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55) Imagine that you are flying on an airliner on a long flight to Europe, at a constant speed on 300 m/s.
a) You throw a ball towards the back of the plane at 20 m/s. You then shine a beam of light towards the back of the plane. How will these two things—the ball and the light—appear to move, from the earth’s frame of reference? Explain any differences. 
Let’s assume that the airliner is heading East at a constant velocity of 300 m/s. When I throw the ball towards the back of the plane which is West from my inertial frame of reference, the observer from the earth’s reference frame will see the ball slow down in velocity but the ball’s net motion will still be East. Because the vector of velocity towards East is bigger than the West. 
Plane’s velocity: 300 m/s [E]
Ball’s velocity: 20 m/s [W]
Net velocity: 300 m/s [E] – 20 m/s [E] = 280 m/s [E] (air plane)
However, when I shine a beam of light towards the back of the airplane, the person from the earth’s frame of reference will see the light beam travel at the speed of light C just as I’d see the light move away from me at the speed of light C from my inertial frame of reference (Assuming I’m on the plane and travelling at a constant velocity of 300m/s [E]). This is due to the fact that the velocity of the objects depend on the inertial frame of reference while the speed of light is independent to any particular frame of reference and travels at c = 3.00 x 108 m/s in all reference frames. 
55b) Would you expect your watch to be affected by time dilation? Explain your reasoning. 
I’d not expect my watch to be affected by time dilation because the difference in speed between the airplane and the speed of light is so large that it is practically impossible for my watch to be affected by such a miniscule amount of time dilation. However, the effect of time dilation may be extremely small, but they are real and can be measured with the aid of sophisticated tools such as an atomic clock etc. 
56) Two atomic clocks are synchronized. One is placed on a satellite, which orbits around the earth at high speed for a whole year. The other is placed in a lab and remains at rest, with respect to the earth. You may assume that both clocks can measure time accurately to many significant digits.
a) Will the two clocks still be synchronized after one year? Explain your reasoning.
Time is not absolute, but rather relative because it depends on the reference frame. By being placed on a satellite, the frame of reference of this clock changed compared to the clock left on the earth. Since the clock on the satellite was moving at a higher speed than the clock on earth, the clock on the satellite will lose time. Since only a year has passed, this loss of time will be minimal in magnitude. From a mathematical perspective, let us consider the equation , where t is the time experienced on earth, to is the time experienced on the satellite and v is the speed of the satellite. Since the speed of the satellite is less than the speed of light (v < c), we know:  will be < 1,  will be < 1, and  < 1. Hence, if we take t0 to be 1 year and divide by a value less than 1, then the value of t will be greater than 1 year. Given that the two clocks can measure time to many significant digits, the two clocks will be able to accurately show that they are no longer synchronized after one year. Therefore, the clocks will not be synchronized, and the difference in time will be small yet still measurable. Specifically, the clock on the satellite will have experienced less time (be slower) than the clock left on earth.  
56b) Imagine that the speed of light was much slower than its actual value. Hoe would the results of this experiment change if the speed of light was only twice the average speed of the satellite? Explain your reasoning, using a calculation.
Below, let t0 be the time experienced by the clock on the satellite (1 year). Let x be the speed of the satellite. Since the speed of light is twice the average speed of the satellite, c = 2x.




When the speed of the satellite is much closer to the speed of light than part a, the time dilation after only 1 year on the satellite is much greater. The experiment would still show that a time difference has occurred between the two clocks, but the magnitude of this difference would now be greater. If 1 year passes on the satellite, 1.15 years have passed on the clock on the earth.
57) A muon has a lifetime of when at rest, after which time it decays into other particles.
a) Ignore any effects of relativity discussed in this section. If the muon was moving at 0.99C, how far would it travel before decaying into other particles, according to Newtonian mechanics? 
First, we need to find the speed of the muon in m/s.



Now we need to find the horizontal distance travelled by the muon before decaying using the displacement equation. 

      

Therefore, according to the Newtonian Mechanics, the muon will travel 560 meters before decaying into other particles. 
57b) How long would the Muon last, according to an observer in earth’s frame of reference who viewed the muon moving at 0.99c?

 
 

Therefore, according to the observer in earth’s frame of reference who viewed the muon move at 0.99c will report that the muon lasted 
57c) How far would the muon actually travel, when viewed moving at 0.99c? 
Let’s use the displacement equation to find the distance travelled by the muon. 



Thus, the muon will actually travel 
57d) Compare the two distances travelled. Explain why this type of evidence is excellent support for the theory of relativity. 
According to Newtonian mechanics, the muon travelled 6.5 × 102 m (Part A). According to the theory of relativity, the muon travelled 4.7 × 103 m (Part C). The distance travelled when the effects of relativity are taken into account, compared to the prediction of Newtonian mechanics, is  times greater. Clearly, Newtonian mechanisms are insufficient to explain the distance travelled by this muon close to the speed of light. Therefore, the 7.2-fold difference between the Newtonian prediction and the relativity prediction support the theory of relativity by showing that Newtonian mechanisms are insufficient to explain the motion at this speed.
58) The proper length of spaceship A is 60.0 m and the proper length of spaceship B is 120.0 m. The proper mass of spaceship A is 15,000 kg. An observer on earth watches the two spaceships fly past at a constant speed and determines that they have the same length. If the speed of the slower spaceship is 0.70c, find
a) the length of spaceship A, relative to an observer on earth.




Therefore, relative to an observer on earth, spaceship A will contract from 60 m to 42.8 m.
58b) the speed of spaceship B, relative to an observer on earth. 
If the observer on earth assumes that both spaceships have the same length and are moving at constant speed, then the speed of the spaceship B would be: 
 







Which turns to be…

Therefore, relative to an observer on earth, the speed of the spaceship B would be  Which is much faster than the speed of spaceship A at only 0.70c.
58c) The mass of spaceship A, relative to an observer on earth.
We have been given the proper mass/rest mass of the spaceship A at 15,000 kg, we can calculate the relativistic mass observed from the earth by an observer. 




Therefore, the observer on the earth will report that the mass of spaceship A is 21,004 kg.
59) A nuclear power generating station generates  of power. How much mass does the plant convert into energy in one month (30 days)? Assuming that the process is 100% efficient. 
Since time is used in seconds in the Equation , we need to convert 30 days into seconds.
 
The energy consumed by the nuclear power generating station to produce  of power for a month is: 



Now, we need to find the mass required to produce  of energy.



Therefore, the plant converts a mass of 0.864 kg into  of energy in one month.
60a) Calculate the kinetic energy required to accelerate a single proton from a rest position to 0.9999c. The mass of a proton is . 






Thus, the kinetic energy required to accelerate a single proton from rest position to 0.9999c is 

60b) Find the ratio of the kinetic energy to the energy of a proton at rest. 
Before we calculate the ratio, first we need to find the rest energy of the proton.



Now that we have the rest energy and the kinetic energy, we can proceed to find the ratio between them.



Therefore, the ratio between the kinetic energy and the rest energy is 69.86% or 69.86:1.
60c) Explain why no particle accelerator will ever be able to accelerate any particle to the speed of light.
Using the theory of relativity, the energy (which would be supplied by a particle accelerator) to accelerate a particle can be mathematically given as: . Of particular importance is the term , also known as the Lorentz factor, which increases greatly as we approach the speed of light. If v = 0.1c, then this term is equal to 1.005. If v = 0.9c, then this factor is equal to 2.29. If v = 0.9999c, then this factor is equal to 70.71. As v approaches c, the limit of the Lorentz factor is infinity. In order to accelerate a particle to the speed of light, the accelerator would have to supply an infinite amount of energy, which is impossible. By comparison, if the acceleration seeks to hit very close to the speed of light, the amount of energy is still finite, making it possible. Therefore, a particle accelerator simply cannot supply the infinite amount of energy to needed to accelerate an object to the speed of light.
61a) Calculate the energy, in joules, of a quantum of light with a wavelength of 590 nm.
First, we need to find the frequency:




 Hz
The frequency of the photon with a wavelength of 590 nm is  Hz. Now we can proceed to find the energy of a quantum of light.



Therefore, a quantum of light with a wavelength of 590 nm has energy of 
61b) Will this colour of light be able to produce photoelectrons from the surface of a metal with a work function of ? Explain your reasoning.
The work function of a metal is defined as the minimum amount of energy that a photon of light must possess when it hits the surface of the metal to displace an electron successfully. For this metal, the work function is 3.0 eV, which is equal to:  J. Therefore, the photons of light that hit this metal must have more than 4.8x10-19 J of energy to successfully produce photoelectrons from the surface. As noted from part A, the photons at a wavelength of 580 nm have 3.4x10-19 J of energy. This is less than the work function. Therefore, this colour of light will not be able to produce electrons from the surface of the metal with a work function of 3.0 eV.  
62) Light with a wavelength of 630 nm is directed at a metallic surface that has a work function of  Find
a) The maximum kinetic energy of the emitted electrons.




Therefore, the maximum kinetic energy is 
b) The cutoff potential required to stop the photoelectrons.



Thus, the cutoff potential required to stop the photoelectrons is 0.47 V.
63) Use the Max Planck’s quantum theory to explain the following behavior of photoelectrons. 
a) Low-intensity light does not release any photoelectrons. What will happen if the light is made brighter? Explain your reasoning. 
The intensity of light can be considered to reflect the number of photons emitted from the light source that then strike the surface of the metal. By increasing the intensity of light, more photons will hit the surface, but these photons all have the same energy given that the light wavelength has not changed. The frequency of light is proportional to the energy of the photons. Since no photoelectrons are released by the low-intensity light at this frequency, more energy is required to release photoelectrons, not more of the same low energy photons. The energy of the photons at this wavelength of light is less than the work function of the metal, so regardless of number no photoelectrons will be released. Therefore, increasing the brightness or intensity of the light will not release any photoelectrons. 
b) Low-intensity light releases photoelectrons. What will happen if the light is made brighter? Explain your reasoning.
Since the low-intensity light releases photoelectrons, this tells us immediately that the energy of photons at the frequency of light is above the work function of the metal. Thus, the photons have sufficient energy to release photoelectrons. Now, if we increase the brightness or intensity of the light, more photons will hit the surface of the metal. Since the photons have enough energy to release photoelectrons, more photons hitting will result in more photoelectrons being released. Therefore, making the light brighter will increase the number of photoelectrons released.
c) Low-intensity light does not release any photoelectrons. What will happen if the frequency of the light is gradually increased? Explain your reasoning.
Since the low-intensity light does not release any photoelectrons, the energy of photons at this frequency of light is below the work function of the metal. The photons have insufficient energy to release photoelectrons. The energy of photons at a given frequency of light is given by , where E is the energy of the photon, h is Plank’s constant, and ν is the frequency of light. Immediately, we can see that the energy E is directly proportional to the frequency ν. Thus, photons of higher frequency light have more energy. If we gradually increase the frequency of the light hitting the surface, there will be a gradual increase in the energy of the photons hitting the surface. At some point, when the energy of the photons surpasses the work function of the metal, photoelectrons will be released. As we increase the frequency beyond this threshold value, the kinetic energy of the photoelectrons will increase by the law of conservation of energy.
64) Calculate the momentum of a 140 eV photon.
First, convert the electronvolts to joules of energy.



Now that we know the energy of the photon, we can proceed to find the wavelength:




Now we can find the momentum:



Therefore, a photon with an electronvolts of 120 eV has a momentum of 
65) A certain microscopic object has a wavelength of  at a speed of .
What is the mass of the object?
Before we find the mass, we need to find the momentum of the object since 
 


Now, we may proceed to find the mass of the object:




The mass of the microscopic object is .
66) In a TV tube, an electric potential difference accelerates electrons from a rest position towards a screen. Just before striking the screen, the electrons have a wavelength of . Find the electric potential difference. 
First, we need to find the momentum: 


Now, we can proceed to find the speed: 




Now, we can find the electric potential difference: 







The electric potential difference is.
67) Compare and contrast a 2.2 eV photon with a 2.2 eV electron in terms of energy (in joules), rest mass (kg), speed (m/s) wavelength (m), and momentum ( kgm/s) by completing a table like the following one. 
	Property
	Photon
	Electron
	Compare/Contrast

	Energy (J)
	
	
	The photon and electron have the same amount of energy, namely 3.5×10-19 J.

	Rest mass (kg)
	Photons have zero rest mass.
0 kg
	Constant value:
me = 9.11×10-31 kg
	Rest mass is the mass of a particle when it is at rest. Photons cannot be brought to rest, so they have zero rest mass. Electrons can be brought to rest so they have a rest mass.

	Speed (m/s)
	By definition:

	The electron’s energy is kinetic, so:

	The speed of the photon is greater than the speed of the electron by a factor of more than 300 times. All photons move at the speed of light, regardless of the amount of energy they contain. By comparison, an electron’s energy dictates its speed. This speed therefore restricted and this electron cannot travel at the speed of light.

	Wavelength (m)
	
	By de Broglie’s equation:

	Although both the photon and electron have the same 2.2 eV of energy, the electron has a shorter wavelength than the photon. This can be attributed in part to the fact that electrons have an actual rest mass, whereas photons do not.

	Momentum (kg∙m/s)
	By de Broglie’s equation:

	
	Although the photon and electron have the same 2.2 eV of energy, the electron has more momentum than the photon. This is consistent with the smaller wavelength of the electron if momentum is mathematically calculated using de Broglie’s equation, namely p = h/λ.




 
