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PHYSICS     SELECTED EQUATIONS  

UNITS 

𝐒𝐈 𝐛𝐚𝐬𝐞 𝐮𝐧𝐢𝐭𝐬:   m meter (lenght)    s second (time)    kg kilogram (mass)   A ampere (current)    K kelvin (temperature)  
cd candela (luminous intensity)     mol mole (substance amount)     
 

𝐃𝐞𝐫𝐢𝐯𝐞𝐝 𝐮𝐧𝐢𝐭𝐬:  rad radian (angle)    Hz herz (frequency)    C coloumb (charge)   V volt (voltage)   Ω ohm (resistance)  
F farad (capacitance)   H henry (inductance)    Wb weber (magnetic flux)    T tesla (magnetic field)    N newton (force)     
Pa pascal (pressure)    J joule (energy)     eV electron volt  (energy)    W watt (power)    Bq becquerel  (radioactivity)    u  unitless  
 

LINEAR MOTION 

𝐃𝐢𝐬𝐭𝐚𝐧𝐜𝐞:  𝐱  m     𝐕𝐞𝐥𝐨𝐜𝐢𝐭𝐲:  �⃗�   
m

s
     𝐒𝐩𝐞𝐞𝐝:   𝐯  

m

s
    𝐓𝐢𝐦𝐞:   𝐭  s     𝐀𝐜𝐜𝐞𝐥𝐞𝐫𝐚𝐭𝐢𝐨𝐧:  �⃗⃗�   

m

s2 
    𝐌𝐨𝐦𝐞𝐧𝐭𝐮𝐦:  �⃗⃗�   Ns   𝐈𝐦𝐩𝐮𝐥𝐬𝐞: 𝐉    Ns or 

kg ∙ m

s
 

𝐱 =  𝐱𝟎 + ∫ 𝐯 d𝐭
𝐭

𝐭𝟎

 m        𝐯 = 𝐯𝟎 + ∫ 𝒂 d
𝐭

𝐭𝟎

𝐭  
m

s
         𝐯 =

d𝐱

d𝐭
  
m

s
       𝒂 =

d𝐯

d𝐭
=

d𝟐𝐱

d𝐭𝟐
  
m

s2       𝐅 = 𝐦𝒂  N        �⃗⃗� = 𝐦�⃗�   Ns         𝐉 = ∫ 𝐅  d
𝐭

𝐭𝟎

𝐭  Ns    

  𝐱 = 𝐯𝐭   m      𝐱 =  𝐱𝟎 + 𝐯𝟎𝐭 +
𝟏

𝟐
𝒂𝐭𝟐 m       𝐱 = 𝐱𝟎 +

𝟏

𝟐
(𝐯 + 𝐯𝟎)𝐭   m        𝐯 = 𝐯𝟎 + 𝒂𝐭 

m

s
         𝐯𝟐 = 𝐯𝟎

  𝟐 + 𝟐𝒂𝐱  
m2

s2        𝐯𝐚𝐯𝐠 =
𝟏

𝟐
(𝐯𝐢 + 𝐯𝐟) 

m

s
   

𝐏𝐫𝐨𝐣𝐞𝐜𝐭𝐢𝐥𝐞:  𝐱(𝐭) = 𝐯𝟎 𝐜𝐨𝐬𝛝𝐭m       𝐲(𝐭) = 𝐯𝟎 𝐬𝐢𝐧𝛝𝐭 −
𝐠

𝟐
 𝐭𝟐 m       𝐲(𝐱) = 𝐱 𝐭𝐚𝐧 𝛝 −

𝐠𝐱𝟐

𝟐(𝐯𝟎 𝐜𝐨𝐬𝛝)𝟐
  m        𝐭 =

𝟐𝐯𝟎 𝐬𝐢𝐧𝛝

𝐠
  s   𝛝𝐭 max = 𝟗𝟎° 

range:  𝐑 =
𝐯𝟎

𝟐 ∙ 𝐬𝐢𝐧𝟐𝛝

𝐠
 m   𝛝𝐑 max = 𝟒𝟓°     height: 𝐡 =

𝐯𝟎
𝟐 ∙ 𝐬𝐢𝐧𝟐 𝛝

𝟐𝐠
 m    𝛝𝐡 max = 𝟗𝟎°      �⃗⃗� = 𝐦�⃗�   Ns       �⃗⃗� 𝐢 = �⃗⃗� 𝐟   𝐅 =

𝐝�⃗⃗� 

𝐝𝐭
  N       𝐉 = 𝚫�⃗⃗�    Ns  

𝐉 = 𝐅𝐚𝐯𝐠𝚫𝐭 = 𝐦(𝐯𝐟 − 𝐯𝐢) Ns    inelastic:  𝐦𝐀𝐯𝐀 + 𝐦𝐁𝐯𝐁 = (𝐦𝐀 + 𝐦𝐁)𝐯𝐅  Ns      elastic (enrg consrvd):  𝐦𝐀𝐯𝐀 + 𝐦𝐁𝐯𝐁 = 𝐦𝐀𝐯𝐀
′ + 𝐦𝐁𝐯𝐁

′   Ns 

head on:  𝐯𝐀 − 𝐯𝐁 = 𝐯𝐁
′ − 𝐯𝐀

′
m

s
   𝐯𝐀

′ =
(𝐦𝐀 − 𝐦𝐁)𝐯𝐀 + 𝟐𝐦𝐁𝐯𝐁

𝐦𝐀 + 𝐦𝐁
 
m

s
   𝐯𝐁

′ =
(𝐦𝐁 − 𝐦𝐀)𝐯𝐁 + 𝟐𝐦𝐀𝐯𝐀

𝐦𝐀 + 𝐦𝐁
 
m

s
    𝐛𝐚𝐥𝐢𝐬𝐭. 𝐩𝐞𝐧𝐝: 𝐯 =

𝐦 + 𝐌

𝐦
√𝟐𝐠𝐡 

m

s
 

𝐑𝐜𝐤𝐞𝐭 𝐭𝐫𝐮𝐬𝐭: 𝐑𝐯𝐫𝐞𝐥 = 𝐌𝒂 N   𝐯𝐟 − 𝐯𝐢 = 𝐯𝐫𝐞𝐥𝐥𝐧
𝐌𝐢

𝐌𝐟
 
m

s
    (fuel rate: 𝐑

kg

s
   exhaust velocity:  𝐯𝐫𝐞𝐥

m

s
  1 year = 3.154 ∙ 107s   1 ft = 0.3048 m) 

ANGULAR MOTION 

𝐀𝐧𝐠𝐥𝐞:  𝛝 rad      𝐀𝐧𝐠.  𝐕𝐞𝐥𝐨𝐜𝐢𝐭𝐲: 𝛚  
rad

s
     𝐀𝐧𝐠.  𝐀𝐜𝐜𝐞𝐥𝐞𝐫𝐚𝐭𝐢𝐨𝐧:  𝛂 =

𝚫𝛚

𝚫𝐭
=

𝝉

𝐈
 
rad

s2     �⃗� = 𝐈�⃗⃗�   Nm     𝐑𝐚𝐝𝐢𝐮𝐬:  𝐫  m     𝐀𝐫𝐜 𝐥𝐞𝐧𝐠𝐭𝐡:  𝐬 = 𝛝𝐫  m 

𝐏𝐞𝐫𝐢𝐨𝐝:  𝐓 =
𝟏

𝐟 
 s   𝐅𝐫𝐞𝐪𝐮𝐞𝐧𝐜𝐲:  𝐟 =

𝛚

𝟐𝛑
=

𝐯

𝟐𝛑𝐫
  
1

s
 or Hz     𝐓𝐚𝐧𝐠𝐞𝐧𝐭𝐢𝐚𝐥  𝐕𝐞𝐥𝐨𝐜𝐢𝐭𝐲:  𝐯 = 𝐫𝛚 = 

𝟐𝛑𝐫

𝐓
  
m

s
     𝛚 =

𝚫𝛝

𝚫𝐭
 =

𝐯

𝐫
= 𝟐𝛑𝐟 =

𝟐𝛑

𝐓
  
rad

s
  

𝐀𝐜𝐜𝐞𝐥𝐞𝐫𝐚𝐭𝐢𝐨𝐧:     𝐭𝐚𝐧𝐠𝐞𝐧𝐭𝐢𝐚𝐥:  𝒂𝐭 = 𝐫𝛂 =
∆𝐯

∆𝐭
   

m

s2
      𝐜𝐞𝐧𝐭𝐫𝐢𝐩𝐞𝐭𝐚𝐥:  𝒂𝐜 =

𝐯𝟐

𝐫
= 𝛚𝟐𝐫  

m

s2
         �⃗⃗� = 𝒂𝒕⃗⃗⃗⃗ + 𝒂𝒄⃗⃗⃗⃗    

m

s2
        𝒂 = √𝒂𝒕

𝟐 + 𝒂𝒄
𝟐    

m

s2
 

𝛝 = 𝛚𝐭 rad   𝛝 = 𝛝𝟎 + 𝛚𝟎𝐭 +
𝟏

𝟐
𝛂𝐭𝟐 rad     𝛝 = 𝛝𝟎 +

𝟏

𝟐
(𝛚 + 𝛚𝟎)𝐭 rad    𝛚 = 𝛚𝟎 + 𝛂𝐭 

rad

s
      𝛚𝟐 = 𝛚𝟎

  𝟐 + 𝟐𝛂𝛝 
rad2

s2      𝛚𝐚𝐯𝐠 =
𝟏

𝟐
(𝛚𝐢 + 𝛚𝐟)

rad

s
  

𝐌𝐨𝐦.𝐨𝐟 𝐈𝐧𝐞𝐫𝐭𝐢𝐚: 𝐈 = ∑𝐦𝐢𝐫𝐢
𝟐   𝐈𝐡𝐨𝐨𝐩 = 𝐦𝐫𝟐     𝐈𝐬.𝐬𝐡𝐞𝐥𝐥 =

𝟐𝐦𝐫𝟐

𝟑
    𝐈𝐜𝐲𝐥𝐢𝐧𝐝𝐞𝐫 =

𝐦𝐫𝟐

𝟐
    𝐈𝐬𝐩𝐡𝐞𝐫𝐞 =

𝟐𝐦𝐫𝟐

𝟓
    𝐈𝐫𝐨𝐝 =

𝐦𝐥𝟐

𝟏𝟐
    𝐈𝐫𝐨𝐝−𝐞𝐧𝐝 =

𝐦𝐥𝟐

𝟑
   kg ∙ m2 

𝐈 = 𝐈𝐜𝐦 + 𝐦𝐝𝟐 kgm2      𝐀𝐧𝐠.𝐌𝐨𝐦𝐧𝐭.: 𝐋 = 𝐫 × �⃗⃗� = 𝐈�⃗⃗⃗�   
kg ∙ m2

s
        𝐓𝐨𝐫𝐪𝐮𝐞:  �⃗� = 𝐫 × 𝐅 = 𝐈�⃗⃗� =

𝐝𝐋 

𝐝𝐭
   Nm          𝛚𝐩𝐫𝐞𝐜𝐞𝐬𝐬𝐢𝐨𝐧 =

𝛕

𝐈𝛚𝟎
   

rad

s
 

𝐊 =
𝟏

𝟐
𝐈𝛚𝟐    𝐖 = 𝛕∆𝛉 J    𝐏𝐨𝐰𝐞𝐫:  𝐏 = 𝛕𝛚 W    𝐂𝐧𝐭𝐫. 𝐨𝐟 𝐦𝐚𝐬𝐬:  𝐱𝐂𝐌 =

∑𝐱𝐢𝐦𝐢

∑𝐦𝐢
   𝐲𝐂𝐌 =

∑𝐲𝐢𝐦𝐢

∑𝐦𝐢
    𝐳𝐂𝐌 =

∑𝐳𝐢𝐦𝐢

∑𝐦𝐢
 m    𝐊𝐞𝐩𝐥𝐞𝐫: (

𝐓𝐀

𝐓𝐁
)
𝟐

= (
𝐫𝐀
𝐫𝐁

)
𝟑

 

𝐯𝐨𝐫𝐛 = √
𝐆𝐌

𝐫
 
m

s
     𝐯𝐞𝐬𝐜 = √

𝟐𝐆𝐌

𝐫
  
m

s
    𝐓 = 𝟐𝛑√

𝐫𝟑

𝐆𝐌
 s      𝐠 = 𝐆

𝐦𝐞

𝐫𝐞
𝟐  

m

s2        (grav. const: 𝐆 = 6.67 ∙ 10−11   
Nm2

kg2    𝐠 = 9.81  
m

s2  = 32.2  
ft

s2) 

 
FORCE 

𝐍𝐄𝐖𝐓𝐎𝐍: 𝐍  or  
kg ∙ m

s2
   𝐅 = 𝐦𝒂    𝐅 =

𝛕

𝐫
=

𝐈𝛂

𝐫
=

𝐈𝒂

𝐫𝟐
 N     𝐅 =

∆𝐩

∆𝐭
= 𝐦

∆𝐯

∆𝐭
N (change in momentum)   𝐖𝐞𝐢𝐠𝐡𝐭: 𝐅𝐰 = 𝐦𝐠  N   𝐅 =

𝐏𝐩𝐨𝐰𝐞𝐫

𝐯
 N 

𝐆𝐫𝐚𝐯𝐢𝐭𝐚𝐭𝐢𝐨𝐧𝐚𝐥:  𝐅𝐠 = 𝐦𝟏𝐠 = 𝐆 ∙
𝐦𝟏 ∙ 𝐦𝟐

𝐫𝟐   N       𝐂𝐞𝐧𝐭𝐫𝐢𝐩𝐞𝐭𝐚𝐥:   𝐅𝐜 = 𝐦𝐫𝛚𝟐 = 𝐦
𝐯𝟐

𝐫
  N        𝐒𝐩𝐫𝐢𝐧𝐠:   𝐅𝐬 = 𝐤𝐬  N     𝐅𝐫𝐢𝐜𝐭𝐢𝐨𝐧:   𝐅𝐟 = 𝛍𝐅𝐍  N   

𝐄𝐥𝐞𝐜𝐭𝐫𝐢𝐜:    𝐅 𝐄 = 𝒌
|𝐪𝟏||𝐪𝟐|

𝐫𝟐 �̂� = 𝐪�⃗⃗�    N     𝐌𝐚𝐠𝐧𝐞𝐭𝐢𝐜:    𝐅 𝐨𝐧 𝐪 =  𝐪�⃗� × �⃗⃗� = 𝐪𝐯𝐁 ∙ 𝐬𝐢𝐧 𝛝 N      𝐃𝐫𝐚𝐠:   𝐃 =  
𝟏

𝟐
𝐂𝛒𝐀𝐯𝟐 N   (drag coeficient: 𝐂  u ) 

𝐒𝐭𝐫𝐞𝐬𝐬:  𝛔 =  
𝐅

𝐀
   

N

m2  or Pa        𝐒𝐭𝐫𝐚𝐢𝐧:  𝛜 =  
∆𝐋

𝐋𝟎
  u       𝐘𝐨𝐮𝐧𝐠′𝐬 𝐌𝐨𝐝𝐮𝐥𝐮𝐬:   𝑬 =

𝝈

𝝐
=

𝐅 ∙ 𝐋𝟎

∆𝐋 ∙ 𝐀
  

N

m2        𝐒𝐡𝐞𝐚𝐫 𝐌𝐨𝐝𝐮𝐥𝐮𝐬:  𝑺 =
𝝈

𝝐
=

𝐅 ∙ 𝐋𝟎

∆𝐋 ∙ 𝐀
 
N

m2 

𝐁𝐮𝐥𝐤 𝐌𝐨𝐝𝐮𝐥𝐮𝐬: 𝑩 =
−∆𝐩 ∙ 𝐕𝟎

∆𝐕
  

N

m2   (friction coeff.  𝛍  u    normal force: 𝐅𝐍 N    spring const. : 𝐤  
N

m
    1 lbf = 4.448 N    1 kg = 2.205  lbm) 
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ENERGY WORK  POWER  

𝐉𝐎𝐔𝐋𝐄: 𝐉  or  
kg ∙ m2

s2
 or  Nm   𝐊𝐤𝐢𝐧𝐞𝐭𝐢𝐜 =

𝟏

𝟐
𝐦𝐯𝟐 =

𝟏

𝟐
𝐈𝛚𝟐 =

𝐩𝟐

𝟐𝐦
   𝐔𝐬𝐩𝐫𝐢𝐧𝐠 =

𝟏

𝟐
𝐤(∆𝐱)𝟐  𝐔𝐩𝐨𝐭𝐞𝐧𝐭𝐢𝐚𝐥 = 𝐦𝐠𝐡 J  𝐅 = −

𝐝𝐔

𝐝𝐱
 N  (1 ft ∙ lb = 1.356 J ) 

𝐄𝐥𝐞𝐜𝐭𝐫𝐨 𝐦𝐚𝐠𝐧𝐞𝐭𝐢𝐜:  𝐔𝐂(𝐬𝐭𝐨𝐫𝐞𝐝) =
𝟏

𝟐
𝐂𝐕𝟐  J     𝐔𝐋(𝐬𝐭𝐨𝐫𝐞𝐝) =

𝟏

𝟐
𝐋𝒊𝟐 J     𝐔𝐄(𝐝𝐞𝐧𝐬𝐢𝐭𝐲) =

𝟏

𝟐
𝛜𝟎𝑬

𝟐   
 J

𝑚3
    𝐔𝐁(𝐝𝐞𝐧𝐬𝐢𝐭𝐲) =

𝟏

𝟐𝛍𝟎
𝐁𝟐  

J

m3
    𝐄𝐞𝐥𝐞𝐜𝐭𝐫𝐢𝐜 = 𝐏𝐭   J  

𝐔𝐠𝐫𝐚𝐯𝐭 = −𝐆
𝐦𝟏𝐦𝟐

𝐫
 J     𝐖𝐎𝐑𝐊: 𝐖 = 𝐅∆𝐱 = 𝛕∆𝛉 = 𝐪𝑬∆𝐱  J     𝐖 = −∫ 𝐤𝐱𝐝𝐱

𝐱𝐟

𝐱𝐢

= ∫ 𝐅𝐝𝐱
𝐱𝐟

𝐱𝐢

= ∫ 𝛕𝐝𝛉 = ∫ 𝐏𝐝𝐭 
𝐭𝐟

𝐭𝐢

𝛉𝐟

𝛉𝐢

J     𝐖 = 𝐅 ∘ �⃗� = 𝐅𝐱 𝐜𝐨𝐬𝛝 J 

𝐏𝐎𝐖𝐄𝐑  𝐏:  𝐖𝐀𝐓𝐓:  𝐖  or  
J

s
  or  

kg ∙ m2

s3     𝐏 = 𝐅𝐯 =
𝐄

𝐭
=

𝐅𝐱

𝐭
= 𝛕𝛚 = 𝐕𝒊  W     𝐏𝐚𝐯𝐠 =

∆𝐖

∆𝐭
 W     𝐏𝐢𝐧𝐬𝐭 =

𝐝𝐖

𝐝𝐭
  W    𝐏 = 𝐅 ∘ �⃗� = 𝐅𝐯 𝐜𝐨𝐬𝛗  W 

(1 W = 0.738  
ft ∙ lb

s
;   1 hp = 746 W = 550 

ft ∙ lb

s
;     kilowatt hour:  1 kWh = 3.60 ∙ 106 J;    1BTU = 1055 J;   1Cal = 1kcal = 4.184 kJ) 

 
HARMONIC MOTION 

𝐒𝐩𝐫𝐢𝐧𝐠:  𝐓 = 𝟐𝛑√
𝐦

𝐤
 s     𝛚 = √

𝐤

𝐦
=

𝟐𝛑

𝐓
= 𝟐𝛑𝐟  

rad

s
      (spring constant:   𝐤  

N

m
   )         𝐒𝐩𝐫𝐢𝐧𝐠 𝐞𝐧𝐞𝐫𝐠𝐲:  𝐄 =

𝟏

𝟐
𝐦𝐯𝟐 +

𝟏

𝟐
𝐤𝐬𝟐  J 

𝐏𝐨𝐬𝐢𝐭𝐢𝐨𝐧:  𝐱(𝐭) = 𝐀 𝐜𝐨𝐬(𝛚𝐭 + 𝛗𝟎) m       𝐕𝐞𝐥𝐨𝐜𝐢𝐭𝐲:  𝐯(𝐭) =
𝐝𝐱

𝐝𝐭
= −𝐀𝛚𝐬𝐢𝐧(𝛚𝐭 + 𝛗𝟎) 

m

s
       𝐀𝐜𝐜𝐞𝐥: 𝒂(𝐭) =

𝐝𝐯

𝐝𝐭
= −𝐀𝛚𝟐 𝐜𝐨𝐬(𝛚𝐭 + 𝛗𝟎) 

m

s2 

 𝐯𝐦𝐚𝐱 = 𝛚𝐀   
m

s
    𝒂𝐦𝐚𝐱 = 𝐀𝛚𝟐   

m

s2     |𝐯(𝐱)| = √
𝐤

𝐦
(𝐀𝟐 − 𝐱𝟐)  

m

s
   𝒂(𝐱) =

𝐤

𝐦
𝐱   

m

s2      𝐃𝐫𝐚𝐠 𝐟𝐨𝐫𝐜𝐞:  𝐃 = −𝐛 ∙ 𝐯  N       (damp coef:  𝐛 
Ns

m
) 

𝐓𝐢𝐦𝐞 𝐜𝐨𝐧𝐬𝐭𝐚𝐧𝐭:  𝛕 =
𝐦

𝐛
  s       𝐃𝐚𝐦𝐩𝐢𝐧𝐠:  𝐱(𝐭) = 𝐀𝐞−𝐛𝐭/𝟐𝐦 𝐜𝐨𝐬(𝛚𝐭 + 𝛗𝟎)  m      𝐱(𝐭) 𝐦𝐚𝐱 = 𝐀𝐞−𝐛𝐭/𝟐𝐦 = 𝐀𝐞−𝐭/𝟐𝛕 m    𝐄 = 𝐄𝟎𝐞

−
𝐭
𝛕  J  

𝐏𝐞𝐧𝐝𝐮𝐥𝐮𝐦𝐦: 𝐓 = 𝟐𝛑√
𝐋

𝐠
   s     𝐏𝐡𝐲𝐬𝐢𝐜𝐚𝐥 𝐩𝐞𝐧𝐝𝐮𝐥𝐮𝐦:  𝐓 = 𝟐𝛑√

𝐈

𝐦𝐠𝐋
  s    (moment of inertia: 𝐈 kg ∙ m2)     𝐟 =

𝟏

𝐓
=

𝛚

𝟐𝛑
   Hz  

 
 

WAVES 

𝐕𝐞𝐥𝐨𝐜𝐢𝐭𝐲: 𝐯 = 𝛌𝐟  
m

s
    

𝐟𝟏
𝐟𝟐

=
𝛌𝟐

𝛌𝟏
   𝐒𝐭𝐫𝐢𝐧𝐠: 𝐯 = √

𝐅𝐓

𝛍
  
m

s
   𝛌 =

𝟏

𝐟
√

𝐅𝐓

𝛍
  m   𝐋𝐢𝐧𝐞𝐚𝐫 𝐝𝐞𝐧𝐬𝐢𝐭𝐲:  𝛍 =

𝐦

𝐋
 
kg

m
  (wave length:  𝛌 m  string tens: 𝐅𝐓  N ) 

𝐋𝐨𝐧𝐠𝐢𝐭𝐮𝐝𝐢𝐧𝐚𝐥 𝐰𝐚𝐯𝐞𝐬:  𝐯𝐫𝐨𝐝 = √
𝑬

𝛒
   
m

s
        𝐯𝐥𝐢𝐪𝐮𝐢𝐝 𝐨𝐫 𝐠𝐚𝐬 = √

𝑩

𝛒
  
m

s
        𝐏𝐚𝐯𝐠 =

𝛍𝐯𝛚𝟐𝐲𝐦𝐚𝐱
𝟐

𝟐
  W       (Young mod:𝑬  

N

m2
     Bulk mod: 𝑩  

N

m2
) 

𝐖𝐚𝐯𝐞 𝐞𝐪𝐮𝐚𝐭𝐢𝐨𝐧:  
𝛛𝟐𝐲

𝛛𝐭𝟐
 = 𝐯𝟐

𝛛𝟐𝐲

𝛛𝐱𝟐   
m

s2    𝐓𝐫𝐚𝐯𝐞𝐥𝐢𝐧𝐠:  𝐲(𝐱, 𝐭) = 𝐲𝐦𝐬𝐢𝐧(𝐤𝐱 − 𝛚𝐭 + 𝛗𝟎) = 𝐲𝐦𝐬𝐢𝐧 [𝟐𝛑 (
𝐱

𝛌
−

𝐭

𝐓
) + 𝛗𝟎]  m      𝐯 = 𝛌𝐟 =

𝛌

𝐓
=

𝛚

𝐤
  
m

s
 

𝐒𝐭𝐚𝐧𝐝𝐢𝐧𝐠:   𝐲(𝐱, 𝐭) = 𝟐𝐲𝐦𝐬𝐢𝐧(𝐤𝐱) ∙ 𝐜𝐨𝐬(𝛚𝐭) m     𝛌 =
𝟐𝐋

𝐧
 m    𝐟𝐫𝐞𝐬𝐨𝐧𝐚𝐧𝐜𝐞 = 𝐧

𝐯

𝟐𝐋
 Hz  (𝐧 = 1,2,3… )    𝐖𝐚𝐯𝐞 𝐧𝐮𝐦𝐛𝐞𝐫:  𝐤 =

𝟐𝛑

𝛌
=

𝛚

𝐯
   

rad

m
 

𝐈𝐧𝐭𝐞𝐧𝐬𝐢𝐭𝐲: 𝐈 =
𝐏

𝐀
 
W

m2       
𝐈𝟏
𝐈𝟐

=
𝐫𝟐
𝟐

𝐫𝟏
𝟐
    𝐋𝐞𝐯𝐞𝐥: 𝛃 = 𝟏𝟎𝐥𝐨𝐠

𝐈

𝐈𝐨
  dB    𝐈 = 𝐈𝟎 ∙ 𝟏𝟎

𝛃
𝟏𝟎    

W

m2     (𝐈𝐨 = 10−12  
W

m2)    𝐃𝐨𝐩𝐩𝐥𝐞𝐫:  𝐟± = 𝐟𝟎 (
𝐯𝐬 ± 𝐯𝐨𝐛𝐣𝐞𝐜𝐭

𝐯𝐬 ∓ 𝐯𝐬𝐨𝐮𝐫𝐜𝐞
)  Hz 

𝐎𝐩𝐞𝐧 𝐩𝐢𝐩𝐞:  𝐟𝐧 = 𝐧
𝐯𝐬

𝟐𝐋
 Hz    𝐂𝐥𝐨𝐬𝐞𝐝 𝐩𝐢𝐩𝐞:  𝐟𝐧 = 𝐧

𝐯𝐬

𝟒𝐋
  Hz   𝐒𝐩𝐞𝐞𝐝 𝐨𝐟 𝐬𝐨𝐮𝐧𝐝:  𝐯𝐬 ≈ (𝟑𝟑𝟏 + 𝟎. 𝟔 ∙ °𝐂)

m

s
     𝐯𝐬 = 343 

m

s
  (at 20°C)     

      
 
FLUIDS 

𝐃𝐞𝐧𝐬𝐢𝐭𝐲:  𝛒 =
𝐦

𝐕
    

kg

m3        𝐒𝐩𝐞𝐜. 𝐠𝐫𝐚𝐯𝐢𝐭𝐲:  𝐒𝐆𝐨 =
𝛒𝐨

𝛒𝐰𝐚𝐭𝐞𝐫
  u       𝐖𝐞𝐢𝐠𝐡𝐭:  𝐅𝐰 = 𝛒𝐠𝐕  N       𝐩𝐡𝐲𝐝𝐫𝐨𝐬𝐭 = 𝐩𝟎 + 𝛒𝐠𝐡  Pa       𝐅𝐛𝐮𝐨𝐲𝐧 = 𝛒𝐟𝐕𝐟𝐠   N   

𝐏𝐫𝐞𝐬𝐬𝐮𝐫𝐞: 𝐩 =  
𝐅

𝐀
 
N

m2  or Pa  (1 atm = 101,300 Pa = 760 mm Hg)   𝐏𝐚𝐬𝐜𝐚𝐥: 𝐩𝐨𝐮𝐭 = 𝐩𝐢𝐧  or  
𝐅𝐨𝐮𝐭

𝐀𝐨𝐮𝐭
=

𝐅𝐢𝐧

𝐀𝐢𝐧
 
N

m2     𝐅𝐥𝐨𝐰: 𝐉 =  𝐀𝟏𝐯𝟏 = 𝐀𝟐𝐯𝟐  
m3

s
 

 𝐉 =
𝛑𝐫𝟒∆𝐩

𝟖𝛈𝐋
 
m3

s
   (viscosity: 𝛈 Pa ∙ s)   𝐂𝐨𝐧𝐭𝐢𝐧𝐮𝐢𝐭𝐲:  𝛒𝟏𝐀𝟏𝐯𝟏 = 𝛒𝟐𝐀𝟐𝐯𝟐  

kg

s
      𝐁𝐞𝐫𝐧𝐨𝐮𝐥𝐥𝐢:   𝐩𝟏 +

𝟏

𝟐
𝛒𝐯𝟏

𝟐 + 𝛒𝐠𝐡𝟏 =  𝐩𝟐 +
𝟏

𝟐
𝛒𝐯𝟐

𝟐 + 𝛒𝐠𝐡𝟐  
N

m2    

 𝐯 = √𝟐𝐠𝐡  
m

s
 (open tank)    𝐃𝐫𝐚𝐠 𝐅𝐨𝐫𝐜𝐞:  𝐃 =  

𝟏

𝟐
𝐂𝛒𝐀𝐯𝟐 N      𝐓𝐞𝐫𝐦𝐢𝐧𝐚𝐥 𝐬𝐩𝐞𝐞𝐝  (falling):   𝐯𝐭 = √

𝟐𝐅𝐠

𝐂𝛒𝐀
   
m

s
  (drag coeficient:  𝐂  u ) 
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OPTICS AND DIFFRACTION  

𝐋𝐮𝐦𝐢𝐧𝐨𝐮𝐬 𝐢𝐧𝐭𝐞𝐧𝐬𝐢𝐭𝐲: 𝐥𝐯 = 
𝚽𝐯 

𝟒𝛑
  cd  (candela)       𝐈𝐥𝐥𝐮𝐦𝐢𝐧𝐚𝐧𝐜𝐞:  𝐌𝐯 =

𝚽𝐯

𝟒𝛑𝐫𝟐
  lx (lux)        𝐋𝐮𝐦𝐢𝐧𝐨𝐮𝐬 𝐟𝐥𝐮𝐱:  𝚽𝐯 = 𝐥𝐯 ∙ 𝟒𝛑  lm (lumen)       

𝐒𝐩𝐡𝐞𝐫.𝐦𝐢𝐫𝐫𝐨𝐫 𝐨𝐫 𝐭𝐡𝐢𝐧 𝐥𝐞𝐧𝐬: 
𝟏

𝐟
=

𝟏

𝐝𝐨
+

𝟏

𝐝𝐢
 m−1   𝐝𝐢 =

𝐝𝟎𝐟

𝐝𝟎 − 𝐟
 m    𝐌𝐚𝐠𝐧𝐟: 𝐌 =

𝐡𝐢

𝐡𝐨
= −

𝐝𝐢

𝐝𝐨
× (times)   𝐒𝐩𝐡𝐫 𝐬𝐫𝐟𝐜: 

𝐧𝟏

𝐝𝟎
+

𝐧𝟐

𝐝𝐢
=

𝐧𝟐 − 𝐧𝟏

𝐫
 m−1 

𝐟𝐦𝐢𝐫𝐫𝐨𝐫 =
𝐑

𝟐
 m      𝐋𝐞𝐧𝐬 𝐦𝐚𝐤𝐞𝐫: 

𝟏

𝐟
= (𝒏 − 𝟏) (

𝟏

𝐑𝟏
−

𝟏

𝐑𝟐
)m−1           𝐋𝐞𝐧𝐬 𝐩𝐨𝐰𝐞𝐫:  𝐏 =

𝟏

𝐟
 D    (𝐝𝐢𝐨𝐩𝐭𝐞𝐫:  D or m−1)        𝐅 𝐬𝐭𝐨𝐩 =

𝐟

𝐃𝐝𝐢𝐚𝐦
 u 

𝐋𝐞𝐧𝐬𝐞𝐬 𝐢𝐧 𝐜𝐨𝐧𝐭𝐚𝐜𝐭:   
𝟏

𝐟
=

𝟏

𝐟𝟏
+

𝟏

𝐟𝟐
  m−1     𝐌𝐥𝐞𝐧𝐬 =

𝐝𝐧

𝐟
× (relaxed eye)     𝐌𝐥𝐞𝐧𝐬 =

𝐝𝐧

𝐟
+ 𝟏    (eye at near point:   𝐝𝐧 ≈ 𝟎. 𝟐𝟓 m )  

𝐌𝐦𝐢𝐜𝐫𝐬𝐜𝐩𝐞 = 𝐌𝐞𝐲𝐌𝐨𝐛 = (
𝐝𝐧

𝐟𝐞
) (

𝒍 − 𝐟𝐞
𝐝𝐨

) ≈
𝐝𝐧𝒍

𝐟𝐞𝐟𝐨
 (fe, fo ≪ 𝑙) ×  𝐌𝐭𝐞𝐥𝐬𝐜𝐩𝐞 = −

𝐟𝐨
𝐟𝐞

×   𝒍𝐭𝐞𝐥. = 𝐟𝐨 + 𝐟𝐞     𝐑𝐞𝐬𝐥 𝐥𝐢𝐦:  𝛝 =
𝟏. 𝟐𝟐𝛌

𝐃𝐝𝐢𝐚𝐦
rad  𝐰 =

𝟐. 𝟒𝟒𝝀𝒇

𝐃𝐝𝐢𝐚𝐦
m 

𝐈𝐧𝐝𝐱 𝐨𝐟 𝐫𝐞𝐟𝐫𝐚𝐜𝐭: 𝐧 =
𝐜

𝐯𝐧
 u    𝛌𝐧 =

𝐯𝐧

𝐟
=

𝐜

𝐧𝐟
=

𝛌𝐯𝐚𝐜

𝐧
 m     𝐯𝐧 =

𝐜

𝐧
  
m

s
    𝐟 = 𝐟𝐯𝐚𝐜 = 𝐟𝐧 Hz     𝐅𝐢𝐥𝐦 𝐢𝐧𝐭𝐟𝐫:  𝐝destr = (𝒎 −

𝟏

𝟐
)
𝛌

𝐧
   𝐝constr =

𝒎𝛌

𝐧
 m 

𝐒𝐧𝐞𝐥𝐥′𝐬 𝐥𝐚𝐰: 
𝐬𝐢𝐧𝛝𝐢𝐧𝐜𝐢𝐝𝐞𝐧𝐭

𝐬𝐢𝐧𝛝𝐫𝐞𝐟𝐫𝐚𝐜𝐭𝐞𝐝
=

𝐧𝐫

𝐧𝐢
=

𝐯𝐢

𝐯𝐫
    𝛝𝐜𝐫𝐢𝐭𝐢𝐜𝐚𝐥 = 𝐬𝐢𝐧−𝟏

𝐧𝐫

𝐧𝐢
 rad    𝐖𝐚𝐥𝐥𝐠𝐥𝐚𝐬𝐬 :   

𝐝𝐰

𝐝𝐚𝐩𝐩
=

𝐧𝒘

𝐧𝟐
    𝐃𝐨𝐩𝐩𝐥𝐞𝐫:  𝛌± = 𝛌𝟎√

𝐜 ± 𝐯

𝐜 ∓ 𝐯
  m  (𝐜 = 3 ∙ 108  

m

s
) 

𝐒𝐢𝐧𝐠𝐥𝐞 𝐬𝐥𝐢𝐭:  𝐬𝐢𝐧𝛝𝐝𝐚𝐫𝐤 = 𝒎
𝛌

𝐚
    𝐬𝐢𝐧𝛝𝐛𝐫𝐢𝐠𝐡𝐭 = (𝒎 +

𝟏

𝟐
)
𝛌

𝐚
  (slit width: 𝐚 m)       𝐃𝐨𝐮𝐛𝐥𝐞 𝐬𝐥𝐢𝐭:  𝐬𝐢𝐧𝛝𝐝𝐚𝐫𝐤 = (𝒎 +

𝟏

𝟐
)
𝛌

𝐝
     𝐬𝐢𝐧𝛝𝐛𝐫𝐢𝐠𝐡𝐭 = 𝒎

𝛌

𝐝
   

𝐆𝐫𝐚𝐭𝐢𝐧𝐠:  𝐬𝐢𝐧𝛝𝐛𝐫𝐢𝐠𝐡𝐭 = 𝒎
𝛌

𝐝
        𝐂𝐢𝐫𝐜𝐮𝐥𝐚𝐫 𝐚𝐩𝐞𝐫𝐭𝐮𝐫𝐞:  𝐬𝐢𝐧𝛝𝟏𝒔𝒕𝐝𝐚𝐫𝐤 𝐫𝐢𝐧𝐠  =

𝟏. 𝟐𝟐𝛌

𝐃𝐝𝐢𝐚𝐦
         𝐈𝐧𝐭𝐞𝐫𝐟𝐞𝐫𝐨𝐦𝐞𝐭𝐞𝐫:   𝐅 𝐟𝐫𝐢𝐧𝐠𝐞 # =

∆𝐋𝐦𝐢𝐫𝐫𝐨𝐫 𝐬𝐡𝐢𝐟𝐭

𝛌/𝟐
  u  

𝐏𝐨𝐥𝐚𝐫𝐢𝐳𝐚𝐭𝐢𝐨𝐧: 𝐈𝐩 =
𝐈𝟎
𝟐

    𝐈 = 𝐈𝐩 𝐜𝐨𝐬𝟐 𝛝 
W

m2     𝐭𝐚𝐧 𝛝𝐩 =
𝐧𝟐

𝐧𝟏
    ( 𝒎 = 𝟎, 𝟏, 𝟐…    𝛝 ≈ 𝐬𝐢𝐧𝛝 ≈ 𝐭𝐚𝐧 𝛝  for 𝛝 < 𝟓°   slit width or distance: 𝐝  m) 

  

HEAT AND KINETIC THEORY 

𝐓𝐞𝐦𝐩𝐞𝐫𝐚𝐭𝐮𝐫𝐞: ℉ =
𝟗

𝟓
℃ + 𝟑𝟐   𝐊 = ℃ + 𝟐𝟕𝟑   𝐈𝐝𝐞𝐚𝐥 𝐠𝐚𝐬 𝐥𝐚𝐰: 𝐩𝐕 = 𝐧𝐑𝐓 = 𝐍𝐤𝐁𝐓 J    

𝐩𝟏𝐕𝟏

𝐓𝟏
=

𝐩𝟐𝐕𝟐

𝐓𝟐
  
J

K
   (at S. T. P.   𝟏. 𝟎 mol →  𝟐𝟐. 𝟒 L ) 

𝐏𝐫𝐞𝐬𝐬𝐮𝐫𝐞:  𝐩 =  
𝐅

𝐀
   

N

m2
 or Pa          𝐄𝐱𝐩𝐚𝐧𝐬𝐢𝐨𝐧𝐬:  linear: ∆𝐋 = 𝛂𝐋𝐨∆𝐓 m    volume: ∆𝐕 = 𝛃𝐕𝐨∆𝐓 m3    𝐌𝐨𝐥𝐞𝐬:  𝐧 =

𝐌

𝐦𝐨
=

𝐍

𝐍𝐀
 mol  

𝐃𝐞𝐧𝐬𝐢𝐭𝐲: 
𝐍

𝐕
  

1

m3
   (1 atm = 1.013 ∙ 105 Pa  Mass:  molar:𝐌;   molec.: 𝐦𝐨;   atomic mass unit: 𝟏𝐮 = 1.66 ∙ 10−27 kg;  #of molecules: 𝐍) 

(Gas const. : 𝐑 = 8.314  
J

mol ∙ K
=  0.0821 

L ∙ atm

mol ∙ K
 ;   Boltzman const.: 𝐤𝐁 =

𝐑

𝐍𝐀
= 1.38 ∙ 10−23  

J

K
;   Avogadro′s #: 𝐍𝐀 = 6.02 ∙ 1023  

1

mol
) 

𝐌𝐞𝐚𝐧 𝐟𝐫𝐞𝐞 𝐩𝐚𝐭𝐡:  𝛌 =
𝟏

𝟒√𝟐 (
𝐍
𝐕
) 𝐫𝟐

  m      𝐩 =
𝐍𝐦𝐨𝐯𝐫𝐦𝐬

𝟐

𝟑𝐕
  Pa     𝐀𝐯.𝐊𝐢𝐧. 𝐄𝐧𝐞𝐫𝐠𝐲: 𝐊 =

𝟏

𝟐
𝐦𝐨𝐯

𝟐 =
𝟑

𝟐
𝐤𝐁𝐓  J    𝐯𝐫𝐦𝐬 = √

𝟑𝐤𝐁𝐓

𝐦𝐨
= √

𝟑𝐑𝐓

𝐌
 
m

s
   

(conductvity:  𝐤  
J

s ∙ m ∙ K
;       emisivity:  0 ≤ 𝛜 ≤ 1 u   black body: 𝛜 = 1;    Stefan Boltzmann  const. : 𝛔 = 5.67 ∙ 10−8   

W

m2 ∙ K4
 ) 

𝐒𝐩𝐞𝐞𝐝 𝐨𝐟 𝐬𝐨𝐮𝐧𝐝: 𝐯𝐬 = √
𝛄𝐑𝐓

𝐌
 
m

s
  (adiabatic indx: 𝛄)  𝐇𝐞𝐚𝐭 𝐜𝐨𝐧𝐝𝐮𝐜𝐭: 𝐐 = 𝐤𝐀

∆𝐓

𝐝
∆𝐭 J   𝐑𝐚𝐝𝐢𝐚𝐭𝐢𝐨𝐧 𝐢𝐧𝐭𝐬𝐭𝐲:  𝑰 = 𝛜𝛔𝐓𝟒 = 𝛜𝛔(𝐓𝐞𝐧𝐯

𝟒 − 𝐓𝟒) 
W

m2 

 𝐐𝐡𝐞𝐚𝐭𝐢𝐧𝐠 = 𝐦𝐜∆𝐓  J      𝐐𝐩𝐡𝐚𝐬𝐞 𝐜𝐡𝐚𝐧𝐠𝐞 = 𝐦𝐋  J (specific heat: 𝐜  
J

kg ∙ K
     latent heat: 𝐋  

J

kg
)   𝐓𝐟 =

𝐦𝐀𝐜𝐀𝐓𝐀 + 𝐦𝐁𝐜𝐁𝐓𝐁

𝐦𝐀𝐜𝐀 + 𝐦𝐁𝐜𝐁
  K  or  ℃  

 
THERMODYNAMICS AND HEAT ENGINES 

𝐅𝐢𝐫𝐬𝐭 𝐋𝐚𝐰:  ∆𝐔 = 𝐐 − 𝐖 J         𝐈𝐧𝐭𝐞𝐫𝐧𝐚𝐥 𝐞𝐧𝐞𝐫𝐠𝐲:   𝐔 J          𝐒𝐞𝐜𝐨𝐧𝐝 𝐋𝐚𝐰:  ∆𝐒 =
∆𝐐

𝐓
   

J

K
     𝐄𝐧𝐭𝐫𝐨𝐩𝐲 𝐜𝐡𝐚𝐧𝐠𝐞:   ∆𝐒  

J

K
≥ 𝟎 

monatomic  gas:   𝐔 =
𝟑

𝟐
𝐧𝐑𝐓  J    𝐂𝐕 =

𝟑

𝟐
𝐑   𝐂𝐏 =

𝟓

𝟐
𝐑    

J

mol ∙ K
           diatomic gas:    𝐔 =

𝟑

𝟐
𝐧𝐑𝐓  J    𝐂𝐕 =

𝟓

𝟐
𝐑    𝐂𝐏 =

𝟕

𝟐
𝐑   

J

mol ∙ K
 

elemental solid:  𝐔 = 𝟑𝐍𝐤𝐁𝐓 = 𝟑𝐧𝐑𝐓  J    𝐂 = 𝟑𝐑  
J

mol ∙ K
   (molar specific heat:  𝐂 

J

mol ∙ K
   at constant vol: 𝐂𝐕  at constant pres: 𝐂𝐩) 

𝐈𝐬𝐨𝐜𝐡𝐨𝐫𝐢𝐜: 
𝐩𝐢

𝐓𝐢
=

𝐩𝐟

𝐓𝐟
   𝐖 = 𝟎   𝐐 = 𝐧𝐂𝐕∆𝐓   ∆𝐔 = 𝐐 J     𝐈𝐬𝐨𝐭𝐡𝐞𝐫𝐦𝐚𝐥:  𝐩𝐢𝐕𝐢 = 𝐩𝐟𝐕𝐟    𝐖 = 𝐧𝐑𝐓𝐥𝐧 (

𝐕𝐟

𝐕𝐢
) = 𝐩𝐢𝐕𝐢𝐥𝐧 (

𝐕𝐟

𝐕𝐢
) J    𝐐 = 𝐖    ∆𝐔 = 𝟎 J 

𝐈𝐬𝐨𝐛𝐚𝐫𝐢𝐜:  
𝐕𝐢

𝐓𝐢
=

𝐕𝐟

𝐓𝐟
     𝐖 = 𝐩∆𝐕    𝐐 = 𝐧𝐂𝐏∆𝐓     ∆𝐔 = 𝐐 − 𝐖  J    𝐀𝐧𝐲:   

𝐩𝐢𝐕𝐢

𝐓𝐢
=

𝐩𝐟𝐕𝐟

𝐓𝐟
     𝐖 = 𝐚𝐫𝐞𝐚 𝐮𝐧𝐝𝐞𝐫 𝐜𝐮𝐫𝐯𝐞    ∆𝐔 = 𝐧𝐂𝐕∆𝐓  J  

𝐀𝐝𝐢𝐚𝐛𝐚𝐭𝐢𝐜:  𝐩𝐢𝐕𝐢
𝛄
= 𝐩𝐟𝐕𝐟

𝛄
 or 𝐓𝐢𝐕𝐢

𝛄−𝟏
= 𝐓𝐟𝐕𝐟

𝛄−𝟏
   𝐖 = (𝐩𝐟𝐕𝐟 − 𝐩𝐢𝐕𝐢)(𝟏 − 𝛄) = − 𝐧𝐂𝐕∆𝐓   𝐐 = 𝟎   ∆𝐔 = −𝐖 J   𝛄𝐦𝐨𝐧 = 𝟏.𝟔𝟕  𝛄𝐝𝐢𝐚 = 𝟏. 𝟒𝟎 u   

𝐂𝐚𝐫𝐧𝐨𝐭 𝐞𝐧𝐠. 𝐞𝐟𝐟. :  𝛈 =
𝐖𝐨𝐮𝐭

𝐐𝐢𝐧
= 𝟏 −

𝐐𝐋

𝐐𝐇
   𝛈𝐦𝐚𝐱 = 𝟏 −

𝐓𝐋

𝐓𝐇
 u   𝐂𝐎𝐏𝐫𝐞𝐟𝐫𝐠 =

𝐐𝐋

𝐖𝐢𝐧
=

𝐐𝐋

𝐐𝐇 − 𝐐𝐋
    𝐂𝐎𝐏𝐫𝐞𝐟.𝐦𝐚𝐱 =

𝐓𝐋

𝐓𝐇 − 𝐓𝐋
  𝐂𝐎𝐏𝐡𝐞𝐚𝐭 𝐩𝐮𝐦𝐩 =

𝐐𝐇

𝐖𝐢𝐧
  u 
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ELECTRICITY 

𝐂𝐇𝐀𝐑𝐆𝐄:  𝐪𝐩𝐚𝐫𝐭𝐢𝐜𝐥𝐞  𝐐𝐭𝐨𝐭𝐚𝐥 C  (coulomb:  C)    𝐅𝐈𝐄𝐋𝐃:  �⃗⃗� = 𝒌
𝐪

𝐫𝟐 �̂� =
𝐅 

𝐪
=

𝐕

𝐫
�̂�     �⃗⃗� 𝒔 = −

𝛛𝐕

𝛛𝐬
 
N

C
 or 

V

m
   𝐅𝐨𝐫𝐜𝐞:  𝐅 = 𝒌

|𝐪𝟏||𝐪𝟐|

𝐫𝟐 �̂� = 𝐪�⃗⃗� =
𝐪𝐕

𝐫
�̂� N 

𝐏𝐎𝐓𝐄𝐍𝐓𝐈𝐀𝐋  𝐯𝐨𝐥𝐭:  𝐕 = 𝒌
𝐪

𝐫
= 𝑬𝐫  V or 

J

C
    𝐕 = ∫ �⃗⃗� ∘ 𝐝𝐬 

𝒔𝒇

𝒔𝒊

 V     𝐄𝐧𝐞𝐫𝐠𝐲:  𝐔 = 𝒌
𝐪𝟏𝐪𝟐

𝐫
= 𝐪𝐕  J     𝐖 = 𝐪𝑬𝐝  J     𝐀𝐜𝐜𝐞𝐥𝐞𝐫𝐚𝐭𝐢𝐨𝐧:  �⃗⃗� =

𝐪�⃗⃗� 

𝐦
   

m

s2 

𝐂𝐀𝐏𝐀𝐂𝐈𝐓𝐀𝐍𝐂𝐄 𝐟𝐚𝐫𝐚𝐝: 𝐂 =
𝐐

𝐕
 F 𝐨𝐫 

C

V
      𝐂𝐩𝐚𝐫𝐚𝐥𝐥𝐞𝐥 = 𝛜𝟎

𝐀

𝐝
 F       𝐂𝐜𝐲𝐥𝐢𝐧𝐝𝐫𝐢𝐜𝐚𝐥 =

𝐋

𝟐𝒌𝐥𝐧(𝐛 𝐚)⁄
 F       𝐂𝐬𝐩𝐡𝐞𝐫𝐢𝐜𝐚𝐥 =

𝐚𝐛

𝒌(𝐛 − 𝐚)
 F        𝐂𝐬𝐩𝐡𝐞𝐫𝐞 =

𝐑

𝒌
 F 

𝐂𝐔𝐑𝐑𝐄𝐍𝐓 𝐚𝐦𝐩𝐞𝐫𝐞:  𝒊 =
𝐝𝐐

𝐝𝐭
= 𝐂

𝐝𝐕

𝐝𝐭
  A  or 

C

s
      (permittivity: 𝛜𝟎 = 8.85 ∙ 10−12

C2

Nm2
 or 

F

m
 or 

s

Ωm
;     𝒌 =

𝟏

𝟒𝛑𝛜𝟎
=  9.0 ∙ 109   

Nm2

C2
)  

𝐃𝐈𝐏𝐎𝐋𝐄 𝐦𝐨𝐦𝐞𝐧𝐭:  �⃗⃗� = 𝐪𝐝 ⃗⃗  ⃗ Cm    𝐭𝐨𝐫𝐪𝐮𝐞: �⃗� = �⃗⃗� × �⃗⃗�   Nm     𝐔 = −�⃗⃗� ∙ �⃗⃗�   J         𝐂𝐡𝐚𝐫𝐠𝐞 𝐝𝐞𝐧𝐬𝐢𝐭𝐲: 𝛌 =
𝐐

𝒍
   

C

m
    𝛔 =

𝐐

𝐀
   

C

m2      𝛒 =
𝐐

𝐕
   

C

m3 

𝑬𝐜𝐚𝐩𝐚𝐜𝐢𝐭𝐨𝐫 =
𝐕

𝐝
=

𝐐

𝛜𝟎𝐀
=

𝝈

𝝐𝟎
     �⃗⃗� 𝐝𝐢𝐬𝐤 =

𝝈

𝟐𝛜𝟎
(𝟏 −

𝐳

√𝐳𝟐 + 𝐑𝟐
)    �⃗⃗� ⊥ 𝐧𝐜 𝐩𝐥𝐚𝐧𝐞 =

𝛔

𝟐𝛜𝟎
    �⃗⃗� ⊥ 𝐜𝐨𝐧𝐝 𝐩𝐥𝐚𝐧𝐞 =

𝛔

𝛜𝟎
  �⃗⃗� ⊥ ∞ 𝐥𝐢𝐧𝐞 = 𝒌

𝟐𝛌

𝐫
    �⃗⃗� 𝐰𝐢𝐫𝐞 =

∆𝐕𝐰𝐢𝐫𝐞

𝒍
  
V

m
  

�⃗⃗� 𝐫𝐢𝐧𝐠 = 𝒌
𝐳𝐐

(𝐳𝟐 + 𝐑𝟐)𝟑/𝟐
   �⃗⃗� 𝐢𝐧 𝐬𝐩𝐡𝐞𝐫𝐞 = 𝒌

𝐐𝐫

𝐑𝟑    �⃗⃗� ⊥ 𝐝𝐢𝐩𝐨𝐥𝐞  𝐦𝐢𝐝𝐥𝐞 = 𝒌
�⃗⃗� 

𝐫𝟑    �⃗⃗� 𝐝𝐢𝐩𝐨𝐥𝐞 𝐚𝐱𝐢𝐬 = 𝒌
𝟐�⃗⃗� 

𝐫𝟑    
V

m
   𝐕𝐝𝐢𝐩𝐨𝐥𝐞 = 𝒌

𝐩 𝐜𝐨𝐬𝛝

𝐫𝟐 V   𝐔𝐄(𝐝𝐞𝐧𝐬𝐢𝐭𝐲) =
𝟏

𝟐
𝛜𝟎𝑬

𝟐  
 J

𝑚3 

𝐆𝐚𝐮𝐬𝐬:  𝐐𝐞𝐧𝐜𝐥𝐨𝐬𝐞𝐝 = 𝛜𝟎𝚽𝐄 𝐜𝐥𝐨𝐬𝐞𝐝 𝐬𝐮𝐫𝐟 C    𝐅𝐋𝐔𝐗:  𝚽𝐄 = �⃗⃗� ∘ �⃗⃗� (𝐚𝐫𝐞𝐚) = ∮ �⃗⃗� ∘ 𝐝�⃗⃗� =
𝐐𝐞𝐧𝐜𝐥𝐨𝐬𝐞𝐝

𝛜𝟎
 
Nm2

C
 or Vm     𝐔𝐂(𝐬𝐭𝐨𝐫𝐞𝐝) =

𝟏

𝟐
𝐂𝐕𝟐 =

𝐐𝟐

𝟐𝐂
=

𝟏

𝟐
𝐐𝐕  J 

𝒊𝐝𝐢𝐬𝐩𝐥 = 𝛜𝟎

𝐝𝚽𝐞

𝐝𝐭
= 𝐂

𝐝𝐕

𝐝𝐭
 A       𝐞current:  𝒊𝐞 = 𝐧𝐞𝐀𝐯𝐝  

 (# of e)

s
      𝐞 density: 𝐧𝐞  

 (# of e)

m3        𝒊 = 𝐞𝒊𝐞 A        𝐃𝐫𝐢𝐟𝐭 𝐬𝐩𝐞𝐞𝐝:  𝐯𝐝 =
𝐞𝛕

𝐦
𝑬 =

𝒊

 𝐧𝐞𝐞𝐀
 
m

s
   

(collisionn time:  𝛕  s) 𝐂𝐮𝐫𝐫𝐞𝐧𝐭 𝐝𝐞𝐧𝐬𝐢𝐭𝐲: 𝐉 = 𝐧𝐞𝐞�⃗� 𝐝 =
𝒊

𝐀
= 𝛔𝒄𝑬  

A

m2
    𝒊 = ∫ 𝐉 ∘ 𝐝�⃗⃗�   A    𝑬 = 𝛒𝐉 

V

m
   𝐂𝐨𝐧𝐝𝐮𝐜𝐭𝐢𝐯𝐢𝐭𝐲:  𝛔𝒄 =

𝐧𝐞𝐞
𝟐𝛕

𝐦𝐞
=

𝟏

𝛒
  

1

Ωm
 

(electron: 𝐞𝐜𝐡𝐚𝐫𝐠𝐞 = 1.60 ∙ 10−19 C   electron volt: 1.0 eV = 1.6022 ∙ 10−19 J     𝐞𝐦𝐚𝐬𝐬 = 9.11 ∙ 10−31 kg;    proton:  𝐩𝐦𝐚𝐬𝐬 = 1.67 ∙ 10−27 kg)  

                                                                                                                                                                                                                       

MAGNETISM 

𝐅𝐈𝐄𝐋𝐃: �⃗⃗� =
𝛍𝟎𝐪

𝟒𝛑𝐫𝟐
 �⃗� × �̂�     𝐝�⃗⃗� =

𝛍𝟎

𝟒𝛑

 𝒊𝐝𝐬 × �̂�

𝐫𝟐
    �⃗⃗� 𝐰𝐢𝐫𝐞 =

𝛍𝟎𝒊

𝟐𝛑𝐫
      �⃗⃗� 𝐝𝐢𝐩𝐨𝐥𝐞 =

𝛍𝟎�⃗⃗� 

𝟐𝛑𝐳𝟑
     �⃗⃗� 𝐭𝐨𝐫𝐨𝐢𝐝 =

𝛍𝟎𝐢𝐍

𝟐𝛑𝐫
 T (permeability:  𝛍𝟎 =  4𝜋 ∙ 10−7  

Tm

A
 ) 

�⃗⃗�  𝐚𝐫𝐜 =
𝛍𝟎𝒊𝝋

𝟒𝛑𝐫
    �⃗⃗� 𝐜𝐨𝐢𝐥 𝐜𝐧𝐭𝐫 =

𝛍𝟎𝒊𝐍

𝟐𝐫
   �⃗⃗� 𝐬𝐨𝐥𝐞𝐧𝐨𝐢𝐝 =

𝛍𝟎𝒊𝐍

𝒍
 T (𝐍: turns)    𝐅𝐎𝐑𝐂𝐄: 𝐅 = 𝐪�⃗� × �⃗⃗� = 𝐪𝐯𝐁𝐬𝐢𝐧𝛝    𝐅 𝐰𝐢𝐫𝐞 = 𝒊𝒍 × �⃗⃗�     𝐅𝟐 𝐰𝐢𝐫𝐬 =

𝛍𝟎𝒊𝟏𝒊𝟐𝒍

𝟐𝛑𝐫
 N 

𝐅𝐜𝐞𝐧𝐭𝐫𝐩 =  𝐪𝐯⊥𝐁 = 𝐦𝒂𝒄 = 𝐦
𝐯⊥

𝟐

𝐫
 N    𝛚 =

𝐪𝐁

𝐦
 
rad

s
    𝐓 =

𝟐𝛑𝐦

𝐪𝐁
 s    𝐫𝐨𝐫𝐛𝐢𝐭 =

𝐦𝐯⊥

𝐪𝐁
 m     𝐝𝐩𝐢𝐭𝐜𝐡 = 𝐯∥𝐓  m     𝐀𝐦𝐩𝐞𝐫𝐞 𝐥𝐚𝐰:  ∮ �⃗⃗� ∘ 𝐝𝒍 

C

=  𝛍𝟎𝒊 Tm 

𝐃𝐈𝐏𝐎𝐋𝐄 𝐦𝐨𝐦𝐞𝐧𝐭:  �⃗⃗� = 𝐍𝒊�⃗⃗�   Am2     𝐓𝐨𝐫𝐪𝐮𝐞:  �⃗� =  �⃗⃗� × �⃗⃗�   Nm     �⃗� 𝐠𝐞𝐧𝐞𝐫𝐚𝐭𝐨𝐫 =
𝛚

𝐑
(𝐍𝐁𝐀𝐬𝐢𝐧𝛚𝐭)𝟐 Nm      𝐌𝐨𝐦𝐞𝐧𝐭𝐮𝐦:  𝐩 = 𝐦𝐯 = 𝐪𝐁𝐫 Ns    

𝐅𝐋𝐔𝐗: 𝚽𝐁 = ∫ �⃗⃗� ∘ 𝐝�⃗⃗�  Wb or  
J

A
   𝐞𝐦𝐟: 𝓔 = ∮ �⃗⃗� ∘ 𝐝𝐬 =

𝐝𝚽𝐁

𝐝𝐭
   𝓔𝐬𝐞𝐥𝐟 = −𝐋

𝐝𝒊

𝐝𝐭
   𝓔𝐰𝐢𝐫𝐞 = 𝐯𝒍𝐁    𝓔𝐜𝐨𝐢𝐥 = 𝐍

𝐝𝚽𝐁

𝐝𝐭
   𝓔𝐠𝐞𝐧𝐞𝐫𝐚𝐭𝐨𝐫 = 𝐍𝐁𝛚𝐀𝐬𝐢𝐧𝛚𝐭  V 

𝐈𝐍𝐃𝐔𝐂𝐓𝐀𝐍𝐂𝐄:  𝐋 =
𝐍𝚽𝐁

𝒊
  H  or 

Vs

A
 or sΩ    𝐋𝐬𝐨𝐥𝐞𝐧𝐨𝐢𝐝 =

𝛍𝟎𝐍
𝟐𝐀

𝒍
  H    𝑬𝐢𝐧𝐬𝐢𝐝𝐞 𝐬𝐨𝐥𝐞𝐧𝐨𝐢𝐝 =

𝒓

𝟐

𝐝𝐁

𝐝𝐭
  
V

m
   𝐄𝐧𝐞𝐫𝐠𝐲: 𝐔 = −�⃗⃗� ∘ �⃗⃗�     𝐔𝐋(𝐬𝐭𝐨𝐫𝐞𝐝) =

𝟏

𝟐
𝐋𝒊𝟐 J 

𝐔𝐁(𝐝𝐞𝐧𝐬𝐢𝐭𝐲) =
𝟏

𝟐𝛍𝟎
𝐁𝟐  

J

m3
  𝐟𝐜𝐲𝐜𝐥𝐨𝐭𝐫𝐨𝐧 =

𝐪𝐁

𝟐𝛑𝐦
  Hz   𝐯𝐥𝐢𝐧𝐞𝐚𝐫 =

𝐄

𝐁
 
m

s
   ∆𝐕𝐇𝐚𝐥𝐥 =

𝒊𝐁

𝐝𝐧𝐞
 V (Hall Effect:  thickness: 𝐝 m  #of charges denst: 𝐧  

1

m3
 ) 

 

ELECTRIC CIRCUITS 

𝐎𝐡𝐦′𝐬 𝐥𝐚𝐰: 𝒊 =
𝐕

𝐑
 A  𝐏𝐨𝐰𝐞𝐫: 𝐏 = 𝐕𝒊 = 𝒊𝟐𝐑 =

𝐕𝟐

𝐑
 W    𝐑𝐞𝐬𝐢𝐬𝐭𝐚𝐧𝐜𝐞 𝐎𝐇𝐌:𝐑 = 𝛒

𝒍

𝐀
Ω     𝐑𝐞𝐬𝐢𝐬𝐭𝐢𝐯𝐢𝐭𝐲:  𝛒 =

𝟏

𝛔𝒄
=

𝑬

𝐉
    ∆𝛒 = 𝛒𝟎𝛂(𝐓 − 𝐓𝟎) Ωm 

𝐑𝐬𝐞𝐫𝐢𝐞𝐬 = ∑ 𝐑𝐤

𝐧

𝐤=𝟏

   𝐑𝐩𝐚𝐫𝐚𝐥𝐥𝐞𝐥 = (∑
𝟏

𝐑𝐤

𝐧

𝐤=𝟏

)

−𝟏

Ω      𝐂𝐬𝐞𝐫𝐢𝐞𝐬 = (∑
𝟏

𝐂𝐤

𝐧

𝐤=𝟏

)

−𝟏

𝐂𝐩𝐚𝐫𝐚𝐥𝐥𝐞𝐥 = ∑ 𝐂𝐤

𝐧

𝐤=𝟏

 F         𝐋𝐬𝐞𝐫𝐢𝐞𝐬 = ∑ 𝐋𝐤

𝐧

𝐤=𝟏

 𝐋𝐩𝐚𝐫𝐚𝐥𝐥𝐞𝐥 = (∑
𝟏

𝐋𝐤

𝐧

𝐤=𝟏

)

−𝟏

H 

∆𝐑 =  𝛂𝐑𝟎∆𝐓 Ω (temp. coef. :  𝛂  
1

K
)   𝐑𝐂 𝐜𝐢𝐫𝐜𝐮𝐢𝐭:  𝒊 = 𝒊𝟎𝐞

 
−𝐭
 𝐑𝐂 A    𝐕𝐂 = 𝐕𝟎 (𝟏 − 𝐞

−𝐭
 𝐑𝐂) V    𝐑𝐋 𝐜𝐢𝐫𝐜𝐮𝐢𝐭:  𝒊 = 𝒊𝟎 (𝟏 − 𝐞

−𝐭𝐑
𝐋  )A   𝐕𝐋 = 𝐕𝟎𝐞

−𝒕𝑹
𝑳  V  

𝐋𝐂 𝐜𝐢𝐫𝐜𝐮𝐢𝐭: 𝒊 = 𝒊𝐦𝐚𝐱 𝐬𝐢𝐧𝛚𝐭    𝒊𝐦𝐚𝐱 = 𝛚𝐐 A    𝐋𝐂 𝐨𝐬𝐜𝐢𝐥𝐥:  𝛚 =
𝟏

√𝐋𝐂
= 𝟐𝛑𝐟  

rad

s
  𝐑𝐋𝐂: 𝐪 = 𝐐𝐞

−𝐑𝐭
𝟐𝐋 𝐜𝐨𝐬(𝛚′𝐭 − 𝛗)  C  𝛚′ = √𝛚𝟐 − (𝐑 𝟐𝐋⁄ )𝟐  

rad

s
 

𝐔𝐄 =
𝐪𝟐

𝟐𝐂
 J     𝐀𝐂:   𝐕 = 𝐕𝐦𝐚𝐱 𝐬𝐢𝐧𝛚𝐭  V       𝐕𝐫𝐦𝐬 =

𝐕

√𝟐
 V          𝒊𝐫𝐦𝐬 =

𝐈

√𝟐
 A       𝐏𝐩𝐞𝐚𝐤 = 𝟐�̅�  W        �̅� = 𝒊𝐫𝐦𝐬

𝟐 𝐑 =
𝐕𝐫𝐦𝐬

𝟐

𝐑
= 𝐕𝐫𝐦𝐬 𝒊𝐫𝐦𝐬 W      

𝐑𝐞𝐚𝐜𝐭𝐚𝐧𝐜𝐞: 𝐗𝐂 =
𝟏

𝛚𝐂
=

𝟏

𝟐𝛑𝐟𝐂
 Ω       𝐗𝐋 = 𝛚𝐋 = 𝟐𝛑𝐟𝐋 Ω    𝐈𝐦𝐩𝐞𝐝𝐚𝐧𝐜𝐞:  𝐙 = √𝐑𝟐 + (𝐗𝐋 − 𝐗𝐂)

𝟐  Ω     𝐏𝐡𝐚𝐬𝐞: 𝛗 = 𝐭𝐚𝐧−𝟏
𝐗𝐋 − 𝐗𝐂

𝑹
  rad 

�̅� = 𝒊𝐫𝐦𝐬𝐕𝐫𝐦𝐬 𝐜𝐨𝐬𝛗 =
𝐕𝐫𝐦𝐬

𝟐

𝒁
𝐜𝐨𝐬𝛗 = 𝒊𝐫𝐦𝐬

𝟐 𝐑  W        𝐑𝐞𝐬𝐨𝐧𝐚𝐧𝐜𝐞:  𝛚𝐫𝐞𝐬 =
𝟏

√𝐋𝐂
  
rad

s
   or   𝐟𝐫𝐞𝐬 = 

𝟏

𝟐𝛑√𝐋𝐂
  Hz     𝛚𝐜𝐫𝐨𝐬𝐬𝐨𝐯𝐞𝐫 =

𝟏

𝐑𝐂
    

rad

s
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MAXWELL EQUATIONS AND ELECTROMAGNETIC WAVES 

𝐆𝐚𝐮𝐬𝐬(𝐞𝐥𝐞𝐜𝐭𝐫𝐢𝐜 𝐟𝐢𝐞𝐥𝐝𝐬):  𝚽𝐄 = ∮ �⃗⃗� 
S

∘ 𝐝�⃗⃗� =
𝐐𝐞𝐧𝐜𝐥

𝛜𝟎
 Vm       �⃗⃗� ∘ �⃗⃗� =

𝛒

𝛜𝟎
   

N

C
          𝐆𝐚𝐮𝐬𝐬 (𝐦𝐚𝐠𝐧𝐞𝐭𝐢𝐜 𝐟𝐢𝐞𝐥𝐝𝐬):  𝚽𝐁 = ∮ �⃗⃗� 

S

∘ 𝐝�⃗⃗� = 𝟎 Wb          �⃗⃗� ∘ �⃗⃗� = 𝟎 

𝐅𝐚𝐫𝐚𝐝𝐚𝐲: 𝓔 = ∮ �⃗⃗� 
C

∘ 𝐝�⃗� = −
𝐝𝚽𝐁

𝐝𝐭
 V    �⃗⃗� × �⃗⃗� = −

𝛛�⃗⃗� 

𝛛𝐭
 
T

s
    𝐀𝐦𝐩𝐞𝐫 − 𝐌𝐚𝐱. ∶ ∮ �⃗⃗� ∘ 𝐝�⃗� 

C

= 𝛍𝟎𝒊 + 𝛜𝟎𝛍𝟎

𝐝𝚽𝐄

𝐝𝐭
Tm    �⃗⃗� × �⃗⃗� = 𝛍𝟎𝐉 + 𝛜𝟎𝛍𝟎

𝛛�⃗⃗� 

𝛛𝐭
 
T

m
 

𝐄𝐥𝐞𝐜𝐭𝐫𝐨𝐦𝐚𝐠𝐧𝐞𝐭𝐢𝐜 𝐰𝐚𝐯𝐞𝐬:  𝑬 = 𝑬𝟎 𝐜𝐨𝐬(𝛚𝐭 − 𝐤𝐱) 
V

m
     𝐁 = 𝐁𝟎 𝐜𝐨𝐬(𝛚𝐭 − 𝐤𝐱)  T      𝐤 =

𝟐𝛑

𝛌
  
rad

m
     𝛚 = 𝐜𝐤  

rad

s
     𝐜 =

𝑬𝟎

𝐁𝟎
=

1

√𝛜𝟎𝛍𝟎

  
m

s
 

𝐖𝐚𝐯𝐞 𝐞𝐪𝐮𝐚𝐭𝐢𝐨𝐧𝐬:  𝛁𝟐�⃗⃗� = 𝛜𝟎𝛍𝟎

𝛛𝟐�⃗⃗� 

𝛛𝐭𝟐
 
V

m3       𝛁𝟐�⃗⃗� = 𝛍𝟎𝛜𝟎

𝛛𝟐�⃗⃗� 

𝛛𝐭𝟐
 
T

m2     𝐜 = 𝛌𝐟 =
𝟏

√𝛜𝟎𝛍𝟎

 
m

s
     𝐩𝐞𝐫𝐦𝐢𝐭𝐭𝐢𝐯𝐢𝐭𝐲:  𝛜𝟎  

s

Ωm
   𝐩𝐞𝐫𝐦𝐞𝐚𝐛𝐢𝐥𝐢𝐭𝐲:  𝛍𝟎  

Ωs

m
  

𝐏𝐨𝐲𝐧𝐭𝐢𝐧𝐠:  𝐒 =
𝟏

𝛍𝟎
�⃗⃗� × �⃗⃗�   

W

m2     𝐈𝐧𝐭𝐞𝐧𝐬𝐢𝐭𝐲: 𝑰 = 𝐜𝛜𝟎𝑬
𝟐 =

𝐜

𝛍𝟎
𝐁𝟐 =

𝑬𝐁

𝛍𝟎
 =

𝐏

𝟒𝛑𝐫𝟐  
W

m2       𝐏𝐨𝐰𝐞𝐫:  𝐏 = 𝑰𝐀  W    (𝑬𝐫𝐦𝐬 =
𝑬𝐦𝐚𝐱

√𝟐
… )   

𝐑𝐚𝐝𝐢𝐚𝐭𝐢𝐨𝐧 𝐩𝐫𝐞𝐬𝐬𝐮𝐫𝐞:  𝐩𝐚𝐛𝐬𝐨𝐫 =
𝐅

𝐀
=

�̅�

𝐜
  

N

m2       𝐩𝐫𝐞𝐟𝐥𝐜 =
𝟐�̅�

𝐜

N

m2      𝐅 = 𝐩𝐀 =
𝐏(𝒑𝒐𝒘𝒆𝒓)

𝐜
 N    𝐏𝐨𝐥𝐚𝐫𝐢𝐳𝐞𝐝: 𝑰𝐩𝐨𝐥 =

𝑰𝟎

𝟐
     𝑰𝟐𝐧𝐝 𝐩𝐨𝐥 = 𝑰𝐩𝐨𝐥 𝐜𝐨𝐬𝟐 𝛝  

W

m2  

𝐆𝐚𝐥𝐢𝐥𝐞𝐚𝐧 𝐟𝐢𝐞𝐥𝐝 𝐭𝐫𝐚𝐧𝐬𝐟𝐨𝐫𝐦𝐬: �⃗⃗� 𝐁 =  �⃗⃗� 𝐀 + �⃗� 𝐁𝐀 × �⃗⃗� 𝐀    
V

m
       �⃗⃗� 𝐁 = �⃗⃗� 𝐀 −

𝟏

𝒄𝟐 �⃗� 𝐁𝐀 × �⃗⃗� 𝐀  T     𝐋𝐨𝐫𝐞𝐧𝐭𝐳 𝐟𝐨𝐫𝐜𝐞:  𝐅 = 𝐪(�⃗⃗� + �⃗� × �⃗⃗� ) N       

 
RELATIVITY  

𝐋𝐨𝐫𝐞𝐧𝐭𝐳 𝐭𝐫𝐚𝐧𝐟𝐨𝐫𝐦𝐚𝐭𝐢𝐨𝐧𝐬:    𝛄 =  
𝟏

√𝟏 − 𝐯𝟐 𝐜𝟐⁄
 u      𝛃 =

𝐯

𝐜
  u    𝛃𝟐 = 𝟏 −

𝟏

𝛄𝟐
  u     𝐌𝐨𝐦𝐞𝐧𝐭𝐮𝐦:  �⃗⃗� = 𝛄𝐦�⃗�   

kg ∙ m

s
   or  

eV

c
    

𝐱′ = 𝛄(𝐱 − 𝐯𝐭) m    𝐭′ = 𝛄(𝐭 −
𝐯𝐱

𝒄𝟐)  s      𝐱 = 𝛄(𝐱′ + 𝐯𝐭′) m     𝐭 = 𝛄 (𝐭′ +
𝐯𝐱′

𝒄𝟐 )  s      𝐃𝐨𝐩𝐩𝐥𝐞𝐫:  𝐟± =  𝐟𝟎√
𝐜 ± 𝐯

𝐜 ∓ 𝐯
  Hz    𝛌± = 𝛌𝟎√

𝐜 ∓ 𝐯

𝐜 ± 𝐯
  m     

𝐓𝐢𝐦𝐞 𝐝𝐢𝐥𝐚𝐭𝐢𝐨𝐧: ∆𝐭 = 𝛄∆𝐭𝟎
′  s     𝐋𝐞𝐧𝐠𝐭𝐡 𝐜𝐨𝐧𝐭𝐫𝐚𝐜𝐭𝐢𝐨𝐧:  ∆𝐋 =

∆𝐋𝟎
′

𝛄
m       𝐒𝐩𝐚𝐜𝐞𝐭𝐢𝐦𝐞 𝐢𝐧𝐭𝐞𝐫𝐯𝐚𝐥:   ∆𝐬𝟐 = ∆𝐱𝟐 − 𝐜𝟐∆𝐭𝟐  m2       ∆𝐬𝟐 = ∆𝐬′𝟐 

 𝐮𝐱 =
𝐮𝐱

′ + 𝐯

𝟏 +
𝐮𝐱

′ 𝐯
𝐜𝟐

     𝐮𝐲 =
𝐮𝐲

′

𝛄 [𝟏 +
𝐮𝐲

′ 𝐯

𝐜𝟐 ]

      𝐮𝐳 =
𝐮𝐳

′

𝛄 [𝟏 +
𝐮𝐳

′𝐯
𝐜𝟐 ]

     𝐮𝐱
′ =

𝐮𝐱 − 𝐯

𝟏 −
𝐮𝐱𝐯
𝐜𝟐

      𝐮𝐲
′ =

𝐮𝐲

𝟏
𝛄

−
𝐮𝐲𝐯

𝐜𝟐

     𝐮𝐳
′ =

𝐮𝐳

𝟏
𝛄

−
𝐮𝐳𝐯
𝐜𝟐

    
m

s
   

𝐄𝐧𝐞𝐫𝐠𝐲: 𝐄 = 𝛄𝐦𝐜𝟐 = 𝐄𝟎 + 𝐄𝐤 = 𝐦𝐜𝟐 + (𝛄 − 𝟏)𝐦𝐜𝟐 J    𝐄𝟎 = 𝐦𝐜𝟐 J   𝐄𝐤 = (𝛄 − 𝟏)𝐦𝐜𝟐 J    𝐄𝟐 = 𝐩𝟐𝐜𝟐 + 𝐦𝟐𝐜𝟒  J2   E ≫ m0𝑐
2:  𝐄𝐤 = 𝐩𝐜 J 

(proper (in it′s own frame):  time: ∆𝐭𝟎,  length: ∆𝐋𝟎;       frame velocity: 𝐯    particle velocity: 𝐮     Light year:  1 ly = 9.46 ∙ 1015 m) 

 

QUANTUM MECHANICS 

(Planck′s const: 𝐡 = 6.63 ∙ 10−34   Js = 4.14 ∙ 10−15 eVs    ℏ = 𝐡 𝟐𝛑 = 1.06 ∙ 10−34 ⁄ Js = 6.58 ∙ 10−16 eVs    𝛌𝐯𝐢𝐬𝐢𝐛𝐥𝐞  𝐥𝐢𝐠𝐡𝐭 ≅  400 to 700 nm) 

(electron:  𝐞𝐦𝐚𝐬𝐬 = 9.11 ∙ 10−31 kg = 0.511 
MeV

c2     proton:  𝐩𝐦𝐚𝐬𝐬 = 1.67 ∙ 10−27 kg = 938 
MeV

c2    𝟏𝐮 = 1.661 ∙ 10−27 kg =  931.5  
MeV

c2 ) 

𝐁𝐥𝐚𝐜𝐤 𝐛𝐨𝐝𝐲:  𝛌𝐩𝐞𝐚𝐤𝐓 = 𝟐. 𝟗 ∙ 𝟏𝟎−𝟑 mK        𝐏𝐥𝐚𝐧𝐜𝐤:  𝑰𝐩𝐞𝐫 𝛌 =
𝟐𝛑𝐜𝟐𝐡

𝛌𝟓
 

1

𝐞𝐡𝐜 𝛌𝐤𝐓⁄ − 𝟏
   

W

m3              𝛌𝒗≪𝒄 =
𝐡

𝐦𝐯
 =

𝐡

𝐩
=

𝐡

√𝟐𝐦𝐄𝐊

  m    𝐄𝐊 = 𝐞𝐕  J 

𝐏𝐡𝐨𝐭𝐨 𝐞𝐥𝐞𝐜𝐭. 𝐞𝐟𝐞𝐜𝐭:  𝐡𝐟 = 𝐄𝐤 + 𝐖𝟎  J           𝛌 =
𝐡𝐜

𝐄𝐧 − 𝐄𝐧′
  m      𝐄𝐧 = −𝟏𝟑. 𝟔

𝒁𝟐

𝐧𝟐   eV    (𝐄𝐧:  Bohr energy levels;   𝐙: atomic #) 

𝐂𝐡𝐚𝐫𝐠𝐞 𝐭𝐨 𝐦𝐚𝐬𝐬: 
𝐪

𝐦
=

𝑬

𝐁𝟐𝐫
 
C

kg
    𝐯straight =

𝑬

𝐁
  
m

s
    𝐄phot = 𝐡𝐟 =

𝐡𝐜

𝛌
= 𝐩𝐜 J    𝐩phot momentm =

𝐡

𝛌
=

𝐄phot

𝐜
 Ns    𝐄phot ∙ 𝛌 = 𝟏𝟐𝟒𝟎  eV ∙ nm 

𝐂𝐨𝐦𝐩𝐭𝐨𝐧: 𝛌′ = 𝛌 +
𝐡

𝐦𝐞𝐜
(𝟏 − 𝐜𝐨𝐬𝛟) m     𝛌𝐂𝐨𝐦𝐩𝐭𝐨𝐧 =  

𝐡

𝐦𝐞𝐜
= 2.43 ∙ 10−3  nm      𝐖𝐚𝐯𝐞 𝐟𝐮𝐧𝐜𝐭: 𝛙(𝐱) = 𝐀 𝐬𝐢𝐧(𝐤𝐱) + 𝐁𝐜𝐨𝐬(𝐤𝐱)            

𝐤 =
𝐩

ℏ
=

𝟐𝛑

𝛌
=

√𝟐𝐦𝐄

ℏ
 m−1     box:  𝐤 = 𝐧

𝛑

𝒍
m−1     𝐄 = 𝐧𝟐

𝐡𝟐

𝟖𝐦𝒍
  J    𝛙𝐧(𝐱) = √

𝟐

𝒍
 𝐬𝐢𝐧 (

𝐧𝛑

𝒍
∙ 𝐱)  m−

1
2
    𝐁𝐫𝐨𝐠𝐥𝐢𝐞: 𝛌 =

𝐡

𝐩
=

𝐡

𝐦𝟎𝐯
√𝟏 −

𝐯𝟐

𝐜𝟐   m 

𝐏𝐫𝐨𝐛. 𝐝𝐞𝐧𝐬𝐢𝐭𝐲:  𝐏(𝐱) = |𝛙(𝐱)|𝟐  m−1     𝐏𝐫𝐨𝐛𝐚𝐛𝐢𝐥𝐢𝐭𝐲(𝐱𝐋 ≤ 𝐱 ≤ 𝐱𝐑) = ∫ |𝛙(𝐱)|𝟐𝐝𝐱
𝐱𝐑

𝐱𝐋

 u    ∫ |𝛙(𝐱)|𝟐𝐝𝐱
∞

−∞

= 𝟏 u     𝐄𝐤 =
𝐩𝟐

𝟐𝐦
  J  

𝐒𝐜𝐡𝐫ö𝐝𝐢𝐧𝐠𝐞𝐫′𝐬 𝐞𝐪:   𝐄𝛙(𝐱) = −
ℏ𝟐

𝟐𝐦
 
𝐝𝟐𝛙

𝐝𝐱𝟐
+ 𝐔(𝐱)𝛙(𝐱)     𝛙(𝐱)𝐩𝐞𝐧𝐞𝐭𝐫𝐚𝐭𝐢𝐨𝐧 = 𝛙𝐞𝐝𝐠𝐞𝐞

−𝐰 𝛈⁄     𝛈 =
ℏ

√𝟐𝐦(𝐔𝟎 − 𝐄)
  m      𝐏𝐭𝐮𝐧𝐧𝐞𝐥 = 𝐞−𝟐𝐰 𝛈⁄   u  

𝐇𝐞𝐢𝐬𝐞𝐧𝐛𝐞𝐫𝐠 𝐮𝐧𝐜𝐞𝐫𝐭𝐚𝐢𝐧𝐭𝐲:  ∆𝐱∆𝐩 ≥
ℏ

𝟐
 Js     ∆𝐄∆𝐭 ≥

ℏ

𝟐
 Js        

∆𝐄

∆𝐟
= 𝐡  Js   𝐖𝐚𝐯𝐞 𝐩𝐚𝐜𝐤𝐞𝐭: ∆𝐟∆𝐭 ≈ 𝟏 u         
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NUCLEAR PHYSICS 

𝐃𝐞𝐜𝐚𝐲:  𝐍 = 𝐍𝟎𝐞
−𝛌𝐭 units   𝐓𝟏

𝟐
=

𝐥𝐧𝟐

𝛌
 s     𝐭 = 𝐓𝟏

𝟐
𝐥𝐨𝐠𝟏

𝟐

𝐍

𝐍𝟎
  s   𝐍 = 𝐍𝟎 (

𝟏

𝟐
)

𝐭
𝐓𝟏
𝟐   units  𝐑𝐚𝐝𝐢𝐨𝐚𝐜𝐭𝐢𝐯𝐢𝐭𝐲:  

∆𝐍

∆𝐭
= (

∆𝐍

∆𝐭
)
𝟎
𝐞−𝛌𝐭 Bq      

∆𝐍

∆𝐭
= 𝛌𝐍 Bq      

𝐀 = (
𝒓

𝒓𝟎
)
𝟑

u     𝐫 = 𝐫𝟎𝐀
𝟏
𝟑 m   (number of decays: 𝐍    Becquerel: Bq  or 

decays

s
     Curie: Ci   1 Ci = 3.7 ∙ 1010 Bq     atomic mass #: 𝐀  u      

absorbed radiation dose  Gray:  Gy or 
J

kg
       𝐫𝟎 = 1.2 ∙ 10−15 m        decay const: 𝛌  𝑠−1) 

 

SI BASE UNITS 
 

Unit Symbol Name Quantity Symbols 

m meter length x, l, h, R, r, s, d,𝝀 

kg kilogram mass m, M 

s second time t, T 

A ampere electric current 𝒊, 𝐈 

K kelvin temperature T 

cd candela luminous intensity lv 

mol mole substance amount n 

DERIVED UNITS 
 

Unit Symbol Name Quantity Symbols In base units In other units 

Hz hertz frequency f 1 s⁄   

rad radian angle 𝜽 u  

N newton force F kg ∙ m s2⁄   

Pa pascal pressure p  kg (s2m)⁄  N m2⁄  

J joule energy E, U, K, W, eV, Q m2 kg s2⁄  N ∙ m = C ∙ V = W ∙ s 

W watt power P m2 kg s3⁄  J s⁄ = V ∙ A 

C coulomb electric charge Q, q A ∙ s  

V volt voltage V, ɛ,  m2 kg (s3A)⁄  W A = J C⁄⁄ = Ω ∙ A 

F farad capacitance C A2s4 (m2kg)⁄  C V⁄  

Ω ohm resistance R m2 kg (s3A2)⁄  V A⁄  

Wb weber magnetic flux 𝚽𝐁 m2 kg (s2A)⁄  T ∙ m2 = J A⁄  

T tesla magnetic field B kg (s2A)⁄  Wb m2 = N (A ∙ m)⁄⁄  

H henry inductance L m2 kg (s2A2)⁄  V ∙ s A = Wb A⁄⁄  

Bq becquerel radioactivity Bq 1 s⁄   

lm lumen luminous flux 𝚽𝐯 cd ∙ 4π  

lx lux luminous emittance 𝐌𝐯 cd m2⁄   

 

 

MNEMONICS 

Some basic formulae reminders.     Ohms law,   for example:          𝐕 = 𝒊 ∙ 𝐑  V         𝒊 =
𝐕

𝐑
  A       𝐑 =

𝐕

𝒊
  Ω
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LINEAR AND ANGULAR RELATED EQUATIONS 

LINEAR ANGULAR QUANTITY 

𝐱 = 𝐯𝐭  m 𝛝 = 𝛚𝐭  rad distance, angle 

𝐱 = 𝐱𝟎 + 𝐯𝟎𝐭 +
𝟏

𝟐
𝒂𝐭𝟐 m 𝛝 = 𝛝𝟎 + 𝛚𝟎𝐭 +

𝟏

𝟐
𝛂𝐭𝟐 rad 

 

𝐱 = 𝐱𝟎 +
𝟏

𝟐
(𝐯 − 𝐯𝟎)𝐭  m 𝛝 = 𝛝𝟎 +

𝟏

𝟐
(𝛚 − 𝛚𝟎)𝐭  rad 

 

𝐯 = 𝐯𝟎 + 𝒂𝐭  
m

s
 𝛚 = 𝛚𝟎 + 𝛂𝐭  

rad

s
 

velocity 

𝐯𝟐 = 𝐯𝟎
𝟐 + 𝟐𝒂𝐱  

m2

s2  𝛚𝟐 = 𝛚𝟎
𝟐 + 𝟐𝛂𝛝   

rad2

s2  
 

𝐯𝐚𝐯𝐠 =
𝟏

𝟐
(𝐯𝐢 + 𝐯𝐟)  

m

𝑠
 𝛚𝐚𝐯𝐠 =

𝟏

𝟐
(𝛚𝐢 + 𝛚𝐟) 

rad

s
 

 

�⃗⃗� = 𝐦�⃗�   Ns  or  
kg ∙ m

s
         ∫𝐩𝐝𝐯 = 𝐄𝐤   J 𝐋 = 𝐈�⃗⃗⃗�   = 𝐫 × �⃗⃗�   

kg ∙ m2

s
      ∫ 𝐋𝐝𝛚 = 𝐄𝐤   J 

momentum 

�⃗⃗� = ∫𝐅 𝐝𝐭  
kg ∙ m

s
 𝐋 = ∫ �⃗� 𝐝𝐭 

kg ∙ m2

s
 

 

𝐩𝐢 = 𝐩𝐟:      𝐯𝐢𝐦𝐢 = 𝐯𝐟𝐦𝐟  

kg ∙ m

s
 𝐋𝐢 = 𝐋𝐟:     𝐈𝐢𝛚𝐢 = 𝐈𝐟𝛚𝐟   

kg ∙ m2

s
 

conservation of momentum 

𝐅 = 𝐦�⃗⃗�  =
𝐝�⃗⃗� 

𝐝𝐭
 N �⃗� = 𝐈�⃗⃗�  =

𝐝𝐋 

𝐝𝐭
= 𝐫 × 𝐅   Nm  

force, torque 

𝐄𝐤 =
𝟏

𝟐
𝐦𝐯𝟐  J          

𝐝𝐄𝐤

𝐝𝐯
= 𝐩  

kg ∙ m

s
  𝐄𝐤 =

𝟏

𝟐
𝐈𝛚𝟐  J          

𝐝𝐄𝐤

𝐝𝛚
= 𝐋  

kg ∙ m2

s
 

kinetic energy 

𝐖 = ∫ 𝐅 𝐝𝐱
𝐱𝐟

𝐱𝐢

 J 𝐖 = ∫ 𝛕 𝐝𝛝 J
𝛉𝐟

𝛉𝐢

 
work 

𝐏 = 𝐅𝐯  W or 
J

s
 𝐏 = 𝛕𝛚  W or 

J

s
  

power 
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ELECTRIC AND MAGNETIC RELATED EQUATIONS 

ELECTRIC MAGNETIC QUANTITY 

�⃗⃗� =
𝐪

𝟒𝛑 𝝐𝟎𝐫
𝟐
𝐫 ̂ 

N

C
  or 

V

m
         𝐝�⃗⃗� =

𝛍𝟎

𝟒𝛑

 𝒊𝐝𝐬 × �̂�

𝐫𝟐 T or
N

Am
 𝐁𝐢𝐨𝐭 𝐒𝐚𝐯𝐚𝐫𝐭 𝐥𝐚𝐰 field 

𝐅 = 𝐪�⃗⃗�      𝐅 = 𝒌
|𝐪𝟏||𝐪𝟐|

𝐫𝟐 �̂�  N         𝐂𝐨𝐮𝐥𝐨𝐦𝐛′𝐬 𝐥𝐚𝐰 𝐅 =  𝐪�⃗� × �⃗⃗�     N force 

𝐔 = 𝐪𝐕  J 𝐔 = −�⃗⃗� ∘ �⃗⃗�   J energy 

𝐔𝐂(𝐬𝐭𝐨𝐫𝐞𝐝) =
𝟏

𝟐
𝐂𝐕𝟐 =

𝐐𝟐

𝟐𝐂
=

𝟏

𝟐
𝐐𝐕  J 𝐔𝐋(𝐬𝐭𝐨𝐫𝐞𝐝) =

𝟏

𝟐
𝐋𝒊𝟐  J energy stored 

𝐔𝐄(𝐝𝐞𝐧𝐬𝐢𝐭𝐲) =
𝟏

𝟐
𝛜𝟎𝑬

𝟐   
 J

𝑚3
 𝐔𝐁(𝐝𝐞𝐧𝐬𝐢𝐭𝐲) =

𝟏

𝟐𝛍𝟎
𝐁𝟐  

J

m3
 energy density 

𝐂 =
𝐐

𝐕
  F or 

C

V
 or 

s

Ω
 𝐋 =

𝐍𝚽𝐁

𝒊
 H or 

Vs

A
or sΩ capacitance, inductance 

𝐂𝐩𝐚𝐫𝐚𝐥𝐥𝐞𝐥 𝐜𝐚𝐩 = 𝛜𝟎

𝐀

𝐝
  F  𝐋𝐬𝐨𝐥𝐞𝐧𝐨𝐢𝐝 = 𝛍𝟎

𝐍𝟐𝐀

𝒍
  H  capacitor,  solenoid 

𝛜𝟎 =
𝟏.𝟏𝟏 ∙ 𝟏𝟎−𝟏𝟎

𝟒𝝅
 
C2

Vm
 or 

F

m
or 

s

m
Ω−1 𝛍𝟎 =  𝟒𝝅 ∙ 𝟏𝟎−𝟕  

Tm

A
 or 

H

m
 or 

s

m
Ω permittivity, permeability 

𝚽𝐄 = ∫ �⃗⃗� ∘ 𝐝�⃗⃗�      
Nm2

C
 or Vm    𝚽𝐁 = ∫ �⃗⃗� ∘ 𝐝�⃗⃗�    Wb or Tm2 or 

J

A
 flux 

𝚽𝐄 = ∮ �⃗⃗� 
S

∘ 𝐝�⃗⃗� =
𝐐𝐞𝐧𝐜𝐥𝐨𝐬𝐞𝐝

𝛜𝟎
Vm    𝐆𝐚𝐮𝐬𝐬′ 𝐥𝐚𝐰  (𝑬) 𝚽𝐁 = ∮ �⃗⃗� 

S

∘ 𝐝�⃗⃗� = 𝟎 Wb  𝐆𝐚𝐮𝐬𝐬′ 𝐥𝐚𝐰 (𝐁) flux, field through closed 
surface 

 𝓔 = ∮ �⃗⃗� 
C

∘ 𝐝�⃗� = −
𝐝𝚽𝐁

𝐝𝐭
 V              𝐅𝐚𝐫𝐚𝐝𝐚𝐲′𝐬 𝐥𝐚𝐰  𝒊 =

𝟏

𝛍𝟎
∮ �⃗⃗� ∘ 𝐝�⃗� 
C

 A              𝐀𝐦𝐩𝐞𝐫𝐞′𝐬 𝐥𝐚𝐰 

field in closed loop 

∮ �⃗⃗� ∘ 𝐝�⃗� 
C

=  𝛍𝟎𝒊 + 𝛍𝟎𝛜𝟎

𝐝𝚽𝐄

𝐝𝐭
  Tm         𝐀𝐦𝐩𝐞𝐫𝐞 − 𝐌𝐚𝐱𝐰𝐞𝐥𝐥 𝐥𝐚𝐰 

�⃗⃗� = 𝐪𝐝   Cm     �⃗⃗� = 𝐍𝒊�⃗⃗�   Am2      (𝐜urrent loop) dipole moment 

𝐔 = −�⃗⃗� ∘ �⃗⃗�   J    𝐔 = −�⃗⃗� ∘ �⃗⃗�   J    dipole potential energy 

�⃗� = �⃗⃗� × �⃗⃗�   Nm �⃗� =  �⃗⃗� × �⃗⃗�   Nm  dipole torque 

𝑰 = 𝐜𝛜𝟎𝑬
𝟐 =

𝑬𝐁

𝛍𝟎
=

𝐏𝐬𝐨𝐮𝐫𝐜𝐞

𝟒𝛑𝐫𝟐
  
W

m2
 𝑰 =

𝐜

𝛍𝟎
𝐁𝟐 =

𝑬𝐁

𝛍𝟎
 =

𝐏𝐬𝐨𝐮𝐫𝐜𝐞

𝟒𝛑𝐫𝟐
  
W

m2
       

electromagnetic wave 
intensity 

𝐜𝟐𝛁𝟐�⃗⃗� =
𝛛𝟐�⃗⃗� 

𝛛𝐭𝟐
   

V

m ∙ s2       𝑬 = 𝑬𝟎 𝐜𝐨𝐬(𝛚𝐭 − 𝐤𝐱) 
V

m
    𝐜𝟐𝛁𝟐�⃗⃗� =

𝛛𝟐�⃗⃗� 

𝛛𝐭𝟐
  
T

s2    𝐁 = 𝐁𝟎 𝐜𝐨𝐬(𝛚𝐭 − 𝐤𝐱)  T electromagnetic wave 
equations 

𝐜 =
𝟏

√𝛍𝟎𝛜𝟎

=
𝑬𝟎

𝐁𝟎
  
m

s
           𝛍𝟎𝛜𝟎 =

𝟏

𝐜𝟐  
s2

m2  speed of light 
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FUNDAMENTAL CONSTANTS 

Speed of light    𝒄 = 𝟐. 𝟗𝟗𝟕𝟗𝟐 ∙ 𝟏𝟎𝟖     𝑚 𝑠⁄  

Gravitational constant   𝑮 = 𝟔. 𝟔𝟕𝟒𝟐 ∙ 𝟏𝟎−𝟏𝟏    𝑁 ∙ 𝑚2 𝑘𝑔2⁄   

Avogadro’s number   𝑵𝑨 = 𝟔.𝟎𝟐𝟐𝟏𝟒 ∙ 𝟏𝟎𝟐𝟑  𝑚𝑜𝑙−1 

Gas constant    𝑹 = 𝟖. 𝟑𝟏𝟒𝟒𝟕      𝐽 (𝑚𝑜𝑙 ∙ 𝐾)⁄  

Boltzmann’s constant   𝒌 = 𝟏. 𝟑𝟖𝟎𝟔𝟓       𝐽 𝐾⁄  

Stefan-Boltzmann’s constant  𝝈 = 𝟓. 𝟔𝟕𝟎𝟒𝟎 ∙ 𝟏𝟎−𝟖        𝑊 (𝑚2 ∙ 𝐾4)⁄  

Permittivity    𝝐𝟎 = 𝟖. 𝟖𝟓𝟒𝟏𝟖 ∙ 𝟏𝟎−𝟏𝟐  𝐶2 (𝑁 ∙ 𝑚2)⁄  

Permeability    𝝁𝟎 = 𝟒𝝅 ∙ 𝟏𝟎−𝟕    𝑇 ∙ 𝑚 𝐴⁄  

Planck’s constant   𝒉 = 𝟔. 𝟔𝟐𝟔𝟎𝟔 ∙ 𝟏𝟎−𝟑𝟒     𝐽 ∙ 𝑠 

Electron charge   𝒆 = 𝟏. 𝟔𝟎𝟐𝟏𝟕 ∙ 𝟏𝟎−𝟏𝟗     𝐶 

Electron mass    𝒎𝒆 = 𝟗. 𝟏𝟎𝟗𝟑𝟖 ∙ 𝟏𝟎−𝟑𝟏     𝑘𝑔 

Proton mass    𝒎𝒑 = 𝟏. 𝟔𝟕𝟐𝟔𝟐 ∙ 𝟏𝟎−𝟐𝟕     𝑘𝑔 

 

 

 

 

 

 

Astronomical Data 

  Mean orbit Period Mass Radius Surface g Orbital v 

  m years kg m m/s^2 m/s 

Sun     1.99E+30 6.96E+08 274.01   

Moon 3.84E+08 27.3 days 7.36E+22 1.74E+06 1.62 1.20E+03 

Earth 1.50E+11 1.00 5.98E+24 6.37E+06 9.81 2.99E+04 

Mercury 5.79E+10 0.24 3.18E+23 2.43E+06 3.59 4.79E+04 

Venus 1.08E+11 0.62 4.88E+24 6.06E+06 8.86 3.50E+04 

Mars 2.28E+11 1.88 6.42E+23 3.37E+06 3.77 2.42E+04 

Jupiter 7.78E+11 11.90 1.90E+27 6.99E+07 25.94 1.30E+04 

Saturn 1.43E+12 29.50 5.68E+26 5.85E+07 11.07 9.66E+03 

Uranus 2.87E+12 84.00 8.68E+25 2.33E+07 10.66 6.81E+03 

Neptune 4.50E+12 165.00 1.03E+26 2.21E+07 14.07 5.43E+03 


