
𝑐𝑐 × m s–1

𝑜𝑜 π × H m–1

𝑜𝑜 × F m–1

𝑒𝑒 × C

ℎ × J s

𝐺𝐺 6.67 × 10 N m2 kg–2

𝑁𝑁𝐴𝐴 × mol–1

𝑅𝑅 J K–1 mol–1

𝑘𝑘 × J K–1

𝑚𝑚𝑒𝑒 × kg

𝑒𝑒
𝑚𝑚𝑒𝑒

× C kg–1

𝑚𝑚𝑝𝑝 × kg

𝑒𝑒
𝑚𝑚𝑝𝑝

× C kg–1

𝑚𝑚𝑛𝑛  × kg

𝑔𝑔 N kg–1

𝑔𝑔 m s–2

u  × kg

π

π

π

π

π
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moment =  𝐹𝐹𝐹𝐹

𝑣𝑣 =
∆𝑠𝑠
∆𝑡𝑡

𝑎𝑎 =
∆𝑣𝑣
∆𝑡𝑡

𝑣𝑣 =  𝑢𝑢 +  𝑎𝑎𝑡𝑡

𝑣𝑣2  =  𝑢𝑢2  +  2𝑎𝑎𝑠𝑠

𝑠𝑠 =
(𝑢𝑢 + 𝑣𝑣)

2
 𝑡𝑡

𝑠𝑠 =  𝑢𝑢𝑡𝑡 +
1

2
 𝑎𝑎𝑡𝑡2 

𝐹𝐹 =  𝑚𝑚𝑎𝑎

𝐹𝐹 =
∆(𝑚𝑚𝑣𝑣)
∆𝑡𝑡

𝐹𝐹 𝛥𝛥𝑡𝑡 =  Δ(𝑚𝑚𝑣𝑣)

𝑊𝑊 =  𝐹𝐹 𝑠𝑠 cos𝜃𝜃

K  =  
1
2 𝑚𝑚 𝑣𝑣2 𝛥𝛥𝐸𝐸P  =  𝑚𝑚𝑔𝑔Δℎ

𝑃𝑃 =  ∆𝑊𝑊
∆𝑡𝑡

𝑃𝑃 =  𝐹𝐹𝑣𝑣

efficiency =

𝜌𝜌 =  
𝑚𝑚
𝑉𝑉

𝐹𝐹 =  𝑘𝑘 Δ𝐿𝐿

𝐹𝐹
𝐴𝐴

∆𝐿𝐿
𝐿𝐿

𝐸𝐸 = 1
2
𝐹𝐹Δ𝐿𝐿

γ 𝐼𝐼 =  
𝐼𝐼0
𝑟𝑟2

𝐼𝐼 =
∆𝑄𝑄
∆𝑡𝑡

𝑉𝑉 =
𝑊𝑊
𝑄𝑄

𝑅𝑅 =
𝑉𝑉
𝐼𝐼

𝜌𝜌 =  

𝑅𝑅T  =  𝑅𝑅1 + 𝑅𝑅2  + 𝑅𝑅3  + …

1
𝑅𝑅T

1
𝑅𝑅1

+  1
𝑅𝑅2

+  1
𝑅𝑅3

+ ⋯

𝐸𝐸 =  𝐼𝐼𝑉𝑉𝑡𝑡 

𝑃𝑃 =  𝑉𝑉𝐼𝐼 =   𝐼𝐼2𝑅𝑅 =  
𝑉𝑉2

𝑅𝑅

𝜀𝜀 =  
𝐸𝐸
𝑄𝑄

𝜀𝜀 =  𝐼𝐼(𝑅𝑅 +  𝑟𝑟)

𝑇𝑇 =  2𝜋𝜋 �
𝑚𝑚
𝑘𝑘

𝑇𝑇 =  2𝜋𝜋 �
𝑙𝑙
𝑔𝑔

𝑐𝑐 =  𝑓𝑓𝑓𝑓 𝑓𝑓 =  
1
𝑇𝑇

𝑓𝑓 =
1
2𝑙𝑙
�
𝑇𝑇
𝜇𝜇

𝑤𝑤 =
𝐷𝐷
𝑠𝑠

𝐹𝐹 sin 𝜃𝜃 =  𝑛𝑛𝑓𝑓

𝑛𝑛 = 𝑐𝑐
𝑐𝑐𝑠𝑠

𝑛𝑛1 𝑛𝑛2

𝑛𝑛1 sin 𝜃𝜃1  =  𝑛𝑛2 sin 𝜃𝜃2

sin 𝜃𝜃𝑐𝑐  =  𝑛𝑛2
𝑛𝑛1

 for  𝑛𝑛1  >  𝑛𝑛2

𝐸𝐸 =  ℎ𝑓𝑓 =  
ℎ𝑐𝑐

 

ℎ𝑓𝑓 =   +  𝐸𝐸k(max)

ℎ𝑓𝑓 =  𝐸𝐸1 –  𝐸𝐸2

𝑓𝑓 =  
ℎ
𝑝𝑝

 =  
ℎ
𝑚𝑚𝑣𝑣



 =
𝑣𝑣
𝑟𝑟

  

 =  2𝜋𝜋 𝑓𝑓 

𝑎𝑎 =
𝑣𝑣2

𝑟𝑟
 =   2𝑟𝑟

𝐹𝐹 =  
𝑚𝑚𝑣𝑣2

𝑟𝑟
=  𝑚𝑚 2 𝑟𝑟

𝑎𝑎 =  −𝜔𝜔2𝑥𝑥

𝑥𝑥 =  𝐴𝐴 𝑐𝑐𝑐𝑐𝑠𝑠 (𝜔𝜔 𝑡𝑡)

𝑣𝑣 =  ± 𝜔𝜔 �𝐴𝐴2  −  𝑥𝑥2

𝑣𝑣𝑚𝑚𝑚𝑚𝑚𝑚  =  𝜔𝜔 𝐴𝐴

𝑎𝑎𝑚𝑚𝑚𝑚𝑚𝑚  =  𝜔𝜔2𝐴𝐴

𝑇𝑇 =  2𝜋𝜋 �
𝑚𝑚
𝑘𝑘

𝑇𝑇 =  2𝜋𝜋 �
𝑙𝑙
𝑔𝑔

= 1
2

 𝜔𝜔2𝐴𝐴 2

𝐹𝐹 =  
𝐺𝐺𝑚𝑚1𝑚𝑚2

𝑟𝑟2

𝑔𝑔 =  
𝐹𝐹
𝑚𝑚

𝑔𝑔 =  
𝐺𝐺𝐺𝐺
𝑟𝑟2

Δ𝑊𝑊 =  𝑚𝑚Δ𝑉𝑉

𝑉𝑉 = – 
𝐺𝐺𝐺𝐺
𝑟𝑟

𝑔𝑔 = – 
Δ𝑉𝑉
Δ𝑟𝑟

𝑅𝑅𝑅𝑅

𝑇𝑇½  =  ln 2𝑅𝑅𝑅𝑅

𝑄𝑄 =  𝑄𝑄0(1− 𝑒𝑒– 𝑡𝑡𝑅𝑅𝑅𝑅) 

𝑄𝑄 =  𝑄𝑄0𝑒𝑒
– 𝑡𝑡𝑅𝑅𝑅𝑅 

Δ𝑁𝑁
Δ𝑡𝑡

= –  𝑓𝑓 𝑁𝑁

𝑁𝑁 =  𝑁𝑁o𝑒𝑒− 𝑡𝑡

𝐴𝐴 =  𝑓𝑓 𝑁𝑁

𝐴𝐴 =  𝐴𝐴o𝑒𝑒− 𝑡𝑡

𝑇𝑇½  =  
ln 2
𝑓𝑓

𝐹𝐹 =  
1

4𝜋𝜋𝜀𝜀0
𝑄𝑄1𝑄𝑄2
𝑟𝑟2

𝐸𝐸 =
𝐹𝐹
𝑄𝑄

𝐸𝐸 =  
𝑉𝑉
𝐹𝐹

𝐸𝐸 =  
1

4𝜋𝜋𝜀𝜀0
 
𝑄𝑄
𝑟𝑟2

𝑄𝑄
Δ𝑊𝑊 =  𝑄𝑄Δ𝑉𝑉

𝑄𝑄Δ𝑉𝑉

𝑉𝑉 =
1

4𝜋𝜋𝜀𝜀0
𝑄𝑄
𝑟𝑟

 

𝐸𝐸 =  
Δ𝑉𝑉
Δ𝑟𝑟

𝑅𝑅 =
𝑄𝑄
𝑉𝑉

 

𝑅𝑅 =
𝐴𝐴𝜀𝜀0𝜀𝜀𝑟𝑟
𝐹𝐹

𝐸𝐸 =  
1
2
𝑄𝑄𝑉𝑉  =  

1
2
𝑅𝑅𝑉𝑉 2  =

1
2

 
𝑄𝑄2

𝑅𝑅
 

𝐹𝐹 =  𝐵𝐵𝐼𝐼𝑙𝑙

𝐹𝐹 =  𝐵𝐵𝑄𝑄𝑣𝑣

 =  𝐵𝐵𝐴𝐴

𝑁𝑁   =  𝐵𝐵𝐴𝐴𝑁𝑁 𝑐𝑐𝑐𝑐𝑠𝑠 𝜃𝜃

𝜀𝜀 =  
Δ
Δ𝑡𝑡

𝜀𝜀 =  𝐵𝐵𝐴𝐴𝑁𝑁  𝑠𝑠𝑠𝑠𝑛𝑛  

𝐼𝐼𝑟𝑟𝑚𝑚𝑟𝑟 =
𝐼𝐼0
√2

 𝑉𝑉𝑟𝑟𝑚𝑚𝑟𝑟 =
𝑉𝑉0
√2

 

𝑁𝑁𝑠𝑠
𝑁𝑁𝑝𝑝

=
𝑉𝑉s
𝑉𝑉𝑝𝑝

 =  
𝐼𝐼𝑠𝑠𝑉𝑉𝑠𝑠
𝐼𝐼𝑝𝑝𝑉𝑉𝑝𝑝



𝑄𝑄 =  𝑚𝑚𝑐𝑐Δ𝜃𝜃

𝑄𝑄 =  𝑚𝑚𝑙𝑙

𝑝𝑝𝑉𝑉 =  𝑛𝑛𝑅𝑅𝑇𝑇
𝑝𝑝𝑉𝑉 =  𝑁𝑁𝑘𝑘𝑇𝑇

𝑝𝑝𝑉𝑉 =  
1
3
𝑁𝑁𝑚𝑚 (𝑐𝑐𝑟𝑟𝑚𝑚𝑟𝑟)2

1
2
𝑚𝑚 (𝑐𝑐𝑟𝑟𝑚𝑚𝑟𝑟)2  =  

3
2
𝑘𝑘𝑇𝑇 =  

3𝑅𝑅𝑇𝑇
2𝑁𝑁𝐴𝐴

Δ𝑈𝑈 =  𝑄𝑄 +  𝑊𝑊

𝑊𝑊 =  𝑝𝑝Δ𝑉𝑉

𝑘𝑘𝐴𝐴Δ𝜃𝜃
𝐿𝐿

𝑈𝑈𝐴𝐴Δ𝜃𝜃

𝑅𝑅 =  𝑅𝑅0 𝐴𝐴1/3

𝐸𝐸 =  𝑚𝑚 𝑐𝑐2

𝐼𝐼 =  𝑚𝑚𝑟𝑟2

𝐼𝐼 =  𝛴𝛴𝑚𝑚𝑟𝑟2

𝐸𝐸k(rot)  =  
1
2
𝐼𝐼 2

 =  0 +  𝛼𝛼 𝑡𝑡

2  =  0
2  +  2𝛼𝛼𝜃𝜃

𝜃𝜃 =  0𝑡𝑡 +  
1
2
𝛼𝛼𝑡𝑡2

𝜃𝜃 =  
(𝜔𝜔0 + ) 

2
𝑡𝑡

𝑇𝑇 =  𝐼𝐼𝛼𝛼

𝑇𝑇 =  𝐹𝐹𝑟𝑟

𝐼𝐼

𝑇𝑇Δ𝑡𝑡 =  Δ(𝐼𝐼𝜔𝜔)

𝑊𝑊 =  𝑇𝑇𝜃𝜃

𝑃𝑃 =  𝑇𝑇

𝑃𝑃 =
1
2
𝜋𝜋𝑟𝑟2𝜌𝜌𝑣𝑣3

𝐼𝐼 =  
𝑃𝑃

4𝜋𝜋𝑟𝑟2
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