SPECHAL [RELATIVITY
BASIC CONCEPTS
'FRAME OF REFERENCE: A
COORDINATE SYSTEM IN WHICH
EXPERIMENTERS MAKE POSITION AND
TIME MEASUREMENITS.
RELATIVE SPEED: THE SPEED OF
ONE OBJECT COMPARED TO
ANOTHER OBJECT.
‘OBJECTS ARE AT REST RELATNE
TO EACH OTHER IF THEIR
VELOCITIES ARE THE SAME.
'OBJECTS ARE MOVING RELATIVE
TO EACH OTHER IF THER
VELOCITIES ARE DIFFERENT.
INERTIAL FRAME OF REFERENCE:
ANY SYSTEM THAT MOVES AT A
CONSTANT VELOCITY RELATIVE TO
ANCTHER INERTIAL FRAME OF
REFERENCE




"NON-INERTIAL FRAME OF REFERENCE:
ANY SYSTEM THAT MOVES WITH
ACCELERATION RELATIVE TO AN
INERTIAL FRAME OF REFERENCE
-SPECIAL RELATIVITY: THE STUDY OF
INERTIAL FRAMES OF REFERENCE
-SPEED OF LIGHT: THE FASTEST
SPEED IN THE UNIVERSE,
c=300xI|0%%
RELATIVISTIC SPEED: A SPEED WHICH
IS A SIGNIFICANT PROPORTION OF THE
SPEED OF LIGHT So THE
CONSEQUENCES OF SPECIAL
RELATIVITY MUST BE TAKEN INTO
ACCOUNT (USUALLY GREATER THAN
IO % OF THE SPEED OF UGHT)

MICHELSON-MORLEY EXPERIMENT
‘PURPOSE: TO FIND THE AE THER (MEDIUM)
THROUGH WHICH LIGHT TRAVELS

t
L
source + %I mirror
beamsplitter L —»
detector




'FOUND THAT THE TWO PULSES
ALWAYS MOVED WITH THE EXACT

SAME SPEED

- THERE 1S NO AETHER.

POSTULA

S OF PECIAL RELATIVITY

|. FIRST POSTULATE (PRINCIPLE OF

RELATIV TVY)

THE LAWS OF PHYSICS ARE THE

SAME IN ALL INERTIAL FRAMES OF

REFERENCE.
EXAMPLE

@——)
%

2.SECOND POSTULATE

lll
IN A CAR
MOVING AT

ON EARTH SPEED V

THERE IS NO PREFERRED
FRAME OF REFERENCE.

IF BoTH THROW A BALL UP
WITH THE SAME INITIAL
VELOCITY THE BALLS
WILL BoTH LAND IN THEIR
HANDS AFTER EQUAL
AMOUNTS OF TIME.

"THE SPEED OF LIGHT IS THE SAME IN
ALL INERTIAL FRAMES OF REFERENCE
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% BRIAN

AARON TURNS ON A FLASHLUIGHT WHILE IN A SPACECRAFT MOVING
AT SPEED zc WITH RESPECT To BRIAN. AARON AND BR(AN BOTH
TRAVELLING AT SPEED

OBSERVE THE LIGHT To B

BRIAN DOES NOT ORSERVE

LIGHT TO BETRA\IELL(NG AT ic!



SIMULTANEITTY
‘AN EVENT IS A PHYSICAL ACTIMITY
THAT OCCURS AT A DEFINITE POINT
IN SPACE AND A DEFINITE INSTANT
N TIME.
EXAMNMAL E
A FIRECRACKER EXPLODES

"TWO PARTICLES COLLIDE
‘A LIGHT WAVE HITS A DETECToR

TWO EVENTS THAT TAKE PLACE AT
DIFFERENT POSITIONS BUT AT THE
SAME TIME ARE SAID TO BE
SIMULTANEQUS.

CONSIDER THIS SCENARID:

CASS

LIGHT DETECTOR
/WITH SIGNAL LIGHT

\Y/

DAVIN

‘FIRECRACKERS ARE ATTACHED TO THE ENDS OF
CASS’ RAILROAD CAR.

-THE FIRECRACKERS EXPLODE AND LEAVE SKID MARKS
ON THE GROUND.



-THE FLASHES OF LIGHT ARE RECEIVED BY A LIGHT
DETECTOR WITH A SIGNAL LIGHT THAT TURNS
IF BOTH SIDES RECEIVE A SIGNAL AT THE
SAME TIME OR RED IF EITHER SIDE RECEIVES A
SIGNAL BEFORE THE OTHER.
‘DAVIN SEES THE FLASHES AT THE SAME TIME AND
MEASURES AN EQUAL DISTANCE TO EACH OF THE
SKID MARKS. HE CONCLUDES THAT THE TWO
FIRECRACKERS EXPLODED SIMULTANEQUSLY.

DOES THE LIGHT TURN OR RED?
DAVIN'S FRAME CASS’ FRAME
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TWO EVENTS OCCURRING
SIMULTANEQUSLY TO ONE OBSERVER
ARE NOT NECESSARILY SIMULTANEOUS
TO ANOTHER OBSERVER




TIME DILATION
IF TWO EVENTS OCCUR AT THE SAME

| OCATION, THEN THE TIME INTERVAL
\_’lEASURED BETWEEN THEM IN THAT
FRAME OF REFERENCE IS CALLE) THE
PROPER TIME . B0TH EVENTS MEASURES PROPER TIME
-IN ANY OTHER INERTIAL FRAME OF
REFERENCE., THE TWO EVENTS OCCUR
AT DIFFERENT LOCATIONS AND

THE TIME INTERVAL IS DILATED
(STRETCHED OUT). GSekveR RUN SLOWER =

t : DILATED TIME INTERVAL
f=—teo_| t,/PROPER TIME

JI-& | V:RELATIVE SPEED
C: SPEED OF LIGHT

(300 xI0® §)

CONSIDER THIS SCENARD:-

» T 5 N
D EVAN 1m@ -

% CLOCK TICKS ONCE EVERY TME “THE BEAM
FELIX

OF LIGHT TRAVELS UP AND DOWN



EVAN'S FRAME

Lozl

1

L

77777 O

CLOCK IS AT REST
G

.—c;
L=c3

FELIX'S FRAME

Lozl Lol Lozl
ct— ll_

77 71— dC
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ctr+ vt = et
(c2-v)= c t:
2 ct 2
JC=(c“-v’-)t"




EXAMFL £

A STATIONARY NEUTRON HAS A
HALF-LIFE OF 800s.|F THE NEUTRON
MOVES AT A SPEED OF OSf97c
RELATIVE ToO AN ORSERVER, WHAT
WOULD THE OBSERVER MEASURE THE
HALF-LIFE OF THE NEUTRON TO BE"?




EXAMNMALEF
ALPHA CENTAUR| |S THE CLOSEST
STAR TO THE SUN AT A DISTANCE
OF 45 LIGHT-YEARS. IFA SPACESHIP
TRAVELS AT %c,
o) HOW LONG S THE JOURNEY FOR
AN OBSERVER ON EARTH?
b)HOW LONG 1S THE JOURNEYN FoR
AN ORSERVER ON THE SPACESHIP?

ONE LIGHT-YEAR IS THE DISTANCE LIGHT TRAVELS IN ONE YEAR
(d=vt=1yearxc)




LENGTH CONTRACTION
CONSIDER THIS SCENARID:

: GARY
> fHAMLET B._‘,‘

GARY'S FRAME HAMLET'S FRAME
GARY _HMET GARY 3 Ty
——e I .
| Lo OBJECTS (PLANETS) L
ARE AT REST
_Lo _L
VT A
\ /
L. _L
+ ot
L= %
: L
tﬁ
L-——= L.




“THE LENGTH OF AN OBJECT (OR

DISTANCE BETWEEN TWO OBJECTS)
DECREASES IN THE DRECTION OF
MOTION FOR AN OBSERVER

MOVING WITH RESPECT TO THE
OBJECT(S).

L :CONTRACTED LENGTH
(ORJECT 1S MOVING)
L=/%L, | L. PROPER LENGTH
(LENGTH WHEN
OBJECT IS AT REST)
V: RELATIVE SPEED
C: SPEED OF LIGHT
(300 xI0® )

EXAMA~Y

A SPACESHIP S TRAVELLING AWAY FROM
EARTH AT A SPEED OF O8c.AN
ASTRONAUT IN THE SPACESHIP MEASURES
HS SHIP TO BE 100 m LONG. WHAT

DOES AN ORSERVER ON EARTH MEASURE
THE LENGTH TO RE®?



MASS INCREASE
THE MASS OF AN OBJECT INCREASES

FOR AN OBRSERVER MOVING W\TH
RESPECT TO AN OBJECT.

M : APPARENT MAIS
= Mo (OBJECT IS MOVING)
JI-%'| m_:REST MASS
(MASS WHEN ORJECT
IS AT REST)
V: RELATIVE SPEED
C: SPEED OF LIGHT
(300 xI0® )




EXA/NPL E
AN OBSERVER MEASURES THE MASS

OF A TRAIN MOVING AT A SPEED OF
O.6c WIMH RESPECT TO HIMSELE |F
THE MASS HE MEASURED WAS

24 000 ko, WHAT Would A
A PASSENGER ON THE TRAIN

MEASURE ITS MASS To RE?




RELATIVISTIC MOMENTUM
MOMENTUM (S CONSERVED [F
T IS REDEFINED AS

3
<

p:MOMENTUM kgs
m_:REST MASS,kg
(MASS WHEN ORJECT
IS AT REST)
V:RELATIVE SPEED, 3
C: SPEED OF LIGHT
(300 xI0® §)

p=

ﬂ
ol

"THE RELATIVISTIC MOMENTUM
 APPROACHES oo AS THE
'\VJELOCITY APPROACHES THE SPEED
'OF UGHT.

NEWTONIAN MOMENTUM




-THE COSMIC, SPEED LIMIT: A MATERIAL
PARTICLE CAN NEVER REACH THE
SPEED OF UGHT BECAUSE THE
PARTI|CLE'S MOMENTUM BECOMES
INFINITELY LARGE AS THE SPEED
APPROACHES ¢. THE AMOUNT OF
EFFORT REQUIRED FOR EACH
ADDITIONAL INCREMENT IN \JELATY
RECOMES [ARGER AND | ARGER UNTIL
NO AMOUNT OF EFFORT CAN RAISE
THE VELoCITY ANN  HIGHER

MASS-ENERGY EQUIVALENCE
"THE WORK-ENERGY THEOREM IS
STILL VALID IN RELATIVITY IF THERE IS

AN ENERGY ASSOCIATED WITH MASS
| TSELF.

E : TOTAL ENERGY, T

E=mc | E_:REST ENERGY.T
- Jvln—c E.KINETIC ENERGY, T

m,: REST MASS, kq
=E.+E,| ™M APPARENT MASS, kq_
V:RELATIVE SPEED, s
E,

m,c*| C:SPEED OF LIGHT
(300 x|0® §)




EXAMNPFPLE

AN INELASTIC CoLLISION BETWEEN TWD
CLAY BALLS

« Ex
O—"* &0 E,=2m,c*+2E,

O E¢=2m°c.‘ ?

IN NEWTONIAN MECHANICS, WE WOULD SAY
THAT THE INITIAL KINETIC ENERGY 2E, IS
DISSIPATED BY BEING TRANSFORMED NTO AN
EQUAL AMOUNT OF THERMAL ENERGY, RAISING
THE TEMPERATURE OF THE BALL.

‘E=E.+E, DOES NOT SAY ANYTHING ABOUT
THERMAL ENERGY.

-TOTAL ENERGY CAN BE CONSERVED ONLY IF
KINET|C ENERGY IS TRANSFoRMED INTO AN
EQUIVALENT AMOUNT OF MASS

« Ex
O—"* €0 E,=2m,c*+2E,

O EW Ee=M,c?

Mo>2m,
"NUCLER REACTIONS
FISSION:
/
°—> @ —> - ¢Oﬁkr
n MB‘O . .\
/\
THE MASS 307x10"kg OF MASS
OF THE HAS REEN CONVERTED
REAC.TANTS“ INTO KINETIC ENERGY,
IS 3.07x10° kg
MORE THAN
THE MASS ofF

THE PRODUCTS .



FUSION:
TH+3H— 1He +on +17.6 MeV

‘THE ENERGY RELEASED IN A FUSION REACTI(ON IS
FRoM THE LoSS OF MASS.

ENERGY

-HEATING UP A BoX OF GAS

LY s

e s 1

+ HEAT I:>

—iN\
L

_THIS Box HAS MoRE
MASS

"MASS IS NOT CONSERVED'!



RELATIVISTIC ADDITION OF VELOCITIES
AT RELATIVISTIC SPEEDS, CLASSICAL
VECTOR ADDITION CAN RESULT IN
PROTECTILES MOVING FASTER
THAN THE SPEED OF LIGHT.

RELATIVISTIC ADDITION OF
VELOCITIES:

Gy V:RELATIVE VELOCITY
U Tray BETWEEN THE TWO
c FRAMES OF REFERENCE
UW:VELOCITY OF
PROJECTILE IN THE
FRAME MOVING AT V
W VELOCITY OF THE
PROJECTILE IN THE
FRAME AT REST




EXAMAELE

AARON [S TRAVELLING TOWARDS BRIAN
AT A SPEED OF 0.6c. AARON THROWS

A BALL TOWARDS BRIAN AT A SPEED
OF 0.6¢c (IN HIS FRAME OF REFERENCE)
AT WHAT SPEED DOES BRIAN SEE THE
BALL APPROACH HIM®

E EAARON_,O‘?C B—é 06c % BRIAN

VELOCITY OF THE BALL
IN AARON'S FRAME OF

REFERENCE .




