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Special Relativity : Relativistic Kinematics

(1) Implication for mass.
- Energy of motion : Increase Mass

m = M(r) = Wrest ,
with =E

(mass depends
onspeed

(2) To respect the conservation ()
laws of linear momentum,

we

have to use relativistic momentum,

defined as p=Mo
, where More

for particle moving with velocity i
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(2) Why using Relativistic momentum
?

Under the Lorentz transformation imariy -
(0
,t)(Luventz boost) along the ·

+* - direction , the transverse Frank
↑
(xt)
-

velocity is not invariant,
(x= 0

,
t=d)

uy U!

② With the definition of
relativistic momentum r(Mon,

then the transverse momentum is
invariant,

Py = 4)

Note : To = Unimot , where Fulx
i is the velocity of the particle with its
rest mass MoE M (n=0),

where the mass 2
m =M()

= UnMo
,

with Jul = uy+V+42
- forThus

, p
*
= will

-> n= (uy
,

4y
,

4z)
= U(u)MoU
- Note : It is U(a),

not(4) ·with

P = Vulcoux , U=
Py= ((u) Molly

PE = U(u)
MoUz = /Px

,
Py
, Pz)



Lorentz boost along +* - direction
position velocity
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X= V(X+EA) x= v(X- Et)

t = U(t- Ex) t= ((t - Ex)
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Let's consider a special case that

x= 0 , N= 0 , Ulto ,

and Yeo, z=, zo.
1

=v yX
-

*

=Vy I v
Y

=
,

Y
(x=0, y=0)

① classical momentum Moy- Moul
Because

U=
& Relativistic momentum MoUUyMoy
where =
the speed HE ↓

= (uTuz = My = V
,
for U=0

Hence, (u =Fuy)

more
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= MoUny



(3) The relativistic Kinetic energy, I ,
derived -from the definition of
forcemont) ,

with
I

=
-

-1-2

and the work Wiz doneby a force #So
more a particle from position 1 to 2 along a paths,

work We d = -K

where, S

K= (m) . i dt

D
k= Ummoc = Mo(V-),

with =-·
-

( * S )
In the limit of11 ,
Relativistic KEMoc(8-1)

=IMr

us (agrees withClassicenergy
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(3) The relativistic Kinetic energy Un

k= m .Jdt(). = mo(ud(ru)
8 I

= Moc(U-1) , for u=e

L
(integrationby parts

Inthe limit of us , then Ul ,
ukC

k MoSondu = -mon (classicalhta



(4) Conservation of Mass-Energy
- Mass and Energy are equivalent
-Mass is another form of Energy
- A particle with no motion still has energy
through its mass. I

E= M()c"= Um., with=Fu
- Relationship of Energy and momentum of
a particle with rest mass Mo is

E= pc+ mic
= Both CEEpE2) and Mo are invariant

quantities under Coventz
transformation from

one inertial frame
to another.

- For massless particle, such as photon, Mo
= 0,

DE = PC

Using E = UMoc
and pc

= (Umon) C
,

we

obtain HeCD Massless particle can

only travel
at the

speed of light.



15) For a particle with rest mass Mo and velocity in
Total energy E MoV FKinetic

energy K = Mo(Vo- 1) ,
E=k+ m.

k = E - Mo
where (Moc") is called the rest energy.

① While the relativistic momentum is

= Mo U
the relativisti . Kinetic energy

~ Only this form
k = mo (V - 1)

@
is correc
t

= Mok-mo
k*)

② As El , K* MU (E)

k = m.(V
- 1)

= Mo(1-) **- mo
Ex
=> mo(++.. )

- m.

- Amon on
classical Kinetic energy

= It
Note : (exa+ ax +... for (5/ for1x11



14) Show that I pc+ mic4
- -

p = mUn =
pizm B = 4

= mit"(B)2 Be 1-t
=mifeB
= mic42(1-)
= micy" -micP (E = m .Uc)
= E2-(most",

# EE prestenergy"



Summary : ( Fromnowonewill use
a
eastmas)

S

inematicsfor a particle with rest mass M.
classical Kinematics

To ensurethe law of

relativistic kinematics
conservation -mi

linear momentum
-

p =ut
-= F=

k=mi= k = mc (U- 1)
(n=, p=p. 5)

E = k+ mc
E = k =

E = my(z

-y

2

I p = Eu
- -

valid for / Ec+ (mc2)2
Edu valid for all u

Thus
,

the accelation is but U < C.

F =
F holds for all & (< ) , #
butmaund only holds for. Thus

,
the accelerationis

)



(1) 
Space and time intervals as measured by different observers depend 
only on relative velocity and not on acceleration.

(2) 
Mary (on the spaceship) can apply the formulate of special relativity 
provided that she takes into account the fact that during the periods of 
acceleration and deceleration she was continuously changing her own 
(comoving) instantaneous initial frame. For example, right before and 
after the turning point, the two (comoving) instantaneous initial frames 
have different velocities (with opposite directions). 

special Relativity and acceleration
Y

electromagnetic field under Loventy transformation

(Lorentz boost)

Inthe four spacetime dimensions:

X= (ct, X, y, z)

(Fi



Note : Totalenergy is E= K+ mc= mrc2
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