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7.1 The photon
�

The photon is the quantum
 of light:

�
Travels at the speed of light

�
R

est m
ass of photon is zero …

 
it has no rest fram

e

�
E

nergy of photon of frequency fis 
w

here h
is P

lanck's constant
�

P
hoton m

om
entum

:
�

Invariant-m
ass form

ula applied to photon: hf
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�
R

earrange to give:
(w

avelength = λλλ λ)
�

R
ed-shift form

ula using energy-m
om

entum
 

Lorentz
transform

ation:
�

In S
´photon frequency f´(parallel to –ve

x´axis)
�

In S
photon frequency f(parallel to –ve

x
axis)

λλλ λ
γγγ γ

=== =
=== =

h
c hf

p

((( (
))) )

((( (
))) )

((( (
))) )

βββ β
+++ +

βββ β
−−− −

′′′ ′
=== =

βββ β
−−− − ′′′ ′

γγγ γ
=== =

′′′ ′
−−− −

βββ β
+++ +

′′′ ′
γγγ γ

=== =
′′′ ′ γγγ γ

γγγ γ
γγγ γ

1 1

 

f
f

c
fh

hf

pc
E

E

c fh

Lecture 7: E
&

 p: A
pplications II

7.2 E
nergy/m

om
entum

 conservation

�
Total (relativistic) energy of system

 of 
particles conserved

�
Total (relativistic) m

om
entum

 of system
 of 

particles conserved

�
C

onsequence:
�

C
an turn rest-m

ass energy into kinetic energy

�
C

an turn kinetic energy into rest-m
ass energy 

(i.e can turn energy of m
otion into m

atter)
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7.3 N
atural units

�
S

peed of light ‘natural’ unit of speed
�

S
et c

= 1

�
E

nergy gained by electron accelerated 
through potential of 1 V

 →→→ →
‘natural’unit of 

energy
�

i.e. 1 eV
 = energy gained by electron accelerated 

through potential of 1 V
 

��
N

atural unit of m
ass: eV

/c
2

�
N

atural unit of m
om

entum
: eV

/c

J 
10

6.
1

eV
 1

19
−−− −

××× ×
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7.4 N
uclear fusion
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7.5 N
uclear fission

Fission

Fusion

Binding energy per nucleon, MeV

M
ass num

ber, A
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�
S

ilw
ood P

ark: Im
perial C

ollege R
eactor C

tr

S
m

all reactor 
used for 
research 

(e.g. effect of 
radiation on 
m

aterials)
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7.6 D
ecay of the K

0
m

eson
�

R
est m

ass of K
0

= 500 M
eV

/c
2

�
D

ecay: K
0→→→ →

πππ π
+

+ πππ π
-

�
C

onsider:
�

K
0

to be at rest in S
´

�
D

ecay products to be produced parallel to the y´
axis

�
U

se energy/m
om

entum
 conservation 

to show
:

�
M

om
entum

 conservation im
plies:

�
C

alculate pion m
om

entum
:
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U
sing 

‘natural’
units!
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�
N

ow
 consider K

0
to be m

oving so that its 
energy is 2000 M

eV
�

Take K
0

rest fram
e (S

´) to be m
oving relative to 

S
(usual configuration)

�
C

alculate γγγ γ
and βββ β:

�
Lorentz

transform
ation now

 gives E
πππ π

and p
xπππ π :
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�
C

oordinates transverse to the relative 
m

otion do not transform
:

�

�
C

heck invariant m
ass evaluated in S

:
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