Physics 251 exam 2, April 23, 2008. You may use a calculatarthe equation sheet that | have
provided.

1. What's the de Broglie wavelength of an electron acceteréttrough a potential difference
of 5,000 \olts?
Answer: The electron has a kinetic energy of 5 keV, which is well beliswvest mass of 511
keV/c? so we can do this problem with classical momentum. We thee Bav= p?/2m or
p = v/2mkE) so the de Broglie wavelength is

@ B hc B 1240 eV - nm
P V2mEE /2. (511 x 108 eV) - (5 x 10% eV)

= 0.017 nm.

Note thatE = hc/ )\ applies only to massless particles (photons)!

2. Write out the electronic configuration for neoi € 10). Write out the values for the set of
guantum numbers, ¢, m,, andm, for each of the electrons in neon.
Answer: Neon has 10 electrons in the configuratitosi2s?2p® with quantum numbers as

follows:

Electron#| n | £ | my | my
1(1(0| O | +1/2
2/1/0] 0| -1/2
3{2|0] 0 |+1/2
41210| 0 | -1/2
5121 +1]+1/2
621 0 |+1/2
7121 -1 |+1/2
8|12 1| +1] -1/2
9/21| 0| -1/2

10|21 -1 | -1/2

3. Here are some radial wavefunctions for the Schrodingeaon for the hydrogen atom:

2
Ry = 3—/2€Xp[_7"/a0]
Qg
1 T
Ry = W<2_a_o) exp[—7/2ay]
R L7 oxplr/2a0]
= —————— — exp|-r/2a
21 \/§(2a0)3/2 7 p 0

Calculate the average radiyg = (r) for als orbital, and compare it with the Bohr radius.
Answer: This problem is like homework problem 7.17 and others wheeeused(f) =



J f4*. The radial part of thés wavefunction is given byz;,. We then want

rav= (r) = /0 7 Rio(r)" Rio(r) r2dr
4 4

o0 2 4 oo , 2
= / — 77 exp [——r} dr = —3/ r" exp[—az| dx with e = — andn = 3
0 Qp Qo ag J0O QAo

4. 3 4 6 3
ad (2/ap)*  al 16/ah 2

using the definite integral provided on the equation sheet.Bohr radius is,, = agn?/Z =
ap forn = 1 andZ = 1. The true average radiys) is larger than the Bohr radius.

Qo

. A hydrogen atom is placed in a 6.0 T magnetic field. Whagstiean energy for transitions
from the3d to 2p state, and the energy splitting due to the magnetic field?

Answer: There are two energy difference terms: the Bohr energy tard,the magnetic
1 1 )

field splitting term. The Bohr energy difference termAsy = Eo(ﬁ — §> = Fogg

13.6 - 5/36 = 1.89 eV. The magnetic field splitting terms go like
9.274 x 10724 JIT
1.602 x 10~19 J/eV
with selection rules sayingm, = —1 or +1.

AU = AmyupB = Amy 6.0T =Amy3.5 x 107* eV

Consider the potential shown at right. Describe the fumetio
. form of wavefunctions for the three regions, ;;, and;;.
Show that there exist solutions at discrete energies. il Ak Raiteiil E

\ 4

x=0 L
Answer: Because the potential goesdo at z = 0, we need to have); = 0. In region

11 we have to have);;(z = 0) = 0; beyond that, we hav€ = 0 so we just have traveling
waves. Therefore we say that

. 2 2 V2mE
i = Asin(kx) with k= Tﬂ = Zp = ;in _

In region Ill (x > L) we are in a classically disallowed region so we will have gpoaen-
tially decaying wave function of the form

2m(U — E
’QD[[[ = B6_a(x_L) with o = #

Our boundary conditions are

d d
¢H($ = L) = ¢111($ = L) and %‘x:L = %h:L



or
Asin(kL) = Be " =B and  Akcos(kL) = —aBe " = —aB

and if we divide these two equations we have

Asin(kl) B k
- Ly=-=,
Akcos(kl) —aB ~ tan(kL) a

Viewing this as a graphical solution of hawn (kL) scales withk, versus how-k/« scales
with k, gives

As you can see, no matter what slop&/« we pick, we're going to have only discrete points
wheretan (kL) intersects with-k/«, and thus discrete energy solutions.



