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Have	
  you	
  studied	
  the	
  special	
  theory	
  
of	
  rela7vity?	
  

A)  Yes,	
  pre=y	
  much	
  just	
  in	
  Phys	
  2170	
  
B)  Yes,	
  pre=y	
  much	
  just	
  in	
  Phys	
  2130	
  
C)  Yes,	
  in	
  MORE	
  than	
  one	
  class	
  by	
  now.	
  
D)  Not	
  in	
  a	
  class,	
  but	
  I’ve	
  read/learned	
  some	
  on	
  my	
  own	
  
E)  No,	
  not	
  really	
  	
  

Two major results of special relativity are Time Dilation and 
Lorentz Contraction. Please pick one of the choices below 
which best describes how well you feel you understand them. 

A.  No	
  idea	
  what	
  these	
  effects	
  are	
  
B.  I	
  remember	
  having	
  heard	
  about	
  these,	
  but	
  couldn’t	
  define	
  

them	
  precisely	
  right	
  now.	
  
C.  I	
  know	
  what	
  these	
  effects	
  are,	
  (but	
  I’ve	
  forgo=en	
  how	
  to	
  

derive	
  them)	
  
D.  I	
  know	
  what	
  these	
  effects	
  are,	
  and	
  I	
  even	
  sort	
  of	
  

remember	
  the	
  deriva7on,	
  but	
  it	
  would	
  take	
  me	
  a	
  while	
  to	
  
sort	
  it	
  out	
  

E.  I’m	
  confident	
  I	
  could	
  derive	
  these	
  results	
  right	
  now	
  

12.1	
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I	
  have	
  a	
  s7ck	
  of	
  length	
  L	
  siWng	
  in	
  front	
  of	
  me.	
  	
  
In	
  the	
  reference	
  frame	
  of	
  a	
  passing	
  train,(moving	
  parallel	
  to	
  the	
  
s5ck)	
  	
  what	
  is	
  the	
  measured	
  length	
  of	
  the	
  s7ck?	
  

A) L         B) ! L          C) L /!                

D)	
  I’m	
  sure	
  it’s	
  either	
  B	
  or	
  C,	
  but	
  I’m	
  NOT	
  sure	
  which	
  one!	
  
E)	
  I’m	
  pre=y	
  sure	
  it’s	
  “none	
  of	
  the	
  above”	
  or	
  “it	
  depends”	
  

Everything	
  should	
  be	
  made	
  as	
  simple	
  as	
  possible,	
  	
  
but	
  not	
  simpler	
  
	
  	
  	
  	
   	
   	
   	
   	
   	
   	
   	
  -­‐A.	
  Einstein	
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I	
  flash	
  a	
  lightbulb	
  (event	
  1).	
  	
  
The	
  light	
  reaches	
  a	
  mirror,	
  and	
  	
  
returns	
  to	
  me	
  (event	
  2)	
  	
  
	
  

I	
  measure	
  the	
  7me	
  Δt	
  =t2-­‐t1	
  for	
  the	
  complete	
  trip	
  of	
  the	
  light.	
  
	
  

A	
  long	
  train	
  was	
  passing	
  (speed	
  v)	
  during	
  this	
  experiment.	
  	
  
In	
  the	
  reference	
  frame	
  of	
  the	
  train,	
  what	
  is	
  the	
  interval	
  Δt’	
  	
  
between	
  those	
  two	
  events?	
  	
  
	
  

(As	
  usual,	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  )	
  	
  	
  ! ! 1
1" v2 / c2

A) !t'= !t          B) !t'=! !t          C) !t'=!t /!                
D)	
  I’m	
  sure	
  it’s	
  either	
  B	
  or	
  C,	
  but	
  I’m	
  NOT	
  sure	
  which	
  one!	
  
E)	
  I’m	
  pre=y	
  sure	
  it’s	
  “none	
  of	
  the	
  above”	
  

Lorentz	
  Transforma7ons	
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We	
  now	
  have	
  the	
  tools	
  to	
  compare	
  posi7ons	
  and	
  7mes	
  in	
  
different	
  iner7al	
  reference	
  frames.	
  
	
  
In	
  Galilean	
  rela7vity 	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  In	
  Special	
  rela7vity	
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Newton	
  worked	
  with	
  
these…	
  

but	
  needs	
  reworking	
  of	
  momentum	
  and	
  
energy	
  to	
  work	
  with	
  these!	
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I	
  flash	
  a	
  lightbulb	
  (event	
  1).	
  	
  
The	
  light	
  reaches	
  a	
  mirror,	
  and	
  returns	
  to	
  me	
  (event	
  2)	
  	
  
	
  
I	
  measure	
  the	
  7me	
  Δt	
  =t2-­‐t1	
  for	
  the	
  complete	
  trip	
  of	
  the	
  light.	
  
	
  
A	
  long	
  train	
  was	
  passing	
  (speed	
  v)	
  during	
  this	
  experiment.	
  	
  
In	
  the	
  reference	
  frame	
  of	
  the	
  train,	
  what	
  is	
  the	
  interval	
  Δt’	
  	
  
between	
  those	
  two	
  events?	
  	
  
	
  

(As	
  usual,	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  )	
  	
  	
  ! ! 1
1" v2 / c2

A) !t'= !t          B) !t'=! !t          C) !t'=!t /!                
D)	
  I’m	
  sure	
  it’s	
  either	
  B	
  or	
  C,	
  but	
  I’m	
  NOT	
  sure	
  which	
  one!	
  
E)	
  I’m	
  pre=y	
  sure	
  it’s	
  “none	
  of	
  the	
  above”	
  

I	
  have	
  a	
  s7ck	
  of	
  length	
  L	
  siWng	
  in	
  front	
  of	
  me.	
  	
  
In	
  the	
  reference	
  frame	
  of	
  a	
  passing	
  train,(moving	
  parallel	
  to	
  the	
  
s5ck)	
  	
  what	
  is	
  the	
  measured	
  length	
  of	
  the	
  s7ck?	
  

A) L         B) ! L          C) L /!                

D)	
  I’m	
  sure	
  it’s	
  either	
  B	
  or	
  C,	
  but	
  I’m	
  NOT	
  sure	
  which	
  one!	
  
E)	
  I’m	
  pre=y	
  sure	
  it’s	
  “none	
  of	
  the	
  above”	
  or	
  “it	
  depends”	
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Ethel	
  has	
  carefully	
  synchronized	
  all	
  the	
  clocks	
  in	
  her	
  frame	
  
of	
  reference.	
  In	
  Lucy’s	
  frame,	
  which	
  is	
  moving	
  rela7ve	
  to	
  
Ethel’s	
  with	
  speed	
  v,	
  Lucy	
  has	
  carefully	
  synchronized	
  all	
  
her	
  own	
  clocks.	
  They	
  agree	
  to	
  set	
  the	
  clocks	
  so	
  that	
  noon	
  
occurs	
  just	
  when	
  Lucy	
  is	
  at	
  the	
  same	
  loca7on	
  as	
  Ethel.	
  
Which	
  of	
  the	
  following	
  is	
  true	
  at	
  noon?	
  

12.2	
  

A)  ALL	
  of	
  the	
  clocks	
  are	
  synchronized	
  at	
  noon,	
  but	
  then	
  
as	
  7me	
  progresses	
  the	
  clocks	
  in	
  one	
  frame	
  get	
  out	
  of	
  
sync	
  with	
  those	
  in	
  the	
  other	
  frame.	
  

B)  Some	
  of	
  the	
  clocks	
  in	
  both	
  frames	
  are	
  synchronized	
  
at	
  noon,	
  but	
  then	
  get	
  out	
  of	
  sync	
  later.	
  

C)  It	
  is	
  impossible	
  to	
  synchronize	
  any	
  clocks	
  in	
  different	
  
frames	
  without	
  viola7ng	
  the	
  postulates	
  of	
  special	
  
rela7vity.	
  

Can	
  one	
  change	
  the	
  order	
  of	
  events	
  in	
  7me	
  	
  
by	
  measuring	
  them	
  in	
  a	
  different	
  iner7al	
  reference	
  frame?	
  

12.4	
  

A.  Always	
  
B.  Some7mes	
  
C.  Never	
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Lorentz	
  Transforma7ons	
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We	
  now	
  have	
  the	
  tools	
  to	
  compare	
  posi7ons	
  and	
  7mes	
  in	
  
different	
  iner7al	
  reference	
  frames.	
  
	
  
In	
  Galilean	
  rela7vity 	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  In	
  Special	
  rela7vity	
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Newton	
  worked	
  with	
  
these…	
  

but	
  needs	
  reworking	
  of	
  momentum	
  and	
  
energy	
  to	
  work	
  with	
  these!	
  

I’m	
  in	
  frame	
  S,	
  and	
  Charlie	
  is	
  in	
  Frame	
  S’	
  	
  
(which	
  moves	
  with	
  speed	
  V	
  in	
  the	
  +x	
  direc7on.)	
  
	
  
An	
  object	
  moves	
  in	
  the	
  S’	
  frame	
  in	
  the	
  +y	
  direc7on	
  	
  
with	
  speed	
  v’y.	
  	
  
Do	
  I	
  measure	
  its	
  y	
  component	
  of	
  velocity	
  to	
  be	
  vy	
  =vy’?	
  

	
  
A)  Yes	
  
B)  No	
  
C)  ???	
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Lorentz	
  transforma7on,	
  wri=en	
  in	
  4-­‐
vector	
  nota7on	
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Any	
  4-­‐component	
  object	
  which	
  transforms	
  like	
  this	
  when	
  you	
  
change	
  frames	
  	
  is	
  a	
  “Contravariant	
  4-­‐vector”	
  

Displacement	
  is	
  a	
  defined	
  
quan7ty:	
  

A)   Yes 
B)   No 
C)   Ummm… don’t know how to tell 
D)   None of these. 

( )A Bx x xµ µ µΔ ≡ −

Is	
  displacement	
  a	
  4-­‐vector?	
  

Be	
  ready	
  to	
  explain	
  your	
  answer.	
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Which	
  of	
  the	
  following	
  equa7ons	
  is	
  the	
  correct	
  way	
  to	
  
write	
  out	
  the	
  Lorentz	
  product?	
  

A)  aib = !a0b0 + a1b1 + a2b2 + a3b3

B)  aib = +a0b
0 + a1b

1 + a2b
2 + a3b

3

C)  aib = aµb
µ

D) More than one (but not all three)
E)  All three are equally correct

Velocity	
  is	
  a	
  defined	
  quan7ty:	
  

A)  Yes  
B)   No 
C)   Sometimes yes, sometimes no 
D)   None of these. 

!u ! "!r
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In	
  another	
  iner7al	
  frame,	
  seen	
  to	
  be	
  moving	
  to	
  the	
  right,	
  parallel	
  
to	
  x,	
  observers	
  see:	
  

!!u " #!!r
# !t

= # !x
# !t

# !y
# !t

# !z
# !t

$

%
&

'

(
)

Is	
  velocity	
  a	
  4-­‐vector?	
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4-­‐velocity?	
  

Is	
  this	
  quan7ty	
  a	
  4-­‐vector?	
  

Imagine	
  this	
  quan7ty:	
  

c
x
t

u y
t
z
t

µ

⎛ ⎞
⎜ ⎟Δ⎜ ⎟
⎜ Δ ⎟
⎜ ⎟≡ Δ⎜ ⎟
Δ⎜ ⎟

⎜ ⎟Δ
⎜ ⎟Δ⎝ ⎠

A)   Yes, and I can say why. 
B)   No, and I can say why. 
C)   None of the above. 

4-­‐velocity?	
  

Does	
  it	
  transform	
  via	
  the	
  
Lorentz	
  Transforma7on?:	
  

  ??u uµ µ ν
ν= Λ
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4-­‐velocity?	
  

Is	
  this	
  quan7ty	
  a	
  4-­‐vector?	
  

Imagine	
  this	
  quan7ty:	
  

c
x
t

u y
t
z
t

µ

⎛ ⎞
⎜ ⎟Δ⎜ ⎟
⎜ Δ ⎟
⎜ ⎟≡ Δ⎜ ⎟
Δ⎜ ⎟

⎜ ⎟Δ
⎜ ⎟Δ⎝ ⎠

A)   Yes, and I can say why. 
B)   No, and I can say why. 
C)   None of the above. 

This	
  object	
  does	
  not	
  Lorentz	
  Transform.	
  NOT	
  a	
  a	
  
4-­‐vector.	
  

4-­‐velocity?	
  

Do	
  the	
  direct	
  comparison	
  

Does	
  it	
  transform	
  via	
  the	
  
Lorentz	
  Transforma7on?:	
  

  ??u uµ µ ν
ν= Λ

!x = ! (x " vt)

!y = y
!z = z

!t = ! (t " v
c2
x)

( ) 2

2

2

1

1

1

x
x x

x
y y

x
z z

vuu u v
c

vuu u
c
vuu u
c

c c

γ

γ

⎛ ⎞= − −⎜ ⎟⎝ ⎠
⎛ ⎞= −⎜ ⎟⎝ ⎠
⎛ ⎞= −⎜ ⎟⎝ ⎠

=
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4-­‐velocity?	
  

Is	
  this	
  quan7ty	
  a	
  4-­‐vector?	
  

Imagine	
  this	
  quan7ty:	
  
1
c t
x
y
z

µη
τ

Δ⎛ ⎞
⎜ ⎟Δ⎜ ⎟≡
⎜ ⎟ΔΔ
⎜ ⎟Δ⎝ ⎠

A)   Yes, and I can say why. 
B)   No, and I can say why. 
C)   None of the above. 

Proper	
  7me	
  

Is	
  this	
  a	
  reasonable	
  defini7on?	
  

Can	
  we	
  define?	
  

( ) ( )

( ) ( ) ( ) ( )2 2 2 22

c x x

c t x y z

µ
µτΔ ≡ − Δ Δ

⎡ ⎤= Δ − Δ + Δ + Δ⎣ ⎦

A)   Yes, and I can say why. 
B)   No, and I can say why. 
C)   None of the above. 

Proper	
  7me	
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Wri=en	
  in	
  terms	
  of	
  the	
  spa7al	
  distance,	
  d,	
  between	
  
events	
  and	
  the	
  7mes	
  separa7on	
  between	
  events,	
  t,	
  the	
  
interval	
  is:	
  

Displacement	
  is	
  a	
  defined	
  quan7ty:	
   ( )A Bx x xµ µ µΔ ≡ −
Interval	
  is	
  a	
  defined	
  quan7ty:	
   I x xµµ≡ Δ Δ

A)   Working on it. 
B)   Think I’ve got it. 
C)   None of the above. 

In	
  my	
  frame	
  (S)	
  I	
  measure	
  two	
  events	
  which	
  occur	
  at	
  the	
  same	
  
place,	
  but	
  different	
  7mes	
  t1	
  and	
  t2	
  	
  
(they	
  are	
  NOT	
  simultaneous)	
  
	
  	
  
Might	
  Charlie	
  (in	
  frame	
  S’)	
  measure	
  those	
  SAME	
  two	
  events	
  to	
  
occur	
  simultaneously	
  in	
  his	
  frame?	
  	
  
	
  
A)  Possibly,	
  if	
  he’s	
  in	
  the	
  right	
  frame!	
  
B)  Not	
  a	
  chance	
  
C)  Definitely	
  need	
  more	
  info!	
  
D)  ???	
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The	
  4-­‐velocity	
  ημ	
  is	
  defined	
  as	
  	
  

12.6	
  

A.  c2	
  
B.  -­‐c2	
  
C.  -­‐c2	
  +	
  u2	
  
D.  c2	
  –	
  u2	
  
E.  None	
  of	
  the	
  above	
  

!µ = 1
1! u2 / c2

( c
u
)

What	
  is	
  the	
  invariant	
  length	
  squared	
  of	
  the	
  4-­‐velocity,	
  
ημημ?	
  

Two	
  events	
  have	
  a	
  7melike	
  separa7on.	
  In	
  a	
  “1+1”-­‐D	
  space	
  
7me	
  (Minkowski)	
  diagram	
  
	
  (x	
  horizontal,	
  ct	
  ver7cal),	
  	
  
the	
  magnitude	
  of	
  the	
  slope	
  of	
  a	
  line	
  connec7ng	
  the	
  two	
  
events	
  is	
  

12.5	
  

A.  Greater	
  than	
  1	
  
B.  Equal	
  to	
  1	
  
C.  Less	
  than	
  1	
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For	
  isolated	
  systems,	
  the	
  total	
  4-­‐momentum	
  	
  
is	
  CONSERVED	
  (this	
  is	
  an	
  experimental	
  fact).	
  

Is	
  4-­‐momentum	
  	
  invariant	
  ?	
  

A)   Yes, and I can say why. 
B)   No, and I can say why. 
C)   None of the above. 

Are	
  energy	
  and	
  rest	
  mass	
  Lorentz	
  invariants?	
  

12.7a	
  

A.  Both	
  energy	
  and	
  mass	
  are	
  invariants	
  
B.  Only	
  energy	
  is	
  an	
  invariant	
  
C.  Only	
  rest	
  mass	
  is	
  an	
  invariant	
  
D.  Neither	
  energy	
  or	
  mass	
  are	
  invariants	
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Are	
  energy	
  and	
  rest	
  mass	
  conserved	
  quan77es?	
  

12.7b	
  

A.  Both	
  energy	
  and	
  mass	
  are	
  conserved	
  
B.  Only	
  energy	
  is	
  an	
  conserved	
  
C.  Only	
  rest	
  mass	
  is	
  conserved	
  
D.  Neither	
  energy	
  or	
  mass	
  are	
  conserved	
  

Minkowski	
  4-­‐force	
  

Is	
  K,	
  so	
  defined,	
  a	
  4-­‐vector?	
  

We	
  define	
  the	
  4-­‐force	
  via	
  
the	
  4-­‐momentum:	
  

p K
µ

µ

τ
Δ =
Δ

A)   Yes, and I can say why. 
B)   No, and I can say why. 
C)   None of the above. 

Proper	
  7me	
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Minkowski	
  4-­‐force	
  

To	
  match	
  the	
  behavior	
  of	
  non-­‐rela7vis7c	
  classical	
  
mechanics,	
  we	
  might	
  tenta7vely	
  assign	
  which	
  of	
  the	
  
following	
  values	
  to	
  K:	
  

A)  K 0 =
!
F i !u K1,2,3 =

!
F

B)  K 0 =
!
F i !u ! c K1,2,3 =

!
F !

C)  K 0 = !
!
F i !u c K1,2,3 = !

!
F

D)  Something else


