4 Betke W(0), (¢) = 0

Bn=trd n0<a<f)= \/%bm(merx) neN

6.2 Expectation Values and Operators
Observable: (x) = fj;o U*pWdx o = /(z2) — ()2
Operator: (X) = f_JrOOOO U* [ X|Wdx

Observable  Operator ‘ Observable  Operator

x x at E,(z) — %88722
2 2 — R

B £g P o

E, E,(z) E ihg;

7 Tunnelling
\I’(‘T’ t)|x:0 = Ae“kz*wﬂ + Bei(*krfwt)

incident reflected
U (2, t)|pee = Cetlke—wt)
, transmitlgd
— 1B] _ [C _
2m(E,—E
T(E) = N o= 2B =L
1+W§_E) sinh? o/
7.1 o« Decay
—Anz4/ B0 48, [ZR
T(E) = ( Vo ) By = £ = 0.0993 MeV
To = o ke2 =7.25fm Me = 7295M,
A= fT(E) f=12 =10E21s7}
N(t) = Noe™ = Noe™™  {N/Ny =05}t =22

8 Quantum Mechanics in 3 Dimensions
8.1 Cartesian Coordinates

jan: V2= 2° 4 9° 4 ©°
Laplacian: V= = 922 T 922 T 9a2

2 V2(r) + By(r)b(x) = Bib(r)

r= <$17$2,SE3>
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2.0

{Ep =0} 1 4(r) = 1 (z1)v2(22)s3(23) B =3, 7%%;/%,

— 2720 (r, ) + Ep(r)U(r, 1) = in2L

U(r,t) = Asin(kyxy) sin(kazs) sin(kzxz)e™ ! O<mz </t

8.1.1 Particle in a Box

E =g (B + PP +|PP)  [Pl=m  nieN

232
E= %(n% +n3 +nj)

8.2 Spherical Coordinates
2 _ 1 22
\Y% 072+rdr+ ( gz T C t009+csc 90752)

2

r=(r,0,¢) ¢(r)=R(r)O0)(¢)

Hydrogen-like ion:
U(r,0,¢,t) = Ry(r)Y," (0, p)e ™"
1/)(7"» 0, d)) = Rnf(r)}/ém[ (97 ¢)

|L| = Il +1)h  L.=myh

{ e N* 0</<n-1 my €7 — 0 <my </t

9 Atomic Structure

fi=5LL  p.=—ppmy
Um = —ﬁ . E Um = hwpmy wL ¢B|

S.=sh |§|=%h jgg=--28
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