PHYSICS 501 - Fall 2019

2" HOMEWORK

Prof. V. Lempesis

Hand in by Monday 7™ October 2019 at 23:59

1. Calculate the quantity Vo (Hint: See question 2.10).

Solution:

Remember that in question 2.10 we proved that

If

Verf(r)=3/(r)+ r%

In this problem we have that f(r)=r"" so,

v n-1
Vorf () =37 () +r o3y
dr dr

3w r(n=1)r"?
=3+ (n-Dr"" =(n+2)r"!
2. Show that if a vector A is irrotational, then' A xr is solenoidal.

Solution:
6(Axr)=r‘(€xA)—A~(€xr)
But if the vector A is irrotational then 6 x A =0. Thus

€(Axr)=—A-(€xr).

But
i j k
Vxr=|d/dx ad/dy d/dz |=
X y z

i(0z/9y -0y /0z) - j(0z/ ax—dx / oz)+k(9y / dx = dx / ay) = 0

hus g(A X r) =0 so the vector A xr is solenoidal.

(5 marks)

(5 marks)
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Comment [1]: You must show this in your
answer.




3. Classically the angular momentum is defined by L=rxp, where p is the
momentum. To go from classical mechanics to quantum mechanics we replace p with

the operator —iAV. Find the Cartesian components of the angular momentum
operator.

(5 marks)
Solution

p=-ihV=p=-ih ii+ji+ki
ox ~ady 0z

L =-ih yi—zi , L =ih xi—zi , WL =-ih xi—yi .
* dz  dy 7 dz  ox E dy ~ ox

4. Show the relation LxL.=ifL’ for the quantum mechanical angular momentum
operator L. (Hint: Show: first that (L X L) =ihL_, i.e. work for the x-component, the

other components go similarly).

(5 marks)

i

i

LxL= L L ~li(LL-LL)-§(2 L -LL)+k(LL,~LL)]
L
y

~ o

L

x z

Thus for the x-component (L X L) of the cross product we have:

(LxL) =(LL -LL )=—h2 zi—xi xi—yi - xi—yi zi—xi
x e ox dz)\ dy T ox dy “ox)\ ox oz




2|0 d d d a(a ad d
=-h{z—|x—|-z—|y—|-x—| —|+x—| y—
ox\ dy ox\  ox oz \ dy dz\~ ox
a ad ) ad a(_ad a ad
X—|z—|+x—|x—|[+y—|z—|-y—|x—
ay\ ox ay\ 0z ax\ ox ox\ 9z

)0 9 @ L 9 ;¢ o L R 9
=-h"{z—+2zx —Zy— =X +xy - Xz +x +YZI— =Y =X
dy axdy 0x 0zox 0zdx dyox d0zdy ox 0z 0zox

=1 zi—yi ='W zi—yi =ihyih zi—yi =ihL
dy oz dy oz dy oz :

Similarly for the other two components
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