
Physics 441 Formula Sheet (18 Jun 2024 version)   
 

ELECTRIC 
 

MAGNETIC 
  

Statics Statics 
1.  𝑞 ൌ  𝜆𝑑𝑙׬
 𝑞 ൌ  𝜎𝑑𝑎׬
 𝑞 ൌ  𝜌𝑑𝜏׬

1.  𝐼 ൌ  𝐾ୄ𝑑𝑙׬
 𝐼 ൌ ׬ 𝐉 ∙ 𝑑𝐚 

2.  𝐅 ൌ
௤ொ

ସ஠கబ
య 2.  No easy parallel for 

magnetic field 
 

3.  𝐅 ൌ 𝑄𝐄 3.  𝐅 ൌ 𝑄ሺ𝐯 ൈ 𝐁ሻ 
4.  𝐄ሺ𝐫ሻ ൌ

ଵ

ସగఌబ
∑ ௤೔ ೔ 

೔
య௜  

 𝐄ሺ𝐫ሻ ൌ
ଵ

ସగఌబ
׬
ఒ൫𝐫ᇲ൯ 

య 𝑑𝑙ᇱ 

 𝐄ሺ𝐫ሻ ൌ
ଵ

ସగఌబ
׬
ఙ൫𝐫ᇲ൯ 

య 𝑑𝑎ᇱ 

 𝐄ሺ𝐫ሻ ൌ
ଵ

ସగఌబ
׬
ఘ൫𝐫ᇲ൯ 

య 𝑑𝜏′ 

 

4.   

 𝐁ሺ𝐫ሻ ൌ
ఓబ
ସగ

׬ 
ூ ௗ𝐥ᇲൈ

𝟑  

 𝐁ሺ𝐫ሻ ൌ
ఓబ
ସగ

׬ 
𝐊൫𝐫ᇲ൯ൈ

𝟑 𝑑𝑎′ 

 𝐁ሺ𝐫ሻ ൌ
ఓబ
ସగ

׬ 
𝐉ሺ𝐫ᇲሻൈ

𝟑 𝑑𝜏′ 
   
 

5.  ∇ ⋅ 𝐄 ൌ
஡

கబ
 5.  ∇ ⋅ 𝐁 ൌ 0  

6.  Φா ൌ ׬ 𝐄 ⋅ 𝑑𝐚
 
ௌ

 6.  Φ஻ ൌ ׬ 𝐁 ⋅ 𝑑𝐚
 
ௌ

 

7.  ∮ 𝐄 ⋅ 𝑑𝐚 ൌ
௤೐೙೎
ఌబ

 
ௌ

 7.  ∮𝐁 ⋅ 𝑑𝐥 ൌ 𝜇଴𝐼௘௡௖ 
8.  ∇ ൈ 𝐄 ൌ 0   (this gets 
modified below) 

8.  ∇ ൈ 𝐁 ൌ 𝜇଴𝐉    (this gets 
modified below) 

9.  𝐄 ൌ െ∇𝑉  (this gets modified 
in Phys 442) 

9.  𝐁 ൌ ∇ ൈ 𝐀,  ∇ ⋅ 𝐀 ൌ 0  
(Coulomb gauge) 

10.  𝑉ሺ𝐫ሻ ൌ െ׬ 𝐄 ⋅ 𝑑𝐥
𝐫
𝐫𝐞𝐟

  10.  No direct parallel for 
the magnetic field 

11.  𝑉ሺ𝐫ሻ ൌ
ଵ

ସగఌబ
∑ ௤೔ 

೔
௜  

 𝑉ሺ𝐫ሻ ൌ
ଵ

ସగఌబ
׬
ఒ൫𝐫ᇲ൯

𝑑𝑙ᇱ 

 𝑉ሺ𝐫ሻ ൌ
ଵ

ସగఌబ
׬
ఙ൫𝐫ᇲ൯

𝑑𝑎′ 

 𝑉ሺ𝐫ሻ ൌ
ଵ

ସగఌబ
׬
ఘ൫𝐫ᇲ൯

𝑑𝜏ᇱ 

 

11.   

 𝐀ሺ𝐫ሻ ൌ
ఓబ
ସగ

׬ 
ூ

 𝑑𝐥ᇱ 

 𝐀ሺ𝐫ሻ ൌ
ఓబ
ସగ
׬
𝐊൫𝐫ᇲ൯

 𝑑𝑎ᇱ 

 𝐀ሺ𝐫ሻ ൌ
ఓబ
ସగ
׬
𝐉ሺ𝐫ᇲሻ 

 𝑑𝜏ᇱ 

12. 𝑈 ൌ
ଵ

ଶ
 ∑

ଵ

ସగఢబ

௤೔௤ೕ
௥೔ೕ

 ௜,௝  

 𝑈 ൌ
ଵ

ଶ
 ∑ 𝑞௜𝑉ሺ𝐫௜ሻ௜  

 𝑈 ൌ
ଵ

ଶ
 ′𝜌ሺ𝐫ᇱሻ𝑉ሺ𝐫ᇱሻ𝑑𝜏׬ 

 𝑈 ൌ
ఌబ
ଶ
 𝐸ଶ𝑑𝜏׬

12.   
 𝑈 ൌ

ଵ

ଶ
׬  𝐉ሺ𝐫ᇱሻ ⋅ 𝐀ሺ𝐫ᇱሻ𝑑𝜏′ 

 𝑈 ൌ
ଵ

ଶఓబ
 𝐵ଶ𝑑𝜏׬

13.  𝐶 ൌ
ொ

௏
 13.  𝐿 ൌ

஍

ூ
 

14.  𝑈 ൌ
ଵ

ଶ

ொమ

஼
   14.  𝑈 ൌ

ଵ

ଶ
𝐿𝐼ଶ 

15.  𝐸ଵୄ െ 𝐸ଶ
ୄ ൌ

ఙ

ఌబ
 15.  𝐵ଵୄ ൌ 𝐵ଶ

ୄ 

16.  𝐄ଵ
∥ ൌ 𝐄ଶ

∥  16.  𝐁ଵ
∥ െ 𝐁ଶ

∥ ൌ 𝜇଴ሺ𝐊 ൈ 𝐧ෝሻ 
17.  𝑉ଵ ൌ 𝑉ଶ 17.  𝐀ଵ ൌ 𝐀ଶ 
18.  ∇ଶ𝑉 ൌ െ

ఘ

ఌబ
 18.  ∇ଶ𝐀 ൌ െ𝜇଴𝐉 

19.  𝑉ሺ𝐫ሻ ൌ ଵ

ସగఌబ
ൈ 

෍
1

𝑟௡ାଵ
නሺ𝑟ᇱሻ௡𝑃௡ሺcos𝜃ᇱሻ𝜌ሺ𝐫ᇱሻ𝑑𝜏ᇱ

ஶ

௡ୀ଴

 

19.  𝐀ሺ𝐫ሻ ൌ ఓబூ

ସగ
ൈ 

෍
1

𝑟௡ାଵ
රሺ𝑟ᇱሻ௡𝑃௡ሺcos𝜃ᇱሻ𝑑𝐥ᇱ

ஶ

௡ୀ଴

 

20.  𝐩 ൌ ∑ 𝐫௜
ᇱ𝑞௜௜  

 𝐩 ൌ ׬ 𝐫ᇱ𝜌ሺ𝐫ᇱሻ𝑑𝜏ᇱ 
20.   
 𝐦 ൌ 𝐼 𝑑𝐚׬ ൌ 𝐼𝐚 

21.  𝑉 ୧୮ ൌ
ଵ

ସగఌబ

𝐩⋅𝐫ො

୰మ
 21.  𝐀ୢ୧୮ ൌ

ఓబ
ସగ

𝐦ൈ𝐫ො

𝒓𝟐
 

22.  𝐄ୢ୧୮ሺ𝑟,𝜃ሻ ൌ
ଵ

ସగఌబ

௣

௥య
ሺ2cos𝜃𝐫ො ൅ sin𝜃𝛉෡ሻ 

22.  𝐁ୢ୧୮ሺ𝑟,𝜃ሻ ൌ
ఓబ
ସగ

௠

௥య
ሺ2cos𝜃𝐫ො ൅ sin𝜃𝛉෡ሻ  

23.  𝛕 ൌ 𝐩 ൈ 𝐄    (τ = torque here, 
not volume) 

23.  𝛕 ൌ 𝐦ൈ 𝐁 

24.  𝐅 ൌ ሺ𝐩 ⋅ ∇ሻ𝐄 ൌ ∇ሺ𝐩 ⋅ 𝐄ሻ 24.  𝐅 ൌ ∇ሺ𝐦 ⋅ 𝐁ሻ 
25.  𝑈 ൌ െ𝐩 ⋅ 𝐄 25.  𝑈 ൌ െ𝐦 ⋅ 𝐁 
  
Materials Materials 
26.  𝐏 ൌ electric dipole moment 
per unit volume 
 𝐩 ൌ  𝐏ሺ𝐫ᇱሻ𝑑𝜏ᇱ׬

26.  𝐌 ൌ magnetic dipole 
moment per unit vol. 
 𝐦 ൌ  𝐌ሺ𝐫ᇱሻ𝑑𝜏ᇱ׬

27. 𝑉୮୭୪.୭ୠ୨ୣୡ୲ ൌ
ଵ

ସగఌబ
׬
𝐏൫𝐫ᇲ൯⋅ 

య 𝑑𝜏′ 27. 𝐀୫ୟ୥୬.୭ୠ୨ୣୡ୲ ൌ
ఓబ
ସగ
ൈ 

׬ 
𝐌൫𝐫ᇲ൯ൈ 

య 𝑑𝜏′ 
28.  𝜎௕ ൌ 𝐏 ⋅ 𝐧ෝ 28.  𝐉𝐛 ൌ ∇ ൈ𝐌 
29.  𝜌௕ ൌ െ∇ ⋅ 𝐏 29.  𝐊𝐛 ൌ 𝐌ൈ 𝐧ෝ 
30.  𝐏 ൌ 𝜀଴𝜒௘𝐄 30.  𝐌 ൌ 𝜒௠𝐇 
31.  𝐃 ൌ 𝜀଴𝐄 ൅ 𝐏 31.  𝐇 ൌ 𝐁/𝜇଴ –𝐌 
32.  ∇ ⋅ 𝐃 ൌ 𝜌௙  32.  ∇ ⋅ 𝐁 ൌ 0   (still) 

33.  𝐃 ൌ 𝜀𝐄 ൌ 𝜀଴𝜀௥𝐄 33.  𝐇 ൌ 𝐁/𝜇 ൌ 𝐁/ሺ𝜇଴𝜇௥ሻ 
34.  ∮𝐃 ⋅ 𝑑𝐚 ൌ 𝑞௙,௘௡௖ 34.  ∮𝐇 ⋅ 𝑑𝐥 ൌ 𝐼௙,௘௡௖ 
35.  𝜀௥ ൌ 1 ൅ 𝜒௘ 35.  𝜇௥ ൌ 1 ൅ 𝜒௠ 

36.  𝑈 ൌ
ଵ

ଶ
𝐃׬ ⋅ 𝐄 𝑑𝜏 36.  𝑈 ൌ

ଵ

ଶ
𝐇׬ ⋅ 𝐁 𝑑𝜏 

37.  𝐷ଵୄ െ 𝐷ଶୄ ൌ 𝜎௙௥௘௘ 37.  𝐇ଵ∥ െ 𝐇ଶ∥ ൌ 𝐊௙௥௘௘ ൈ 𝐧ෝ 
  
Dynamics Dynamics 

38. ∇ ⋅ 𝐉 ൌ െ
డఘ

ப௧
 38. ∇ ⋅ 𝐉 ൌ െ

డఘ

ப௧
  (same 

equation as in left hand 
column; connects charge to 
current) 

39. ∇ ൈ 𝐄 ൌ െ
డ𝐁

ப௧
   ℇ ൌ െ

ௗ஍ా

ௗ௧
  39. ∇ ൈ 𝐁 ൌ 𝜇଴𝐉 ൅ 𝜇଴𝜀଴

డ𝐄

డ௧
 

40. ∇ ൈ 𝐄 ൌ െ
డ𝐁

ப௧
  (unchanged 

for materials) 

40. ∇ ൈ 𝐇 ൌ 𝐉௙ ൅
డ𝐃

డ௧
 

 
Equations that don’t fit anywhere else 

Stress = force/area on a conductor: 𝐬𝐭𝐫𝐞𝐬𝐬 ൌ
ఙమ

ଶఌబ
𝐧ෝ  

𝑄௜௝ ൌ ׬ ቀ
ଷ

ଶ
𝑟௜
ᇱ𝑟௝
ᇱ െ

ଵ

ଶ
𝑟ᇱଶ𝛿௜௝ቁ 𝜌ሺ𝐫ᇱሻ𝑑𝜏ᇱ   

𝑉௤௨௔ௗሺ𝐫ሻ ൌ
ଵ

ସగఢబ௥య
 ∑ 𝑟̂௜𝑟̂௝  𝑄௜௝

 
௜,௝   

SOV results: 
2d Cartesian, no 𝑧 dependence  (X and Y can be reversed) 

𝑋 ൌ ቄsin𝑘𝑥
cos𝑘𝑥

  ,  𝑌 ൌ ൜ 𝑒
௞௬

𝑒ି௞௬
 or ൜

sinh𝑘𝑦
cosh𝑘𝑦   

3d Cartesian   (X, Y, and Z can be permuted) 

𝑋 ൌ ൜
sin𝑘௫𝑥
cos𝑘௫𝑥

  , 𝑌 ൌ ൜
sin 𝑘௬𝑦
cos𝑘௬𝑦

  𝑍 ൌ ቐ 𝑒
ට௞ೣ

మା௞೤
మ  ௭

𝑒
ିට௞ೣ

మା௞೤
మ  ௭

 or ቄsinh …
cosh …

 

Spherical, no 𝜙 dependence 

𝑅 ൌ ቊ
𝑟ℓ
ଵ

௥ℓశభ
  ,    Θ ൌ ൜

𝑃ℓሺcos𝜃ሻ
𝑄ℓሺcos𝜃ሻ 

Cylindrical, no 𝑧 dependence  

𝑘 ൌ 0:    𝑆Φ ൌ ቄ 𝐶
ln 𝑠

    

𝑘 ൌ 1,2, … ,∞:  𝑆 ൌ ൜ 𝑠
௞

𝑠ି௞
   ,   Φ ൌ ൜

sin𝑘𝜙
cos𝑘𝜙     

Clausius-Mossotti: 𝛼 ൌ
ଷఌబ
ே

ఞ೐
ఞ೐ାଷ 

 

𝐉஽ ൌ 𝜀଴
డ𝐄

డ௧
 (or sometimes ൌ

డ𝐃

డ௧
)     𝐉ி௔௥௔ௗ௔௬ ൌ െ

డ𝐁

డ௧
  

 


