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1 Momentum wavefunction for a sharply localized particle

Suppose that the position wavefunction for a particle at one instant is

a) = {A if ~L/2 <z < L2

0 otherwise
where L > 0.

a) Determine the constant A.
b) How would you describe the location of the particle as represented by this wavefunction.
¢} Determine the momentum space wavefunction.

d} Determine an expression for the momentum space probability density. How would you
describe the momentum of this particle?

fl

# H,
o) 1= jlg’(m*ax A"’“‘f dx = AL = AwV—&L
- -4,

JTWA& L - L _5,,“[:
Cogwe | ETE
[s) otermase

b) e prohabily duwly s - PG

L
£ Xk
&

P6Y = 1501 %,t :

0 otnise

»LVZ— L /z

Tue Pou-h‘c,[(_, 5 equalgj lflcdx'j o be fownd mﬁwhﬂc 'n 4 rargd
-l ex &Y, |



L/L
..L_/

Z
= \/I L {e Pl - L‘PL/Z_{]
2rL P |

N —

© o pl
=21 sm@%)

Py - \/5*_::-“-"1 (?-—Q e~ P

Pl

o 2.
WL -
P
We ¢ plot  nobag
(S p-d ﬁ([,\ 20
B B Ly 2 ~
P2 0 P{PH%_E Bl % ()
- 2tL1 = ,Z.:L
Lt Tt
TN
— oWk :ZII% L
i T sl 4T
[en ‘P/P\-—() ohan - ! _71:
2% P ~

for oy infegar n. B mepswenont of moverhem s Guefk)l(a’nu[/lglj l.‘ffe(j

W ogive o el it e 2@ ¢ p&E
I -_t: I



/Lbli.s XM f)(a Hustvates ¢ wade - oA

¥ Rs L doceaes Heo pesibon  becomes more localizg) bus
the  Momeshom less o calized.

¥ A L nveses Kae o poshad becomes lass - locabied  bub
Lo Momorhuw  More loealieed,

Smaller L

P{x,t)

Mo predid

)

ATS ¥

—

L.
less pre.a\%;

We con ask

# s Hus brade-ofF e for all stzde
bU wwe&mob‘ma? |

Rl qve K presentee)

¥ (on we quwh‘% e tradeoff?

We  will qua e dudeof i doms of  posihas ond momerhn
unerizinbies

Ax= ™
AP: \/(P?>_“<P)'&'




2 Gaussian wavefunction

Consider the state described by

The momentum wavefunction is
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mh

a) Determine (z) and the uncertainty in position measurement outcomes, Az!

b) Determine (p) and the uncertainty in momentum measurement outcomes Ap,

c) Determine AxzAp. As the precision of the knowledge about position increases what

happens to the knowledge about momentum?

Note the following integrals, all true if the real part of a is positive.
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