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Sample: Quantum Mechanics - Quantum Mechanics Problems

2. Particle in a Box.

. o 2 X
One knows the solution for a one-dimensional box: 1, (x )=\/ Zsin(mn, =) . In the same way,
: a a

plugging in the solution into Schrodinger equation in 3D in form y(x,y,z)=y(x)(y)y(z) ,itis

n n n
easy to obtain wnlnznx(x,y,z)z 383 sin(TE 1X)sin(ng);y)sin(w) - these are the normalized
‘ a
solutions.
Letus find <x> =
a n 3a n a n —d
% Oxsinz(n;lx)fo sin2(n3—2y)dy‘[0sinz(niz)dz=%~§ %<ani< 1-2n{n’+cos2mn,))=
2a'm’ 8 3aa_a
8n'n; 3a° 4 2 4
In the same way, <YZnmn=
8 aa a’
< — —2y)d = 7)dz=—--92.9.(—9 1-2n’n*+cos 2
fsm (m xf ysin (n3 y) yf sin’ naz) =232 2( 8n:2n§( n,m’+cos2mn,))
and <Z >n1n2n’::
8 (@ . 2 My _\( . 5 N @ N 8 a3a ,2amn. _a
7f051n2(nzzlx)f0 smz(nB—Zy)dyfozsmz(nﬁz)dzzﬁ-i7( 8nzj1§ )_5

3. Velocity equals velocity

lh@t_ZmV Y+Vy .

. Now let us plug in derivatives from Schrodinger equation.

First, let us write Schrodinger equation

%<x> fle—dT+waawdT

Obtain: %< x>= ﬂf Px(Vy)—(V?P)xy]ldt (the parts with potential V  vanished).

Let us rewrite the last term in %< x> . First, let us use equality

Vixy V)=V 9)xp+(V§)V(xy) .
Then, f (VZ@)xwd'c:—f (V fp)V(xw)d'Hf V(xyp)dt . The last integral according to
divergence theorem is equal to f J(xpVi)d S . It vanishes on infinity.

Now, use the given equality one more time for term which left:
f (V) xyd rz—f (Vo)Vixy)d r=f P V?(xy)dt (one more time, the term with divergence
converted into integral over surface and vanished).

Hence, %<x>——f1p [xVy—-Vi(xy)ldt .

The last term is  V?(xy)=2V x Vy+xV?y=2 a—w+x V?vy . Plugging this into previous equation,
X
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EXPERT

. d —ih ¢ - 0 1 .. 0
—<x>=— —rtdt=—<p.> =—ih— .
obtain T X - flp I T - p,> ,because p,=—ik x

o d
The average value <p, > issimply p,=mv,=mv ,so ac <x >=v .,
4. Acceleration

1. 4 . . o .
—h[ p,H] . Butaccording to canonical quantization relations,
i

B . of o og O
[p,H]|>—ir{f,H} ,where {f,g}—zk 5(5 ag ag 8;
H k Y Pk k= Bk

One might use equation %z

a) Poisson bracket {p,,H }=0 , hence acceleration is zero.

b) Poisson bracketis {p,,H}=—c ,so %ﬁ)zc and GZ% .

¢) Poisson bracket is {pX,H}=—mw2x , SO %pzmw2x and a=w’x .
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