Physics 321, Fall 2008 Exam 1

Please solve alfive problems. Start each solution on separate, numbered sheet. Show
ALL work including drawings, graphs atACH intermediate step. Write down your
name on each sheet. Good Luck!

Problem 1. (5 pointsfor each part)

Light of a wavelength 2000 falls on an aluminum surface. In aluminum 4.2 eV are
required to remove an electron.

a) What is the kinetic energy of fastest and slowest emitted photoelectrons?

b) What is the stopping potential?

¢) What is thecutoff wavelength for aluminum?

Problem 2. (15 points for each part)

Photons of energy 0.2 MeV are being scattered by a free electrons (initially at rest).
a) At what angle must the scattering occur so that photons lose 10% of its energy?
b) What is themomentum of corresponding electrons after scattering?

Problem 3. (10 points for each part)

Consider a crystal with the atoms arranged in cubic array, each atom at distance 0.91 «
from its nearest neighbor. Examine the conditions for Bragg reflectiondtamic

planes connecting diagonally placed atoms.

a) Find the lowest energy of electrons that can produce a first order maximum.

b) If 300 eV electrons are used, at what angle from the crystal normal must they be
incident to produce a first order maximém

Problem 4. (5 points for each part)

Using the Bohr model of the hydrogen atom if gravity (rather than were the force
responsible for holding the atom together:

a) Calculate the size of such atom

b) Ground state energy

c) Speed of the electron in tgeound state

Problem 5. (10 points for each part)

A hydrogen atom at rest in the laboratory emits the Lymeadiation.

a) Compute the recoil kinetic energy of the atom.

b) What fraction of the excitation energy of the n=2 state is carried by regcatibm.



Problem 1.
From conservation energy in the photoelectric effect:

%— E, =W + E,, where Eis the binding energy of the electron before the emission

a) the electrons of highest kinetic energy are the ones whebe tBus

34 0
Ekzﬁ#w_ 6.63$107*Js98$10°m/s

= #4.2eV=6.22V#4.2eV =2eV
" 2000$10"°m9%.6$10™°J/eV

The slowest photoelectrons are when all energy of the photon is exhausted on
overcoming the binding of the electron and transporting it outside of the metal,#us E

b) The stopping potential is Vxe= 2V

c) the cutoff wavelength is th largest wavelength, for which the energy is sufficient to

. hc
overcome the work function;—— =W, thus
cut#off

]y _hc_ 6.63x10*Js 3x10°m/s
ot W 4./ -1.6x10*°C

=2952



Problem 2.

The initial energy of the photons i$'E0.2 MeV and their wavelength= hc/E™"
=0.062-. After thecollision the loose 10% of their energy, thus final kinetic energy is
E""=0.18 MeV and wavelength= hc/E""=0.069¢. Change of the wavelengti= "; -

"i = 0.007.. Using equation for Compton scattering:

# =" = (1-cosp)

=444

A—A +A _
Solving for$: Qzamco%¥) (0.062 -0.069 +0.0243

=arcco
{ 0.0243

Total momentum must be conserved, if incoming photon travels along x axis, then:
pXph_i_ 0= p@h+ erI

0+0 = p@"+ pf’

therefore components of electron momentum are:  Beforecollision:

p&'=- p&"

the initial momentunof the photon is = h/'; After collision:
and the final momentum of the photon i&'gCh/' . p=pOcad)
Using scattering angle from part (a) we can calculate  p =pOsift')
the components of the final momentum of the photon: Y

p&" = p&" cos@) = h/'; cos@)
pQ" = p@"sin@®) = h/"; sin(®)
Substituting into the equations for electron momentum:

pGF' = h'i- ht'; cos@) = 1.0%10%? kg m/sD0.96x10% kg m/s cos(44.60)=
= 3.85x10% kg m/s

p$f = -h/"; sin($) =- 0.96x10%? kg m/s sin(44.60) =6.74x10% kg m/s

(. 1 2 2 23
The total momentum of the electron is therefdl& V Px +Py =7.76x107kgm/s

Notice that sine we used the Compton equation, we do not need to solve system of
equations involving energy and momentum. This is already taken into account when
calculating/”. This gives us information about final momentum of the photon.



Problem 3.

In Bragg reflecon the condition for
Constructive interference is:

n"=2d sir$

a) The highest angléhus longest wavelength)
for which a reflection can occur $= 900.
For first order reflection:

" =2d sir$ = 2 @ sin450) sin900=
=2%(0.91¢*0.71)*1=1.29

Using de Broglie formula we can find
corresponding energy of electrons:

a=0.91.

b) Lets first calculate the andbdor which first order reflection will occur:
Using de Broglie formula we calculate the wavelength of electrons:

._h h

B A2ME,

The first order Bragg reflection:

" = 2d sir$, solving for$:

$ h $ -

- & ) & ) $ '
. o /2 . : .
"= arcsn%z = arcsngzﬁ(fgo)) = arcsn‘&%) = arcsnﬁ% =arcsinQ.55 = 33.38
&a- 7 [2mE,) M
5, RS ALY
since the angle of from the normal to crystal surf&e5a$ , the first order reflection

will occur for %= 458% = 45+33.380 = 11.620



Problem 4.

a) Following calculations in the textbook, but replacing the electrostatic force with
gravitational one (m is mass of the electron, M is mass of the proton):

mM v2 ., nh
G——=m— mvr.=nh" v, =—
r r mr,

%
GM =v?, substituting v : GM :im' , solving for f.
r r. #mMrL&

n 0} n 0}
r __L gnh, °_ thus the radius in the ground states iiﬁ o:1.2( 10°m
GM#m& GM#m&

b) Using first equation from part (a) we calculate the kinetic energy:

g =M _gMM
<2 2r

The potential energy, followinipe textbook:

2

#
V=" $Gm'v'dr:"camT'V':"2Ek

r

The total energy = E, +V ="E, =" Gr;_M =4.2#10%J=2.64#10 "%eV
r

c¢) Using second equation from part (a)

V= LU 9.64" 10”*m/s
mr



Problem 5.
Lyman line corresponds to transition from n=2 to n=1.
Thus from expression for'1/

1 1 1 1 1)\_3
TRH(F‘F):RH(F‘?):ZR“
7 h

The momentum of the emitted photon [s:E =§th4

a) Since the momentum has to be conserved, the atom will have the same value of the
momentum in opposite direction, thus the kinetic energy of the atom is:
=P o1, 3hRH%:8 9(10%J=5.58( 10%eV

<ToM omia g T Y '
b) The excitation energy is equal to energy of a photon that would be emitted in the
absence of recoil:

NC _ 3heR, =1.63410%°=10.2V

EeXCt: hV:_ -
" 4

Thus fraction of kinetic energy carried by the atom is:

& =E/E®“ = 5 %10°



