Quantum Operators
	Observable
	Symbol
	Operator (SI)
	SI
	Operator (au)
	au

	
	
	
	
	
	

	Position
	x
	multipy by x
	m
	multipy by x
	Bohr

	
	r
	multipy by r
	m
	multipy by r
	ao

	
	
	
	
	
	

	Momentum
	px
	–i EQ \o(h,∕ ) \f(∂ ,∂x) 
	kg m s-1
	–i  EQ \f(∂ ,∂x) 
	 EQ \f(\o(h,∕ ),ao) 

	
	p
	–i EQ \o(h,∕ )\b(i\f(∂ ,∂x)+ j\f(∂ ,∂y)+ k\f(∂ ,∂z)) 
	kg m s-1
	–i  EQ \b(i\f(∂ ,∂x)+ j\f(∂ ,∂y)+ k\f(∂ ,∂z)) 
	 EQ \f(\o(h,∕ ),ao) 

	
	
	
	
	
	

	Kinetic Energy
	Tx
	– EQ \f(\o(h,∕ )2,2m) \f(∂2,∂x2) 
	J
	–  EQ \f(1,2) \f(me,m) \f(∂2,∂x2) 
	Hartree

	
	T
	– EQ \f(\o(h,∕ )2,2m) \b(\f(∂2,∂x2) +\f(∂2,∂y2) +\f(∂2,∂z2)) 
	J
	–  EQ \f(1,2) \f(me,m)\b(\f(∂2,∂x2) +\f(∂2,∂y2) +\f(∂2,∂z2)) 
	 EQ \f(\o(h,∕ )2,meao2)  

	
	
	
	
	
	

	Potential Energy
	V(x)
	multipy by V(x)
	J
	multipy by V(x)
	Hartree

	
	V(r)
	multipy by  EQ \f(1,4πeo) \f(q1q2,r) 
	J
	 multipy by   EQ \f(q1q2,r) 
	 EQ \f(1,4πeo) \f(e2,ao) 

	
	
	
	
	
	

	Total Energy
	H
	T + V
	J
	T + V
	Hartree

	
	E
	i  EQ \o(h,∕ ) \f(∂ ,∂t) 
	J
	i  EQ \o(h,∕ ) \f(∂ ,∂t) 
	Hartree

	
	
	
	
	
	

	Electric Dipole
	µx
	multipy by e x
	coul m
	multipy by e x
	e ao

	
	µ
	multipy by e r
	coul m
	multipy by e r
	e ao

	
	
	
	
	
	

	Angular Momentum

L = r (p
	Lx
	–i  EQ \o(h,∕ )\b(y\f(∂ ,∂z) - z\f(∂ ,∂y)) 
	kg m2 s-1
	–i  EQ \b(y\f(∂ ,∂z) - z\f(∂ ,∂y)) 
	 EQ \o(h,∕ ) 

	
	Ly
	–i  EQ \o(h,∕ )\b(z\f(∂ ,∂x) - x\f(∂ ,∂z)) 
	kg m2 s-1
	–i  EQ \b(z\f(∂ ,∂x) - x\f(∂ ,∂z)) 
	 EQ \o(h,∕ ) 

	
	Lz
	–i  EQ \o(h,∕ )\b(x\f(∂ ,∂y) - y\f(∂ ,∂x)) 
	kg m2 s-1
	–i  EQ \b(x\f(∂ ,∂y) - y\f(∂ ,∂x)) 
	 EQ \o(h,∕ ) 

	
	
	
	
	
	

	Ladder Operators
	L+
	Lx + i Ly
	kg m2 s-1
	Lx + i Ly
	 EQ \o(h,∕ ) 

	
	L–
	Lx – i Ly
	kg m2 s-1
	Lx – i Ly
	 EQ \o(h,∕ ) 

	
	
	
	
	
	

	Uncertainty ∆p∆x
	[p,x]
	p x - x p
	kg m2 s-1
	p x - x p
	 EQ \o(h,∕ ) 

	
	
	
	
	
	


Steps For Using Schrödinger's Time Independent Equation

H 
I. Define the Problem

A. Determine the appropriate potential for the system

B. Establish the boundary conditions for the wavefunction

II. Write Schrödinger's equation for the system

A. Write down the classical Hamiltonian for the system

B. Replace the classical operations with their quantum operators (same except for p and T)

III. Solve Schrödinger's equation for the eigen functions and eigen values

IV. Interpret the wavefunction by comparing operator expectation values with experimental data.

