
 

 

  

   𝑭⃗⃗ 12 = 𝑘𝑒
𝑞1𝑞2

𝑟2 𝒓̂12    𝑬⃗⃗ =
𝑭⃗⃗ 𝑒

𝑞𝑜
= 𝑘𝑒

𝑞

𝑟2 𝒓̂;    𝑬⃗⃗ = 𝑘𝑒 ∑
𝑞𝑖

𝑟𝑖
2 𝒓̂𝑖𝑖    

𝑬⃗⃗ = 𝑘𝑒 𝑙𝑖𝑚
𝛥𝑞𝑖→0

∑
𝛥𝑞𝑖

𝑟𝑖
2 𝒓̂𝑖𝑖 = 𝑘𝑒 ∫

𝑑𝑞

𝑟2 𝒓̂;      𝒂⃗⃗ =
𝑞𝑬⃗⃗ 

𝑚
 

𝛷𝐸 ≡ ∫  𝑬⃗⃗ ⋅ 𝑑𝑨⃗⃗ 
surface

;  𝛷𝐸 = ∮ 𝑬⃗⃗ ⋅ 𝑑𝑨⃗⃗ =
𝑞in

𝜀0
 ;  𝐸 =

𝜎

2𝜀0
;  𝐸 =

𝜎

𝜀0
   

  𝐶 =
𝑄

𝑉
;  𝐶 =

𝜀0𝐴

𝑑
;  𝐶 =

𝑎𝑏

𝑘𝑒(𝑏−𝑎)
;  𝐶 =

ℓ

2𝑘𝑒 𝑙𝑛  (𝑏/𝑎)
      

𝐶eq = 𝐶1 + 𝐶2 + 𝐶3+. . .    (parallel combination) 

1

𝐶eq
=

1

𝐶1
+

1

𝐶2
+

1

𝐶3
+. . .    (series combination)                 

𝑈 =
𝑄2

2𝐶
=

1

2
𝑄𝛥𝑉 =

1

2
𝐶(𝛥𝑉)2;  𝜎𝑝 = 𝜎 (1 −

1

𝜅
)   

𝐼 ≡
𝑑𝑄

𝑑𝑡
 ;   𝐼𝑎𝑣𝑔 =

𝛥𝑄

𝛥𝑡
= 𝑛𝑞𝑣𝑑𝐴;    𝐽 ≡

𝐼

𝐴
= 𝑛𝑞𝑣𝑑  

𝐽 = 𝜎𝐸;   𝑅 ≡
𝛥𝑉

𝐼
 ;  𝑅 = 𝜌

ℓ

𝐴
 ; 𝐽 = 𝑛𝑞𝑣𝑑 =

𝑛𝑞2𝐸

𝑚𝑒
𝜏      

𝜌 = 𝜌0[1 + 𝛼(𝑇 − 𝑇0)];  𝜌 =
1

𝜎
;   ℘ = 𝐼𝛥𝑉     

℘ = 𝐼2𝑅 =
(𝛥𝑉)2

𝑅
;  ∑ 𝐼𝑗𝑢𝑛𝑐𝑡𝑖𝑜𝑛 = 0;   ∑ 𝛥𝑉 = 0closed

loop
 

 = RC;  q(t) = C (1 – e-t/RC) = Q(1 – e-t/RC); q(t) = Qe-t/RC;  

U = ½ Q = ½ C2    𝛥𝑈 = −𝑞0 ∫  𝑬⃗⃗ ⋅ 𝑑𝒔⃗ 
𝐵

𝐴
; 𝑉 =

𝑈

𝑞0
; 𝛥𝑈 = 𝑞𝛥𝑉 

    𝑑𝑉 = 𝑘𝑒

𝑑𝑞

𝑟
;     𝛥𝑉 = −𝐸 ∫ 𝑑𝑠

𝐵

𝐴

= −𝐸𝑑 

𝛥𝑉 = −∫ 𝑬⃗⃗ ⋅ 𝑑𝒔⃗ 
𝐵

𝐴

= −𝑬⃗⃗ ⋅ ∫ 𝑑𝒔⃗ 
𝐵

𝐴

= −𝑬⃗⃗ ⋅ 𝒔⃗  ;  𝛥𝐾 +  𝛥𝑈 = 0 

𝑈 = 𝑘𝑒
𝑞1𝑞2

𝑟12
;  𝑉 = 𝑘𝑒

𝑞

𝑟
; 𝐸𝑥 = −

𝑑𝑉

𝑑𝑥
;  𝐸𝑟 = −

𝑑𝑉

𝑑𝑟
      

𝐸𝑥 = −
𝜕𝑉

𝜕𝑥
    𝐸𝑦 = −

𝜕𝑉

𝜕𝑦
    𝐸𝑧 = −

𝜕𝑉

𝜕𝑧
          

𝑭⃗⃗ 𝐵 = 𝑞𝒗⃗⃗ × 𝑩⃗⃗ ;   𝑭⃗⃗ = 𝑞𝑬⃗⃗ + 𝑞𝒗⃗⃗ × 𝑩⃗⃗  ;  FB = |q| v B sin    

𝐾 =
1

2
𝑚𝑣2 =

𝑞2𝐵2𝑅2

2𝑚
;   𝑑𝑩⃗⃗ =

𝜇0

4𝜋
 
𝐼 𝑑𝒔⃗ ×𝒓̂

𝑟2 ;  𝐵 =
𝜇0𝐼

2𝜋𝑎
     

𝐵 =
𝜇0𝐼

4𝜋𝑎
(𝑠𝑖𝑛   𝜃1 − 𝑠𝑖𝑛   𝜃2); 𝐵 =

𝜇0𝐼

4𝜋𝑎
𝜃; 𝐵𝑥 =

𝜇0𝐼𝑎2

2(𝑎2+𝑥2)3/2  

𝐹𝐵

ℓ
=

𝜇0𝐼1𝐼2

2𝜋𝑎
 ; ∮ 𝑩⃗⃗ ⋅ 𝑑𝒔⃗ = 𝜇0𝐼;  𝐵 = (

𝜇0𝐼

2𝜋𝑅2) 𝑟    (for 𝑟 < 𝑅) 

𝐵 =
𝜇0𝑁𝐼

2𝜋𝑟
; 𝐵 = 𝜇0

𝑁

ℓ
𝐼 = 𝜇0𝑛𝐼; 𝜇 = (

𝑒

2𝑚𝑒
) 𝐿; 𝜇spin =

𝑒ℏ

2𝑚𝑒
; 

 𝜇𝐵 =
𝑒ℏ

2𝑚𝑒
= 9.27 × 10−24 J/T;  

     𝑭⃗⃗ 𝐵 = 𝐼𝑳⃗⃗ × 𝑩⃗⃗ ;  𝑑𝑭⃗⃗ 𝐵 = 𝐼 𝑑𝒔⃗ × 𝑩⃗⃗ ;   𝜏 = 𝐼𝑨⃗⃗ × 𝑩⃗⃗ ; 

𝜏 = 𝜇 × 𝑩⃗⃗ ;   

  𝛥𝑉𝐻 = 𝐸𝐻𝑑 = 𝑣𝑑𝐵𝑑 ;  𝛥𝑉𝐻 =
𝐼 𝐵

𝑛𝑞𝑡
=

𝑅𝐻 𝐼 𝐵

𝑡
 

  

 

     

 

 

UE = (εoE2)/2; C = Co;  = p  E ; U = p . E ;  E = Eo /  

𝜀 = −𝑁
𝑑𝛷𝐵

𝑑𝑡
 ;  𝛥𝑉 = 𝐸ℓ = 𝐵ℓ𝑣; 𝜀 = −𝐵ℓ𝑣  ∮ 𝑬⃗⃗ ⋅ 𝑑𝒔⃗ = −

𝑑𝛷𝐵

𝑑𝑡
 

𝜀𝐿 = −𝐿
𝑑𝐼

𝑑𝑡
; 𝐿 =

𝑁𝛷𝐵

𝐼
; 𝐿 = −

𝜀𝐿
𝑑𝐼

𝑑𝑡

; 𝐿 =
𝑁𝛷𝐵

𝐼
= 𝜇0

𝑁2

ℓ
;  L =   ℓ ln(b/a)/2    

𝐿 = 𝜇0
(𝑛ℓ)2

ℓ
𝐴 = 𝜇0𝑛

2𝐴ℓ = 𝜇0𝑛
2𝑉;  𝐼 =

𝜀

𝑅
(1 − 𝑒−𝑡/𝜏);  𝜏 =

𝐿

𝑅
   

𝐼 =
𝜀

𝑅
𝑒−𝑡/𝜏 = 𝐼𝑖𝑒

−𝑡/𝜏;  𝑈 =
1

2
𝐿𝐼2;  𝑢𝐵 =

𝑈

𝑉
=

𝐵2

2𝜇0
;  𝑀12 =

𝑁2𝛷12

𝐼1
       

𝜀1 = −𝑀21
𝑑𝐼2

𝑑𝑡
         𝑈 = 𝑈𝐶 + 𝑈𝐿 =

𝑄2

2𝐶
+

1

2
𝐿𝐼2 

𝜔 =
1

√𝐿𝐶
 ; 𝑄 =  𝑄𝑚𝑎𝑥  𝑒

(−
𝑅𝑡

2𝐿
)
𝑐𝑜𝑠(𝜔𝑑  𝑡); 𝜔𝑑 = [

1

𝐿𝐶
− (

𝑅

2𝐿
)
2

]
1/2

 

𝑖𝐶 = 𝜔𝐶 𝛥𝑉𝑚𝑎𝑥  𝑠𝑖𝑛   (𝜔𝑡 +
𝜋

2
) ;  𝑞 = 𝐶 𝛥𝑉𝑚𝑎𝑥𝑠𝑖𝑛(𝜔𝑡); 𝑋𝑐 ≡ 1/𝑐𝜔; 

 𝛥𝑣𝐶 = 𝐼𝑚𝑎𝑥𝑋𝐶 𝑠𝑖𝑛 (𝜔𝑡 −
𝜋

2
)    = −𝛥𝑉𝐶 𝑐𝑜𝑠(𝜔𝑡);   𝐼𝑚𝑎𝑥 =

𝛥𝑉𝑚𝑎𝑥

𝑋𝐶
     

𝛥𝑣𝑅 = 𝐼𝑚𝑎𝑥  𝑅 𝑠𝑖𝑛(𝜔𝑡) =  𝛥𝑉𝑅𝑠𝑖𝑛(𝜔𝑡);     𝐼𝑚𝑎𝑥 = 
𝛥𝑉𝑚𝑎𝑥

𝑍
 

 𝛥𝑣𝐿 = 𝐼𝑚𝑎𝑥𝑋𝐿 𝑠𝑖𝑛 (𝜔𝑡 +
𝜋

2
)    = 𝛥𝑉𝐿𝑐𝑜𝑠(𝜔𝑡); 𝑋𝐿 ≡ 𝜔𝐿;  𝑅 = 𝑍. 𝑐𝑜𝑠(Ø)   

𝐼𝑚𝑎𝑥 =
𝛥𝑉𝑚𝑎𝑥

√𝑅2+(𝑋𝐿−𝑋𝐶)2
;   𝑅eq = (

𝑁1

𝑁2
)
2

𝑅𝐿 ;  ℘avg =
1

2
 𝐼𝑚𝑎𝑥𝛥𝑉𝑚𝑎𝑥𝑐𝑜𝑠(Ø) 

𝛥𝑣2 =
𝑁2

𝑁1
𝛥𝑣1;  𝐼1𝛥𝑉1 = 𝐼2𝛥𝑉2;  𝐼𝑑 = 𝜀𝑜

𝑑𝛷𝐸

𝑑𝑡
; 𝑐 =

1

√𝜇𝑜𝜀𝑜
;  𝑐 =

𝐸

𝐵
  

𝜕2𝐸

𝜕𝑥2 = 𝜇𝑜𝜀𝑜
𝜕2𝐸

𝜕𝑡2  ;   
𝜕𝐵

𝜕𝑥
= −𝜇𝑜𝜀𝑜

𝜕𝐸

𝜕𝑡
 ;    

𝜕𝐸

𝜕𝑥
= −

𝜕𝐵

𝜕𝑡
;     𝑺⃗⃗⃗  ≡

1

𝜇𝑜
𝑬⃗⃗ × 𝑩⃗⃗  

𝐸 = 𝐸𝑚𝑎𝑥𝑐𝑜𝑠(𝑘𝑥 –𝜔𝑡);   𝐵 = 𝐵𝑚𝑎𝑥𝑐𝑜𝑠(𝑘𝑥 –𝜔𝑡);  𝑘 = 2𝜋/𝜆;  𝜔 = 2𝜋ƒ   

 𝜆 = 𝑐 𝑇 =
𝑐

𝑓
;   𝑢𝐵 = 𝑢𝐸 =

1

2
𝜀𝑜𝐸

2 =
𝐵2

2𝜇𝑜
; 𝐼 =𝑆avg =

𝐸max𝐵max

2𝜇𝑜
=

𝐸max
2

2𝜇𝑜𝑐
=

𝑐𝐵max
2

2𝜇𝑜
   

  𝑃 =
𝐹

𝐴
=

1

𝐴

𝑑𝑝

𝑑𝑡
=

1

𝑐

(
𝑑𝑇𝐸𝑅

𝑑𝑡
)

𝐴
= (1 + 𝑓)

𝑆

𝑐
  ; 𝑓 𝑖𝑠 𝑡ℎ𝑒 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑟𝑒𝑓𝑙𝑒𝑐𝑡𝑒𝑑 𝑙𝑖𝑔ℎ𝑡  

𝑚𝛼 = 6.644657 × 10−27𝑘𝑔 = 4.00151 𝑢 = 3727.409
𝑀𝑒𝑉

𝑐2
 

𝑒 = 1.6 × 10−19𝐶   ;   N = 6.02 × 1023  particles/mole     

c = 3.00 × 108 𝑚

𝑠
 ;   𝑘𝑒 = 8.9876 × 109  𝑁 𝑚2/𝐶2; ke = 1/(4πЄo) 

 𝜀0 = 8.8542 × 10−12    
𝐶2

𝑁.𝑚2 ;      µ0 = 4𝜋 × 10−7 𝑇.𝑚

𝐴
 ;     1𝑇 = 104𝐺  

 

 

 

 

 1 u  = 931.502 MeV/c2 

1 eV = 1.602 × 10−19 J 

mp = 1.672 × 10−27 kg 

      = 1.0073 u = 938.280 MeV/c2 

mn = 1.674 × 10−27 kg  

      = 1.0087 u = 939.57 MeV/c2  

me = 9.11 × 10−31 kg 

      = 5.486×10−4 u = 0.511 MeV/c2
 



 

 

 

 

 

 

𝑣𝑓 =  𝑣𝑖 + 𝑎 ∆𝑡 

𝑥𝑓 =  𝑥𝑖 + 𝑣𝑖  ∆𝑡 +
1

2
𝑎 ∆𝑡2 

𝑣𝑓
2 =  𝑣𝑖

2 + 2 𝑎 ∆𝑥 

𝑥𝑓 =  𝑥𝑖 +
1

2
(𝑣𝑓 + 𝑣𝑖) ∆𝑡 

 
𝜔𝑓 =  𝜔𝑖 + 𝛼 ∆𝑡 

𝜃𝑓 =  𝜃𝑖 + 𝜔𝑖  ∆𝑡 +
1

2
𝛼 ∆𝑡2 

𝜔𝑓
2 =  𝜔𝑖

2 + 2 𝛼 ∆𝜃 

𝜃𝑓 =  𝜃𝑖 +
1

2
(𝜔𝑓 + 𝜔𝑖) ∆𝑡 

 

Law of cosines 

 

 

 

𝑐2 =  𝑎2 + 𝑏2 − 2𝑎𝑏 cos(𝛾) 

 

Law of sines 

 

 

sin 𝐴

𝑎
=  

sin𝐵

𝑏
=

sin 𝐶

𝑐
 

Quadratics: 

 

𝑎𝑥2 + 𝑏𝑥 + 𝑐 = 0 

 

𝑥 =  
−𝑏 ± √𝑏2 − 4𝑎𝑐

2𝑎
 

 

Trigonometric Identities: 

 

𝑐𝑜𝑠2𝜽 + 𝑠𝑖𝑛2𝜽 = 𝟏 

sin(𝑎 ± 𝑏) = sin 𝑎 cos 𝑏 ± cos 𝑎 sin 𝑏 

cos(𝑎 ± 𝑏) = cos 𝑎 cos 𝑏 ∓ sin 𝑎 sin 𝑏 

 

tan(𝑎 ± 𝑏) =  
tan 𝑎 ± tan 𝑏

1 ∓ tan 𝑎 tan 𝑏
 

 

𝑉 =
4

3
𝜋𝑟3  ;  𝐴 = 4𝜋𝑟2;   𝐴 = 𝜋𝑟2; 

(𝑥 − 𝑦)(𝑥 + 𝑦) = 𝑥2 − 𝑦2 

 

http://upload.wikimedia.org/wikipedia/commons/5/5e/Acute_Triangle.svg

