Physics 235 Final Exam Solutions Professor Mallinckrodt

Problems

1. @ Sincethereisuncertainty in the momentum, thereis uncertainty in the velocity. Thus, the uncertainty in the position of
the particle must increase. Moreover, since the uncertainty in the momentum is inversely proportional to the uncertainty
in the position, the smaller the width of the wavepacket, the faster it should increase.

b) Putting the above into mathematical terms, i(Ax) A=
dt m  mAx

EXTRA CREDIT Separate variables and integrate: Ax d(Ax)=—dt = L=—t = Ax= (Ax)f+2£t
m m m

2 2
notice that, as time goes on &) the width of the packet increases and b) the rate at which it increases decreases.

2. & [yldx=A%a=1 = a=L

N7

b) Choose a coordinate system with x = 0 at the middle of the rectangular wavefunction. Then, by symmetry, (x)=0. Also

<x2>= j:x2l//2dx=A2 ]’ xzdx=é|:(a/32)‘ _(_613/.2)‘1=f_2_ Thus, Ax= '<x2>—<x>2 :2’61?

—oo —-al2

3. @ Clearly thetota energy is E,, =(2.00 MeV +0.50 MeV)+(0.50 MeV) = 3.00 MeV so the energies of the identical

tot

gammas must each be 1.5 MeV.

b) In order to conserve momentum, the y-components of the momenta of the two gammas must be equal and opposite.
Thus, since the gammas have the same total momenta, the x-components must a/so be equal in magnitude. Thex-
components can® be opposite in sign since that would make the total momentum zero and violate conservation of
momentum. Thus, the x-components must be the same. Thereforethe angles ¢ and 8 shown in the figure are identical .

c) WeQe aready conserved energy and the y-component of momentum, so |et& conserve the x-component of momentum.

E,-mc" E E, —mxc' 2.50)" - (.50)°
N T =2-—Tcos¢p = ¢=cos | ——"— " |2 cos™ —( ) -(:50)
c c 2E 2(1.5)

Y

=35.3°

4. & The " part doesn® have units of inverse length to the one-half power so it isn® possible for Iwzdx to equal 1.

—oco

b) Thevaueof k dependsonly on |E! U| and the particle mass and, in both regions, |[E-U|=1eV .

¢) The probability of finding the particle must decrease the farther we go into the classical forbidden region. While ¢ has
that property, e does not.
d) Continuity at x =0requiresthat 1= Asin/ and smoothness at x = 0 requiresthat k = Akcos¢ . Thus, we easily find that
¢=45° and A=12.
EXTRA CREDIT We seethat the sine wave goes through 3/8 of acycle in adistance of 3.0 nm, so A =8.0 nm. Thus,
p’ " (hc)2 , (1240 eV "nm)2

=+—=—— fromwhichwefind m=-—-/c* = -/ ¢* =12.0 keV/c®
2m  2mA 2E! 2(1eV)(8 nm)
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Short answer

1

b)

10. a)

b)

Any two of

¥Electrons are only emitted for frequencies above some cutoff value.
¥Emitted electrons increase in energy as frequency increases above the cutoff

¥Energy of emitted is electrons not associated with intensity of light.
¥Electrons are emitted immediately no matter how weak the intensity of the light.
¥Others?

The UV catastrophe was the absurd prediction of classical theory that the intensity of thermal radiation should increase
without bound as the frequency increased. Planck made the assumption that radiation can only be emitted or absorbed in
chunkswith energy E < v.

We arereferring to its kinetic energy since its total energy is always greater than 511 keV. For gammarayswe always
refer to the fotal energy since they have no mass.

p=~2mE = [2(mc?)E | ¢ =101keVic. (or p=vE* —m’c* /¢ =521 = 511* keV/c = 102 keV/c )

Thisis greater than the momentum of a10 keV gammaray, whichissimply p=E/c=10 keV/c .

poe— ek and v, =32 opk oo Lot
' k 9 dk v, 2

Thevirtual exchange particle requires that nonexistent energy be rorrowedOand therefore, by the uncertainty principle

Thus, itislimitedto arange R~ ct = he

can only exist for atime 7 ~ o

. For the nuclear force, this gives
mc

197 eV -nm

135 MeV
amounts of energy to be created so there is no finite range.

~1.5 fm . For the electromagnetic force, since photons have no mass, they can borrow arbitrarily small

In afinite well, the eigenfunctions all have longer wavelengths because they have exponential tails in the Gorbidden
region.O Longer wavelength implies smaller momentum implies smaller energy.

The third excited state a) should have four half cycles, b) /\ /\

should have increasing wavelength as it approaches the d
higher potential energy (lower kinetic energy) region, c) \/ \//’—4
should have an exponential tail beyond the classical

turning point as shown at right,

sin™ (150°/2)

R(150°) = R(30°) =L
(150°) = R( )sin*‘(300/2)

= (.52 particles/sec

1

5%

¢ hc _1240eV-nm

=—= =1282nm
Elh E 0.967 &

The energy is 13.6 ev(%— ): 0.967 eV so thewavelengthis A = £
%

Bohrmodel, L=ni=4n

wave model: for n = 4 themaximum /=3 and L=JI(l+1) | =3.46!
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