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Lecture 14
The Heisenberg Uncertainty Priciple

You have  probably seen before the uncertainty principle as DxDp ¥ ÑÅÅÅÅ
2

 .   This is actually something that is true of many 
pairs of observables - observables which have operators which do not commute - i.e. that are incompatible. Here is the 
general form. You will prove this in your homework.
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Now lets see what this has to say about the spin operators. Recall AS` i, S
`

jD = ieijkÑS
`

k   specifically AS` x, S
`

yD = iÑS
`

z

we will get DS
`

x D S
`

y ¥ 1ÅÅÅÅ
2

… iÑ XS` z\|    Lets figure out what this means

First lets figure out what D S
`

x means. Well ID S
`

xM2 = XS` x
2\ - XS` x\2=Ya » S

`
x

2 » a] - Ya » S
`

x » a]2   for some arbitrary state †a\
Lets first pick †a\ = †Sx; +\    then (D S

`
xM2=YSx; + » S

`
x

2 » Sx; +] - YSx; + » S
`

x » Sx; +]2=

 =YSx; + … S
`

x S
`

x … Sx; +] - YSx; + … ÑÅÅÅÅ
2

… Sx; +]2 =YSx; + … ÑÅÅÅÅ
2

 ÑÅÅÅÅ
2

… Sx; +] - I ÑÅÅÅÅ
2
M2=I ÑÅÅÅÅ

2
M2-I ÑÅÅÅÅ

2
M2=0

Now suppose †a\ = †+\.   Using matrices we get
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 which is true

Next we will get into position and momentum operators, where the Heiseberg Uncertainty principle will appear in its 
usual form. 
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