Worksheet solutions

1.

Solution:

Solution:

[easier] The “particle in a well” system is defined to have the potential energy function

0 0<z<L
v<x>:{ -t
+o00 else

where L > 0. Graph the function V(z) and find what potential energies the particle
would have at x = %, L,L—+1.

The graph of V(z) looks something like this...

V(x)

Evaluating V(z) at z = £, L, L + 1, we find

V(L/2) =0, V(L)=0, V(L+1)=o0

. [easier] If a particle is in the “particle in a well” system (with V5 = 0), and is in the

first energy state, then the particle has the energy

T2h?

E, —
Y7 oz

Suppose out particle is an electron with mass m, = 9.1 x 1073 kg in a well with length
L =10""m and h = 1.05 x 1073 m2kg/s. Using a calculator, find E; for our electron.

Plugging in all the values into the formula, we get

2p2 2(1.05 x 10734 m%kg /s)?
mh_ T LD mke/s) g 1020 kg2

B, =
YT omL? T 2(9.1 x 10-31kg) (10~ m)

[easier — medium] Consider the “particle in a well” system at the three lowest energy
levels: n = 1,2,3. Sketch the function p(z) (defined in Eq. 1) for each of these values
of n.
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Solution: For the particle in the well, the wavefunction was found to be

Yn(z) = {\/%Sin (22z) 0<z<L

0 else

Therefore the probability density function for each of these wavefunctions, p,(z), is

2sin2(ﬂaz:) 0<z<L

pn(z) = Wn(fﬂ)|2 = {E L

0 else
Plugging in values for n = 1,2,3, we get the following plots (taking L = 1 as an

example). Note that each graph has n nodes, all graphs have p(z) = 0 for x < 0 and
x> L.

n=1 - n=2 - n=3

4. Consider the “particle in a well” system.

(a) [medium — has integration] Suppose our particle is measured to be in the first
energy level, n = 1. What is the probability that our particle is in the “left” half
of the well given by [0, L/2]. Explain why this probability makes sense.

Solution: If the particle is measured in the first energy level, n = 1, this corresponds to the

wavefunction

() = \/% sin (%x)

and the probability density function

2 . T
p(z) = 7 sin? <z$>

The probability that the particle is in the left half of the is found by integrating
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(b)

Solution:

()

Solution:

this probability density function over the range [0, L/2] :

L L/2
P(nggg):/ pi(z) dz
0
L/2 5
:/0 Esin2 (%x) dx

/L/22 11 o p
= — |z —=<cos| —x x
o L2 2 L

So the probability that the particle is in the left half of the well is 50%.

[medium| For the particle in part (b), what is the probability it is in the right half
of the well [L/2, L]? Explain why the probabilities from part (a) and (b) make
sense.

Since the probability the particle is outside the well is 0% (p(x) = 0 for x < 0 and
x > 0), the particle also has a 50% probability of being in the right half of the
well. It’s reasonable that the particle has an equal chance of being in the first and
second halves of the well since there is nothing physically distinct about either of
the sides - the probability of the particle existing at any point inside the well is
symmetric about the middle of the well (see the n =1 case in 1(a)).

[tricky — integration] Suppose there are now two particles in the well incapable of
interaction, one in the n = 1 energy level, and the other in the n = 3 energy level.
(It’s important they are incapable of interaction so they can’t change energy levels
after observation). What is the probability that the particles will both be in the
region [L/4, L /2] simultaneously?

Label the n = 1 particle as particle 1 and the n = 3 particle as particle 2.
The wavefunctions, and their corresponding probability density functions, for the
n =1 and n = 3 case were found in the previous parts:

Di(z) = \/%sin (%x) , d(a) = \/%sin (3%35)

2 2 3
pi(z) = T sin? (%x) . pa(x) = T sin? (%m)
The probability that particle 1 and particle 2 will be in the region [L/4, L/2]

simultaneously is the product of the probabilities of the two being in the region
individually, i.e.

L L L L L L
P(z§$1,$2§§>:P(Z§$1§§>‘P<Z§$2§§)
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This is because we assume the particles are noninteracting, and therefore these
two probabilities are independent. Now we just need to calculate these two prob-
abilities by integrating the appropriate probability density functions:

L L L/2
P(—S:cls—):/ pi(r) dw
4 2 L4

~
VR
N
A
&
VAN
b

x 1 . 21 L2
~[t-m (o)L,

1 1 2+ 3w
“1t6r T Tion

And so the probability both particles will be in the window is

p £§$17$2§£ _ (247 (2437 :(2—|—7T)(2+37r)
4 2 dm 127 487

5. [medium - can be done without knowing much about differential equations] A central
idea of quantum mechanics stems from the mathematical fact that scalar multiples of a
solution to the Schrodinger equation gives other solutions. If we have a wavefunctions
Yx) which is a solution to the Schrodinger Equation - Eqn. 3, then the wavefunction

V(x) = arp(x)

is also a solution for all real constants «v. Show, by plugging into Eqn. 3, that if ¢(x)
satisfies the Schrodinger equation then W(x) also satisfies the Schrodinger equation as
claimed above.

Solution: Suppose ¢ (x) is a wavefunction that satisfies the Schrodinger equation and « is a real
constant. Since v (z) satisfies the Schrodinger equation, we have

(_fi V(@) ) 6lo) = Bulw

om da?
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Where E is some real constants. Plugging, U into the RHS Schrodinger eqn. 3 and
simplifying, we get

(—h—Zd—Z - V(x)) U(z) = (—%j—; + V(x)) ay(z)

2m dx?

So since there exists an £ such that

R IR

namely, the same FE which satifies the 1(z) Schrodinger equation, the wavefunction
U(z) is a solution to the Schrodinger equation also.
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