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PHY 106 EXAM #3

Section

Apr. 26, 2004

Directions: Show dl work. Explain your arguments clearly. If it snot legible, it'sa zero. All questions are
worth 6 points. Where there is more than 1 part, the points are indicated. There are 14 questions. Do 12 of
the 14, and cdlearly XXXX out the two you don’t want to count.. Formulas, Tables and Graphs you may

need are on the last page.

1. Which of thefollowing istrue about the photod ectric effect:

a

b.

0]

The wave picture of light could not account for the results.

It showed that light is composed of particles, called photons, and each photon’ s energy
depends on its wave ength.

It showed that the energy per photon depends on the square of the amplitude of the
asociated light wave.

All of the above.

Botha& b

Bothb& c

ANS: E

2. Briefly explain what observations by Rutherford lead to his understanding of the atom. Diagrams
to aid in your discussion are encouraged.

Rutherford scattered alpha particles off of gold foilsand found that some of the alpha
particles wer e deflected by very lar ge angles, and some even came back in thedirection in
which they came. Based on the “ plum-pudding modd”, this should almost never happen, yet
it happened at a fairly largerate (~1/7000). To account for these results, he surmised that the
atom must contain a hard dense core of positive char ge.

3. TheHiggs particle (H°) isthe last remaining particle in the Standard Model of Particle Physics,
and it has yet to be discovered. Suppose the Higgs massis 300 [GeV/c?] and can be produced by
annihilating an dectron and postron as shown beow.

a. Wha isthe minimum amount of energy the eectron and positron much each have in order

to produce this eusive Higgs particle. Explain ( 3 pts)
+

e

They must each have 150 GeV of energy since H°
thetotal energy needed is 300 GeV to createthe -— e
Higgs.

e

Can this Higgs particle decay (disintegrate) into atop and antitop quark? Explain why or
why it cannot do this. (3 pts)

No, thetop quark hasarest massenergy of 175 GeV, and therefore, to create a pair
of them it would require 350 GeV. Since weonly have 300 GeV of total energy, the
top and antitop cannot be created.



4. Consder the protons and neutrons in anucleus. Of the three fundamenta forces we discussed in
class (neglect Week force), explain which ones act between protons and neutrons, protons and
protons and neutrons and neutrons, and tell whether they are attractive, repulsive, or neither. Only
fill in the forces which apply (you don't havetofill in al 3 dots, necessarily).

(4 pts)
Psi Which forces act between Attractive, Repusive, or
' them Neither

1. Strong Attractive

Proton — Proton 2.EM Repulsive

3. Gravity Attractive

1. Strong Attractive

Proton — Neutron 2. Gravity Attractive
3.

1. Strong Attractive

Neutron - Neutron 2. gravity Attractive
3.

With regard to your answers above, explain why the nucleus stays together. (2 pts)

Theprotons & protons, protons & neutronsand neutrons & neutronsall interact through a

residual of the strong force, which is attractive and very strong. It is stronger than all other forces
and thusdominatesin the nucleus.

5. Draw adiagram of ameson and an anti-baryon, each containing at least one anti-bottom
quark. Label dl quarks and anti-quarks, assign colors to each one, and indicate the total charge of
the meson and anti- baryon.

b ) Antirec
a(ra];lred Antiblue
u r
antigreen
Q=+1



6. You perform an experiment where you collide an dectron with energy of 2 GeV into apositron
with the same energy and they annihilate through the electromagnetic interaction.
a. Which of the 6 leptons can emerge from this collison? (2 pts)

b.

e, m t, but not ther neutrinos

What isthe kinetic energy of the most massive lepton from part (8)? Y ou must
show/explain how you arrive a your answer. (4 pts)

The most massive osthe tau, which hasa rest mass energy of 1.8 GeV. Since you
produceat +and t -, this consumes 3.6 GeV of thetotal 4 GeV which you have. This
leaves 0.4 GeV left over to split between the two, so they each have 0.2 GeV of kinetic
energy.

7. Which of the following is true about mesons?

a

b.

C.
d.

e.

The quark and antiquark bind because quarks and antiquarks have opposite éectric charge.
A top quark when combined with an anti-up quark will form a meson with zero eectric
charge.

Because there are 3 colors, and 3 anticolors, there are 9 ways to form any meson.

Their total eectric charge must be—1, 0 or +1.

None of the above.

ANS: D

8. Tritiumisan isotope of hydrogen that contains 1 proton, 2 neutrons and 1 eectron.

a

Draw asmple diagram of this atom, indicating the proper quark content of the proton and
neutron. Also indicate possible colors for each of the quarks. (5 pts)

Quarksin protor
e 1red, 1 green 1 blue

Quarksin each neutron
1red, 1 green 1 blue




9.

10.

11.

12.

b. What mediator isresponsible for kegping the dectron orbiting around the nucleus? (1 pt)

The photon

Which of the following is true about force carriers?

a  Gluonsdo not interact with particles which have ectric charge.

b. A photon can mediate the interaction between a quark and a neutrino.

c. Gluons can interact with each other whereas photons cannot.

d. Thefundamentd forces are believed to result from the exchange of a particular force
carier.

e. Botha& d.

f. Bothcé& d.
ANS: F

Fll in the blanks with the best answer (use units wher e necessary).

In an experiment, we collide an eectron of energy 5 GeV into a podtron of equa energy. The
interaction is mediated by a photon (2 pts) . Thisresulting mediator has how much
energy after theannihilation? 10 GeV (2 pts) . If the mediator then forms a bottom

and antibottom quark, how much kinetic energy does the emerging bottom quark have?
___05Gev (2 pts)

We learned that matter particles can exhibit waveike properties and thus can be used to “ see”

smdl objects. Which of the following objects can “see’ finer details of matter, a500 [nm] visble
photon or an electron with a speed of 1000 [m/s]. You must show how you arrived at your
concluson.

Wavelength of dectron: | = h/mv = 6.6x103* / (9.1x1031)(1000) = 7.25x10°’ [m] = 725 [nm]
A 500 [nm] visible photon has smaller wavelength and therefore can “see” finer details.

A solar cell absorbs visible light (assume 500 [nm]) and convertsit to usable energy. Torun a
100 [W] light bulb for an hour requires 3.6x10° [J] of energy.

a. What isthe energy of each absorbed photonin [J] ?
E=hc/l =6.6x103* * 3x10®/ 500x10°° = 4x10™° [J/photon]
b. How many photons are required to run this bulb for an hour?

#photons = 3.6x10° [J] / 4x10°*° [J/photon] = 9x10?® photons



13. Which of the fallowing is true?

a

Qo

In years of experimentation, we have learned that quarks are fundamentd; thet is, they are
not composed of smaller objects.

The attraction between an up and down quark is primarily because of their opposite eectric
charge.

Hydrogen, and in fact dl elements, are composed entirely of up and down quarks.

A top quark can combine with alight quark to formameson as long as the combination is
colorless.

None of the above.

ANS: E

14. Answer true (T) or fse (F) for each of the following.

a.

b.

C.

Both the photon and the gluon have zero massand zero eectriccharge. T F
ANS' T

Both the photon and the gluon can interact with charged leptons. . T F
ANS: F

Neither (the photon or gluon) can interact with neutrinos.. T F

ANS.T



Electric Mass Electric Mass
Quark type 2 Lepton Type 2
Charge (GeVIc) Charge (GeVIic)
d -1/3 ~0.010 e -1 ~ 0.0005
u +2/3 ~0.005 Ne 0 ~0
S -1/3 ~0.100 m -1 ~0.106
c +2/3 ~15 N 0 ~0
b -1/3 ~45 (. -1 ~1.8
t +2/3 ~175 n, 0 ~0
107 nm—+
10° nmT Gamma
IO4 nm T Rays
107 nm+
107 nm—
10" nm—+ P
. L Ie 400 nm
L Violet
il Ultraviolet /10
100 nm T o
= il ' Green
10 nm=1um . : Yellow
10 um Visible Light Orange
A Red
100 um T \\ Infrared 700 nm
1000 m=1mmT Radiation
10mm=1cm- Microwaves
10cm—T
100cm=1m—T
10 m—+
100 m - Radio Waves
1000 m=1km—+
10 km—+
100 km 1
Formulas CongtantsConversions
E=hn=holl h=6.6x10"" [J 9]
E=mc” c = 3x10° [m/g
KE = Y5 mv* 1[eV] = 1.6x10" [J]
| =hmv Mega= 10°, Giga=10°, nano= 10"

Electron mass = 9.1x10™" [kd]







