PHYS315 Modern Physics

Fall 2011 - Home Work List - Potential Problems 
Text: Serway, Moses, Moyer, Modern Physics, 3rd Ed., Saunders Pub, 2005


I. Relativity



I.A (NOTES 1-5) Michelson approx:
Use the approximation,
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(for x<<1)  to show that the time difference, t=t1-t2,  in the two arms of the Michelson interferometer is given approximately by:
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Be sure to justify using this approximation.


I.B 1st postulate 
I.B.1
Wehr 5.1 – conceptual
A person who knows Galilean-Newtonian mechanics leaves an earthbound laboratory and establishes an isolated one in a closed, over-the-road trailer that a truck can pull without noise or vibration along a level highway. Is it possible to perform at least one experiment in the new laboratory system to determine whether the trailer has 
(a) a linear acceleration
(b) a radial acceleration

(c) a constant linear velocity, or no velocity?   Can you tell the difference?
Describe an experiment that might be performed in each case. Be sure to differentiate between case (a) and (b).
I.B.2
Wehr 5.2 - conceptual

An experimenter who is skilled in Newtonian mechanics moves from a laboratory in an astronomical observatory to one in a cave that is shut off from all contact with the outside world. Could any experiment be performed in this new laboratory system that would determine (a) whether the earth is rotating and (b) whether it is moving with constant linear velocity? Describe an experiment that might be performed in each case. 

I.B.3
Invariance of F=ma – Part I
In a lab frame of reference, an observer finds Newton’s second law is 

valid in the form, F=ma.  Using a Galilean transformation to show that it is also valid for an observer moving at a constant speed, vc, relative to the laboratory.

I.B.4
Invariance of F=ma - Part II
In a lab frame of reference, an observer finds Newton’s second law is 

valid in the form, F=ma.  Using your knowledge of Galilean transformations, show that it is not valid for an observer moving at a constant acceleration, ac, relative to the laboratory.

I.B.5
Galilean conservation of momentum collision in two frames
A 2000 kg car moving with a speed of 20 m/s collides with and sticks to a 1500 kg car at rest at a stop sign.  Assume that momentum is conserved in this rest frame and calculate what the momentum is for the system.  Using your knowledge of Galilean transformations, show that momentum is also conserved in a reference frame moving with a speed of 10 m/s in the direction of the moving car.


I.C Lorentz contraction: 
I.C.1
Serway Problem 1.6 - calc v given gamma
I.C.2
Wehr 5.11

 At what speed, v, will the Galilean and Lorentz expressions for length differ by (a) 0.1%, (b) 1%, and (c) 10%?



I.D Time Dilation: 

I.D.1
Serway Problem 1.5 - calc v given gamma
I.D.2
Serway Problem 1.10 - pion 1/2 life
I.D.3
Serway Problem 1.14 - length of stick moving at angle rel to length 
I.D.4
Wehr 5.13

The relative speed of S and S' is 0.98c. The following statement is made by S': "At noon a red light flashed at my origin and a blue light flashed 10 seconds later at x' = 9x108 meters." What is the temporal separation of the two flashes as measure by S?

I.D.5.1 (NOTES 1-9a) 

Using the equation for time dilation, make an Execl plot of t/t’ vs. v for non-relativistic speeds.  (Use the lecture notes convention, where t is the frame in which the object is stationary and t’ is the frame in which the object is moving).  Include in this graph, a plot of t/t’ for Newtonian physics.
I.D.5.2 (NOTES 1-9a) 

Using the equation for time dilation, make an Execl plot of t/t’ vs. v for 0<v<c.  Include in this graph a plot of t/t’ for Newtonian physics. 
I.D.5.3 (NOTES 1-9a) Discuss the plots made in I.D.5.1 and I.D.5.2
I.D.6
Serway Problem 1.13 – muon 1/2-life


I.E Lorentz transformation

I.E.1
(NOTES1-20) determine transformation constants
Starting from the general from for the transformation of x and t:

x’=A(x-vt)    and   t’=B(t-Dx)  

and also the invariance of the spherical propagation of a light pulse:

x2+y2+z2=c2t2,

show that:
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I.F Minkowski Space
I.F.1.1 (NOTES 1-27) Scale plots

Make a plot, to scale, of t (ordinate) vs. x(abscissa) of an object of length 100cm moving at v=0.7c.  Let the object’s proper length and time be x’ and t’.   Show the x’ and t’ axes on the plot.  Show the worldline of both ends of the object.  Show the Lorentz contraction on the x and x’ axes.

I.F.1.2 (NOTES 1-27) Scale plots

Make a plot, to scale, of t (ordinate) vs. x(abscissa) of an object of length 100cm moving at v=0.8c.  Let the object’s proper length and time be x’ and t’.   Show the x’ and t’ axes on the plot.  Show the worldline of both ends of the object.  Show the Lorentz contraction on the x and x’ axes.

I.F.1.3 (NOTES 1-27) Scale plots

Make a plot, to scale, of t (ordinate) vs. x(abscissa) of an object of length 100cm moving at v=0.9c.  Let the object’s proper length and time be x’ and t’.   Show the x’ and t’ axes on the plot.  Show the worldline of both ends of the object.  Show the Lorentz contraction on the x and x’ axes.

I.F.2 Garage and pole paradox

Use a Minkowski diagram to resolve the pole in garage paradox
I.F.3 In Minkowski space the t’-axis at an angle, 1 from the t-axis.  Show, using a light pulse generated from the center of a moving stick, that the angle that the x’-axis makes with the x-axis, 2 is the same angle.  That is, 1=2.

[image: image5]


I.G Momentum and Energy

I.G.1 (NOTES 1-30)

For one dimensional motion, starting from F=dp/dt and 
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I.G.2 Serway Problem 2.4  Charged particle in an electric field

I.G.3 (NOTES 1-30)

A 1kg mass is dropped from a height of 1m.  What is the change in the object’s mass after it reaches the bottom of its fall?  (The answer will be small.  Nevertheless, a numerical answer is required.)  Give this number some perspsective.


I.H Velocity Transformations
I.H.1 (NOTES 1-28)

Starting from the equation: 
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I.H.2 (NOTES 1-28)

For an object moving in an arbitrary direction, derive the equation:
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where v is the relative velocity of two inertial referenced frames where the relative motion is along their x-axes,  ux, uy, and uz are the x, y and z components of velocity, respectively, in  the unprimed frame and u’y is the y component of velocity of the object in the primed frame.

I.H.3 Wehr 5.21
Spaceship A is traveling with a speed of 0.8c with respect to the earth. Spaceship B, traveling on a parallel course, passes A with a relative speed of 0.5c. What is the speed of B with respect to the earth when calculated (a) non-relativistically, and (b) relativistically?  
I.H.3.1
Space Travel for Humans

Using a realistic value for acceleration (i.e., an acceleration that the human body can handle), calculate the time it would take for a spaceship to reach a speed of 0.95c.  Make sure the answer is stated in some reasonable units.
I.H.4.1 (NOTES 1-28) Plot of addition of velocities
Consider two inertial reference frames moving with a speed, v relative to each other.  Consider an object that is moving at 0.5c in the primed frame.  Considering all speeds, 0<v<c, and using the velocity transformation, 
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, make a plot of ux/c vs. v/c.
I.H.4.2 (NOTES 1-28) Plot of addition of velocities
Consider two inertial reference frames moving with a speed, v relative to each other.  Consider an object that is moving at 0.5c in the primed frame.  Considering all speeds, 0<v<c, and using Galilean velocity transformation, make a plot, on the same graph as in problem I.H.4.1, of ux/c vs. v/c. (Both data sets should be on the same graph with a legend to denote which is which.)
I.H.4.3 (NOTES 1-28)

Discuss the plot made in problems I.H.4.1 and I.H.4.2.


II. Early Quantum Physics 

II.A Blackbody Radiation

II.A.1 (NOTES 2-5)

Make up reasonable numbers for a realistic macroscopic pendulum.  For this system,

Find n.

Find y, the change in height for each n.
Find the total energy, E.
Find E.
Find E/E.

Planck’s Equation


Consider Planck’s blackbody equation:
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For room temperature (T=300 K) make the plots below.  Choose an appropriate scale for each plot.  Be sure to discuss limiting cases in each plot – especially those that are off the scale of your plot.

a) y = 5
b) y = 
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f) 
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Planck’s Equation

Planck's radiaion law can be written as u(λ,T) = 8πchλ-5/(ech/λkT-1) . 
Let A = ch/λmkT, where λm is the peak (or max) wavelength of the blackbody. 
Show that for λ=λm, A = 5(1-e-A)
II.A.4
Serway Problem 3.2 Temp and wavelength
II.A.5 Convert Planck’s equation from a function of frequency to a function of wavelength.  That is, starting from
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Obtain
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II.B Planck’s Constant

II.B.1 Serway Problem 3.7 Mode Density in Cavity

II.B.2 Serway Problem 3.10 Photons & Radiation

II.B.3 Use the following data to determine Planck’s Constant.  Make a graph by hand and find Planck’s Constant from the plot.
	Wavelength (nm)
	Stopping Voltage (V)

	420
	1.211

	470
	0.926

	505
	0.802

	525
	0.759

	593
	0.452

	605
	0.387

	631
	0.327


II.B.4 Serway Problem 3.18 – photoelectric effect

II.B.5 Serway Problem 3.19 – photoelectric effect

II.B.6 (NOTES 2-12.a) Compton Scattering 1
In a two particle collision, using conservation of momentum in two dimensions, as developed in class, show that :    
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II.B.7 (NOTES 2-12.b) Compton Scattering 2
Derive Compton’s Equation: 
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II.B.8 Serway Problem 3.27 Electron/Photon Scattering



II.C Atom Constituents

II.C.1 Serway Problem 4.3 calculation for Thomson Experiment

II.C.2 Serway Problem 4.4 Alternative Thomson Experiment

II.C.3 Serway Problem 4.9 Rutherford scattering

II.C.4 Serway Problem 4.14 hydrogen radii

II.C.5 Serway Problem 4.15 ionization energy

II.C.6 Serway Problem 4.17 atomic radii

II.C.7 Serway Problem 4.29 emission recoil

II.C.8 Millikan Calculation

Show that the measured charge on an oil droplet is equal to 8.79x10-18C.

Use the equation below.  Use a spread sheet with each variable in a clearly labeled column (including units).  In addition, include headers that show different terms in the calculation.  For example, include a header that is the term: 
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 Where,

b=6.17x10-6cm-m

p=atmospheric pressure=76cm mercury

a=droplet radius in meters, 
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air viscosity at 18oC=1.82x10-5Ns/m2
=density of oil=890kg/m3
g=9.8m/s2
vE=speed with E turned on  = 0.0005m/s
vg=speed with E turned off = 0.0005m/s

d=distance between plates=0.005m

V=voltage across plates=400V

q=charge in coulombs
II.C.8 Millikan Experiment

List all measurements that are needed in the Millikan lab. 



II.D Wave Nature of Matter

II.D.1 (NOTES 4-3) Superposition of Waves

Show that the superposition of two waves is given by 
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II.D.2 Serway Problem 5.8 wavelength of electron

II.D.3 Serway Problem 5.9 wavelength of falling ball


Include your physical insights concerning the value obtained.

II.D.4 Serway Problem 5.15 group velocity for electron

II.D.5 Serway Problem 5.16 water wave packet

II.D.6 Serway Problem 5.17 dispersion

II.D.7 Notes (FT)

Show that the coefficients of the sine terms in the Fourier Series are given by,
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II.D.8 Notes (FT)

Find the first 6 non-zero terms in the Fourier Series for the infinitely long waveform shown below.

[image: image28]
a) Write out your analytical solution for the Fourier coefficients and then write the first 6 non-zero terms of the Fourier expansion.

b) Make an excel spread that sheet clearly shows the numerical calculations for the coefficients.  Make the following plots:

i) 6 separate graphs of the first 6 non-zero terms of the Fourier expansion.  You can put two graphs on a page so that your 6 graphs are on 3 pages.

ii) 5 plots which sequentially sum the terms

1. terms 
1+2

2. terms 
1+2+3

3. terms
1+2+3+4

4. terms
1+2+3+4+5

5. terms
1+2+3+4+5+6

Again, you can put two graphs on one sheet.

To clarify your graphs, be sure to use legends, and either different line patterns, or colors to denote the different terms.

II.D.9 Notes (FT)

Find the first 6 non-zero terms in the Fourier Series for the infinitely long waveform shown below.

[image: image29]
a) Write out your analytical solution for the Fourier coefficients and then write the first 6 non-zero terms of the Fourier expansion.

b) Make an excel spread that sheet clearly shows the numerical calculations for the coefficients.  Make the following plots:

i) 6 separate graphs of the first 6 non-zero terms of the Fourier expansion.  You can put two graphs on a page so that your 6 graphs are on 3 pages.

ii) 5 plots which sequentially sum the terms

1. terms 
1+2
2. terms 
1+2+3

3. terms
1+2+3+4

4. terms
1+2+3+4+5

5. terms
1+2+3+4+5+6

Again, you can put two graphs on one sheet.
To clarify your graphs, be sure to use legends, and either different line patterns, or colors to denote the different terms.



II.E Uncertainty Principle

II.E.1 (NOTES 4-10) Bullet and Electron

A bullet and an electron move with a speed of 300 m/s.  The mass of the bullet is 0.05 kg.  For each, assume v/v=0.01%.  How well is the position of each known?  Discuss these numerical results.

II.E.2 Serway Problem 18 uncertainty calculation
II.E.3 Serway Problem 19 uncertainty calculation
II.E.4 Serway Problem 5.20 uncertainty calculation

II.E.5 Serway Problem 5.21 uncertainty calculation



III. Wave Mechanics


III.A Normalization

III.A.1 (NOTES 5-2) Normalization

A wave function is given by 
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III.B. Parameters of Wave Function

III.B.1 Serway Problem 6.3 Parameters of Wave Function


III.C Solutions to Schrodinger’s Equation

III.C.1 (NOTES 5-10) General Solutions to Schrodinger’s Equation

Show that 
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 is not a solution to the Schrodinger’s Equation for a particle in an infinite potential well when considering the region of space inside the well such that V(x)=0.

III.C.2 (NOTES 5-11) Infinite Well

A particle in an infinite potential well of width L, has the general solution, 
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 Show that 
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III.C.3 (NOTES 5-12) Finite Well
Show that 
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 is a solution to the Schrodinger’s Equation for a particle in a finite potential well when considering the region of space outside the well.

III.C.4 Serway Problem 6.9 Bound State of p & n

III.C.5 Serway Problem 6.20 Particle in Finite Well. Part a) only.  That is, just show that ktankL=
III.C.6 Serway Problem 6.23 Particle in Semi-Infinite Well.  Just show that 
kcotkL= -
III.C.7 (NOTES 5-17) Harmonic Oscillator

Assuming the wave function corresponding to the first excited state of a quantum oscillator is given by 
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III.C.8 Serway Problem 6.5 Potential for Gaussian Wave Function
III.C.9 Sketch the 3rd excited state wave function, , and  for a harmonic potential.


III.D Expectation

III.D.1 Serway Problem 6.28 Classical Probability
III.D.2. (NOTES 5-20) <x2>

Show that for the ground state of a particle in an infinite will of width a, centered at the origin (extending from –a/2 to +a/2) that 
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IV. Additional Topics


IV.A Statistical Physics

IV.A.1 Serway Problem 10.20 Fermi Distribution



IV.B Solid State

IV.B.1 Serway Problem 12.19 Cavity Modes in Laser


IV.C. Superconductivity

IV.C.1 (NOTES SC-2) Solutions to Schrodinger’s Equation
Show that the general form for a traveling wave having the form, 
[image: image39.wmf](
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Also show that, 
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IV.C.2 (NOTES SC-5) 

Show that 
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IV.D Nuclear Physics

IV.D.1 Serway Problem 13.3 Nuclear Mass Density
IV.D.2 Serway Problem 13.10 Energy to Add Proton to Nucleus
IV.D.3 Serway Problem 13.17 Graph of Binding Energy 
IV.D.4 Serway Problem 13.19 Nuclear Model
IV.D.5 Serway Problem 13.21 Half-life
IV.D.6 Serway Problem 13.25 Half-life
IV.D.7 Serway Problem 13.28 Equation for Half-life
IV.D.8 Serway Problem 13.29 Half-life
IV.D.9 Serway Problem 13.31 Half-life
IV.D.10 Serway Problem 13.39 Mean-life
IV.D.11 Serway Problem 13.46 Forbidden Decays


IV.E Elementary Particle Physics

IV.E.1 Serway Problem 15.3 Colliding Protons and Their Frequency
IV.E.2 Serway Problem 15.12 Allowed Reactions

IV.E.3 (NOTES 15-4) Nuclear Force Exchange Particle

Use the energy/time form of the uncertainty principle to calculate the mass of the exchange particle responsible for the nuclear force.  Write this mass in units of MeV/c2.  Look around in the book and see if you can find a particle with a mass about the same as this particle.  (This method was used to predict the existence of a “nuclear exchange particle”.)
IV.E.4

The first anti-protons to be observed were produced in the reaction:
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This required 6 GeV of energy.  Below are listed three reactions which require less energy.  In each case explain why the reaction is not allowed.
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IV.E.5


State the fundamental force involved in each of the following reactions.
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IV.E.6


Verify that lepton number is conserved in the following reactions:
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IV.E.7


Fill in the blanks
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IV.E.8


Consider the following reaction:
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we can write this in terms of the quark constituents:
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Write the following reactions in terms of the quark constituents:
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IV.E.9 

Strangeness is conserved in strong interactions, but changes in weak interactions.  Explain why the following reactions will be either, fast, slow or forbidden.
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IV.F Math

IV.F.1 Small Angle Approximations:
It is often stated in physics that for small angles,
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,  however, 
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.  Show that these statements are true as follows:  

A) For one full cycle of each function, make a table with four columns that contain the angle, , and each of the three function values of the angle (sin, tan, and cos).  For 40 values of , over one full cycle, calculate in the remaining three columns, sin, tan, and cos.
B) Make 3 graphs, by hand, with  on the abscissa of each.  The ordinate of the first graph will be sin, etc.  Plot two things on each graph.  On the first graph plot  vs. sin, and also plot  vs.  (this will be a line and is used to provide a way to graphically compare sin values to values), and likewise for the two remaining graphs of tan and cos.   
IV.F.2 Order-of-Magnitude Calculations

Do the exercises on order-of-magnitude calculations in section E.1 of the Data Analysis Manual.
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