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PHYS-3301
 Sep. 5, 2017
 Lecture 3
 Announcement
 2
 Special Relativity
 1. Basic Ideas2. Consequences of Einstein’s Postulates
 3. The Lorentz Transformation Equations
 4. The Twin Paradox
 5. The Doppler Effects
 6. Velocity Transformation7. Momentum & Energy
 8. General Relativity & a 1st Look at Cosmology
 9. The Light Barrier
 10. The 4th Dimension
 Chapter 2
 Einstein’s Postulates of Relativity:
 • Light Souce, Medium and Michelson- Morley Experiment (Discussion sessions, see Appendix A)
 • Definition of an “Event”
 • Consequences of Einstein’s Postulates:
 1. Relative Simultaneity
 2. Time Dilation
 3. Length Contraction
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The time for the light to return:
 ! = 2"/! = 2"/! = 2"/! = 2"/c
 The time for the light to return:
 # > 2"/# > 2"/# > 2"/# > 2"/c
 Longer
 Path + 2nd
 Postulate
 The time for the
 light to return:
 ! > 2"/! > 2"/! > 2"/! > 2"/c
 Longer Path (L) +
 2nd Postulate
 L2 = H2 + (v T/2)2
 L
 # = 2"/# = 2"/# = 2"/# = 2"/c
 T = 2 L/c
 T = #### (1 – (v/c)2 )-1/2
 PRECISELY =>
 Consequence 3: Length Contraction
 or
 7
 The length of an object in a frame through which the object moves is smaller than its length in the frame which it is at rest.
 Consequence 3:
 Lorentz Length Contraction, orThe absence of absolute distance
 L = L0 (1 – (v/c)2 )1/2
 Length of a moving object contracts in the direction
 of motion.
 Consequence 3: Length Contraction
 8
 Evidence for Relativistic Effects
 Muons: subatomic particles produced by cosmic-rays in the upper atmosphere.
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Consequence 3: Length Contraction
 9
 Evidence for Relativistic Effects: Cosmic Ray Muons
 • Created in the upper atmosphere (3 km above ground) when protons impact the atmosphere.
 • A muon’s lifetime has been measured to be 2.2 μs. They travel at nearly the speed of light. How far do we expect that can they travel during their life-time?
 D = vt
 = (0.98)(3 x 108 m/s) x (2.2 x 10-6 s) = 647 m
 This calculation tells us that muons should not make it to Earth. But we know that they do. (more later)
 Muon will reach the surface; D = 3.2 km (> 3km)
 2.4 The Lorentz Transformation• Anna and Bob agree on events but disagree on the space and time
 patterns of those events.
 • We need a way to transform what they see that fits within the postulates of special relativity.
 • Einstein needed to find a new transformation (the old one being the Galilean transformation).
 • It must fit both the laws of mechanics & Maxwell’s E&M equations.
 • It must allow time to be relative.
 10
 2.4 The Lorentz Transformation
 11
 2.4 The Lorentz Transformation• Consider the transformation between frames S and S’ of an object with no net
 forces moving at a constant velocity.
 • General relationship relating both frames.
 • Note: We require only that the transformation be linear. It is not required that time be absolute.
 • In each frame (S & S’), the space, speed and time for the object are related.
 • From Need to determine A, B, C, & D
 • Determine the coefficients by considering 3 special cases. 12
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2.4 The Lorentz Transformation
 • The object is pinned to the origin of S’. • What is the speed and position as seen by an observer in the S’ frame?
 • What is the speed and position as seen by an observer in the S frame?
 • Going back to our linear relationships, we have
 13...(1)
 CASE 1:
 2.4 The Lorentz Transformation
 14
 CASE 2:
 Sub t’ = Dt and x = 0
 Since,
 We have
 • The object is pinned to the origin of S. • What is the speed and position as seen by an observer in the S frame?
 • What is the speed and position as seen by an observer in the S’ frame?
 • From our linear relationships,
 2.4 The Lorentz Transformation
 • Assume the object is moving at the speed of light.
 • From our linear relationships,
 15
 CASE 3:
 Recall A = D
 Thus,
 Since,
 2.4 The Lorentz Transformation
 • Rewrite our linear transformation.
 • In order to find A, we solve these equations for x and t.
 16
 One more step:
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2.4 The Lorentz Transformation• Solve for x first.
 • Substitute (2) into (1)
 17
 2.4 The Lorentz Transformation• Solve for t.
 18
 2.4 The Lorentz Transformation• Examine our equations:
 • Since the two frames are in constant relative motion w.r.t each other, the ONLY difference between the frames is that S’ moves at +v relative to frame S, while S moves at –v relative to S’. So, above eqs. have to be identical except for the sign of v.
 19Lorentz Factor
 2.3 The Lorentz Transformation Eq.• We can use γ to write our transformations.
 20
 Frame S
 Frame S’
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2.3 The Lorentz Transformation Eq.• What if v << c?
 21We get the classical results!
 Lorentz Transformation of
 Distances and Time Intervals
 IMPORTANT: space and time distances mix together
 This time using Lorentz Transformations
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Lorentz Transformation of
 Distances and Time Intervals
 0 =
 0
 0
 Lorentz Transformation of
 Distances and Time Intervals
 0 =
 -2 m =
 -2 m
 -2 m
 0
 0
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Proper Time (Δt0)
 29
 The time measured in the frame where all events occur in the same location in that frame: x’1 = x’2
 • The time difference from our Lorentz Transformation would then be
 • In more general form,
 t0 : the time difference in the frame in which the events occur at the same location
 Consequence 3:
 Time Dilation
 Proper Length
 30
 The length measured in a frame where the object being measured is at rest, so that it doesn’t matter WHEN we measure the end points. But in any MOVING frame, S’, the ends must be established SIMULTANEOUSLY to obtain a meaningful length: t’1 = t’2
 • The length difference from our Lorentz Transformation would then be
 • In more general form, L0 is measured in the frame where the object at rest
 Consequence 3:
 Length Contraction
 Einstein’s Postulates of Relativity:
 • Michelson- Morley Experiment – NO AETHER !
 • Consequences of Einstein’s Postulates:
 1. Relative Simultaneity
 2. Time Dilation
 3. Length Contraction
 SUMMARY
 EXPERIMENT
 Twin Paradox
 As an object approaches the speed of light, time slows down.(Moving clocks are slow) & (Moving rulers are short)
 The Theory of Relativity
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Twin Paradox• One twin stays at home.
 • One twin travels on a spaceship at very high speeds.
 • Relativity says traveling twin will age more slowly.
 • But one can say the twin on Earth is traveling w.r.t. the twin in the spaceship and should be the younger.
 • This is the paradox. Who is really younger.
 • Answer: Traveling twin because of accelerations for the traveling twin—non inertial frame..
 33
 A trip from Earth to Planet Hollywood
 ► Homer stays on Earth.► Loner travels 10 light-years at 80% of the speed of light. ► Beta (β = v/c) is the velocity of the object compared to the
 speed of light. (β=0.8) ► Gamma (γ) is the effect of traveling at speeds close to c
 Effect of Time on Spaceship
 • Velocity (v) = 0.8c therefore…• β =v/c= 0.8
 γ =1
 1 - β²1 - β² = 1 - 0.64 = 0.36 and the √ of 0.36 = 0.6 !!
 (β² = 0.8²= 0.64)
 γ = 1 ÷ 0.6 = 1²/³ = 5/3
 As Viewed From Earth« Without Relativity…..« x = vt or t = x/v« x = 10 light-years traveled (10yr*c)« v = velocity = (0.8c)« t = time.« t = 10yr*c/0.8c = 12.5 years each way.« There and back makes the trip « 12.5 x 2 or 25 years!!
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As Viewed From Earth «With Relativity …
 «Homer sees Loner’s clock is running slow by… ???
 «γ = 5/3 !!
 «Therefore Loner’s clock reads 25 years ÷ γ
 «25 ÷ 5/3 = 15 years!!t0 : the time difference in the frame in which the events occur at the same location
 Physical Results of Trip
 n Homer on Earth ages 25 years!!
 n Loner, traveling at 80% the speed of light ages 15 years!!
 The traveling twin is younger!
 As Viewed From Spaceship• Loner sees distance of planets contracted
 by γ= 5/3• In Loner’s frame, distance is 10 light years ÷
 5/3 10 ÷ 5/3 = 6 light years.• Therefore t = x/v= 6/0.8 = 7.5 years each
 way.• There and back is 7.5 x 2 = 15 year trip for
 Loner!!
 Anna travels away
 and back at
 v = 0.8 c
 (! = 5/3)
 Bob stays home
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PARADOX:
 “Seemingly
 absurd or
 self-contradictory
 thought,
 often true
 statement”(Oxford Dictionary)
 The Key: Round Trip !
 The Key: Round Trip !
 ACCELERATION – Change of inertial frames
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Minkowski diagram of the twin paradox. There is a difference between the trajectories of the two twins: the trajectory of the ship is equally divided between two different inertial frames, while the Earth-based twin stays in the same inertial frame
 As Homer’s point of view, Homer’s 1 year = Loner’s 5/3 year
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