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State Any Assumptions You Need To Make — Show All Work — Circle Any Final Answers
Use Your Time Wisely — Work on What You Can — Be Sure to Write Down Equations
Feel Free to Ask Any Questions

|| Forall problems, use c = 2.998 x 10° m/s; h = 6.626 x 107 Js; h = 1.055 x 107 Js. |

Dit-dit-dit-DIT-DIT-dit-dit! News Flash! Hot Off the Press! (50,000 points)

1.) According to The Chronicle of Higher Education (June 18, 1999, p. A18), “Scientists at (Berkeley) last week
announced the discovery of two elements, the heaviest ever found. The new elements, 116 and 118, were
created when scientists bombarded targets of lead with an intense beam of high-energy krypton ions at the
laboratory’s 88-inch cyclotron. The achievement caps a search for elements heavier than element 112, which
was discovered in Germany three years ago. Scientists have sought to determine how many protons and
neutrons they could cram into the nucleus of an atom.” The [UPAC names should be Ununhexium (Uuh) for
116 and Ununoctium (Uuo) for 118. (a) If Uuo didn’t immediately decay into Uuh, but lasted long enough to
form an atom, write down the complete electronic configuration (1s2...) for the ground state of Uuo.

(b) Element 118 has 175 neutrons and element 116 has 173. Write down the correct symbol for these two
elements, as in ;;Ca for Calcium-40.

(c) When the Berkeley scientists made their atoms of Uno, they (the atoms, not the scientists) immediately
decayed into element Uuk. Write down the nuclear equation, using all the appropriate symbols an*d using the
correct decay mode(s). My guess is that the Uuh formed would be in a nuclear excited state (Uuh ), so “for full
marks”, as the British would say, you should take this fact into consideration in some manner.
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(d) That one Element 114 event we’ve seen before was made by bombarding Ca isotopes with Pu isotopes.
Identify the isotope of Element 114 (Uug, Ununquadium) that would be created by using the most common

isotopes of calcium and plutonium.

(e) Element 118 was made by bombarding lead nuclei with krypton ions. Show that the nuclear reaction isn’t

from the most common isotopes, as taken from the Periodic Table: °2 Pb + 5Kr .

Then use Appendix B to

make a good guess as to what the most likely reaction is — assuming that the Uuo itself is made directly.

AlE THF CHRONICLL OF HIGTIER CRUCATION

medicine ot North Carolin's medi-
cal schud,  —pavint, wuEELER

Scientists Discover
2 *Superheavy’ Elements

Scienlists at the University of
California’s  Lawrence  Berkeley
National Luboratory kst week an
movnced the discovery of two ele-
ments, the heiviest cver fuand.

The new elements, 116 and LIS,
were crewted when seientisty bom-
burded targets of lead with un in-
tense beam of high-cnerey krypton
iuns ut the lahuriory's B-inch cy-
clotron.

The uchicvement caps a search
for elements heavicr than clement
112, which was discovered in G
many Aree years ago. Scientisls
hid snught o determine buw many
prodens and neutions they cnuld
eram mie the nucleus of an atom.
Broaie protons, with their posi-
tive charge, repel one another, that
proved difficult.  Scientists had
feared that the low produgtion
rates for nuclcar reactions leading
to the creation of those heavier ele-
ments were oo small 4 exlend the
periodic table using the approsch
of the Berkeley scientists.

Then, in Junwary, anintermation-

al weam of scientisls from Ok
Ridge Natiomal borutory. the
University of California's Law-
rence Livermare Mational Labora-
tory, and Russia reporeed ihe dis-
covery of element |14 afler they
bombarded culcium isotopes with
plutoniom isutopes. (That
is bused on @ single observation,
howerer, and hus not been con-
timmed, )

Scientists at the Berkeley lab-
aratory, by contrast, seid their dis-
eovery was hased on thice scpa-
rate nhservations of the elements,
which existed for only a fleet-
ing moament hetore d
They said the mdioactive deciy of
cloment 118 immediately prosiuced
element 116, which quickly de-
cayed into ofber dlements.

They noted Lhat the sequence of
evenls wus consistent with thee-
ries that have predicied the exist-
ence of an iskind of stablioe," if
unly for & fraction of 2 second. for
nuclei with abour 114 protens and
184 mentrons.

“We jimmped over asen uf insti-
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* JUNE 18, 1999

Another beader of the team. Ken-
neth E. Gregorich, u nuclear seien-
tist al the laboratuey, sz
wiexpected success o producing
these superheavy clements opens
up & whole world of possibilities
using simiksr renctions: new ele
ments and isolopes, tests of nuck-
air stability and mass models, a3
new understanding of nuclear repe-
tinns fon the production of heavy
elements,”™

Fhe reseurchers, whe included
professors and graduste students
froan the university's Berkeley
campais, have submitted » paper
deserihing their findings 1o the
journal Physical Review Letters.

Element 11%, which has 1 muss
number of 293, contains 118 pro-
lons and 17S neutrons. Flement
16, with o mass number of 289,
contains 116 protons and 173 new-
trons. By comparison, the heaviest
element foond malurally in sizahle
quanlities is ur m, which con-
tauns ¥2 protons and 146 neutrons.

Mo names have been officially
bestowed on elements 114, 116, or
118, Mames will he chosen by an

Vit

ntist st the lboratory
and one ol the leaders of the team
that pruduced the discovery.

body responsible for

witl nomenclature, in an oc-

anilly contontiows provess that
is likely to take yoars.

—KIM 4. McOONAED
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“Scientists Discover a New Element: Turbonium” — vw ADVERTISEMENT (50,000 points)

2.) A new set of VW commercials for the Turbo New Beetle claims that there is a new element
called Turbonium. The 2833.00 in the Periodic Table entry for 7rb refers to the 2833.00 Ib. weight
of the car — mass of 1287.73 kg. The Turbo New Beetles in the commercial are orbiting about some
sort of nucleus with a radius of 10.00 A.' (a) Assuming that Turbonium follows as much of the

Laws of Physics as a silly television commercial possibly can, use the equation for the radiusr, that Trb
we developed for the Bohr hydrogen atom. Replace Ze? with g,,,%, and find the identical charge gy | 43339
of the Turbo New Beetle and whatever the nucleus of this “atom” is. Assume that the radius
10.00 A is the ground state radius, 7.

[

(b) Find the Energy, E;, of the ground state of Turbonium, using your new values for the charge.

(c) Following the lead of our Bohr atom, the kinetic energy of the Turbo New Beetles in the ground state of
Turbonium should be K = - E;. What is the speed, v, of the Turbo New Beetle?

L

LY

GITE

(d) Find the deBroglie wavelength of a Turbo New Beetle in the ground state of Turbonium.

(e) Use the Heisenberg Uncertainty Principle to find Ax, using the momentum of the Turbo New Beetle as Ap,
and find At, using the kinetic energy as AE.

Drivers wunied.

! As originally written, we tried r = 10.00 m and that doesn’t work on most calculators.
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Relatives: In-Laws At The Speed of Light (50,000 points)

3.) Theodore Benson’s Rules of Relativistic Engagement for Interstellar Warfare, © 2287 A.D. discusses the
difficulties of dealing with starships traveling near the speed of light. Imagine you are on an outpost effectively
at rest on the surface of a planet. A starship ( mass = 25,000,000 kg ) full of Really Bad Nasty Aliens RBNA’s)
is detected approaching your outpost at 90% the speed of light, at a distance of one million miles ( 1.60 x 10°
km=1.60 x 10°m). (a) How much time will it take for the RBNA’s to travel that distance and get to you from
your point of view and from the alien’s point of view?

(b) You fire your self-defense lasers the moment you first see the aliens. Of course, what yousaw was the light
from when the RBNA’s were a million miles away. While the photons of light traveled that distance to get to
your eyes, the RBNA’s were still moving at 90% the speed of light. So how far away were the RBNA’s
actually, at the moment you detected the light from a million miles away?

(c) Unfortunately, even if you hit the starship, the wreck still has its kinetic energy. Find the relativistic K.E. of
the RBNA ship. Compare this energy to the energy released in a nuclear bomb: 1ton TNT =4.5 x 10’ I ; the
Hiroshima **U bomb ~ 13 kilotons TNT = 5.85 x 10"* I. You don’t want to be underneath when it hits!

(d) For the RBNA’s to get their starship up to 90% the speed of light, it is necessary to do work equal to the
final K.E. If this ship is powered by D-T fusion (deuterium-tritium fusion: } H+;H—>;He+,n+17.59 MeV ),

how many of these 17.59 MeV fusions does it take to create this energy? > (e) Each mole of these fusions (N, =
6.02 x 10% ) uses up 5 grams of D-T (0.00503 kg). What is the mass of the firel? How does it compare to the
mass of the ship?

2 If you can’t find the answer to (c), calculate the classical K.E. = smv2.
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Barnum & Bailey’s Circus and Particle Zoo (50,000 points)
4.) The bubble-chamber event shown in Serway M&M Figure 15.4 breaks down to the following chain of
reactions:

p+r >N +K > (prr)+(u +7"+v,) > (p+a ) +(e +V,+v,)+(7 +7,)
Using the information in Serway M&M Table 15.2, which is reproduced on

s
the next page... (a) Verify that all Baryon, Lepton and Strangeness numbers, rays
as well as charge, are conserved. 4

(b) Add up the masses (MeV/c?) for each grouping. Estimate how much
kinetic energy (MeV) that the proton + pion-minus must have, ignoring any
kinetic energy that the particles at the end might have.

(c) Make a rough estimate of the time it takes for all this to happen.
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(d) If the incoming proton were to have a kinetic energy of 500. MeV, is this proton relativistic? /¢ shouldn 't

matter whether you do the calculation using SI units or MeV, ¢, and MeV/c? for energy, speed of light, mass. In
ST units, 1 MeV = 1.602x10°" Jand m, = 1.673 x 107 kg.

Table 15.2 Some Particles and Their Properties

Anti- Mass ¥
Calegory Particle Name Symbol particle  (Mc¥e?) B L, L, L, § I.irI:‘..ITEIE_fBJ. Modes®
Teptons  Elcctron s i no1i 0 ] 1] Stahle
Electron-Newtrinog () . Ve 0 +1 1} (1 0 Srahle B
M A n! i 0+l 0 23016 ey
Muon-Neuwino (@) ¥ Yy a0 O+l 4] i Seable -
Tau * + L | R (R T P 30 1V i LR T I8
P
Tau Neuring (1) rr T S| V] (] i =1 1] Stable
Hadrons ; )
Mesons  Pion T w 130,15 1] 1 ] 1] o 260 = 10-F Bl
it Self a0 0 0 0 DEE Ul gy
Kawn K! K- 0 0 0 B 1 L2MxIDE pty,
ko TIJ
K K& 077 O A L U P L
Ky Ry 407.7 w0 0 0 o+l a2xink
Eta " Self 0 i [ 0 i = e
7' Self o ¢ 0 0D 0 22Xl ogrw
Baryoms  'roton P I S0 S U R A Slable
Meutron n i +1 0 i 0 i} D] per,
Lambwla A AP +1 it ] n -1 LHEX "W pEe st
Signia 34 ¥ +1 [ 1] [T B TR T L o S T
it £ +Eooho0on 1 G010 M Aty
% 2 +1 0 0@ =1 lad e
Xi = = (I T R TR S o I [T
ar =4 [10 S R (R T S ™ St 1
Chnepa f1- an 11 1] a [ERE B TE- 8 1 s

¢ Eae T dhtaseed T SRS
Nt i this colum sofas prs L nt e o pessible dece modes. s case, the nen possible decags o A [T
A gt




