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'nmﬁmtws, there srs two reasons ceusing the oscurrencs of & dc

| by a well knwn thermodynamic relation) no causes (sush as the chnngo
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Buaystve Kontaktow® (Baglish veraion sbove) in Zhurnal
Ecsperimentelinoy 1 Tearstichegkay Flalki (Journal of
Experisenta) and Theorstical P!xysiéa) Vol. 10, No. 12,
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When alternating eurrent flows: through the junotion of two

aamyamnt of surrents _
1) The thermal \emf of the contsct, oonnscted with the heating-
of tha contact by Joule heet (temf). |
< 2) Change in the resictance of the onntaut, connsoted with the

L

relesass of Peltier heat at the polnt of con‘baet.
’ ~ In the absence of temf and Peltier heat (which are comnscted

in the oontact resistance dus to liberation or Jouls mt which 18 &‘T
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even function of the ocurrent) ocan yield s & component.
Let us show that the indicated second resson has the same

order in the current as the firsgt, The Jouls heatling, and conse-
quently the temf, are x.mopor;tional to the squere of the current.

The liberation (or absorption) of Peltisr heat is propoartional |
to the otrrent; the change in resistance due to the Peltler heat

is also proportional to the current. The additional emf (we shall ’

call it psmf henceforth) is proportional to the product of the :
ocurrent by the change in the resistance, i.e., it is again pmoportion—»i
al to the square of the current, It is essential that the pemf does l
not reverse its sign when the dlrection of ihe current changses, 1
| Let us fote finally that pemf is essentially a fictitious emf, exis~ ﬁ
ting only to the extent that the maln cwrrent exists. For bodies 1
whose resistance increases with increasing temperature, the pemf has i
a aign opposite to the tenmf, |
Under the very simple assumptions a) of low heating, b) of

two metals of equal heat condustion ?€ , ¢) of squal specific ;
resistance f’ proportional to the absolute tempsrature, d) symmetrical%
oné-dlmeneional problem with a specifidd temperature on a defialte t
dist&#ce L and 8) the poseibility of calculating the heating in i
accordance with the laws of the steady-state heat flow, an elemsntary !

caloulation gives the heating due to Joule heat as

I T m




e A e A g o

.
b N o reit
‘ ) 4 emﬁ == ”J"’ . ——%—[". (P)]

Taking into account the thermodynamic expreasion for the Peltien
cooffioicnt we obtain

% bp. ~"-‘--Il-—~xl ‘ (3)

is th- -

Here xA(r\mning) distancc from the plane of the contnet. Accm'ding
to proposition o)= N »
L 2=% ‘ @

‘80 that, finally integrating from - £ to + [, we obtain -
| E mfn-— F-.- —temf ,'(5)
Tha different expressions obtainad for  Op and 8, 5 a8 functions

| of tho cocrdinates are connected with the fact that the Peltier hsat
is l:!.bcratad only at the point of contact, while the Joule heat is
'liberated along the entire condustor,

. It is easy to gee that in the case of a ocontact with an alloy
'i:hat has a connj,dargble resistance . . with little dependence on the !
temperature, the penf will be lsss in sbaolute valus than the temf, |
In the case of a contact with a similar conductor, whose resistance
diﬁgishca rapidly with inoreasing temperaturs, the pemf can be
considerably greater than the teaf, but their sign will be the same.
We dismregard here the examinatimof inherently rectifying cfqu'ﬁs, in

the usual sense of ths word. Thess effects, which do not reduce to a

" [thermal aotion, give, far a constant cosfficlent of rectification, an
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rmf which is proportional to the amplittﬂe of the alternating

t ourrent, whereas the temf and pemf considered here, as already
. jndicated, ere propertionsl to the square of the amplitude of the

currant,

Let us stop on assumption e) relative to the possibility of
caloulation by the laws of steady-state flow -

For this purpose it is necessary that the effect of distance a

[ from the contsct to the region of the constant (specified) tempera- x
ture be less than the free propagation of heat during the time on i

| 'hh§ order of half a cycle of alternating current, T ;
1252 SR (9 |

where C ;.a the bulk specific heat of the conductor. In the case mf i
investigated in detail by Holm (published in a series of articles in '
the sclentific communications of the Siemens Company) of poar contacts ’
and 50 cycle current, relation (6) is always satisfied. ;’
To the contrary, in the osse of a good contact (soldered)
between two long wires with diameter 0.3 -- 1 mm and 50 eycls mzrrant,i
the Joule heat, which is of constant sign, is dlissipated by heat .

transfer by the lateral surface of the wires to the swrrounding

med iun, Heré we ﬁave

o o a8 bt

f TR Y L PO
x we- =Y 1= 2V
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where a is the cosfficient of heat tranafer, Nu is the Nusselt number;




the Pel'gidr heat which pulsates ui;;h the current propagates in
accordance with the laws of heat waves. As a result, since (6) is
| not satisfled, we obtain instead of (5)

pams < tems ™
In the case of sliding contacts, to be able to calculate the
temperature field and the heating of the contact points dus to the
passage of current (Holm) er dus to the liberation of the friotlon
heat (Bowden and Ridler, Proceedings Royal Society /A7 154, 640,
1936), using formulas pertaining to the contact at reat, it ls

necessary that the following condition be satisfied

Pe=2%<1, @)

where Ps ls the Peclet number; d is the declisive dimension qf ths
contact. \ |

Finally, if céndition a) is not satiafied,v namaly that the
heating be small, there will appear, in addition to terms quadratic
in the owrrent, also terms of higher arder (fourth, siwth, etc.).
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