LECTURE #29 — SUMMARY

Applications: (1) Simultaneity
Say two events happen at the same time and different places as measured in A.
Do the two events occur at the same time as frame A

measured in reference frame A'? frame A'
EVGHI;: X =X, t:t1=1; t=1 t=TX oy
2 2 X1 X2 X'

Apply the Lorentz transformations:
\ Y Vv \ \ L g WV

t1=y(t1 —C—ZXJ =y(r—c—2x1] and t', = {r—c—zxzj ..t2—t1:—c—2(x2 -X,)#0

So the two events do NOT occur simultaneously in frame A'.

Mathematically: t':y(t—lzxj and dt':y(dt—lzdx)
Cc C

And so, if the events are simultaneous in frame A, then dt=0, giving |dt'= - W ax

Example:
Say | am standing in the middle of a room of width L. | throw two pieces of chalk
in opposite directions and they hit the walls simultaneously. If an observer is

moving with velocity v=Bc relative to the room, what will the observer measure as
the time difference between impacts?

v g \ 1 L
t2—t1:—y—2(x1+L—x1):— BL

C J1-B% C
1 B t1=’|§ t2=T %V:BC
If p=0.6,L=10m, then: t',—t',=-2.50x10"° sec y
If B =0.999999, L = 1000 m = 1 km, then: Xy X9 y

t',—t' =-2.36x10"° sec =x+L
e Answer does not depend on the velocity of the objects.
o IfB>0,thent,<ty. IfB<0,thent,>t.

frame A frame A'

Applications: (2) Causality

Let's say that an event at (x;, t1) as measured in reference frame A “causes” a

second event at (x,, t;) as also measured in reference frame A, where t, > t;.
explosion  ,-oken window

Example:

Is it possible that, seen from another reference frame, T

say A', the second event (broken window) occurs
BEFORE the first event (explosion)?
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i.e., Is it possible that t'y > t', ?

If so, then we have a problem:

(1) causality is violated (idea of cause and effect)

(2) unpalatable because the principle of relativity requires that “the laws of
physics are the same in all inertial reference frames”

Apply the Lorentz transformations:

. v . v e Vv (Xg=Xy)
tZJ(tz—C_Mz) and tfy(tfc_MJ --tz—t1=Y(tz_t1){1_c_2(tz—t:)}

(X2—X1)
(tz_t1)

Thus: t',—t' =y(t, - t, ){1 —lzvc} (where v is velocity of A’ with respect to A)
c

is the velocity of the causal agent, v, i.e., the velocity of the explosion.

Now: (1) t, > t4, (2) y>0, and (3) 1—l2vC >0 because |v¢| <cand |v|] <c.
c

Therefore, t',—t',>0 and t',>1t", and so causality is not violated. Phew!

V.4 Time Dilation, the Twin Paradox, and the Lorentz Contraction

Time Dilation
Say we have two events that occur at the same place in reference frame A'.
In reference frame A'":

Event(1): t,=0 x\=vy frame A frame A’
Event (2): t,=1 X,=vy QY
In reference frame A: » two events occur here

v v X
Event (1) t, =3/(t'1+—2x1j=3/(0+—2wj X
C C "

Event (2) t,= y(t'2+l2X2] = 3{1+l2\|;)
c c

Thus: t,—t,=t and |t,-t,=yt>1
The elapsed time appears longer in A than in A’ (recall Tis in A’) — time dilation

At'
In general: (At = yAt'= ————+| or At-zét:At /1_v72
1_V72 Y C
C

where A'is the frame in which the two events occurred at the same place.
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