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𝑑 = 𝑑 𝑜 + 𝑣𝑖    ∆𝑡 +
1

2
𝑎 ∆𝑡2      𝑣 𝑓 = 𝑣 𝑖 + 𝑎 ∆𝑡      𝑎 =

∆𝑣  

∆𝑡
=

𝑣  𝑓−𝑣  𝑖

∆𝑡
        𝑣 𝑓

2 = 𝑣 𝑖
2 + 2𝑎 ∆𝑑  

sin 2𝜃 = 2 sin 𝜃 cos 𝜃 
 

cos 2𝜃 = cos2 𝜃 − sin2 𝜃 
 

sin2 𝜃 + cos2 𝜃 = 1 

SOH-CAH-TOA 

CHO-SHA-CAO 
 

sin 𝛼

𝐴
=

sin𝛽

𝐵
=

sin 𝛾

𝐶
 

𝐴2 = 𝐵2 + 𝐶2 − 2𝐵𝐶 cos𝛼 
 

𝐵2 = 𝐴2 + 𝐶2 − 2𝐴𝐶 cos𝛽 
 

𝐶2 = 𝐴2 + 𝐵2 − 2𝐴𝐵 cos 𝛾 

F  = Ma             Ff = μFN            F  G = mg                 F  spring = −kx   

 

𝑊 = 𝐹∥∆𝑑∥  𝑊 = 𝐹 ∙ ∆𝑑       

 

𝑃 =
∆𝑊

𝑡
=
∆𝐸

𝑡
= 𝐹𝑉 

𝑊𝑛𝑒𝑡 = 𝑊𝑐 + 𝑊𝑛𝑐  𝐾𝐸 =
1

2
𝑚𝑉2 

𝑊𝑛𝑒𝑡 = ∆𝐾𝐸 𝑃𝐸𝑠𝑝𝑟𝑖𝑛𝑔 =
1

2
𝑘𝑥2 

𝑝 = 𝑚𝑉   𝑃𝐸𝑔𝑟𝑎𝑣 = 𝑚𝑔𝑕 

 

𝐽 = 𝐹 ∆𝑡 ⇒ ∆𝑚𝑉  = 𝑚∆𝑉  = ∆𝑝  

𝐹 𝑐 = 𝑚𝑎 𝑐      𝑎 𝑐 =
𝑣2

𝑟
    𝑎 𝑐 =

4𝜋2𝑟

𝑇2
 

𝑇 =
2𝜋𝑟

𝑉
 𝐹𝐺 = 𝐺

𝑚1𝑚2

𝑟2
         𝑔 =

𝐺𝑀

𝑟2
    

𝑇𝑎
2

𝑟𝑎
3 =

𝑇𝑏
2

𝑟𝑏
3 =

4𝜋2

𝐺𝑀
 

𝑉𝑜𝑟𝑏𝑖𝑡 =  
𝐺𝑀

𝑕 + 𝑅
     𝑉𝐸𝑠𝑐𝑎𝑝𝑒 =  

2𝐺𝑀

𝑟
 𝑓 =

1

𝑇
   𝑣 =

2𝜋𝑟

𝑇
= 2𝜋𝑟𝑓 

 

𝑉𝑆𝑝𝑕𝑒𝑟𝑒 =
4

3
𝜋𝑟3 

Rsun = 6.96x10
8
 m 

Rearth = 6.38x10
6
 m  

Rmoon = 1.74x10
6
 m  

G = 6.67x10
-11

 N∙m
2
/kg

2
 

rearth to sun =149.6x10
9
 m 

rearth to moon = 384x10
6
 m 

g = 9.80 m/s
2
 

Msun = 1.99x10
30

 kg 

Mearth = 5.98x10
24

 kg 

Mmoon = 7.35x10
22

 kg             
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𝜔   =
∆𝜃   

∆𝑡
       𝛼 =

∆𝜔    

∆𝑡
 

𝑇𝑝𝑒𝑛𝑑𝑢𝑙𝑢𝑚 =  2𝜋  1
𝑔   

𝜃 = 𝜃 𝑜 + 𝜔𝑖     ∆𝑡 +
1

2
𝛼 ∆𝑡2      

𝜔   𝑓 = 𝜔   𝑖 + 𝛼 ∆𝑡 
𝑇𝑠𝑝𝑟𝑖𝑛𝑔 =  2𝜋 𝑚 𝑘   

𝜔   𝑓
2 = 𝜔   𝑖

2 + 2𝛼 ∆𝜃  

𝜏 = 𝐹 × 𝑟  𝑑 𝑇 = 𝑟𝜃  𝐿  = 𝐼𝜔    
τ  =

∆L  

∆t
 

𝜏 = 𝐹𝑟 sin 𝜃 𝜈 𝑇 = 𝑟𝜔    𝐿𝑖 = 𝐿𝑓  

𝐼 = mr2 𝑎 𝑇 = 𝑟𝛼  𝑊    = 𝜏 ∆𝜃  

τ  = Iα    𝑎 𝑐 = 𝑟𝜔   2 𝐾𝐸 =
1

2
𝐼𝜔2 

 

 
𝐼𝑃 = 𝐼𝐶𝑀 + 𝑀𝑕2 

  

  

𝑀𝑇𝑜𝑡𝑎𝑙 𝑋𝐶𝑀 = 𝑀1𝑋1 + 𝑀2𝑋2 + 𝑀3𝑋3 + ⋯+ 𝑀𝑛𝑋𝑛  

Me = 9.11x10
-31

 Kg Mp = 1.672x10
-27

 kg Mn = 1.674x10
-27

 kg 
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𝐹 = 𝐾
𝑞1𝑞2

𝑟2
 𝐾 =

1

4𝜋𝜀𝑜
 e = 1.602x10

-19
 C 

 

𝐾 = 8.988𝑥109  
𝑁𝑚2

𝐶2
 𝜀𝑜 = 8.85𝑥10−12  

𝐶2

𝑁𝑚2
 

𝑞 = 𝑛𝑒 𝐸 =
𝐾𝑞

𝑟2
 𝐸 =

𝐹

𝑞
 𝐸 =

𝑉

∆𝑑
 

𝑉 =
𝐾𝑞

𝑟
 𝑉 =

𝑃𝐸𝑒
𝑞

 𝑃𝐸𝑒 =
𝐾𝑞1𝑞2

𝑟
 

1𝑒𝑉 = 1.602𝑥10−19𝐽 ∆𝑉 =
∆𝑊

𝑞
 ∆𝑉 = −𝐸∆𝑑 𝐼 =

∆𝑞

∆𝑡
 

𝑃 = 𝐼∆𝑉 = 𝐼2𝑅 =
∆𝑉2

𝑅
 𝑅 = 𝜌

𝐿

𝐴
 𝜌2 = 𝜌1 1 + 𝛼∆𝑇  ∆𝑉 = 𝐼𝑅 

𝜌𝑠𝑖𝑙𝑣𝑒𝑟 = 1.59𝑥10−8Ω𝑚 𝜌𝑐𝑜𝑝𝑝𝑒𝑟 = 1.68𝑥10−8Ω𝑚 𝜌𝑎𝑙𝑢𝑚 = 2.65𝑥10−8Ω𝑚 

𝐶 =
𝜀𝑜𝐴

𝑑
 𝐶 =

𝑞

∆𝑉
 𝑈 =

𝑞∆𝑉

2
=
𝐶 ∆𝑉 2

2
=
𝑞2

2𝐶
 𝐶𝜅 = 𝜅𝐶 

 

𝜅 =
𝐸𝑣𝑎𝑐𝑢𝑢𝑚
𝐸𝑑𝑖𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐

 

Σ∆𝑉𝑙𝑜𝑜𝑝 = 0 Σ𝐼𝑖𝑛 = Σ𝐼𝑜𝑢𝑡  

𝑅𝑆𝑒𝑟𝑖𝑒𝑠 = 𝑅1 + 𝑅2 + 𝑅3 + ⋯+ 𝑅𝑛  
1

𝑅𝑃𝑎𝑟𝑎𝑙𝑙𝑒𝑙
=

1

𝑅1
+

1

𝑅2
+

1

𝑅3
+ ⋯+

1

𝑅𝑛
 

1

𝐶𝑆𝑒𝑟𝑖𝑒𝑠
=

1

𝐶1
+

1

𝐶2
+

1

𝐶3
+ ⋯+

1

𝐶𝑛
 𝐶𝑃𝑎𝑟𝑎𝑙𝑙𝑒𝑙 = 𝐶1 + 𝐶2 + 𝐶3 + ⋯+ 𝐶𝑛  

𝜀 − ∆𝑉𝑟 = ∆𝑉𝑏𝑎𝑡  𝑦 = 𝐴 sin 2𝜋𝑓𝑡  𝑥 = 𝐴 cos 𝜔𝑡 + 𝜑  𝑥 = 𝐴 cos 𝜃 

𝑓 =
1

𝑇
 𝑇 = 2𝜋 

𝐿

𝑔
 𝑣 = 𝜆𝑓 𝑣 =  

𝐹𝑡
𝑚 𝐿 

 𝑦𝑠 = 2𝐴 sin 𝑘𝑥 cos 𝜔𝑡  

Δ𝑝𝐶 = 𝑛𝜆 Δ𝑝𝐷 =
2𝑛 + 1

2
𝜆 𝑓𝑏𝑒𝑎𝑡 =  𝑓1 − 𝑓2  𝑥𝑛 = 𝑛

𝜆

2
 𝑥𝑎𝑛 =  𝑛 +

1

2
 
𝜆

2
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𝑓𝑛 =
𝑣

𝜆𝑛
= 𝑛

𝑣

2𝐿
 

Open Pipe 

𝑓𝑛 =
𝑛𝑣

2𝐿
 

Closed Pipe 

𝑓𝑛 =
𝑛𝑣

4𝐿
 

 

𝑣𝑠𝑜𝑢𝑛𝑑 =  331𝑚 𝑠   1 +
𝑇𝑐

273𝑜𝐶
 𝑣𝑓𝑙𝑢𝑖𝑑 =  

𝐵

𝜌
 𝑣𝑠𝑜𝑙𝑖𝑑 =  

𝑌

𝜌
 

 

N/m
2
 Tensile Compress Shear E G B 

Steel 500x10
6
 500x10

6
 250x10

6
 200x10

9
 80x10

9
 140x10

9
 

Nylon 500x10
6
       5x10

9
   

Brick  35x10
6
    14x10

9
   

Air      1.01x10
5
 

 

 of materials (kg/m
3
) 

Al 2.70x10
3
 Ice .917x10

3
 Sea Water 1.025x10

3
 

Steel 7.80x10
3
 Water 1.00x10

3
 Hg   13.6x10

3
 

Gold 19.3x10
3
 Air 1.29 CO2 1.98 

𝐼 =
𝑃

𝐴
 𝐼 =

𝑃

4𝜋𝑟2
 

𝛽 =  10𝑑𝐵 log
𝐼

𝐼𝑜
 𝐼𝑜 = 1.0 × 10−12  𝑊 𝑚2   𝑓 ′ = 𝑓  

𝑣𝑠𝑜𝑢𝑛𝑑 ± 𝑣𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑟
𝑣𝑠𝑜𝑢𝑛𝑑 ± 𝑣𝑠𝑜𝑢𝑟𝑐𝑒

  

sin 𝜃𝑚𝑎𝑐 𝑕 =
𝑣𝑠𝑜𝑢𝑛𝑑
𝑣𝑜𝑏𝑗𝑒𝑐𝑡

 𝑀𝑎𝑐𝑕 𝑁𝑢𝑚𝑏𝑒𝑟 =
𝑣𝑜𝑏𝑗𝑒𝑐𝑡
𝑣𝑠𝑜𝑢𝑛𝑑

 𝐼𝑝 =
𝐼𝑜
2

 

𝜃𝑖 = 𝜃𝑟  𝑓 = 𝑟
2  

1

𝑑𝑖
+

1

𝑑𝑜
=

1

𝑓
 𝑚 =

𝑕𝑖
𝑕𝑜

= −
𝑑𝑖
𝑑𝑜

 𝐼𝑎 = 𝐼𝑝 cos2 𝜃 

𝑛 = 𝑐
𝑣  𝑛𝑖 sin 𝜃𝑖 = 𝑛𝑟 sin 𝜃𝑟  

1

𝑓
=  𝑛 − 1  

1

𝑅1
−

1

𝑅2
  𝑃 =

1

𝑓
 

𝑐 = 2.99792458 × 108  𝑚 𝑠  

Medium n Medium n 

Vacuum 1.000 Air 1.0003 

Crown Glass 1.52 Light Flint Glass 1.58 

Water 1.33 Fused Quartz Glass 1.46 

Lucite 1.51 Sodium Chloride 1.53 

Diamond 2.42 Ethyl Alcohol 1.36 
 

𝛾 =
1

 1 − 𝑣2

𝑐2 

 𝑡 = 𝛾𝑡𝑜  𝐿 =
𝐿𝑜
𝛾

 𝑝 = 𝛾𝑚𝑢 

𝑚 = 𝛾𝑚𝑜  𝑢 =
𝑢′ + 𝑣

1 + 𝑢′𝑣
𝑐2 

 

𝐾𝐸𝑟𝑒𝑙 =  𝛾 − 1 𝑚𝑐2 𝐸𝑜 = 𝑚𝑐2 𝐸 = 𝛾𝑚𝑐2 
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1 atm = 101.3 kPa   E = 2
2
Avtf

2
xo

2
   n = 2L/n      

MA = Fr/Fe                MA = Lea / Lla       IMA = de/dr                         

eff = (Wo/Wi)x100%   =   (MA/IMA)x100%   

L = (nλn)/2 dsin  = m    dsin  = (m + 1/2)         2t = m                             

2t = (m + 1/2 )      

I = Io cos
2
                      Tan p = n2/n                    

 

V = Vo sin 2ft   I = Io sin2ft 

P = ½Vo
2
/R    P = ½Io

2
R 

Irms = Io/ 2   Vrms = Vo/2 

T = (R-Ro)/Ro   V = (1-e 
-t/RC

)  V = Voe
-t/RC

 

F = qVBsin    F = IlBsin    B = (oI)/(2r)   

o = 4 x10
-7

 Tm/A  F/l = (o/2)(I1I2/L) B = onI/l  
  

L = (1/E)(F/A)Lo    

Stress = F/A     Strain = L/Lo 

V/Vo = -(1/B)P    

FB = FgV     A1V1 = A2V2 

P1 + ½ v1
2
 + gy1 = P2 + ½ v2

2
 + gy   (Fout/Aout)=(Fin/Ain) 

D = d/(tan) 

d = 1/ l = L/(4d
2
)   pT = 2.90x10

-3
 mK 

1.4959x10
11

m=1AU  6.3240x10
4
Au=1ly  3.261633ly=1pc 

Msun = 1.99x10
30

 kg 

  

  
 

  

𝐶𝑜𝑠𝑒𝑐𝑎𝑛𝑡 =
𝐻𝑦𝑝𝑜𝑡𝑒𝑛𝑢𝑠𝑒

𝑂𝑝𝑝𝑜𝑠𝑖𝑡𝑒
  𝑆𝑒𝑐𝑎𝑛𝑡 =

𝐻𝑦𝑝𝑜𝑡𝑒𝑛𝑢𝑠𝑒

𝐴𝑑𝑗𝑒𝑐𝑒𝑛𝑡
  𝐶𝑜𝑡𝑎𝑛𝑔𝑒𝑛𝑡 =

𝐴𝑑𝑗𝑒𝑐𝑒𝑛𝑡

𝑂𝑝𝑝𝑜𝑠𝑖𝑡𝑒
  


