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 𝑥(𝑡)

 𝐹(𝑡, 𝑥) = 𝑚 𝑡, 𝑥 𝑎 𝑡

 𝑎 =
𝑑2

𝑑𝑡2
𝑥 𝑡

 𝑚 𝑡, 𝑥
𝑑2

𝑑𝑡2
𝑥 𝑡 − 𝐹(𝑡, 𝑥) = 0



 𝑇 = 𝐾𝑖𝑛𝑒𝑡𝑖𝑐 𝑒𝑛𝑒𝑟𝑔𝑦

 𝑉 = 𝑃𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦

 𝐿 = 𝑇 − 𝑉



𝑑

𝑑𝑡

𝜕𝐿

𝜕𝑥̇ 
=

𝜕𝐿

𝜕𝑥̇
 𝐿𝑎𝑔𝑟𝑎𝑛𝑔𝑖𝑎𝑛

 𝐻 = 𝑇 + 𝑉 𝐻𝑎𝑚𝑖𝑙𝑡𝑜𝑛𝑖𝑎𝑛     



𝑑𝑝

𝑑𝑡
= −

𝜕𝐻

𝜕𝑥̇



𝑑𝑥̇

𝑑𝑡
=-

𝜕𝐻

𝜕𝑝



 𝑥 𝑡  ? ?

 NO!!!!!!!!

 ۧ|𝜓(𝑡)   Kets!

 |𝜓(𝑡)ۧ = α 𝑡 |Deadۧ + β(𝑡)|Aliveۧ 
 |𝛼(𝑡)|2= Probability of dead kitty.
 |𝛽(𝑡)|2= Probability of living kitty.



Letting planks constant equal one.



Case 1: H is time independent. 

   𝑈 𝑡 = 𝑒−𝑖𝐻𝑡

Case 2: H is time dependent and commutes with itself at different times.

   𝑈 𝑡 = 𝑒−𝑖 0׬
𝑡
𝐻(𝑡)𝑑𝑡

Case 3: H is time dependent!!  Hard problem because operators do not 
commute in general. 
 𝐴𝐵 ≠ 𝐵𝐴



  H (𝑡) = σ=0
𝑛 𝑓 𝑡 𝑛𝐴𝑛

   {A1, A2,…, Am} m>n

   [A,B]=AB-BA

 i(
𝑑

𝑑𝑡
𝑈)𝑈−1 − 𝐻 = 0

𝑈(𝑡) = 𝑒α1(𝑡)𝐴1 𝑒α2(𝑡)𝐴2 …𝑒α𝑛(𝑡)𝐴𝑛 
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Not by Hand!
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