
𝑒 = 1.602 × 10−19𝐶. 

𝑚𝑒 = 9.109 × 10−31𝑘𝑔 

𝑚𝑝 = 1.673 × 10−27𝑘𝑔 

𝑐 = 2.998 × 108 𝑚 𝑠⁄  

 

𝑘 =
1

4𝜋𝜀0
= 8.99 × 109𝑁 ∙ 𝑚2 𝐶2⁄  

𝜀0 = 8.85 × 10−12 𝐶2 (𝑁 ∙ 𝑚2)⁄  

𝜀0 = 8.85 × 10−12 𝐹 𝑚⁄  

𝜇0 = 4𝜋 × 10−7𝑇 ∙ 𝑚 𝐴⁄ ≈ 1.26 × 10−6𝑇 ∙ 𝑚 𝐴⁄  

1024 yotta Y 10−1 deci d 
1021 zetta Z 10−2 centi c 
1018 exa E 10−3 milli m 
1015 peta P 10−6 micro μ 
1012 tera T 10−9 nano n 
109 giga G 10−12 pico p 
106 mega M 10−15 femto f 
103 kilo k 10−18 atto a 
102 hecto h 10−21 zepto Z 
101 deka da 10−24 yocto y 

 

𝐹 =
1

4𝜋𝜀0

|𝑞1||𝑞2|

𝑟2
 

𝐹⃗ =
1

4𝜋𝜀0

𝑞1𝑞2

𝑟2
 𝑟̂ 

𝜆 =
𝑄

𝐿
 

𝜎 =
𝑄

𝐴
 

𝜌 =
𝑄

𝑉
 

𝑑𝑞 = 𝜆𝑑𝑠 

𝑑𝑞 = 𝜎𝑑𝐴 

𝑑𝑞 = 𝜌𝑑𝑉 

𝑝 = 𝑞𝑑 

𝜏 =  𝑝 × 𝐸⃗⃗ 

𝑈 = − 𝑝 ∙  𝐸⃗⃗ 

𝐸⃗⃗ =
𝐹⃗

𝑞0
=

1

4𝜋𝜀0

𝑞

𝑟2
𝑟̂ 𝐸 =

1

2𝜋𝜀0

𝑝

𝑧3
 

𝐸 = ∫
1

4𝜋𝜀0

𝑑𝑞

𝑟2
 𝐸𝑠 = −

𝜕𝑉

𝜕𝑠
 

𝑊 = −∆𝑈 = −(𝑈𝑓 − 𝑈𝑖) 

∆𝑉 = 𝑉𝑓 − 𝑉𝑖 = −
𝑊

𝑞
 

𝑉𝑓 − 𝑉𝑖 = − ∫ 𝐸⃗⃗
𝑓

𝑖

∙ 𝑑𝑠 

𝐸 =
𝑞𝑧

4𝜋𝜀0(𝑧2 + 𝑅2)3 2⁄
 𝐸 =

𝜎

2𝜀0
(1 −

𝑧

√𝑧2 + 𝑅2
) 𝑉 =

𝑈

𝑞
 

𝐾𝑖 + 𝑈𝑖 = 𝐾𝑓 + 𝑈𝑓 𝑉 =
1

4𝜋𝜀0

𝑞

𝑟
 𝑉 = ∑ 𝑉𝑖

𝑛

𝑖=1

=
1

4𝜋𝜀0
∑

𝑞𝑖

𝑟𝑖

𝑛

𝑖=1

 

𝛷𝐸 = ∑ 𝐸⃗⃗ ∙ ∆𝐴 

𝛷𝐸 = ∮ 𝐸⃗⃗ ∙ 𝑑𝐴 

𝜀0𝛷 = 𝑞𝑒𝑛𝑐 

𝜀0 ∮ 𝐸⃗⃗ ∙ 𝑑𝐴 = 𝑞𝑒𝑛𝑐  

𝐸 =
𝜎

𝜀0
                             𝐸 =

𝜎

2𝜀0
 

𝐸 =
𝜆

2𝜋𝜀0𝑟
          𝐸 = (

𝑞

4𝜋𝜀0𝑅3
) 𝑟 

𝑞 = 𝐶𝑉 

𝐶 =
𝜀0𝐴

𝑑
 

𝐶𝑒𝑞 = ∑ 𝐶𝑗

𝑛

𝑗=1

= 𝐶1 + 𝐶2 + ⋯ + 𝐶𝑗  

1

𝐶𝑒𝑞
= ∑

1

𝐶𝑗

𝑛

𝑗=1

=
1

𝐶1
+

1

𝐶2
+ ⋯ +

1

𝐶𝑗
 

𝑈𝐶 =
1

2
𝐶𝑉2 

𝑈𝐸 =
𝑞2

2𝐶
 

𝑢𝐸 =
1

2
𝜀0𝐸2 

𝐶 = 𝜅𝐶𝑎𝑖𝑟  

𝜀0 ∮ 𝜅𝐸⃗⃗ ∙ 𝑑𝐴 = 𝑞 
𝑣𝑑 =

𝑖

𝑛𝐴𝑒
=

𝐽

𝑛𝑒
 

𝑖 = ∫ 𝐽𝑑𝐴 = 𝐽 ∫ 𝑑𝐴 = 𝐽𝐴 𝑖 =
𝑑𝑞

𝑑𝑡
 

𝜌 =
𝐸

𝐽
  

𝜎 =
1

𝜌
 

𝑅 = 𝜌
𝐿

𝐴
 

𝐽 = 𝜎𝐸⃗⃗ 
 

𝜌 − 𝜌0 = 𝜌0𝛼(𝑇 − 𝑇0) 

𝐸 = (
𝑚

𝑒2𝑛𝜏
) 𝐽 

𝑃 = 𝑖𝑉                       𝑃 = 𝑖2𝑅 

𝑃 =
𝑉2

𝑅
                   𝑃𝑒𝑚𝑓 = 𝑖ℰ 

𝜏𝐶 = 𝑅𝐶 

𝑉 = 𝑖𝑅 

ℰ = 𝑖𝑅 

ℰ =
𝑑𝑊

𝑑𝑞
 

𝑅𝑒𝑞 = ∑ 𝑅𝑗

𝑛

𝑗=1

= 𝑅1 + 𝑅2 + ⋯ + 𝑅𝑗  

1

𝑅𝑒𝑞
= ∑

1

𝑅𝑗

𝑛

𝑗=1

=
1

𝑅1
+

1

𝑅2
+ ⋯ +

1

𝑅𝑗
 

𝑞 = 𝐶ℰ(1 − 𝑒−𝑡 𝑅𝐶⁄ ) 

𝐼𝑡 = +
ℰ
𝑅

𝑒−𝑡 𝑅𝐶⁄  

𝑞 = 𝑞0𝑒−𝑡 𝑅𝐶⁄  

𝐼𝑡 = −
ℰ

𝑅
𝑒−𝑡 𝑅𝐶⁄  

𝑓 =
1

𝑇
=

|𝑞|𝐵

2𝜋𝑚
 

𝑇 =
2𝜋𝑟

𝑣
=

2𝜋

𝑣

𝑚𝑣

|𝑞|𝐵
=

2𝜋𝑚

|𝑞|𝐵
 𝜔 = 2𝜋𝑓 =

|𝑞|𝐵

𝑚
 



𝑑𝐹𝐵
⃗⃗⃗⃗⃗  = 𝑖 𝑑𝐿⃗⃗  ×  𝐵⃗⃗ 𝐹𝐵

⃗⃗⃗⃗⃗  = 𝑖 𝐿⃗⃗  ×  𝐵⃗⃗ 𝜏 = (𝑁𝑖𝜋𝑟2)𝐵 𝑠𝑖𝑛 𝜃 𝜇 = 𝑁𝑖𝐴 τ⃗⃗ = 𝜇⃗ × 𝐵⃗⃗ 

𝑑𝐵⃗⃗ =
 𝜇0

 4𝜋 

 𝑖 𝑑𝑠  ×  𝑟̂

𝑟2
 𝐵 =

 𝜇0𝑖

2𝜋𝑅
 𝐵 =

 𝜇0𝑖𝛷

4𝜋𝑅
 

𝐹⃗𝑏𝑎 = 𝑖𝑏 𝐿⃗⃗ × 𝐵⃗⃗𝑎 

𝑈(𝜃) = −𝜇⃗ ∙ 𝐵⃗⃗ 

𝐹𝑏𝑎

𝑙
=

 𝜇0𝑖1𝑖2

2𝜋𝑎
 

𝐵 =
 𝜇0𝑖𝑁 

2𝜋

1

𝑟
 𝐵⃗⃗(𝑧) =

 𝜇0

2𝜋

𝜇⃗

 𝑧3
 

∮ 𝐵⃗⃗ ∙  𝑑𝑠 = 𝜇0𝑖𝑒𝑛𝑐  

𝐹𝐵
⃗⃗⃗⃗⃗ = 𝑞𝑣⃗ × 𝐵⃗⃗ 

𝛷𝐵 = ∫ 𝐵⃗⃗ ∙ 𝑑𝐴 

𝛷𝐵 = ∑ 𝐵⃗⃗ ∙ ∆𝐴 

∮ 𝐸⃗⃗ ∙ 𝑑𝑠 = −
 𝑑𝛷𝐵

𝑑𝑡
 

𝐵 = 𝜇0𝑖𝑛 

ℰ = −𝑁
 𝑑𝛷𝐵

𝑑𝑡
 𝐿 =

𝑁𝛷𝐵

𝑖
 𝑀21 =

𝑁2𝛷21

𝑖1
 

𝐿 

𝑙
=  𝜇0𝑛2𝐴 ℰ𝐿 = −𝐿

𝑑𝑖

𝑑𝑡
 𝑖 =

ℰ

𝑅
(1 − 𝑒−𝑡 𝜏𝐿⁄ ) 

𝑖 =
𝜀

𝑅
𝑒−𝑡 𝜏𝐿⁄ = 𝑖0𝑒−𝑡 𝜏𝐿⁄  𝜏𝐿 =

𝐿

𝑅
 𝑈𝐵 =

1

2
𝐿𝑖2 𝑢𝐵 =

𝐵2

2 𝜇0
 𝜔 =

1

√𝐿𝐶
 𝑞 = 𝑄 𝑐𝑜𝑠(𝜔𝑡 + 𝛷) 

𝑖 =
𝑑𝑞

𝑑𝑡
= −𝜔𝑄 𝑠𝑖𝑛(𝜔𝑡 + 𝛷) 𝑈𝐸 =

𝑞2

2𝐶
=

𝑄2

2𝐶
𝑐𝑜𝑠2(𝜔𝑡 + 𝛷) 𝑈𝐵 =

𝑄2

2𝐶
𝑠𝑖𝑛2(𝜔𝑡 + 𝛷) 

𝑉𝑅 = 𝐼𝑅𝑅 𝑣𝐶 = 𝑉𝐶 𝑠𝑖𝑛 𝜔𝑑 𝑡 𝑞𝐶 = 𝐶𝑣𝐶 = 𝐶𝑉𝐶 𝑠𝑖𝑛 𝜔𝑑 𝑡 𝑞 = 𝑄𝑒−𝑅𝑡 2𝐿⁄ 𝑐𝑜𝑠(𝜔′𝑡 + 𝛷) 

𝑉𝐶 = 𝐼𝐶𝑋𝐶  𝑉𝐿 = 𝐼𝐿𝑋𝐿 𝑣𝐿 = 𝑉𝐿 𝑠𝑖𝑛 𝜔𝑑𝑡 𝑋𝐶 =
1

𝜔𝑑𝐶
 𝑋𝐿 = 𝜔𝑑𝐿 ℰ = ℰ𝑚 𝑠𝑖𝑛 𝜔𝑑 𝑡 

𝑖 = 𝐼 𝑠𝑖𝑛(𝜔𝑑 𝑡 − 𝛷) 𝐼 =
ℰ𝑚

√𝑅2 + (𝑋𝐿 − 𝑋𝐶)2
 𝑍 = √𝑅2 + (𝑋𝐿 − 𝑋𝐶)2 𝑡𝑎𝑛 𝛷 =

𝑋𝐿 − 𝑋𝐶

𝑅
 

𝐼𝑟𝑚𝑠 =
𝐼

√2
 𝑃𝑎𝑣𝑔 = 𝐼𝑟𝑚𝑠

2 𝑅 𝑉𝑟𝑚𝑠 =
𝑉

√2
 ℰ𝑟𝑚𝑠 =

ℰ𝑚

√2
 𝑃𝑎𝑣𝑔 = ℰ𝑟𝑚𝑠𝐼𝑟𝑚𝑠 𝑐𝑜𝑠 𝛷 

𝑉𝑠 = 𝑉𝑝

𝑁𝑠

𝑁𝑝
 𝐼𝑠 = 𝐼𝑝

𝑁𝑝

𝑁𝑠
 𝑅𝑒𝑞 = (

𝑁𝑝

𝑁𝑠
)

2

𝑅 ∮ 𝐸⃗⃗ ∙ 𝑑𝐴 = 𝑞𝑒𝑛𝑐 𝜀0⁄  𝛷𝐵 = ∮ 𝐵⃗⃗ ∙ 𝑑𝐴 = 0 

𝑖𝑑 = 𝜀0

𝑑𝜙𝐸

𝑑𝑡
 ∮ 𝐸⃗⃗ ∙ 𝑑𝑠 = −

𝑑𝛷𝐵

𝑑𝑡
 ∮ 𝐵⃗⃗ ∙ 𝑑𝑠 = 𝜇0𝑖𝑒𝑛𝑐 + 𝜇0𝑖𝑑,𝑒𝑛𝑐  

𝐸 = 𝐸𝑚 𝑠𝑖𝑛(𝑘𝑥 − 𝜔𝑡) 

𝐵 = 𝐵𝑚 sin(𝑘𝑥 − 𝜔𝑡) 

𝑐 =
1

√𝜇0𝜀0

 
𝐸𝑚

𝐵𝑚
=

𝐸

𝐵
= 𝑐 𝜆 =

𝑐

𝑓
 𝑆 =

1

𝜇0
𝐸⃗⃗ × 𝐵⃗⃗ 𝐼 = 𝑆𝑎𝑣𝑔 =

1

𝑐𝜇0

[𝐸2]𝑎𝑣𝑔 

𝐸𝑟𝑚𝑠 =
𝐸𝑚

√2
 𝐼 =

1

𝑐𝜇0
𝐸𝑟𝑚𝑠

2  𝑢𝐸 =
𝐵2

2𝜇0
 𝐼 =

𝑝𝑜𝑤𝑒𝑟

𝑎𝑟𝑒𝑎
=

𝑃𝑠

4𝜋𝑟2
 

 


