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1 Quantum Mechanical Vector Identities

(a) Begin by convincing yourself of the following identities:

[xi,xj] =0
[pirpj]=0
[x,-,pj] = ihéij

(b) We define the dot product and the cross product as
a-bzaibi
(axb)k:Eijkaibj
Use this to show that
a-b=b-a+[a;,b;]
(axb)=—(bxa)+e;jk[ai bj]
(c) Using the above identities, show that
L=rxp=-pxr,
r-L=0=p-L.
(d) Show that
(axb)? = a’b® - (a-b)?
—aj[aj,bk]bk+aj[ak,bk]bj—aj[ak,bj]bk—ajak[bk,bj]

and verify that if [a,-,bj] =)/5,'j and [bi,b]’] =0

(a><b)2 =a’b? - (a‘b)2 +va-b

and use this to show that

L% =’p? - (r-p)® + ilir-p.
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Properties of Angular Momentum

(a) Show that
[L,-,xj] = ihel-jkxk

[Li,pj] = iheijrp

(b) Use the above relations to show that

p-pxL)=0
(pxL)-p=2ihp’
(pr)2:p2L2
x-(pxL)=L2
(pxL)-x=L%+2ih(p-x)

The following identities of the Levi-Civita symbol will be useful:

€ijk€ipg =0 jpOkqg—0q0kp,
€ijk€ijq = 25]“7.
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