
Basic definitions - General principles



Specific Intensity.

do n Consider a radiation field
propagating along a direction~ forming an angle O with the

-

normat in to the surface of

One defines dV as the amount of energy
in the frequency interval [0 , U + dr] crossing dt
In the solid angle dot in dt.

dV = Fr dudt dU cost d

In as therefore the "energy flux" per frequency
unit surface

time

solid
angle.

Indu is in units Watts/ma Istéradians
on can define In or I
E 1. In du



What happens in the vaccum ?

#
dT

,
&Ta

de, = sitid angle subtended by di2 seen from the center of dt

dlz = dT1 dTa

By definition d = de
de

du = Ir Coste dTr d ,
dudt

= Fr
,

cos0 , dT, drDe dedt
simirlarly ↑

dVa = Fre Conta dia de dodt

Radiahan
energy is cousured (no absorption (

=> The specific interenty is cousured in the vaccum.

Remarque :
This is independent of distance , provided the source is resolved



What does "resolution" mean ?

:m
spiral galaxy

C

at distance D from the observer

Now doubting the distance to the observer -- LD

star
: 12 => flux : n (r2)distance

Galaxy :
Eachnew surface unit will contain X4 more previous surface elements

But flux is 4
Factors cancet out



Mean specific intensity

written <Iry ,
also named surface brightness

WHY ? A star does not radiate the same intensity in all

points of its surface. We can think of the spots on the Sun

However we do not "resolve" all stars in the same detail

due to their much large distance.

Alpha Centauri : 4 .
22 astronomical unit (VA)

1 UA = Distance Earth-Sun = 150 .

100 hu

Integrat of flux aver on hemisphere :

·

ou octo,

Summing flux on the surface ,
thencividing by the surface

Emean)



↑

In spherical coordinate-Surfac= R2 sinO dOdY
In do 60s0=

dudtd

of the
Integrat &IndicrD:J

deSpecific intensity
O [0,]

: Is cost RE sinD do dY Ye [o , ant]

si
= ge

M = cst du = -SinOdO .

etro -da = 2Trude

Gir[[U2] =TIR

=2 In cost und



One can choose to calcule the mean over the solid angle

La Fre

Flux

Monochromatic flux

in Amount of eneegy emitted or received
,
in all directions

* per unit timeS

surface
in [r, r+dr]

dFr =du = Incode

One can also write dFr = IgwsO sino dOdY

unit : W/m2)Hz
Astrophysical fluxs arevery small

,
if is convenient to change units

26

1 Jansky : 1 Jy =
10 Wm- 2 Hz"

= 10
-*

erg .

s. auHz-



Fr = J de Total monochromatic flux

Bolometric flux = integrated over all frequencies F
= 1.Fod

QUESTION : If intensity is isotropic ,
how much is the total flux ?

FutEwdew modo
= &TIr(cot sino do

M = asO du = -muddO.

Fr = añerude =2

The flux of an isotropic radiation is will

Flux requires deviation from isotropy



Incident and emergent flux

F1 Ordwest dod
=
--

emergent flux Incident flux
n

or 5 F + -> F
T 2->...To-

Fr = Fut - Fr

If isotopy : (Fr + ) = /Fr => Fr = 0

=<Er>

Luminosity Emitted energy in all directions
S

per unit time

frequency

dLv
=dr =

Fr cOdd e

(r = ( I Irmodid =! FutdD
surface ht surface

ensemble

of outgoing direction



If spherical symetry Ly = GRFrt

Bolowetric luminosity (Boe= Lr (unité = Watt)
Mallometric magnitude MBot = - 2 .

5 log L + aste
-2 .Flog 1 + 4 .73

LO

10 = 3 .846 109w =
3
.846 103 erg/e

Radiance Received flux per surface unit.
v

dir =

dUr
- Er = j

dT dt du
- r

-

↳
R

& &

dUv=dudt
D

Emission : L
. 17 is averaged over FR2
solie angle-

One can write TRE<IO) E receivedflex

Er , per surface unit== TR <Iv)=Source In



It is common to use the angular size of the source , rather than is

solid angle.
-

·

-

C = <R (for small angles , given that

- sources are dostant)
[

& D

IFry=

Apparent magnitude v
= -
2. 5 log - + ate

Why do we use magnitudes ?

-> Hilparque (It Century before JC) obcured 6000 stars

which could be observed with naked eys. He defined 6 groups.

-> In 1856
, Pogson calculated that group 1 Was

100 Ains more luminous than group
6

de me 5 intereste

&
5 = 2

. 3 logno(100)
25 log (100) = 1 = 2

.
5 log (100)



Radiadve
energy density

due = Is cs0dTdt

= Energy going through the surface do , of angle O vs the

direction of radiation

&Pi
&

This energy is contained in the volume CdtdTasO

du
=

In

du deadt&Tast 2

Summing over all directions

# u
-S
I
= J
-
Fodo .


