
 
         Tentative SYLLABUS for Fall 2012 V55.0209 Natural Science I: Quarks to Cosmos       
 
Lecture :   T,Th  2:00 – 3:15    Room 121 Meyer 
  
Prof. Allen Mincer    708 Meyer Hall      212-998-7707   allen.mincer@nyu.edu          
Off. hrs: by appointment      
 
Laboratory:  Room 161 Meyer Hall 
Section 11  W    11:00 AM – 12:40 PM Ali Moshen                           
Section 12  W      1:00 PM  –   2:40 PM Ali Moshen    
Section 13  W       3:00 PM –   4:40 PM Yuqian Liu    
Section 14  W       5:00 PM –   6:40 PM Yuqian Liu 
Section 15  Th      9:00 AM – 10:40 AM Zaeem Golbaghi 
Section 16  Th    11:00 AM – 12:40 PM Zaeem Golbaghi 
 
Course clinic: 
 
The course laboratory instructors will each be available for one hour a week for a student in any 
section (not just their own) that has questions about course material.  The schedule will be posted 
on the course Blackboard site.  For questions about grading of labs or HW, please consult only 
your own instructor. 
 
 
COURSE DESCRIPTION: 
 

Modern science has provided us with some understanding of age-old fundamental questions, 
while at the same time opening up many new areas of investigation. How old is the Universe? 
How did galaxies, stars, and planets form? What are the fundamental constituents of matter 
and how do they combine to form the contents of the Universe? The course will cover 
measurements and chains of scientific reasoning that have allowed us to reconstruct the Big 
Bang by measuring little wisps of light reaching the Earth, to learn about sub-atomic particles 
by use of many-mile long machines, and to combine the two to understand the Universe as a 
whole from the sub-atomic particles of which it is composed. 

 
 
PREREQUISITE: 
 
Prior completion of or exemption from the MAP Quantitative Reasoning course. 
 
 
 
COURSE COMPONENTS: 
 
The course includes lecture, laboratory, reading and homework.  
 
You must be registered for a section of the laboratory course as well as the lecture.  At 
 the beginning of each lab there will be a short quiz to determine whether you have read 
 the laboratory manual section for the experiment before coming to class. 
 
Homework assignments are listed after the schedule below.  Homework should be  



handed in at the beginning of the laboratory session at which it is due, as listed in the  
schedule below. 
 
A few of the HW assignments described below involve small activities and a little bit of 
equipment. Make sure that you look at the problems far enough in advance to have time 
to do the assignment. 
 
 
TEXTBOOKS: 
 
n Duncan, T. and Tyler, C., Your Cosmic Context:  An Introduction to Modern Cosmology, 

Pearson, 2009 
n Kirkpatrick, L. and Francis, G., Physics: A Conceptual World View, Seventh Edition, 

Brooks/Cole, 2010 
n Lab Manual 
 
In the schedule below, suggested readings are provided to go along with each lecture.  These 
readings provide overview of some of the subjects discussed in lecture and also cover some of the 
lecture material.  However, the lecture will discuss some material not available in either of the 
books.  The readings will help you to better understand the lecture discussions. 
 
COURSE GRADING: 
• 2 Midterms 20% each 
• Final 25% 
• HW 10% 
• Laboratory 25%  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



                                                                 SCHEDULE 
 
************************************  WEEK 1  ********************************* 
Sep. 5/6: No Laboratory 
Sep. 4:  Lecture 1 - Introduction, distance scales, unit conversions, RT=D 
             Cosmic Context: pp. 1-16 
             Physics: pp. 2-13           
Sep. 6:  Lecture 2 - Geometrical methods, parallax 
              Cosmic Context: pp. 50-56 
************************************  WEEK 2  ********************************* 
Sep. 12/13:  Laboratory - Math review  
                    HW 1 due. 
Sep. 11:  Lecture 3 - Orbital motion, Kepler’s laws, size of the solar system 
               Cosmic Context: pp. 99-101 
Sep. 13:  Lecture 4 - Properties of motion, causes of motion, position, displacement,  
                                 velocity, and acceleration. 
               Physics: pp.16-29               
************************************  WEEK 3  ********************************* 
Sep. 19/20: Laboratory - Parallax 
                   HW 2 due 
Sep. 18:  No Lecture 
Sep. 20: Lecture 5 - Newton’s Laws, forces 
              Physics: pp. 35-54 
************************************  WEEK 4  ********************************* 
Sep. 26/27: Laboratory – Measuring the size of a molecule 
HW 3 due. 
Sep. 25: Lecture 6 - Gravitation 
              Physics: pp. 79-93 
Sep. 27: Lecture 7 - Energy 
              Physics: pp.116 – 128 
              Cosmic Context: 101-110      
************************************  WEEK 5  ********************************* 
Oct. 3/4:  Laboratory - Young’s Experiment 
                HW 4 due. 
Oct. 2:  Lecture 8 - Electric forces 
             Physics: pp. 423-442  
Oct. 4:  Lecture 9 - Magnetic Forces, Thomson experiment, electrons 
             Physics: pp. 475-476, 499-501 
************************************  WEEK 6  ********************************* 
Oct. 10/11:  Laboratory - Review for Exam I 
                    HW 5 due. 
Oct. 9:  Lecture 10 - Atoms, electrolysis, Millikan experiment, mass and charge of  
             electrons and atoms 
             Physics: pp. 216 - 225, 
Oct. 11: Lecture 11 - Waves  
              Physics: pp. 304 – 305, 310 – 317, 320 – 322 
              Cosmic Context: pp. 36 - 46             
************************************  WEEK 7  ********************************* 
Oct. 17/18: Laboratory – Electrolysis 
Oct. 16:  No Class, Fall Recess. 
Oct. 18:  Exam I - Covers material up to and including lecture of Oct. 4 



************************************  WEEK 8  ********************************* 
Oct. 24/25:   Laboratory - Photoelectric effect 
                     HW 6 due. 
Oct. 23:  Lecture 12 - Radioactivity, nature of the atom, Rutherford experiment,  
                                   photoelectric effect 
              Physics: pp.  496 – 508 
Oct. 25:  Lecture 13 - Light emission and absorption, atomic energy levels, blackbody  
                                 radiation 
              Cosmic Context: pp. 63 - 72 
************************************  WEEK 9  ********************************* 
Oct. 31/Nov. 1:   Laboratory - Spectroscopic analysis of light 
                            HW 8 due 
Oct. 30: Lecture 14 - Doppler Effect 
              Physics: pp. 342 - 343  
              Cosmic Context: pp. 46 – 50, 57 - 60 
Nov. 1:  Lecture 15 - Galaxies, statistical parallax, standard candles  
              Cosmic Context: pp. 73 - 85              
************************************  WEEK 10 ******************************** 
Nov. 7/8:   Laboratory - Measuring Light Intensity 
                  HW 9 due 
Nov. 6:  Lecture 16 - Olber’s paradox, Hubble’s law, Big Bang 
               Cosmic Context: pp. 135 – 140, 155-159  
Nov. 8:   Lecture 17 - Special Relativity I 
               Physics pp. 165 – 173, 188 - 192 
************************************  WEEK 11 ******************************** 
Nov. 14/15    Laboratory - Review for Exam II 
                      HW 10 due 
Nov. 13:  Lecture 18 - Special Relativity II 
                Physics: pp. 192 - 204 
Nov. 15:  Lecture 19 - General Relativity 
                Physics: pp. 204 – 209 
                Cosmic Context: pp.162 - 177  
************************************  WEEK 12 ******************************** 
Nov.  21/22   No Laboratory, Thanksgiving 
Nov. 20: Exam II - Covers material up to and including lecture of Nov. 8 
Nov. 22: No Classes, Thanksgiving. 
************************************  WEEK 13 ******************************** 
Nov.  28/29   Laboratory - Principle of Equivalence 
                      HW 11 due 
Nov. 27: Lecture 20 - Nuclear stability, neutron, anti-particles, conservation laws 
               Physics: pp. 552 - 558, 598 - 613 
Nov. 29: Lecture 21 - Strong and weak nuclear forces, neutrinos, baryons, leptons, and  
                                  exchange particles 
************************************  WEEK 14 ******************************** 
Dec.  5/6:  Laboratory – The Doppler Shift, The Cosmological Red Shift 
                 HW 13 due. 
Dec. 4: Lecture 22 - Strong force, mesons, strangeness, the eightfold way, quarks 
Dec. 6: Lecture 23 - The Standard Model, experimental particle physics, dark matter 
             Cosmic Context: pp. 120 - 131 
 
 



************************************  WEEK 15 ******************************** 
Dec. 12/13   Laboratory – Review for Final 
                    Wednesday Dec. 12 is an NYU Legislative Day and has a Monday schedule.    
                    However, labs will meet according to usual Wednesday schedule. If you  
                    have a Monday class which conflicts with your laboratory section, you may 
                    attend any other laboratory section review session. 
                     
                    HW 14 due. 
 
Dec. 11   Lecture 24 - Cosmology I 
                Cosmic Context: pp. 197 - 216,  234 – 240, 290 - 314 
 
Dec. 13  Lecture 25 - Cosmology II  
****************************************************************************** 
Dec. 18 Tues. 2:00 PM– 3:50 PM FINAL EXAM 
****************************************************************************** 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



                                                        HOMEWORK SETS 
 
*********************************  HW 1 ********************************     
Cosmic Context: p.24/ 20;  
Physics: p.14/ 19, 21, 25, 27, 31;  p.32/57, 61, 63 
Additional problems: 

1. Estimate the number of atoms in your thumb. To do so: 
(a) Estimate the volume of your thumb. 
(b) Using the diameter of an atom, estimate the volume of an atom. 
(c) Divide the answer to (a) by the answer to (b). 

2. The surface area of a sphere grows with its radius in proportion to the radius squared.  If 
a given sphere has surface area 100m2, what is the surface area of a sphere with 3 times 
the radius?  Do not put numbers into an equation to answer this problem; instead, explain 
in words how you go about getting the answer. 

3. One way that humans determine distance is parallax. The right and left eyes are separated 
(the baseline of the parallax measurement) and see objects at slightly different angles (the 
difference being approximately twice the parallax angle).  The difference depends on 
how far away the object is.   According to Wikipedea, the angular resolution of the 
human eye is about 1 minute of an arc, so one could not make out a parallax angle 
smaller than this value. Estimate the maximum distance a human could accurately judge 
distances using parallax. 

4. How far away is an astronomical object that viewed 6 months apart from Earth has a 
parallax angle of 1/10 second of an arc?  

*********************************  HW 2 ******************************** 
 Physics: p.32/67, 71, 73 
 Additional problems: 

1. Look up the distances to the 8 planets (sorry Pluto). By using what you know about the 
Earth and Kepler’s third law, estimate how long it should take each planet to orbit the 
Sun.  Look up these numbers, and compare them with the values you obtained.  Explain 
in words whether and why they agree as well as you expect. 

2. How far away from Earth must an artificial satellite be in order to orbit the Earth once a 
day? Hint – How long does it take the Moon to orbit the Earth? 

3. A ball is thrown at a speed of 30m/s at an angle of 30 degrees above the horizontal.  A 
second ball is thrown with identical velocity to the first one. What are the horizontal and 
vertical components of the second ball’s velocity?   

*********************************  HW 3********************************   
Physics: p.57/63, 67, 69; p.58/ 85   
Additional Problems: 

1. An old comedy program showed people in an SST (a plane that moves faster than sound) 
talking to each other.  When a person in one row spoke, his voice was heard by the 
person behind him instead of the person next to him. That person answered, and her 
response was in turn heard by someone in the row behind her. Analyze this skit using 
Newton’s first law. Who will hear the sound?  Hint:  Sound waves will travel at the speed 
of sound in a reference frame in which the air is at rest. 

2. Here are 3 strategies to prevent being knocked over by someone the same weight as you 
running full speed towards you.   

i. Brace against the ground and try not to move when you are hit. 
ii. Run towards the person as fast as they are running towards you. 
iii. As they come close to you, pivot to the side of them so that your body is not in 

line with their path. 



Remember that according to Newton’s 3d law the force you exert on the runner is the 
same magnitude but the opposite direction as the force the runner exerts on you. Analyze 
each of these strategies using Newton’s 1st and 2nd laws to determine: 
 

a.    Which method could result in both of you at rest at the end of impact?  
b. Which method would you find the most painful?  
c.    Which method would the runner find most painful? 

Which method would you find least painful? 
d. Which method do you think is recommended by martial artists?   

             Don’t try this at home! 
*********************************  HW 4 ******************************** 
Physics: p.96/ 55, 57, 63; p.138/57, 65; p.139/ 67, 71 
Cosmic Context: p.133/1 
Additional Problems: 

1. A man with mass 80 kg is standing on a scale.  Note that the scale reads the force being 
exerted on the man by the scale. A child of mass 12kg is sitting on the man’s shoulders.  
The child is holding a book of mass 1 kg. Apply Newton’s laws to each of the book, child, 
and man, to determine the individual and summed forces on each of them.  It will be 
easiest of you start with the book and the fact that it is not accelerating.  What weight 
does the scale read?  

*********************************  HW 5 ********************************   
Physics: p.445/67, 69; p.446/ 75, 81;  p. 492/69, 71, 73 
Additional Problems: 

1. On average, an electron in a Hydrogen atom is about 5.3 x 10-11 meters from the proton.   
a. Look up the charge and mass of an electron and proton. 
b. What force does the proton exert on the electron? 
c. Is the force attractive or repulsive? 
d. What force does the electron exert on the proton? 
e. What is the electrical potential energy of the electron? 
f. How much kinetic energy (in Joules) does the electron need in order for the 

system not to be a bound one? 
g. If the electron is moving with a velocity of 2.2 x 106 meters per second, how 

much energy do you have to add to it to free the electron from the proton’s grip? 
h. Convert the answers to (f) and (g) to electron volts. 

2. A typical television picture tube (the technology on which I watched TV as a child) may 
accelerate electrons horizontally with a potential difference of about 25,000 Volts.  The 
moving electrons are then vertically deflected by electric or magnetic fields in a region 
we will assume to be 10 cm long.  When the electrons leave the accelerating region they 
are 40 cm from the glass surface that they strike. 

a. What is the velocity of the electrons after they are horizontally accelerated? 
b. If the vertical electric field is of strength 1000 Newtons per Coulomb, what is the 

maximum deflection? 
c. What magnetic field is needed to get the same deflection? 

*********************************  HW 6 ********************************  
 Physics: p.328/ 79, p.419/ 67 
Additional Problems: 

1. Which number is bigger? 
a. The number of eggs in a dozen eggs or the number of bowling balls in a dozen 

bowling balls? 
b. The number of hydrogen molecules in a mole of hydrogen molecules or the number 

of iron atoms in a mole of iron atoms? 



c. The number of feathers in 100 pounds of feathers or the number of bowling balls in 
100 pounds of bowling balls?  

d. The number of hydrogen atoms in a gram of hydrogen or the number of iron atoms in 
a gram of iron? 

e. The number of feathers that weigh 1000 times what a single feather weighs or the 
number of bowling balls that weight 1000 times what a single bowling ball weighs? 

f. The number of hydrogen molecules in 2g of hydrogen gas or the number of iron 
atoms in 56g of iron atoms (atomic mass of iron is about 56)? 

2. For this problem you will need to look at a full bottle of water.  The density of water is 
about 1gram per cubic centimeter, and the chemical formula for water is H2O. A mole is 
about 6.02 x 1023. 
a.   Find the volume of the bottle of water in cubic centimeters (you may convert from the 
number on the label). 
b. What is the mass of this amount of water? 
c. How many water molecules does the bottle contain? 
d. Iron has a density of approximately 7g/cm3.  How much mass is in a piece of iron 

with the same number of iron molecules as there are water molecules in the glass? 
e. Use these results to estimate the volume of an iron atom.  
f. Estimate the length of an iron atom. 

3. The charge on an electron is 1.6x10-19 C.  Someone trying to duplicate the Millikan oil 
drop experiment is using an electric field which is erroneously thought to be 20% larger 
than its true value. If that is the only source of error in the experiment, what charge will 
be measured for the electron?   

4. It can be shown that when viewing something with light, then, roughly speaking, one 
cannot see details smaller than the wavelength of the light. 

a. Use your own eyesight to set a maximum limit on the wavelength and minimum 
limit on the frequency of visible light. 

b. The actual wavelength of visible light is ranges from about 380nm to 750nm.  
Can one use a microscope to view an atom? Why or why not?  

c. What are the frequencies of light corresponding to the largest and smallest 
wavelengths in (b)? 

5. The velocity of sound in air is roughly (depending on temperature, humidity, etc.) 343 
m/s.  The frequency range which humans can hear (this depends on various things, 
including age) is about 20 Hz – 20 KHz. 

a. Find the wavelength of sound waves at 20 Hz and 20 KHz frequencies. 
b. Consider a stereo system with two speakers placed 10 feet apart. Under what 

conditions (what directions are the speakers facing, how far away is the listener, 
are the two speakers playing the same frequency, what frequencies are being 
played…) would you expect wave interference to have impact on what someone 
hears?  What impact would it have? 

*********************************  HW 7 ******************************** 
Study for Exam I 
*********************************  HW 8 ******************************** 
Physics: p. 519/ 63, 67, 77, 81 
Cosmic Context p. 98: 9 
Additional Problems: 

1. A beam of red light (wavelength 620nm) has an intensity of 1000 Watts per square meter 
and fully illuminates a square screen of size10 cm by 10cm placed perpendicular to the 
beam direction.  

(a) What is the frequency of the light? 
(b) What is the energy of each photon in the beam? 



(c) How many photons per square meter per second are incident on the screen? 
(d) How many photons will hit the screen in 10 seconds? 
(e) The screen has two slits in it separated by .01 mm. When the light passes through 

the slits, there will be some angles at which no photons will emerge.  Find one of 
these angles. Explain what’s going on? Are fewer photons going out the slits than 
entering them? 

2. If the Rutherford experiment had seen only small angle scattering of the alpha particles, 
what might one have concluded about the atom? 

3. For this problem you will need a lamp with a light bulb of as small wattage as possible, a 
page size sheet of cardboard (preferably black, but it doesn’t have to be), a ruler, and a 
room in which you can turn off all the lights.   

(a) Using the wattage of the bulb make a rough estimate of number of visible 
photons leaving the bulb. Assume that 5% of the bulb’s energy goes into visible 
light. 

(b) Measure the size of the bulb. Estimate the radiated energy per unit area emitted 
from the bulb surface.  

(c) Use the result of part (b) to estimate the temperature of the surface of the bulb. 
(d) Assuming the photons are emitted uniformly over the surface of the bulb, find the 

number of photons per square meter emitted at the bulb’s surface. 
(e) Using a pin, punch a tiny hole in the cardboard and put it about a meter from the 

bulb. Turn off the light in the room. Can you see light coming from the bulb 
when you look through the hole? Try making smaller and bigger holes and 
moving the cardboard closer and further from the bulb.  Can you get to the point 
where you can just barely see the bulb?  Estimate the number of photons per 
second that you are seeing.  

4. A star has a surface temperature of 5000K. 
(a) What is the wavelength of maximum radiation emission by the star? 
(b) What energy photons does this correspond to? 
(c) How does this compare to the energy difference between the ground state and the 

first excited state in hydrogen? 
(d) Is it likely that hydrogen atoms in the star will be in excited states? 

 
*********************************  HW 9 ******************************** 
1. You observe the spectral changes shown in the figure below, in a wavelength region where a 

stationary source with result in an emission line at 486.1 nm. You interpret this as due to two 
stars that are in orbit around each other.  Answer the following questions assuming the stars 
are both moving in circular orbits about some point between them, and that the plane of the 
orbit is along our line of sight. 



             
485.9       486.0.     486.1       486.2       486.3   (nm)      

NIGHT 1

NIGHT 2

NIGHT 3

NIGHT 4

NIGHT 5

 
 

(a)What is the period of revolution of the system?  
(b)What are the velocities of the two objects in the binary system? 
(c)What are the orbit radii of the two objects? Hint:  what distance does a star cover in one 
orbital period? 

2. The sun moves at 20 km/s with respect to the local star system.  If one could measure angles 
reliably and repeatedly to 1 second of an arc, out to what distance could one measure a star 
observed twice, 5 years apart? 

3. We discussed statistical parallax in class only after we discussed Doppler shifts. Explain how 
the use of statistical parallax relies on the Doppler Effect.  

4. The Cepheid Eta Aquilae is about 1200 light years from Earth and is about 3000 times as 
luminous as the Sun.  Another Cepheid with a similar period appears 1/10 as bright as Eta 
Aquilae.  Estimate how far away the second Cepheid is.  

5. The surface temperature of the Sun is about 5800K.  The sun has a radius of about 7x108m 
and it is about 150 million km from Earth. If the Earth absorbed all of the Solar energy that 
falls on it, what would the temperature of the Earth be? Hint: for the Earth absorbing the 
Sun’s energy, use the area of the Earth’s disk facing the Sun.  On the other hand, in this 
approximation the Earth re-emits the energy uniformly over its spherical surface area.  

********************************* HW 10 ******************************** 
Physics: p. 210/7; p.211/ 15 
Cosmic Context: p.161/8 
Additional Problems: 
1. What would one calculate the age of the Universe to be if the Hubble constant were (50 km/s) 

/Mpc 
2. Susan, Lisa and Rodger are all travelling due west at constant speed, and have been doing so 

for a while. Susan is driving 60 miles per hour and is 60 miles due west of Manhattan. Lisa is 
running at 10 miles per hour is 22.5 miles west of Manhattan. Rodger is riding a bicycle at 20 
miles per hour and is 30 miles due west of Manhattan. Could they all have started from the 
same place at the same time?  When and where?  



3. For this problem you need a patient friend or relative who is not a class member, paper and 
pencil.  Explain to this person why the two postulates assumed by Einstein imply that 
simultaneity depends on the observer. Write down and hand in 4 questions you were asked 
about this and how you answered them. Also hand in any sketches you made during your 
explanation. 

4. Could simultaneity depend on reference frame if the speed of light were infinite but the 
principle of relativity still held? Why or why not?  

********************************* HW 11 ******************************** 
1. Subatomic particles called muons can be created in the upper atmosphere by collisions of 

cosmic rays (energetic particles coming from astrophysical sources). As we shall see in a few 
lectures, muons quickly decay (in 2.2 microseconds on average) into other particles. Consider 
a muon that was created at a height the same as the top of a nearby mountain, travelled 
straight towards the Earth through the atmosphere at 0.9 times the speed of light, and then 
decayed at a point the same height as that of a nearby tree. 

a. How fast was the muon moving in its own rest frame? 
b. In the muon’s rest frame, how fast is the tree moving?  What direction is the tree 

moving? 
c. Which of the tree, mountain, and muon are really moving?  
d. In the muon’s rest frame, it lived 2 µs before it decayed.  How far did the muon travel 

in the muon’s rest frame? 
e. How far did the tree travel in the muon’s rest frame? 
f. How fast and in what direction is the muon moving in the rest frame of someone 

standing on the mountain? 
g. In the rest frame of someone standing on the mountain, how long did the muon live? 
h. In the rest frame of someone standing on the mountain, and using velocity equals 

distance time times, find how far the muon travelled. 
i. In the rest frame of someone standing on the mountain, and using relativistic length 

contraction, how far did the muon travel? 
j. Measurements have been done of the number of muons surviving their trip from the 

upper atmosphere to various mountain altitudes. How would the relativistic 
prediction of what would be seen compare with the Galilean prediction. 

2. You will need a calculator with lots of digits for this problem. At the Large Hadron Collider 
at the CERN laboratory in Geneva, Switzerland, protons (mass 0.938 GeV/c2) moving in 
opposite directions are accelerated to energies of 3.5 TeV and then smashed into each other. 

a. What is the relativistic γ factor for these protons? 
b. What fraction of the speed of light are the protons moving?  
c. What is the speed of the protons in m/s? 
d. The protons are grouped in moving bunches (each with about 1011 protons) of length 

in the lab of about 10cm.  How long is a bunch in the rest frame of a proton in the 
bunch? 

e. Consider two oppositely moving protons smashing into each other.  How much 
energy is contained in this two-proton system?  If the collision results in a new 
particle, what is the largest mass the particle could have? What would the velocity be 
of a particle of this mass created in such a collision? 

3. A passenger in an airplane at an altitude of 35,000 feet shines straight down a laser of 
wavelength 671 nm.  What wavelength of light is detected at ground level?  

4. For this problem you will need a globe, a map of the world on which you can write, a string, 
scissors, a ruler, paper, scotch tape, and a protractor.  The bigger the globe, the more accurate 
your measurements will be. 

a. Find Los Angeles, California; Warsaw, Poland; and Rio de Janeiro on the globe. 



b. Tape one end of a piece of string to Los Angeles, and find the path on the globe for 
which you need the least string to get to Warsaw.  Tape the string in place.  Now do 
the same for Warsaw to Rio and Rio to Los Angeles. 

c. Trace out the paths on the map.  On the same map, draw straight lines connecting the 
cities. How do the curves and the lines compare with each other? 

d. Using the protractor, measure the angles on the globe of the three vertices formed by 
the strings.  How many degrees in this triangle? 

e. Repeat these steps for Los Angeles, New York City, and Victoria British Columbia.  
f. Repeat these steps for Los Angeles, Phoenix, and Salt Lake City. 
g. What do you conclude about geometry on the surface of a sphere? 

 
********************************* HW 12 ******************************** 
Enjoy Thanksgiving 
********************************* HW 13 ******************************** 
Physics: p.571/23, 25; p. 615/ 15;  p.616/ 29 
Additional Problems: 

1. An amu is defined to be one twelfth the mass of a 12C atom, and is equal to 
1.660538921(73)×10−27 kg.  

a. What is an amu in MeV/c2? (Remember that 1 eV = 1.6x10-19J, and  
1 MeV = 106 eV)  

b. What is the binding energy of a 12C atom? The proton, neutron, and electron have 
masses 938.272 MeV/c2, 939.565 MeV/c2 and  0.511 MeV/c2 respectively.  

2. Using the various conservation laws you know about, which of the following processes 
should be possible.  For each process which is forbidden, explain why.  

a. neutron decay to a proton, electron, and anti electron-neutrino 
b. neutron decay to a proton, electron, and electron-neutrino 
c. proton decay to a neutron, anti-electron, and anti electron-neutrino 
d. proton decay to a neutron, anti-electron, and electron-neutrino 
e. Collision of an electron and anti-electron yielding a proton and antiproton. 
f. Collision of an electron and anti-electron yielding 2 neutrons. 
g. Collision of an electron and anti-electron yielding 10 photons.    

3. Two photons collide and create an electron and an anti-electron (positron). 
a. Find the energy of the two colliding photons if they were identical to each 

                        other and the two particles are created with zero velocity. 
b. What is the frequency and wavelength of each of the photons? 
c. Do (a) and (b) for the electron and positron created with velocity 1/10 the speed 

of light. 
********************************* HW 14 ******************************** 
Physics: p. 616/ 35, 37, 43 
Additional Problems: 

1. Make a list of 10 of the particles about which you have learned. 
a. Which of them interacts with the strong nuclear force? 
b. Which interacts with the weak nuclear force? 
c. Which interacts with the electromagnetic force? 
d. Which of them interacts only with gravity? 
e. Out of which of these particles are humans built? 
f. Which of these particles mediate forces?  List the force for each. 
g. Which particles in your list are likely to be able pass through your hand? 
h. Write down the particles in order of increasing mass. 
i. Write down the particles in order of decreasing lifetime. 
j. Which of the particles is stable? 



2. The proton, neutron, and lambda particle have masses 938.272 MeV/c2, 939.565 MeV/c2 
and  1115.683 MeV/c2 respectively. Make a rough estimate of the mass difference 
between an up quark and a down quark, and between a down quark and a strange quark. 
Note that the varying strong force potential energy makes this only an estimate. 

3. The following plot shows the theoretical predictions for the number of events produced 
per second at the LHC running at design luminosity.  

 
 
 

 Center of Momentum Energy [TeV] 



 
i. How many interactions occur per second for a center of momentum 

energy of 7 TeV? 
ii. Show that a year has about π x107 seconds. 

iii. How many interactions occur in a year of running? 
iv. How many Higgs Bosons would be produced in a year if they had mass 

150 GeV? 
v. What fraction of the non-Higgs events does one have to be able to reject 

in order to be left with an equal sample of Higgs and non-Higgs events? 
4. Order the following sets processes according to the speed at which they occur: A neutral 

pion decaying to two photons, a neutron decay to a proton, electron and neutrino, A 
heavy meson made of up and down quarks decaying to two pions.  Explain how you 
arrived at this order.  

5. Order the following processes according to the probability of them occurring: Two 
protons colliding giving two protons and two pions, two protons colliding giving two 
protons, and two photons, two protons colliding giving an electron and anti-electron 
neutrino.  Explain how you arrived at this order. 

6. Is it possible that 20% of the mass of the Sun is due to dark matter?  Why or why not? 
7. Is it possible that there is a dark matter halo around the sun extending to the orbit of Mars 

and that contains about 10% the mass of outside the orbit of Earth?  Why or why not? 
********************************* HW 15 ******************************** 
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