
Quantum Chemistry
Seminar 5

Approximate methods I

Variational methods



Exercise 1 (Shamal)

Prove the equalities given on page 3 of lesson 5, 𝜓 𝜓 = σ𝑘=0
+∞ |𝑐𝑘|

2 and 𝜓 ෡𝐻 𝜓 = σ𝑘=0
+∞ 𝐸𝑘|𝑐𝑘|

2, provided that 

the Hamiltonian eigenfunctions, ۧ|𝜑𝑘 , are orthonormal, 𝜑𝑗 𝜑𝑘 = 𝛿𝑗𝑘. 

Exercise 2 (Anila)

Show that ۧ|𝜓(𝜏) = σ𝑘=0
+∞ 𝑐𝑘0𝑒

−
𝐸𝑘
ℏ
𝜏 ۧ|𝜑𝑘 , where ෡𝐻 ۧ|𝜑𝑘 = ۧ𝐸𝑘|𝜑𝑘 , represents a solution of the imaginary-time 

Schrödinger equation, ෡𝐻 ۧ|𝜓(𝜏) = −ℏ
𝜕 ۧ|𝜓(𝜏)

𝜕𝜏
.


