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3 Now, we judge whether separation of variables is useful or not 
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This “all x and all t” requirement is the key point of 
the separation of variables method  
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B. Look at “LHS=E” (the spatial equation) 

[This is the “most important” equation in Quantum Mechanics] 

[Remark: TISE is analogous to the normal mode equation in classical wave problems] 
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We will do the H-atom problem later in the course 
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Erwin Schrodinger (1887 – 1961) 
1933 Nobel Prize  
(shared Prize with Dirac) 
 
Wrote 2 papers in Annalen der 
Physik in 1926  
(27 Jan 1926 & 23 Feb 1926) 

23 February 1926 
[39 pages] 
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After 22 pages, there came the Time-independent Schrodinger Equation (TISE) 

Schrodinger then applied his method to 1D harmonic oscillator (page 26) 

[Why?  Recall implications of Planck’s formula and Einstein’s model of solids] 

Schrodinger solved (22) skillfully (we will do it later) and obtained 

as implied by thermal radiation 
and heat capacities of solids  

AND 

Schrodinger then moved on to work out  
• the rigid Rotator problem in 2D and 3D  
• the 3D oscillator problem 
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Schrodinger (27 January 1926) in Annalen der Physik (16 pages) 

Worked on the Hydrogen atom problem (allowed energies are known 
from spectrum and Bohr’s model (1913)) 



11 

After 10 pages of calculations, Schrodinger obtained E<0 solutions for hydrogen 
with energies given by   

In modern form,  
𝑙 is the quantum number n 

K is (
ℎ

2𝜋
)  

and the Hydrogen atom wavefunctions  

Since the hydrogen atom allowed energies −
13.6

𝑛2  (eV) were known  

(Balmer, Lyman series) at that time, Schrodinger showed explicitly 
that by solving his equation and requiring well-behaving 
wavefunctions, E in his equation gives the system’s (H-atom) allowed 
energies.  
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In September 1926, Schrodinger wrote a long paper introducing his theory in 
English in the Physical Review (published by the American Physical Society) 

E. Schrodinger, Physical Review 28 (1926) 1049 
https://journals.aps.org/pr/abstract/10.1103/PhysRev.28.1049 
(accessible from CUHK sites or VPN) 

https://journals.aps.org/pr/abstract/10.1103/PhysRev.28.1049
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Key Points from Schrodinger’s early applications (important concepts): 
 
• TISE is an equation to solve for the wavefunction Ψ and E 
 
• Not all values of E are allowed, only certain values of E give well-

behaved Ψ 
 

• A well-behaved (QM allowed) Ψ has an accompanying allowed E 
 

• The allowed E values are the allowed values of energy of the system 

The separation constant E happens to give the allowed values 
of a quantum mechanical problem as specified by U(x) 
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C. Look at “RHS = E” (the temporal (time) equation) 



16 



17 



18 

Here is the proof 

Reminder:  The result is more important than the proof! 
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A quick application:  Time evolution of a “specific form” 
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E. General Initial Value Problems in Quantum Mechanics 

Putting the results together, we have the following 3-step recipe 
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Step 1:  Solve the time-independent Schrodinger Equation 

Remark: This is why we will work out many TISE problems in 1D, 2D, 3D 
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Step 2: Expand given initial wavefunction in terms of states of definite energies 

Remark: See Sample Question SQ10 for an example 
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Step 3: Let each definite energy state evolve with its own time part 
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All Done (without knowing the explicit form of U(x))! 

Remark:  For those who have studied the classical wave equation (e.g. a string 
fixed at its two ends), the steps in solving initial value problems starting from 
TDSE are exactly the same as those starting from the classical wave equation.  See 
Problem Set 1.  
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