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Radiation Heat Transfer with Relative Moveanent
between $ource and Observer
ilohmmed Anwer*

Abetract :

Planck's quantum theory of thermol radiation wos sucessfully used for radiotlon exchange between two slrfoces

under stotic and steody stote conditions. Thls article showsthot radiotionexchonge betweet two surfaces,which are

noving with respect to eoch other, depends on the relotiyevelocity betweenthe'n. As o result, we cannot use the

conventionol relotions of Thernal Rodietion. This article shows thot for thes6 csses Wien's Law and Plonck's Law need

modifications, and Stefon-Boltzmnn constant no langer remcins o constont. The application of tfiese {ormulations is shown

for three configurations af rodiation exchonge.

Notatiosrs and P.lomenclature :

A : Area of radiation transfer, (m2)

T : Absolute Temperature, 1oK)
E - f'otal emmissive power, (ergs/cm2/sec)

Flz : Angle factor
v - Relative velocity between source and

observer, (cms/sec)

c : Velocity of light, (3 x l0r0 cm/sec)
u : Energy denrity, (ergsy'cms)

e : Energy of a quanta, [e - hv], (orgs)

k : Boltzmana constaqt, ( 1.33042 x 10-'0
e rgs/deg )t

h - Flanck's corstant, {6.525 t7 x l1 0 -rz

ergs. sec)

q." : Heat rate, (ergs/crnz1sec)
q' - Heat flux, (ergs/cme)

Total hea t flow, (ergs;

E - "Emmissivity,
j : Reflectivity,,
. : TransmissivitY,

v - Frequency,
). : Wave-length, (micron)
S : Stefan-Boitzmaan constant, ( S.66l0g2g x

10 -5 ergs/cm2/sec/Ce gr.;

Subscnipts:

c - Classical,
r : Relativistic,
i : lVlonochromatic,
b : Blackbody,
7,2, : Dif ferent surf aces,

Hlstory of Therrnal Radiation c

The study of rherrnal radiation dates back to
around 1879. when Stefan gave an ernpirical reia.
tion connecting the total em,nissive power wirh
the absolute remperature of the body. His relation
was

Eo * oTa \4,
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In 1884, Boltamann derived eqn.(l) frorn
thermodynamic poiut of view. So equ,(1) is called
Stefan Boltzmann Law. In 1893 Wien assumed
radiation to be a thcrmodynamical engiae. In
1896 he formulated the expression for monochro-
matic energy density distribution as

upl:;ie

where Cr and C" are constant$. t his expression
was fouud to 6t experimental curves, satisfactorily
is the shorter zone oi wave-length. But in the
longer zone of wave-length, the experimental
values were higher than the formulated values.

In 1900 Lord Royliegh and James Jeans took
a different approach to thermal radiation. Their
expression for energy density distribution was

8rtrrTu5| : *l.4

Eqn.(3) agreed well with ihe experimenral values
in the longer zone of wavo length. But it was
quite intcresting to nore that tbe formulated
values from eqn.(3) were too large than the
€xperimental values in the shorter zone of wiv€-
length.

After the failure oi Wiens Law and
Rayliegh-jeans Law it become a real puzzle to
the physicists to determine the reai nature of
thermal radiation. The problem lrras solved by
the turn of this century, when A,fax planck gave
the revolutionary idea of quantum machanics irr
1901.

Planck's l-aw :

Planck postulateci that energy emirted f rom
a source is not continuous as was thought in
the electromagnatic theory of thermal radiation.
He said that euergy is emirted in discrete
quantities, called 'quanta'" Energy ccntent il each
quanta is

where 'h' is a new uaiversal constant called
'Planck's Constant'. He tberefore, conclnrled
that since energy emmissioo is not cootinuous, we
cannot integrate to flud out the spectral distribu_
tion, ar was done by Rayliegh and Jeans. planck's
formulation for energy density distribution is

c"
TT

8-hcuol - - i.s-(2)
1' ---Ic

(eF1j -1)

grsphical feprescntation of
is shown in Fig" (1). To
of radiation frorn the density

The
and (5)
ic teusity

i

I

(5)

eqn. {2}, (31

find out tho
of radiation

(3)

Eu,

Fig-1. Sp"r:roi distnb<rlrcn ot lheinnl Rodiqtion

E5i.: i.r.
Witb the help of eqn.(Sy and (6)

i\

(6)

we obtain

2nc2h IEs/': i.'-'-h-c (T)

l sqT -t)

To finC out the maximum intensity of mono-
chromatic emmissive power, dEul/dr.:0.

With this we obtaiu from eqn.(?)

lch
/.6 r' : ASo5 . -tr (8)

r,vhere ),,o is the wave.length of maximurn i[tcn_
sity of rnonochromatic emmissive power. Eqn.(g)
follows Wien's Law, since c, h and h are
constants.

l2

e*hv (4)
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To 6nd out the total

m intlglate eqn(S) over

dlectromagnetic sPectrum-

2nhk!
6 * 15;rhs

Intereeted readers can get a fuli trealment

of the theory of thermal radiation frorn Kaplan (1)'

Born (2), Jacob ( 3 ), Rajanr ( 4 ), Rydnrk (5)'

Ponomarev(61.

Doppler's Effect :

When there is a relative motion between a

$ource and an observer, the frequency of the

,vaves send by the source diflers from that

recieved by the observer. 'Ihis is true for all

rypes of spherical waves" 'fhis ef fect is calied

Doppler's effect.

t-.cA

F;e-? Dooolers ettect is the comDFession ol woves
'- ioiefbction on lhe other sice'

Consider Fig.-2, in which
spherical waves S is moving with a

Considering a time t, let the number
seod by S be equal to n. 'l'herefore the

BUET, Dhaka

(1 1)

But in this tinie t, the source has moved a

distance 3'- vt. Let us further suppose that the

srlurc€ is moving towards the obeerver, ( We
consider tbis situatio:] to bc having a positivo

relative velocity)' Theref ore the apparent wave-

length received by the observer

,f-
ct-vt (12',t

Frofii een. (11) and (12), we get

}n: 11 -v\t:r'-;ti.*u* 
v/c (1s)

will be positive if source is moving towards

the observer, and its value will be negative if the

source is moviog away from the observer.

Therefore the altered frequencier are given by

-t :1-p

If the observer is in motion, and source is
stationery, the altered f re quency is given by

*:1+p
(15)

The treatment of Doppler's ef fect given abovo

is true for rnechanical waves ssly, such as sound

waves. These waYes need a medium to go through'
So there is a physical difference betw een observer in

motion. source stationary and *ource in motion,

observei stationary. But for the cases of electro-

rnagnetic waves, the situationis absolutely dilferent.
From the first postulate of relativiiy, however,

all internal reference frames are equivalent, and

from the second postulate of relativitr, velocity

of light is invariant, that is it is independent

of velocity of source or that of the obaerver.

Thus in the case of electromagnetic waves'

Doppler's effect sbculd depend only on the

relative velocity betvveen the source and the

observer. In rhis case, in addition ts the altera-
tion of f requency by Doppler's effect, there
vvill also be some alteration due to relativity.

emmissive power
the whole length

ctN:-
n

En,

of

no -fe.r

@

f 2rc2h. I dr
-l-J-.u n"-"

) ,-^u^l ::^' 
t t

:, 1 **:\ffiiffir 
^

l his is simply Stef an-Boitzmann Larv,

Stefau-Boltzmann constant

(s)

with

(10)

on one siCecind

souree of
velocity v.

o f w&ves

wave -ltngth

(14)
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Thus to obtain the alteration in the
we have to take relativistic approach.
arrive at the expreosion

Yr l+P
v t/ l_02

Therefore, the altered wave-length is

can be considored similar to that the receiver
is receiving the radiation frorn a stationary source
which is emitting radiation at the value of
rvave-leogth of ),.. So the radiation tbat is receivecl
by the obscrver, Ettrr, can be calculated by
replacing i. fcr tr, from eqn.(16). Thus

frequency
We then

(to1

For further readings readers can see Rossi(7),

or any other standard book.

Bergmann (B) mentions that Ivesx measured

the relativistics Doppler's effect. Ives measured

the change of Hp lines emitted by hydrogen

'canal rays' using accelerated voltage upto 18,000

volts. Velocity attained by hi,m was 1.8 x 108

cms/sec, So 9-0.006. He confirmed the rela'
tivistic transformation given by eqn.(16;.

Formulation :

So far mentioned here, on this basis rve will
see, how the expressions for radiation exchange

changes {or ruoving cases. Therrnal radiation
is emitted as heai quanta. So these have length.
Wave-length in their cases is defined as the
distance between two consecutive discrete quanta.
Thus these will also be subjected to Dopplers
effect.

Radiation which is emitted by the source

is dependent ou the thermodynamical properties
of the emitting source. Under any circums-
tance, as long as the thermodynamical proper-
ties of the source remains constant, there will
be no change in the radiation ernmission by the
source, When source and the receiver are sta-
tionary, the wave-length of radiation received
by the receiver is equal to the wave-length
emitted by the source. But irr our case, the
emitter emi,ts the radiation of a wale.length
of l, but the receiver reccives the radiatron at
an altered wave-lengrh of i". "fhis situation

*H. E. lves, Journal of American Oryical Society, No. 28,

p-2t s, (te38)
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2,nczh
Itrb/.r : -F-lF hc (17)

ietJri' -1)

a]rt--l;-

( 18)

rshere p:

Total em:nissive power

:'

il
ri

l

t:

We see that S:ef.n-Boltzrann Law changes,
and a'velocity function' Fiv), takes the place of
Stefan- Bol t zmann co n st? nt. T he ve ria tion oi p
with p is shown iu Frg. (3). To obtain the wave-

t'3.;567

Frg-3.-Yorictrcn or p wrth p

1
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f,!fir€r, we take the
cqn" (17), and obtain

monochromatic emmissive
sarne earlier approach with

ficnce these show that Wien's Displacement Law
*.]sc needs a modification when applied for rnoving
crset.

lVe have applied the theory of thermal radi-
rf;on to static bodies. Bodies exchanging thermnl

radiation can be grouped among any of the

foliowing three con iigurations :

trvo surfaces couid not 'see' themselver,
one surface could 'see', the other one

could not'see'itself,
'noth the surfaces tcould 'see' themselves,

The author is restricting the present analyses

tro case (i) onlv for the followiag three cases of
radiation exchange ;

a) Between a differential area and a rectangle
plato,

b) Between two coaxially placed circular plates,

c) Between two equal, coaxial rectangular
plates,

Before going into detailed analyses of each

r&so, the author wants to rnake the foilowing
rimplifying aosumptions :

i) all surfaces are gray,

ii) as the diptance between the surfaces will
change. by changirig the heat flow rate,
the steady state temperature will be kept
con st antr'

iii) the eurface are parallel to each other.

Shape factor is a very important factor in
radiation exchaage between two bocjiea separated

by distance. If the two bodies form an enclosure,
it is easier ts fiad out the angle |actor {rclrn

otre surface to another. Sirnple geometric struc-
tures can also be solved easily. Angle factnr
iepends upon the dimension of the radiating

}UET, Dhaka

surface, and upon the distance betweru rhem. In
the present ca6e, the distance between the two
radiating surface is changing, so angle factor
will also chenge continuously. Jacob (g) gives
the expressions for angle factors for some geome.
tric configurations. The relatioas given by him
are adopted from dif ferent sources. The angle
factor relations given below are adopted from
Jacob (9), and are given here in a modified form.

a) Two surfaces, one of differential, and
another of rectangular area,

lf B _r 
1F,:-Dtl.-Sin

''' L "v/cz+Bz {1q(o,+r]z'

-!si"-' B .l eol.\/L+cz tt+e-[=,, J

This confguration can be used for the
following configurations only.

Frr:Fr-, * Fr-r. * Fr_rr, * Fr*r..

. b) Two coaxially placed circular plates.

o' _ (1 +c!*B,)4y1f,{}41p;76'
' rz - (2j)

c) Two equal coaxial rectangular plates.

n 1 f Cs. Ct+C2Br+Cz+B2 2C "tt12: ;L g rn -T4Cry+-1F- - -B-tan-rf

* z 1/Tl-Qz tuo*t -L zC tan-r *{l+c' c
t2l-t

4 -_y.cz+82 tan_r 
{c;tr") G2)

Equation (20) and {22) are represented graphi-
cally rn Fig. 6 and Fig. 7 with B as a para-
meter. The values of angle factors are calcu-
tated by Computer, and it was observed that
for a fixed value of C, eqn. 21 does not change
appreciably with the change in B,

i.1r - d* {F"*..^
(1e)

i)
ii)

i:t
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Ihis confiEuration can be used .f or the fcllowrng eose only

€aa1
I
I
I
I
l

f,. = E-l Fri F-LFrg

{b) Two caoxiclly

Frg. 4

ploeed cireular piales

@
li t=f 

f,,=

1i s=E zBL (z)

Radiation exchange between
spaced infinite plate is given by ;

"Jflj,rlq":i I 1

el 62

two closely

(23)

In this case, since the plates are closely
spaced, and are assumed to be infinite in dimen-
sion. The angle factor is agsumed to be 1. But
we cannot make this asrumption in our case,
as it is clear from fig. 6 aad f.ig. T that in
most cases the augle factor is much less than 1.

To f ind out the net radiation exchange
between two surfaces in our cases, consider
Fig. 5

t6

Fie.5 Rodiclioq trcrstr. :et.*?n t*' ptotrs

Rodiotion toss 'ron s!rtr?' s ; .e- :,/: -

,: llrtii'l
I r,4rtvttf'l

T7,4 r1€.i 1t,)

",lh rre t' I

'r)--,

d= E A, 
I E,*r (Fr.p-F-4, + f.f. F. f, frprF- < +

* F.ifir P,F.4, + A,qF..p,F-t, i.l_E
whera g=6gn

,\ - ArEr ( F., dt
. d, Ir . 

_)

I

,l

I
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Taking the help of reciprocity rule, and
solving the above equation, we obtain the following
expression.

I
n

I

(
'-l-

Arer - $t t-'r1',Prr' l T,'-
1 - tj (t-"r) (1-e2) F1,2

/t- tlr.-r

F(v) (24',)

Method of Solution :

Consider Fig. 8. Surface P is stationary,
and the surface Q is receeding from surface P
at a velocity v. Let the surface Q be at a distance

xo from the surface P at time to. In a time inter-
val dt, the radiation exchauge between the two
surface is :

dq : q'.dt
Now, 6s : (l/v).dx
There{ore the total thermal radiation
exchauge' I

(25)

The next step is to get the value of q' from
eqn. (24) to €qn. (?5). and then the value of angle
factor F* from cqn. (20), (21) or (221 to eqn. (25).

It is obvious that the resulting expression will
not be very nice one to integrate. So the only
feasible'way of solution is to integrate the final
expression of eqn. 25 numerically. To do it

1) find B. This should be always less than 1,

t8

ts=F

Fig. 9

2) divide the i ntcrval between n and ns, in
numbers as required by tbe iotegra-
tion process useC. ie equal iutervals,

3) with the value oi 1 used to calculate the
value of B, esal::re rhe value of C 

"foreach intorval of step 12),

4, f.ad out the yCue of Fl" either from the
curves or f rom rhc formula,

5) find out the value of q for each value
of Fi, from eqa. (2.i),

6) put the value of q'in.eqn, (25)'and inte-
grate numericrlly.

If the plates are ioinite and closely spaced, we
can substitute Ar-dr:1 and Frr:l in eqn. (24).

Eqn, (24) then reduces to

F (v) (T,{-T1')
q":-- l-.-I-l

€i €'

which is eirnilar to eqn. {33). If both the plates are

black, Er:Ez:l. In tbat care eqn. (24) reduces to

q' : ArF(v). (Trr-F:rT:{)

Conclussion :

This paper is absolutely a theoritcal treat-
ment of radiation exchange between source and

si,rh which are moving'with respect to each

other. The author agree> that tlre modifica-
tions he has mentioned here are marked only
at high velocities. But the fact remains that

Io,.,",u,, I 
rf

o :Jl 
n'a"

n

: 
,{i ''o {ir}
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ilh;p[.'" clfect and relativistic effects lave
0:r praved end this paper is a direct conse-
qrlm af relativity and Doppler's effect. Since
nlmirity. and Doppler's effects have been proved
6r autbor thinks that the rreatmert given in
'h+ paper will also hold good. Howevr, €xlrc-
sirueotal verification is obvious'ly required. For
ru ordinary daily life engineering pr oblems
t&c importance of this theoritical treatment is
ledcelly absent. But it should be realised that
6c theorjes of thermal radiarion that we study
tf,c trot saturated because a strollg assumption
rrs made by Wien and Planck while formula-
ting their laws-relative velocity if source and
cbserver is very small ccmpared to that of light.

The analyses in this paper is restricted to
tho two coaxially surfaces only. When the
lurfaccs are not coaxial, Dopplers shift has a
differcnt form than that given in eqn. (16).
The geaeral oxpression for Doppler's shift is
givea by :

r" _- / 1-9',
T--T+BTos o'

Fi g- 9.
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z.

This expression ehows even Doppler's shift
is not constant in this. case., So it io a more
difficult problem. The analysis of this problem
gtiil remains to be solved.t
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