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Term202 

Relations 

 

𝑒𝑡𝑜𝑡 = 𝑎𝜎𝑇4 

 

𝑇𝜆𝑚𝑎𝑥 = 2.898 × 10−3 m. K 𝑢(𝜆) =
8𝜋ℎ𝑐𝜆−5

𝑒ℎ𝑐/𝜆𝐾𝑇 − 1
 

 

𝐸 = 𝑛ℎ𝑓 
𝐾𝑚𝑎𝑥 =

1

2
𝑚𝑣2 = 𝑒𝑉𝑠 

 

𝐾𝑚𝑎𝑥 = ℎ𝑓 − 𝜙 

 

2𝑑sin𝜃 = 𝑛𝜆 
𝜆′ − 𝜆𝑜 =

ℎ

𝑚𝑒𝑐
(1 − cos 𝜃) 

 

𝑚 = 𝑍𝐼𝑇 

𝐹 = 𝑘
(𝑍1𝑒)(𝑍2𝑒)

𝑟2
 𝑈 = 𝑘

(𝑍1𝑒)(𝑍2𝑒)

𝑟
 ∆𝑛 =

𝑘2𝑍2𝑒4𝑁𝑛𝐴

4𝑅2𝐾sin4(𝜑 2⁄ )
 

1

𝜆
= 𝑅 (

1

𝑛𝑓
2 −

1

𝑛𝑖
2) 

 

𝐿 = 𝑚𝑒𝑣𝑟 = 𝑛ℏ 

𝑒

𝑚𝑒
=

𝑉𝜃

𝐵2𝑙𝑑
 

𝑟𝑛 =
𝑛2𝑎0

𝑍
 𝐸𝑛 = −

13.6𝑍2

𝑛2
 𝜆 =

ℎ

𝑝
 

𝑣𝑝 =
𝜔

𝑘
 𝑣𝑔 =

𝑑𝜔

𝑑𝑘
 𝑣𝑔 = 𝑣𝑝 + 𝑘

𝑑𝑣𝑝

𝑑𝑘
 

∆𝑥∆𝑝𝑥 ≥
ℏ

2
 ∆𝐸∆𝑡 ≥

ℏ

2
 𝐷 sin 𝜃 = 𝐷

𝑦

𝐿
= {

𝑛𝜆
(𝑛 + 0.5)𝜆

 

𝑇 =
1

𝑓
=

2𝜋𝑟

𝑣
 𝜆𝑚𝑖𝑛 =

1.24 × 103

𝑉
𝑛𝑚 

 

𝑞𝐸 = 𝑞𝑣𝐵 

∫ |𝜓|2 𝑑𝑥 = 1
∞

−∞

 𝑃(𝑥) = ∫ |𝜓|2 𝑑𝑥
𝑏

𝑎

 〈𝑄〉 = ∫ 𝜓∗ 𝑄 𝜓 𝑑𝑥
∞

−∞

 

𝜓𝑛(𝑥) = √
2

𝐿
 sin (

𝑛𝜋𝑥

𝐿
) 

𝐸𝑛 =
𝑛2𝜋2ℏ2

2𝑚𝐿2  
 

Ψ(𝑥, 𝑡) = 𝜓(𝑥)𝑒−𝑖𝜔𝑡  

𝜓𝑛(𝑥, 𝑡) = 𝐴𝑒𝑖(𝑘𝑥−𝜔𝑡) ∆𝑄 = √〈𝑄2〉 − 〈𝑄〉2 [𝑄]𝜓 = 𝑞𝜓 

[𝑃𝑥] =
ℏ
𝑖
 
𝜕

𝜕𝑥
 [𝐸] = 𝑖ℏ

𝜕

𝜕𝑡
 [𝐾] = −

ℏ
2

2𝑚

𝜕2

𝜕𝑥2
 

[𝐻] = −
ℏ

2

2𝑚

𝜕2

𝜕𝑥2
+ 𝑈(𝑥) 𝑃𝑥 = 𝑛

𝜋ℏ

𝐿
 

|𝐿⃗ | = ℏ√ℓ(ℓ + 1) 

𝐿𝑧 = 𝑚ℓℏ 𝑃(𝑟) = 𝑟2|𝑅𝑛,ℓ(𝑟)|
2
 〈𝑟〉 = ∫ 𝑟𝑃(𝑟) 𝑑𝑟

∞

𝑜

 

 

 

 

 

 



𝐸𝑛 = (𝑛 +
1

2
)ℏ𝜔 

 

𝑇(𝐸) = {1 +
1

4
[

𝑈2

𝐸(𝑈−𝐸)
] sinh2(𝛼𝐿)}

−1

  𝛼 =
√2𝑚(𝑈−𝐸)

ℏ
 

 

𝑇(𝐸) = {1 +
1

4
[

𝐸2

𝑈(𝐸−𝑢)
] sin2(𝛼′𝐿)}

−1

  𝛼′ =
√2𝑚(𝐸−𝑈)

ℏ
 

 

𝑇(𝐸) = exp {−4𝜋𝑍√
𝐸0

𝐸
+ 8√

𝑍𝑅

𝑟0
}  

𝐸0 = 0.0993 MeV,    𝑟0 = 7.25 fm,    𝜆 = 1021𝑇(𝐸) 

 

−
ℏ2

2𝑚

𝜕2Ψ(𝑥, 𝑡)

𝜕𝑥2
+ 𝑈(𝑥)Ψ(𝑥, 𝑡) = 𝑖ℏ

𝜕Ψ(𝑥, 𝑡)

𝜕𝑡
 

 

∫ 𝑥𝑛𝑒−𝑥𝑑𝑥 = 𝑛!
∞

0
   ∫ 𝑧2𝑒−𝑎𝑧2

 𝑑𝑧 =
1

4𝑎
√

𝜋

𝑎

∞

0
  , 𝑎 > 0 

 

𝐸𝑛1,𝑛2,𝑛3
=

𝜋2ℏ2

2𝑚
(
𝑛1

2

𝐿1
2 +

𝑛2
2

𝐿2
2 +

𝑛3
2

𝐿3
2) 

 
Ψ(𝑟, 𝜃, 𝜙, 𝑡) = 𝑅𝑛,ℓ(𝑟)𝑌ℓ

𝑚ℓ(𝜃, 𝜙)𝑒−𝑖𝜔𝑡 

 

𝜇𝐿 = −
𝑒

2𝑚𝑒
𝐿 𝜇𝐵 =

𝑒ℏ

2𝑚𝑒

= 9.27 × 10−24  J/T 𝜔𝐿 =
𝑒𝐵

2𝑚𝑒
 

𝑈 = −𝜇 ∙ 𝐵⃗  𝑈 = ℏ𝜔𝐿𝑚𝑙 𝐽 = 𝐿⃗ + 𝑆  

|𝐽 | = ℏ√𝐽(𝐽 + 1) 𝐽𝑧 = ℏ𝑚𝑗 |𝑆 | = ℏ√𝑆(𝑆 + 1) 

𝑆𝑧 = ℏ𝑚𝑠 𝜇𝑠 = −
𝑒

𝑚𝑒
𝑆 𝑟 = 𝑟0𝐴

1/3,   𝑟0 = 1.2 fm 

𝜇𝑛 =
𝑒ℏ

2𝑚𝑝

= 5.05 × 10−27  J/T 𝑁 = 𝑁0𝑒
−𝜆𝑡,     𝜆 =

𝑙𝑛(2)

𝑇1/2
 𝑅 = 𝜆𝑁0𝑒

−𝜆𝑡 

𝑅

𝑅0
=

𝜎𝑁

𝐴
 

 

 

𝑁 = 𝑁0𝑒
−𝑛𝜎𝑥 

 

𝑛𝜏 ≥ 1014 s/cm3 

𝑄𝛼 = (𝑀𝑋 − 𝑀𝑌 − 𝑚𝛼)𝑐2                    𝐾𝛼 =
𝑀𝑌

𝑀𝑌+𝑚𝛼
𝑄 

 

𝑄𝛽− = [𝑀( 𝑋𝑍
𝐴 ) − 𝑀( 𝑌𝑍+1

𝐴 )]𝑐2 

 

𝑄𝛽+ = [𝑀( 𝑋𝑍
𝐴 ) − 𝑀( 𝑌𝑍−1

𝐴 ) − 2𝑚𝑒]𝑐
2 

 

𝑄𝜖𝑐 = [𝑀( 𝑋𝑍
𝐴 ) − 𝑀( 𝑌𝑍−1

𝐴 )]𝑐2 



 

𝐸𝑏(MeV) = [𝑍𝑀(𝐻) + 𝑁𝑚𝑛 − 𝑀𝐴] × 931.5
MeV

u
 

 

𝐸𝑏(𝑀𝑒𝑉) = 15.7𝐴 − 17.8𝐴2 3⁄ − 0.71 
𝑍(𝑍 − 1)

𝐴1 3⁄
− 23.6

(𝑁 − 𝑍)2

𝐴
 

 

𝑄 = (𝑀𝑋 + 𝑀𝑎 − 𝑀𝑌 − 𝑀𝑏)𝑐
2 = 𝐾𝑌 + 𝐾𝑏 − 𝐾𝑎   

 

𝐾𝑡ℎ = −𝑄 (1 +
𝑀𝑎

𝑀𝑋
) 

  
 

Constants:              
𝑒 = 1.6 × 10−19C 𝑚𝑒 = 9.11 × 10−31kg ℎ = 6.626 × 10−34  J.s, ℏ = ℎ/2𝜋 

𝑐 = 3 × 108 m/s 𝑚𝑝 = 1.67 × 10−27kg 𝑘 = 9 × 109  N.m2/C2 

ℎ𝑐 = 1240 eV.nm 𝑅 = 1.0973 × 107  m-1 𝜎 = 5.67 × 10−8 W.m-2.K-4 

𝜆𝑐 = 0.00243 nm 𝑎0 = 0.0529 nm 𝑘𝐵 = 1.38 × 10−23 J/K 

1 Bq = 1 decay/s 1 Ci = 3.7 × 1010 decay/s 𝑚(𝐻) = 1.007 825 u 

𝑚(𝑛) = 1.008664 u 1 u = 931.5 MeV/c2 𝑚𝑒𝑐
2 = 0.511 MeV 

𝑁𝐴 = 6.02 × 1023 atom/mole 1 MeV = 1.6 x 10-13 J  

 

 


