
Trigonometric arld Hyperbolic Iderltities 

ci:,sr = -
1 

(ri' + cCi') = ci:,sh(is) cohh s = -I (,?I+,:-I) = coh(ix)
2 2 

s in ( s  i11)= sin r ci:,s y & ci:,s r sin y hinh(r iy )  = hinh r ci:,sh y icash s sinh !J 

ci:,s(s f y )  = y C O ~ ~ ( S  = r ci:,sh y ihinh r sinh yci:,s r c i : ~  sin s sin ,y i !J) ( I O S ~  
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s i n s  isilly = 2 sin -(IOS - hinh r isinh y = 2 hinh -<c,:,sh-
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ci:,s r + COh y = 2 COh -r + y  
ci:,s -. I ? / 

cohh s + ci:,sh y = 2 cohh -z'+?J 
cohh -

r-JJ 
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c i : ~r - COSY = 2 sln -s + y
sln -s-!/ 

cohh s - ci:,sh y = 2 hinh -s + ! /
s ~ n h-r - y  

2 2 2 2 

y = 
2 

[sin(r + y )  + s in(r  -
2 

s i n s  C O ~  -1 
11)] hinh r ci:,sh y = -1 

[hinh(r + y) + sinh(r - 11)] 

s i n s  sin .y = --
2 
1 

[coh(r + 11)- ci:,s(s - y) ]  hinh r sinh !J = -
2 
I 

[ci:,sh(r + y) - ci:,sh(s - !/)I 

sin(2.c) = 2 sin r ci:,s r hinh(2r) = 2 hinh r ci:,sh s 

?
ci:,s(2s) = cos2r - sin2 s cosh(2.c) = ci:,sh2 r + s ~ n h -r 

. r) 1 " 1 s ~ n -r = - [ I  - ci:,s(2s)] hinh- s = - [cosh(2x)- I]
2 2 


1 ? I 

ci:,s2s = ;[I + C O ~ ( ~ S ) ]  c06hus = - [ci:,sh(2r) + I]

2 2 

sin (??r 
- s) = cos r sin(?r - r)= s i n s  (:os(?r - r)= - (IOS s 

Useful I~ltegrals Gaussiarls 

( r )  = ( L )  ci s cos stir = c06 s + s sin r 
7 1 4 r ' / 2 L 2  

/ s sin r t l s  = s i n s  - s cos s 



Fourier Transforms 
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Fundamental Constants 

Spccil of light, c = 2.998 x lo8 m/s 

Elcct,ri:,n charge '. = 1.602 x lo-'" C 

Elcct,ri:,n mnhs ni, = 9.109 x kg 

Proti:,n mash nip = 1.672 x LOW" kg 

Plancks ci:,nhtant h = 1.055 x Js 

Boltrmann's constant ~ L I= 1.381 x J/Ii 

Bohr rail, an = -47rioh' 
cro = 0.529 A

llL"c2 

h' 
RyilI:~crg111 = - 111 = 13.61 cV 

27nCi1ij 

Particles and Waves 

E = \/(I,c)' + (n~or ' ) '  

E = h d  

p =  h k  

Phi:,ton: E = pc 

p'
Elcct,ri:,n: E = -

2171 
ti&


C:rour, velocity: u ( k )  = -
il k 

Heisenberg Uncertainty 

Operators 

More Operators 

dl '  
[I, HI = ~ h -

ds 

Schi-odinger Equation 

Timc in~icpcnilcnt: 

Timc cvolut,ion of cigcnfunctii:,nh i:,f H :  

d,, ( r ,t ) = d,, ( r .O)c-.f L , x / k ) t  

[Assiming @,,(r)constitute n coml:,lctc orthi:,normal 
set in Hilbcrt hpncc. which t,hcy ~ iou ld ,  if t,hcy arc 
cigcnfunctions i:,f n Hcrnlitian i:,pcrator.] 

,;:(.c) = i ln .,, ( x )j 



Special Case Solutions to the 
Schrodinger Equation 

Free Space [17(.r.)= 01 

Piece-wise Linear Potentials 

At region bouni:lnrics: 

single stel:,: JC 

Infirlite Square Well 

Sinlple Harnlonic Oscillator 

SHO Operators 


8 = LO + @ [ i l ,;I,+] = 1 

Coupled Systenls 

Let 7+(x, t ) = xC, ( t ) ~ , ,( r )  Then: 

t i  
ih-r,, ( t )= (s) l  H IO,,%(S))xr,,, ( t )(6,

ilt 
97% 

LC Circuit Quantization 

EM Field Quarltizatiorl 
Cul:,ic bi:,x L x L x L .  Use the LC circuit rcsult,s after 
mnkiqg t,he fi,llowing substitutions: 

L' i C ; + A  

C '  i cnL3 L i pnL3 


