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Example (1):

Evaluate the commutator [x ;—x], applying the commutator on an arbitrary function

f()

Solution:

o Foo=x 5 f0) = LG f@)
=x LR -2 TB— f0= - f@

e Jeani ol e f CBda
v = Fo0 == F@)

[x,i =-1
dx
From the Angular momentum L of a particle having linear momentum p is:
L=rXxP
i j k
~L=rxP=|x y Z
Px Py Pz

L=i(yp,—2zpy) +j(zpx —xp,) + k(xpy — ¥ Px)
. 5} 0
“ly=yp—zpy=-th(y g -z5)
. 0 5}
“Ly=2zp—xp,= —ih(z -—x )

, 0 5}
“lp=xpy—ypx= —th(x 5 -¥32)
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Example (2):
Prove that the commutator [x, p,] = ih

Solution:

N
[0, 0x] Py = (X px = Px X)Wy =(—ihx —+ih —x) Wy

. oy X d
[0, 0] Wiy = th{—x —2+— (x W)}

_ 0Y(x) 0¥ (x) 0x
[X,px] ‘P(x) = lh{—x 7axL+ X%'F Lp(x)a}

[X, px] ‘P(x) = ih LP/%)

X [xrpx] = lh

Similarly we can prove that

[y' py] = [z, pz] = ih

X [x;px] = [y;py] = [Z,pz] = lh
And

[pxix] = [py:y] = [pz, Z] = — ih
Example (3):

Prove that [x,p,] = 0

Solution:
. d . 0
[x’ pY] lp(x) - (x py — Y Px )Lp(x) = (_lh X 5 + ih 5 X ) l'p(x)

. oY X d
[x.py| Wiy = th {—x _63(/ 2+ 3 X ¥w)}
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. 0¥y 0¥ G}
[0, py] Wy =ih { —x 240 2+ Wiy 23 =0

dy
[%,py] Wiy = 0

Jxpy) =0

Similarly we can prove that:

[x, 0] = .ol = 0] = 206 = |2p)] = 0

Example (4):

For angular momentum operator L, showthat  [L,, L,]=ihL,
Solution:

[ Lo Ly]=[(y 02 — 2Dy), (2px — xD) |

[Lo Ly =y s, 20:) = V02, 200 = |2y, 20:] + |2y, xD,]
[LoLy]= youlps, 21— y 021D, X1 —20x[ Py, 2]+ xDy[2 , D]
[Lx Lyl = y pxl D2, 21+ xpylz, p.]

But [p,, z] = —ih ,and|[z,p,]=ih

Therefor

[Lx, Lyl =y px(=ih) + x py (ih) = ihxp, — ihyp,

[ Lx, Lyl = ih (Xpy — yDx)

[L,, Ly] =ihL,
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Similarly we can prove that L
[Ly,L,]=ihL, \iﬁ
iR
[L, L,]=1ihL,
L
Lz /

ih

¥

Example (5):

Evaluate the commutator:

[xz,;—x] applying the commutator on an arbitrary function f(x).

Solution:

d _ d d , 5
[x?—1 fy = x* — foy - o= (X% fi)
d - 2 Y
— (X foo) = 2x f + x* ==
So:

d 2 Y=
X% —foy = 2% fy + x* ==)
= —ZXf(x)

A P A



