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For any wave function ψ (not necessarily an eigenfunction of operator ),Â

we can complete the average using ˆ| |A 

The variance is given by  2ˆ ˆ| |A A 
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The standard deviation is   22
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(proof in problem 7.58)
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If ˆ ˆ, 0,A B    0A B   and both ΔA and ΔB can be zero.

Suppose ψ is an eigenfunction of both andÂ B̂
with ˆ ˆ,A a B b    
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Heisenberg Uncertainty Principle



Vectors
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This is the gradient of a scalar

The force on an object is given by the 
negative of the gradient of the potential


