
Electricity and Magnetism 

21ˆ2
21

21

04

1
21 r

r

qq
F

πε
=

r
 

r

qq
rU 21

04

1
)(

πε
=  

0q

U
V

∆
=∆

∫
∞

⋅−=
P

sdE
p

V rr
 

Loop:
R

i
B

2
0µ=  

Solenoid:   
niB 0µ= where 

LNn =  

∫ =⋅=Φ
0ε

q
AdEE
rr

 

0=∫ ⋅=Φ AdBB
rr

 

∫ ⋅=
Φ

−= sdE
dt

Bd rr
E  

∫
Φ

+=⋅ )(0 0 dt
d

isdB Eεµ
rr

 

qdp =  

Ep
rrr

×=τ  

EpU
rr

⋅−=  

304
1

x

pE
πε

→  

niA ˆ=µr  
B
rrr

×= µτ  
BU
rr

⋅−= µ  

32
0
z

B
π

µµ r
r
=  

V
M

µrr
=  

eP EEEE κ00
rrrr

=+=  

0εκε e=  

0)1(0 BMM
rr

−= κµ

00 BMMBBB
rrrr

κ=+=

 
 

BvqEqF
rrrr

×+=  

m
Bq

=ω  

BLidBFd
rrr

×=  

 

BnNiA
rr

×= ˆτ  

34
0

r

rsid
Bd

rr
r ×
=

π

µ
 02

22
2
0

µ

ε BEu +=  

BES
rrr

×=
0

1
µ

 

 

c
I

A
avF

=   

or 
c
I2  

...
!2

)1(
!1

1)1(
2
±

−
+±=±

xnnnxx n  

...
!2

)1(
!1

1)1(
2
mm

xnnnxx n +
+=± −  

2/12222/322 )()( dzd
z

dz
dz

+
=

+∫  

 
Circuits and Elements of Circuits 
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Light and Optics:  430 nm (violet) to 690 nm (red) 
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Doppler for light 
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Diffraction and Interference 
Minima:  λθ ma =sin  
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Bragg (x rays): λθ md =sin2  
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Thin films: Does the next medium have a 
higher index of refraction? 
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l = 0, 1, 2, 3, … corresponds to s, p, d, f, … 
Selection Rule:  1±=∆l  
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Photoelectric: 
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Leptons (spin 2

1 ):  +−+−+− ττµµ ,,,,, ee  
Also:  ττµµ νννννν ,,,,, ee  
Mesons (spin 1): 

ηππ ,0,0,,,, KKKK −+−+ , … 
Baryons (half integer spin): 

−+Σ−+ΣΛΛ 0,0,0,0,,,, nnpp , …  

Field: graviton, gZWW ,,,, 0 γ−+  

Conservation laws: 
Charge conservation. 
Lepton number constant for τµ,,e . 
Baryon number constant. 
EM processes, strangeness constant.   
Weak processes, total strangeness constant or 
changes by 1. 

NZA += ; 3/1
0 ARR = ; 

fmR 2.10 ≅  

teNN λ−= 0 ;

2/1/

2
1

0
tt

NN 





= ; λNR = ; 

Decays: alpha (2p, 2n); beta 
ν+−+→ epn or 

ν+++→ enp  
Magic:  2, 8, 20, 28, 50, 82, 126 
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