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Invariance of physical laws, simultaneity: All of the fundamental laws of physics have the same
form in all inertial frames of reference. The speed of light in vacuum is the same in all inertial
frames and is independent of the motion of the source. Simultaneity is not an absolute concept;
events that are simultaneous in one frame are not necessarily simultaneous in a second frame mov-

ing relative to the first.

Light (L)

Yrlse = Uys = €

Time dilation: If two events occur at the same space A = Aty — v Ar
point in a particular frame of reference, the time interval m Y 8f
Ary between the events as measured in that frame is
called a proper time interval. If this frame moves with (37.8), (37.8]
constant velocity u relative to a second frame, the time |
interval At between the events as observed in the sec- y = (37.7) 0
ond frame is longer than Ar. (See Examples 37.1-37.3.) 1 - “2/52
Length contraction: If two points are at rest in a particu- =5 _lo (i ;
lar frame of reference, the distance [y between the points T=Todil — u¥jc* = ; (37.18)0 f L '—dﬁ ‘ M
as measured in that frame is called a proper length. If e I—>ie—>| | u
this frame moves with constant velocity « relative to a "‘."\_ udy “§~
second frame and the distances are measured parallel to
the motion, the distance / between the points as meas- o
ured in the second frame is shorter than /;. (See Exam-
ples 37.4 and 37.5.)
The Lorentz transformations: The Lorentz coordinate A y(x — ut) 7 Yy
transformations relate the coordinates and time of an 1 — u?fc? )i _\__| Ji
event in an inertial frame § to the coordinates and time , , L |
of the same event as observed in a second inertial frame y =y E=5 (37.21) KL ) o _TP
8" moving at velocity u relative to the first. For one- ) t — ux/c? s o r 4 l‘
dimensional motion, a particle’s velocities vy in Sand v, ' = ﬁ = y(t — ux/c”) ” x'
in §" are related by the Lorentz velocity transformation. I = ufe
(See Examples 37.6 and 37.7.)
Uy — U
v, = ——— (37.22)
1 — uv,/c?
v+ ou
v, =——— (37.23)
1+ wlfc?
The Doppler effect for electromagnetic waves: The et i f
Doppler effect is the frequency shift in light from a f= Ve — ufo il 3 S
. . z o u Stationary observer
source due to the relative motion of source and observer. Moving source emits _ detects light of
For a source moving toward the observer with speed u, light of frequency fy.  frequency f > fi.
Eq. (37.25) gives the received frequency f in terms of
the emitted frequency fy. (See Example 37.8.)
Relativistic momentum and energy: For a particle of rest mo . K Relativistic
mass m moving with velocity U, the relativistic momen- P = ﬁ =ymv (37.27),137.31) kinetic |
tum P is given by Eq. (37.27) or (37.31) and the rela- e energy [\
tivistic kinetic energy K is given by Eq. (37.36). The K = mc* — m? = (y — mc® i
total energy E is the sum of the kinetic energy and the 1 — v¥/c? : v
rest energy mc”. The total energy can also be expressed (37.36) : x DOESN'T
in terms of the magnitude of momentum p and rest mass s 2 . LA HAPPEN
m. (See Examples 37.9-37.11.) E=K+ mc™ = ]=U2/‘c2 = yme Emcz |- : Ecwt_onian
[3735] : metic el‘lEI’iy
E? = (mc?)? + (pc)? (37.39) 2 ¢
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