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Lecture 3: Length, Coordinates, and Transformations

Physics 13 &#8211; Lengths, coordinates, and transformations...

Physics 13 — Lengths, coordinates, and
transformations

Special Relativity

* Einstein (1905) required
— Laws of Physics are independent of inertial frame
or one can not detect absolute motion
— Speed of light is independent of the motion of the
fsource or ¢ i1s velocity of EM wave in any inertial
rame

* Time measurements are relative
+ What about length measurements?
» Consider moving ruler of length L,
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Measuring moving meter stick with light

Measuring moving meter stick with light

m}mrr
S’ train time round trip: 2xLength+c
frame Aty =2Ly/e
Sstation [ . —— _ _
frame time to mirror is longer:
= ¢ At =L+u At; so
At,=L/(c-u)
------ o | time back to source 1s
| shorter:
¢ At, =L-uAt, so
At,=L/(c+u)
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3. Meter stick length
' 2L
Meter stick A=At +AL = —;
length «i-22
But Af = M"_ time dilation
W
CJ
hence 2% 2L
@S
P
ul
or L:LU‘JI—?{LB(pmperlength]

* Length Contraction
— moving meter stick “appears” short

— Mote: to measure a moving stick must determine
position of both ends simultaneously.
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4, Setting up coordinate systems or frames of reference

All phenomena must be described by setting up
coordinate systems or frames of reference

¥ Like a grid with clocks

(}'Stati'ﬂli'l""""""’é:m-‘iﬁ?}mﬂhmﬂized by light
pl&tﬁ}i:'m signals throughout space

g ah  ah .

L o(xy.zt) Spatial grid
@@ set up by
i ! light beams
@ @ & right angles
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5. Synchronizing clocks

Synchronizing clocks

* Clock 1 at (x,y,2)=(0,0,0) reads t,=0 when it
sends a signal to Clock 2 at (d,0,0).

* Clock 2 receives signal at t.=d/c. So it must
be set to read t,=d/c at that moment (not 0).

* When Clock 2 reads t, it sends a signal to
Clock 3 at (2d,0,0). Latter gets signal at t,+d/c
and is set to display that value.

= Similar procedure is followed for the whole

frame.
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6. Lecture 3: Length, Coordinates, and Transformations: Slide...

Relatively moving coordinate system

| Clocks synchronized by light
N <} """""" I Eigl‘fﬂTS'ﬂifmJghﬁurmovmg frame
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7. Lecture 3: Length, Coordinates, and Transformations: Slide...
train
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8. Time & space are relative

Time & space are relative

* Duration (or time elapsed) of physical
process depends on Frame
— Shortest duration in Rest Frame of process
— All processes are basically physical

* Size of phenomenon (or lengths) depends on
Frame

— Longest length (along motion) in Rest Frame of
measuring stick
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9. Lorentz transformation

Lorentz transformation

* Let origins of both frames, S and S’, coincide
at t=t'=0. Consider point (x,y,zt)in S. In S :
X =y (x - Vi) v=1N(1-V2/c?) (ubiquitous)
Y=y
2=z
"=y (t-Vx/c?) note signs
* Need x,y,z AND t to determine coordinates of
space-time point in S’ - space-time continuum
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10. Inverse transformation

Inverse transformation

* S' point or event (x',y',2't") = S (x,y,2,1)
o X =Xy + V(' y+ Vxric?) = Vix/ied Hx' + V)
v so0 (1-V¥ex=(x'+Vt)y=x/v* or

X =7y (X + V')
y=y
z=27
t= (' + Vx'/c?) note + signs
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11. Example 1 of Lorentz Transformation

Example 1 of Lorentz Transformation

* Moving clock:
— Atrest S (x.,y,z't') = (0,0,0,At") [after (0,0,0,0)]
—InS:x=y X+ Vt)=y VAl
—and t=y(t' + Vx/c?) = v At
—  orAt= At/ V(1-u¥c?) as before
— Also note x/t = yVAl' / yAt' =V as expected
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12. Example 2 of Lorentz Transformation

Example 2 of Lorentz Transformation

* Moving meter stick
— In &’ ends of stick at x," and x,'= x,'+L, for all t’
— In &: measure both ends at single time t,=t,
« but x," =7 (x; - Vi)
* T - V) Ty (G- V)
i o henee X, %" =La=v0-%)=vL

t
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13. Simultaneity is relative

Simultaneity is relative
Two events m 5
2 lights (x,"=0) and (x,'=a) turned on simultaneously at t'=0
Or event E, (0,0,0,0) and event E, (a,0,0,0)
InS x=yx" =010
x,=7va, t,=y Va/c? which is later

1 1 1
le : ¥ =06c then y= = et
‘ T -6y osi 08 °
& r5=% s0E, = (300,32
ct’ ¢
ct
s’ 4
x'
Fa : X
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14. x-axis in S for different V&#8217;s
x-axis in S’ for different V's
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