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sol 51+ 40 '
fg-—j [0.2h]] =0

W10 the o
Closeg Network ABDA (Fig. 6.10),

101-{- 40]R: | /] B
o corthe network BDCB, (1)
401g+ 52(02-1+ lg) =31 - Ig) = () 9
5021‘?“102]=L_104 2
| < 02 @
910 =~ 00002198 4 —i

’ CAREY FOSTER BRIDGE
De

scripﬁ"“' The Carey Foster brid

. B of length 1 metre stretched on 3
.

, Two equal. resistances P and O are connected in gaps 2 and 3. The unknown resistance
Ris connected in gap l.' A standard resistance S, of the same order of resistance as R, is connected in
gpd.A Leclanche cell is connected across MN. A galvanometer G is connected between the terminal
Cand a sliding contact maker D.

Theory. The contact maker is moved until the bridge is balanced. Let /; be the balancing length
s measured from end A. Let o and B be the end resistances at 4 and B. Let p be the resistance per
mit length of the wire.

From the principle of Wheatstone’s bridge,

P R+a+lhp
0 S+B+(100-4)p
The resistances R and S are interchanged and the bridge is again balanced. The balancing length
bis determined from the same end A. Then,
B S+o+hp .0
) R+B+(100-h)p
one’s bridge circuit in the two Cases.

(1)

Figs. 6.12 and 6.13 represent the equivalent Wheatst
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From Eqns. (1) and (2),

R+a+lp S+a+lp
S+B+0100-4)p R+P+(100-1)p

Adding 1 to both sides of Eq. (3),

Rta+hp+S+B+100p-lp S+a+hp+R+B+100p-1Lp
S+B+(100-1,)p R+B+(100-1,)p

R+S+u+B+100p R+S+a+PB+100p
S+B+(100-1)p R+B+(100-1)p
Since the numerators are equal, the denominators must be equal.
S+B+100p—Lip=R+B+100p - Lp
S-lp=R-1Lp

or

R=S+p(12-i,)
To find p. A standard resistance of 0.1 Q is connected

A4

.. d5)

ingap 1. A thick copper strip is connected
ingap4ie,R=0.1QandS=0, The balancing length /’

and the thick copper strip are interchanged. The balancin

g length 1" is determined,
From Eq. (5),

01=5+p (-1
0.1
Thus by knowing S and P, the unknown resistance R is calculated.
Determination of Resistivity

The resistance R of the given wire is determined

using Carey Foster’s
wire L is measured. The mean radius (r) of the wire is

found with a screw

| » 1s determined. The standard resistance

Bridge. The length of the

Bauge. Then, istivi
of the material of the wire is calculated using the formula, ey

4

L
Determination of the temperature coefficient of resistance

Let R, and R, be the resistances of a wire at temperatures 0°C and °C. Then,
R,=Ry(1 +ou)

§= ohm-metre.
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) R —
(I = i RO ]
of o is the temperature ¢ ; \-R?o‘t\ e
E eré 0.15 ; Oefﬁ(‘.le tOfl'es' Ro dt
o ncrease & TSSIance per yyy . Sance opy
re coefficient of resistance a Yesistance Der g .
,gmi’era given wire is wound Non-ing €8ree rise of temperature is called
he . = uC[iVel . ;
e o1 0 b Y g
o awining Ice atQ - 208 TESlstar}CQ of o I a beaker
wﬂbo\'e- The resistance of the wire i etermiy lj determineq
3303 ] 1000C_ A graph 1S dl‘aWn With t perateu at ]00, 200’
) xis and resistance along the y. ;¢ (Fig. 6 14r)e e iy
fi;le is obtained. :

dR

Materig|.

B

Resistance —»

b 2T iy

Slope of }

- di
the line [ = '@n0= it

Temperature —»

. FIG.6.14
Ylnlercept= R,
o is calculated using the formula, o< 1 @R

Ru dt
Note. Let R, and R, be the resistances

atf) Cand ¢ ] respectively.
Rl = R

o [1+ ;) and Ry=Ry [l o,
R, - R,
—_——
Rt, - R
Exam!)le 1. In an evaeriment with Carey Foster bridge, the sh ift in the balance point is 5.4 cm
when a thick copper strip and one ohm res;

_ Stance are interchanged. The one ohm resistance is
' then replaced by an unknown resistance. Noy

. the balance point shifts by 10 cm on interchanging.
Calculate the unknown resistance.

Q=
2l

: 1
lution. = — ohm/
Solu p 54 ohm/cm

1
R=8+p(l,-1)= 0+§-x10=1.850hm.

B8 POTENTIOMETER

Principle. A potentiometer is a device for measuring or comparing potential differences.
A potentiometer can be used to measure any electrical quantity which can be converted into a
proportionate D.C potential difference.

It consists of a uniform wire AB of length 10 m - [
stretched on a wooden board (Fig. 6.15). A steady current (_—1 y \*/ w
s passed through the wire AB with the help of a cell of
EMFE. Let

, ; ' : : B
P = resistance per unit length of potentiometer wire, 4

and

I'=steady current passing through the wire.
Let C be a variable point.
Let AB=Land AC=1.

PD across AB = Lpl,

PD across AC = Ipl

ang
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rf
PDacross AB Lpl _ L \
=7 ‘

PD across AC lpl

PD across AC = % x PD across AB

i.e.. for a steady current passing through the potentiometer wire AB, the PD acrogg

proportional to the length of the wire. . . _ {e'lgn,‘ :
If a D.C voltmeter is connected between A and the v.arlable point C, it wil] pe X :
voltmeter registers greater values of PD’s as the point C slides from 4 to B. 4 lha‘l}{

Calibration of Ammeter

Connect the ends of the potentiometer wire to the terminals
of a storage cell through a key X, (Fig. 6.16). Sis a standard cell.
Connect the ammeter (4) to be calibrated in series with a battery,
key K, a rheostat and a standard resistance R. When a current /
passes through the standard resistance R, the PD across R is IR.
This potential drop is measured with the help of potentiometer.

Connect 1 and 3 and balance the EMF of the standard cell
against the potentiometer. Find the balancing length (/) from A.
The PD per cm of the potentiometer = E//.

Connect 2 and 3. Adjust the rheostat so that the ammeter
reads a value 4,. Balance the PD across R against the v4
potentiometer and find the balancing length /,.

PD across R = El,/I

Current through R = EI,/(IR).

Correction to ammeter reading = (E/,/IR) - A,

Similarly, the corrections for other ammeter readings
are determined. A calibration curve is plotted for ammeter,
taking ammeter readings on JX-axis and corrections on Afiitncie Heath
Y-axis (Fig. 6.17). el

Calibration of Voltmeter (Low range) FIG. 6.17
The connections are made as shown in Fig. 6.18. The voltmeter is connected parallel to R L

be the balancing length for the standard cell. The PD across R is balanced against the potentiometer
Let /, be the balancing length when the voltmeter reads i

PD across R = Ellll

Correction to voltmeter = (E/ D=V,

The experiment is repeated for various readings of the voltmeter and a calibration graph
drawn (Fig. 6.19). :

Correction (I’ - 1)

K
(e |
Ya
4 oy
-2
T C
' = )
= I ¢
AW 8
: :
l o

Voltmeter Reading (V)
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(ion of voltmeter (High range)

™" . ns are made as shown iy Fi
W ctions 1 Fig. 6,20, Take . :
n . + lake sy
@ s the potentioneter. Hhe balancing jepoy, e thetslgaiiars
D& mined first. Then the PD acrogy p standard

. dete . S P is balanced goi
,,-!ie;s1i ometer and the balancing length 1\, is det Soiic gainst the
P’l PD across P = Ell Il
PD across P+ Q = (!L;_‘)_Q_)(_E],_) -
’ e
Correction to voltmeter = (.E_Q_] ( El ) " F16.6:20
P i i S

The experiment s rlepealcd for various readings of the voltmeter, A calibration curve is plotted
. soltmeter, taking voltmeter readings on X-axjs anq corrections on Y-axis.

mination of the Internal Resistance of g cell

fer ol
i Circuit Diagram. AB lq the potentiometer wire +=f}_ MQ? &
fie 6.21). A steady current Is passed through the wire Y 4
mﬁq the help of a battery. E is the c‘?ll whose intemal S 2
pistance is to be measured. A resistance box R is P "
onnected across the cell through a key K.
¢ procedure: Closing key K, a balancing point is
ob(ainéd on the potentiometer wire with K, open. The

| halancing length /; (= AC) now is a measure of the EMF HETEAT

fofthe cell. —

. Exl, (D)

The key K, is closed. A resistance R is introduced in the box. Without disturbing rheostat R, the
halancing length /, (= AD) is measured. This is a measure of the PD V of the cell. Then

Ve, 2)
E |
Fom Eqns. (1) and (2), = t )

Let E be the EMF of the cell and » the internal resistance. Let V be the PD across the cell when
supplying a current / through the external resistance R.

Then, {2 o
" | E=I(R+1) oo
E R+r r
P = 1 = - 6)
v R R |
Compari . j
Paring Eqns. (3) and (6), e b
r= (II;IZ)R sl
2
Hexce r ig calculated.

L.
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*-E._,\__.___
Mepspremest of Resistance of 2 codl with » Potentiometer
Provedure: Commactons are munde a8 shown m Fig 622
N
(» “
|
!
N, N
4
\—_\.
i =
— ¢ — iR
. L] Z 0-—"—?}-—
. el
? E |
A L srovans |
i P Q
i
i
" | e — AW
- t x': Bh

Thcpoﬁﬁ\-cmdmgmh-cpo!esofamagehana}'mcmmedmUwends.lfand,l.
poteatiometes wire including 2 key K, in the circuit. The two resistances Pand  to pe . *®
mpmdmmuimmhabanay,arhwsmandaplugkcsz.Bym:sofukhm
switch. the two resistances P and () can be successively includedinﬂ)ega]vanmmm :
Shcddbc!akmmwcmmmclﬁghpmmﬁﬂmmhofﬂwrﬁiﬁmmestdemM?
the high potential terminal M of the potentiometer wire, ;
(0 TbP.Dmossthcrcsistachisﬁmbahmedmthe_pommimnﬂa_m%
length I, is found out. ;
(i7) Keeping the cument passing through P and Q unaltered, the P.D across O is balanced o
the potentiometer wire. The baluncing length in this case /, is found out.
Theory: Let i be the current passing through the resistances P and Q. The potential differencs
across P and O are iP and iQ respectively.
Now iP e I, and iQ) = I,

By division, P_h

o I
The experiment is repeated by altering the current passing through the resistances by meass
the rheostat, The mean value of the ratio between the resistances is determined.
If one of the resistances is known, the value of the other resistance can be found out.

/
=P|L|
¢ (r, )
Determination of Resistivity

The length of the wire L. is measured,

The mean radius (r) of the wire is found with o screw gauge.

The resistivity of the material of the wire is calculated using the formula,
b

.yag[%]rm.
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#§ SEEBECKEFFECT _

When two dissimilar metal wires are joined mgeth:‘: » bd;::i C —{i '
2 closed circuit and if the two junctions are maintained 2t @ \&
wmmmuﬁnmﬁ&wmmmmanE@&Uﬁm?mﬁ S
a current to flow in the circuit 2s indicated by the defection in the [\. %
gahmmrmterG.Thispl-ammismlbdl}zSeebedefecL \ :
This arrangement is called 2 thermocouple. The emf developed
is called thermo emf. The thermo emf so developed depends on the
temperature difference between the two junctions and the n?emls
chosen for the couple. Seebeck arranged the metals in a series as
follows:
Bi, Ni, Pd, Pt, Cu, Mn, Hg, Pb, Sn, Au, Ag, Zn, Cd, Fe, Sb.
When a thermocouple is formed between any two of them, the thermoelectric Curreny =
through the hot junction from the metal occurring earlier to the metal occurring later in i, ]&‘3
more removed are the two metals in the list, the greater is the thermo emf developed, T, %

to the left of Pb are called thermoelectrically negative and those to its right are tizennoelecmc;
positive. :

82 LAWS OF THERMO e.m.f.

() Law of Intermediate Metals. The introduction of any additional metal iny, an

thermoelectric circuit does not alter the thermo emf provided the metal introduced is entirely at the
same lemperature as the point at which the metal is introduced, '

If jE,is the emf for a couple made of metals A and B, and oEe
C, then the emf for couple of metals 4 and C is given by

aEczaEb+bEc

(i) Law of Intermediate Temperatures. The thermo emf E,"’

that for the couple of metals B z;

of a thermocouple whase
Junctions are maintained at temperatures T, and T} is equal to the sum of the emfs E, ,2 and 523 When

the junctions are maintained at temperatures T, T,and N, T,  respectively. Thus

E =E} + E3

838 MEASUREMENT OF THERMO EMF USING POTENTIOMETER

Thermo emfs are very small, of the order of only

a few millivolts, Such small emfs are measured using Pl

a potentiometer. A ten-wire potentiometer of resistance P {4 ]

R is connected in series with an accumulator and / .
resistance boxes P and Q (Fig. 8.2) A standard cell :@J

of emf £ is connected in the secondary circuit. The L
positive terminal of the cell is, connected to the . M-|  Thermometer
positive of Q. The negative terminal of the cell is 4 ===2J,
connected to a galvanometer and through a key to the v et

negative of Q. M

A resistance of /00 ER ohms is taken in Q. The resistance in P ig adjusted so that on closing
the key, there is no deflection in the galvanometer. Now, the PD across 109 g ohms is equal to £.

PD across R ohms ¥ ER volt = _]_ volt =1 31H
e 100 =10 millivolt,

of the potentiometer
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y fal of potential per metre of the potens; N |

| ﬁ;anbc

1
thermo emfe = — | -
100 mullivolt.

: Wuncoldjuwjmnﬁ‘(‘,ugm

{ jiom 18 heated to different temperatures. The max_ Coppes-Iron
;#mo emf genersted gs mmd for different cemf '\ thermocouple

1 MO(WM]WM"AM“M““ il -

{ . cen thermo emf and the temperature of the hot

getion (Fig. 8.3). The graph is a parabolic curve

" The thermo emf £ vanes with temperature

oordmg o E = ar ¢ be', where @ and b are

| counts. The thermo emf increascs as the

{ wmpenature of the hot junction increases, reaches

{ s maumum value T, then decreascs o zero at a

prticular lemperature 7. On furthor increasing the
afference of temperature, emf 15 reversed in direction,

! For a given temperature of the cold junction, the temperature of the hot junction for which the

thermo emf becomes maximumg ix called the neutral temperature (T ) for the given thermocouple.

For a given temperature of the cold junction, the temperature of the hot junction for which the

1 Aemo emf becomes zero and changes its direction is called the inversion temperature (T) for the

{ svon thermocouple

| 7. isaconstant for the pair of metals, 7, is variable. 7, is as much above the neutral temperature

| 8 the cold junction is below it

Thormo EMF

| B PELTIER EFFECT

Consider a copper-iron thermocouple (Fig. 8.4).
When a current is allowed to pass through the
thermocouple in the direction of arrows (from A to B),
beat is absorbed at the junction B and generated at the

lnction A. This absorption or evolution of heat at a
jinction when a current is sent through a thermocouple
i§ called Peltier effect. The Peltier effect is a reversible
Phenomenon. If the direction of the current is reversed,
then there will be cooling at the junction A and heating at the junction B,

When an electric current is passed through a closed circuit made up of two different metals, one
L Junction is heated and the other junction is cooled. This is known as Peltier effect.
The amount of heat H absorbed or evolved at a junction is proportional to the charge 4 passing
ugh the junction, i.e.,

Heated

1 Hxqg or Haxl
| or H=xn1If

where Tt is a constant called Peltier coefficient.
When /= 14 and 7= 1, then H=m.
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The energy that is liberated or absorbed at a junction between two d:m t
“laly ;

passage of unit quantity of electricity is called Peltier coefficient. dye

It is expressed in joule/coulomb i.e., volt. The Peltier coefficient is not constang b fo th,
the temperature of the junction. " depenq.
The Peltier effect is different from the /2R Joule heating effect. The main differey,. s"n
below. fices Are o
E!vtn
Peltier Effect Joule Effect
1. | It is a reversible effect. It is an irreversible eﬁ'ect\
2. | It takes place at the junctions only. It is observed throughﬂum
r.
3. | It may be a heating or a cooling effect. It is always a heating effCCN
4. | Peltier effect is directly proportional to | Amount of heat evolved is directly Propon: |
I (H =+ ) to the square of the current, liony|
5. | It depends upon the direction of the current. | It is independent of the direm
\rrem'
Demonstration of Peltier effect - S.G. Starling Method. =
: e 5

Fig. 8.5 shows a bismuth bar between two bars of antimony.
Two coils C, and C, of insulated copper wire are wound over
the two junctions J; and J,. These coils are connected across
the two gaps of a metre-bridge and the balance-point is found
on the bridge wire. Now a current is passed through the rods
from Sb to Bi. The junction J, is heated and J, is cooled. The
resistance of copper varies rapidly with change of temperature.
Hence the balance in the bridge is immediately upset. The
galvanometer shows a deflection. If the current is reversed, the
deflection in the galvanometer also gets reversed. This shows
that the junction J; is now cooled and J, is heated.

Determination of the Peltier Co-efficient at a junction

A copper-iron junction is immersed in a calorimeter containing
water. The Cu-Fe junction is joined to a battery, a rheostat, ammeter
and a commutator (Fig. 8.6). A current of i ampere, measured by an
ammeter A, is passed for f second. The resulting rise in temperature
of water in the calorimeter is noted. Let R be the resistance of the
junction. If A, joules is the heat produced, then g/

H, =i* Rt + mit LA

The same current is now passed for the same time in the
reverse direction. The rise of temperature is again noted. Let H,
joules be the heat produced. Then,

H, =i® Rt - mit ..2)
From Egs. (1) and (2), we have —_\Nm_.,

(H, - H,) = 2mit

trerenneekil
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Let M be the mass of water in the calorimeter and W the thermal capacity of the calon®

_A
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0 and 6, ¢ the 156810 temperature in the tyg
Cases respectiye

e : ly.
Thef H|=(M+w)9
and 4 =
(HI—-HZ)=(M+W)(9]1119)2 (M+W)62
2
- (M+W)(e
&= 1=0,)

| ok is determined from the abgy, relation,

odynami“a' consideration of Peltier Effect
Goider 8 COPRETTOR thermocoup
: g cold junction at the abgojyte
b e i’ and the hot junction at the absolute
nfe T, (Fig. 8.7). The thermoelectrc
M‘Pem“;ﬂ flows in the direction as shown in

U?ﬁ.:nt". The flow of this current provides the
fE sary condition for tthj Pell-tller eﬁ'ef:t to take place and consequently the heat is absorbed at the
WL .;[;c:g:jzzgtiel?se::s;e;ti\:efy?Old junction. Let 1, and 1, be the Peltier coefficients of the cold
eat energy absorbed in 7 seconds at the hot junction = . jr.
Heat energy evolved In  seconds at the cold junction = n?ir.
Net energy absorbed = (1, —m,)it

vedil}
This energy is used in setting up a thermo emf E _in the circuit.
The electrical energy developed in the thermocouple = E, it.

Cold (heat is

BN Hot (heat is
evolved) ohih

absorbed)

N E,=(m,-m) 2)
The thermocouple acts like a heat engine in which an amount of heat energy T, is absorbed

fom the source at.a higher temperature T, and an amount T, is rejected to the sink at the lower
emperature 7). Applying second law of thermodynamics, we have
Ty - Ry amg By

ﬂ_Tz, T T

Ll L=1

m, 5
i u
(1‘[2— ﬂ:l)= _f-(TZ_ Ti)
1
" (my— ) (T~ 1) ( T constant) 4
From Eqg, (2) and (3), we have : 4
EPOC(Tz" 1) 2

- Thusthe e developed in the thermocouple is directly proportional to (7; — Tl),_tl;le tﬁmperature
ence between the two junétions. The graph between £, and T should }Je a Stmggl-t u:;.v el
5 But it hag been found experimentally that the graph between E,andTisa ;:lalr; ao tllfe :m oce(;uple
| Tm:v? 't Peitier effect alone cannot explain the themo-ttlaalect:w p:::;nl::l;?)me R
€d 10 the dis wct. Thomson said that ere g £
;‘;;hm Which hacso:z?;)ziz }t':l'(’:;o?nf{account in Peltier effet. Th:; tfdg: ggf;egg% gzz :g ?112
1 erg : $ ‘atures. 1N€
' P*ellierm Darts of the same metal being at different tempera

i imental results.
*Hfect and Thomson effect showed agreement with the experimet




214 Electricity and Magnelism

8 THOMSON EFFECT

Consider a copper bar A8 heated in the middle at 1hc‘])0"“ C (IF‘S- _8-81 A Currep, 7
A 10 B. 1t is observed that heat is absorbed in the part AC and evolved in the part C . Pas,

$¢
; : od | ike  Thig .4, |
as Positive Thomson effect. Similar effect is obserw.d'm metals like {\g, Zn, Sh and (- Sig kn,:*‘
In the case of an iron bar A8, heat is evolved in lh(‘: part AC dm.i absorbeg in Kl
(Fig. 8.9). This is known as Negative Thomson effect. Similar effect ig Obsewed in mepan ok
. i Cty), B
Pt, Ni. Co and Bi. bl I, B
jal * 'QOI ial 1
prentt g SO
Heat Heat Heat
— p— 5 e, - b
absorbed \ »1 evolved soled | % »1 ab{sif,ged
C C
Current
- —— —
A K B : \B
Fiame Flame

For lead, the Thomson effect is zero.
The Thomson effect is reversible.

In the case of copper, the hotter parts are at a higher potential than the colder ones. It js o, . I
in the case of iron. Heat is either absorbed or evolved when current passes between ty, po§1le
having a difference of potential. Therefore, the passage of electric current throy

8h a meta) p,, |
temperature gradient results in an absorption or evolution of heat in the body of the mety)

When a current flows through an unequally heated metal, there is an absorption o evolution '

heat throughout in the body of the metal. This is known as ‘Thomson effect’. ,

Thomson Coefficient. The Thomson coefficient & of a metal is defined as the amount of oy B
energy absorbed or evolved when a charge of 1 coulomb Sflows in the metal between twy point |
which differ in temperature by 1°C.

Thus, if a charge of g ‘coulomb flows in a m
difference of 1°C, then

heat energy absorbed or evolved = Oq joule.

But if £ volt be the Thomson emf developed between these ~
points then this cnergy must be equal to Eq joule, T

| o4 qu | strongly
c =E ]
A

etal between two points having 3 temperatyr

]

=— INNN\NNN=—
e

or
heated
Thus the Thomson coefficient of a metal, expressed in joule

per coulomb per °C, s humerically equal to the emf in volt,

developed between two points differing in temperature by 1°C,
Hence it may also be expressed in volt per °C,

G is not a constant for g given metal. It is a function of A C
temperature, ]
Demonstration of Thomson effect,

Fig. 8.10. shows Starlin

8’s method of demonstrating the
Thomson effect. An iron ro

. d ABC is bent into U shape. Its *—-l '”"‘(.
ends 4 and C are dipped in mercury baths. C, and C, are two
insulated copper wires of equal resistance wound round the two
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the bent rod. C, and C, are connected in the opposfte gaps of a metre bridge. The bridge
ent is passed through

0 S
f‘ﬂ;: anced- Then the mld-pqmt B of the rod is strongly heated. A heavy curt
is Then this current will be flowing up the temperature gradient in one arm and down the
ed and the other will

i the ure gradient in the other arm. As a result, one of the coils will be cool e ot
in its circult will show

1d ¥ -
lﬂmpe aj' The balance m the bﬂdge Wl" be upset and the ga]vanometer 1 ;
in the galvanometer will be

:edeﬂection. If the direction of the current is reversed, the deflection

reversed. _
ﬁmental Determination of Thomson Coefficient.
Fig- 8.11 shows t]?e e?(perimental arrange-
et for the determination of the absolute
¢ of the Thomson coefficient of a metal at

: ﬁxed temperature.
The metal whose Thomson coefficient is to
be getermined is taken in the form of a wire AB.
e Wire is stretched in vacuum between two
massive leads. These leads are maintained at
5 selective constant temperature. On passing a
steady current through the wire, its temperature
is raised due 10 Joule heating effect. The

heating of wire is maximum at its centre since Reversing key
its ends are maintained at the selected constant v
FIG.8.11
PRI

{emperature.
Due to Thomson effect, a cooling effect is produced in one half of the wire whereas a heating

effect is produced in the other half. The temperature of the wire at two points H, and H,, equally
distant from its centre 0, are measured by a pair of platinum constantan thermocouples. If in addition,
the cold junctions arec kept at the same temperature as the massive leads, the above determination

' really represents an excess temperature §.
ints H, and H, respectively as measured by the

Let ¢, and ¢, be the excess temperature of poin
| thermocouples. We assume that the energy is lost only by conduction along the wire and K denotes
the thermal conductivity of its wire. S denotes the cross-section area of the wire. Then, it can be

. shown that
. 30,KS
Thomson coefficient, G =
o,1b

[s the current in ampere passing through the wire. OH, = OH, = b
If the absolute Thomson coefficient for one metal is known, then its value for all other metals
can be determined by the following experimental procedure. A thermocouple is formed between the

metal whose Thomson coefficient is desired and whose Thomson coefficient is known. The emf of .
this thermocouple, measured as a function of temperature with the theoretical Eq.

" d°E
n the Thomson coefficient for the two metals

zlolablc§ one to determine the difference betwee
mprising the thermocouple. Since Thomson coefficient of one of the metals is known, that of

- other becomes automatically known.

- I THERMODYNAMICS OF THERMOCOUPLE (EXPRESSIONS

FOR PELTIER AND THOMSON COEFFICIENTS)

of two metals 4 and B. Let Tand T + dT be the temperatures

b of thCOHSid'er a thermocouple consisting
- " e cold and hot junctions respectively [Fig. 8.12]. Let and T + dn be the Peltier coefficients

e ——
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for the pair at the cold and hot junc}iqns. L
o, be the Thomson coefficients for' the

and B respectively, both taken as positive. When a

charge flows through the thermocouple, he
absorbed and evolved at the junctions due
effect and all along the metal due to Thoms

Let 1 coulomb of charge flow through the

thermocouple in the direction from 4 to B
junction,

Heat energy absorbed due to Peltier effect at the hot junction |
Heat energy evolved due to Peltier effect at the cold junction
Heat energy absorbéd in the metal 4 due to Thomson effect
Heat energy evolved in the metal B due to Thomson effect

Net heat energy absorbed in the thermocouple

This energy is used in establishing a P.D. dE in the thermocouple.

dE

Since the Peltier and Thomson effects are reversible

engine. Here,

(7) The heat energy (r + dr) joules is
absorbed in metal 4 at mean temperature

(i) Also & joule is rejected to sink at T K and 6,dT joule is given out in metal B at the mea |

temperature T K.
Applying Carnot’s theorem, we have

n+dn 5 0,dT

T +dT T
T+dn =
or _—
T+dT T
o T +dnT - nT — ndT

T (T +dT)

or dnT - ndT
or dn.T — ndT
or (dn.T - ndT)
or T[dn + (o, - 0,)dT]
But dﬂ+(0a —O'b) dT

—_—= (Gb T Ga)dT

eto, and
metals A4

at will be
to Peltier
on effect.

at the hot

= (n + d ) joules
=7 joules
=0, dT joules

= 0, dT joules

=(n+dn-n)+(0,dT-c,dT)
= dn+(ca—ob)dT

= dn+ (0, - ,)dT

(l
, the thermocouple acts as a reversible hey

absorbed from the source at (7 + dT) K and 6 dT jouleis
TK.

_T  0,dl

-—_+,___

T T

- ©y=0,)dr
T

T
=(0, -0,)dT (T +dT)
=(04 —0,) TdT + (6, - 0,,) dT* :
=(0p-0,)T.dT [Neglecting (6~ Y%

= ndT
i from Eq (N

4

|
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—_— Thermo-electricity
/
dE
or et i (!T

The quantity (dE/T) is called the therm
ThgﬂﬂOL’!L’C"‘lC power (P) is defined o
ween the Junctions.

oelectric power (P).

et : , '
; Peltier coefficient = Absolute temperature » thermoclectric power
pifferentiating Eq. (2), o Td E,E
ar " art’
Substituting the value of (dE/dT) from Eq. (1),
dn __d°E d
dT = ;}r—z'l-ﬁ-f (0'“ G)
) d’E
y o
d’E
or (Gy-0,)=T- dar?
If the first metal in the thermocouple is lead, then o,=0
o R dbf
dy‘-

Thomson coefficient = absolute temperature of the cold junction

x first derivative of thermoelectric power.

d’E _ (0= ,) %(d_E)b (05— G,)
From Eq. (3), = T or ) T

Putting dE/dT from Eq. (2), we have

i(z]__, (04~ 0,)
dr\T T
(259
or o =
dr\T /4

This gives the relation between Peltier and Thomson’s coefficients.

Total EMF in a Thermo-couple

217

el 2)

s the thermo emf per unit difference of remperature

«i(3)

...(4)

.(5)

Consider a thermo-couple made of two dissimilar metals X and Y (Fig. 8.13). Let the
temperatures of the hot and cold junctions be T, and T, respectively. Let the current be positive from

X'lo Y at the hot junction. Let 7, and T, be the Pelner X(o)
coefficients at the junctions at 7, and 7, respectively. Let
9, and 6, be the Thomson coeﬂiments for the metals X’ i
a“d YFeSpechvely When the electric charge flowsinthe Tx
!hennocouple the heat is absorbed and evolved at the
Junctions due to Peltier effect and all along the conductor
due to Thomson effect. The total emf round the circuit €

s the energy gained by unit charge when passing round
the circuit.

Hot
T,K
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yrrent must be the sum ofpotenm

The total emf responsible for the thermoc i,
Thomson effects. pds. across various parts of the circuit

e = Sum of

n
i _I '6. dT

Ui
Ty~ “2*.[12(01" o) dT

the circuit.

i Seebeck emf available in .
It is equal to the total See f developed in a thermocouple,

Eq. (1) is the expression for the total thermo-em

8.7 THERMO-ELECTRIC DIAGRAMS
metals A and B. The difference of temperagy, i

A thermocouple is formed from two :
junctions is T K. The thermo emf E is given by the equation
' Cd

E=aT+bT?
A Zi

A graph between Eand Tis a parabola. Cy
dE dE/dT

Fe
g+ 2T
ar lo

dE/dT is called thermoelectric power.

A graph between thermoelectric power (dE/dT) and
difference of temperature T is a straight line. This graph
is called the thermo-electric power line or the thermo- Co Ni R
electric diagram. Thomson coefficient of lead is zero. Temperature ——»
So generally thermoelectric lines are drawn with lead —
as one metal of the thermocouple. The thermoelectric B0
line of a Cu-Pb couple has a positive slope while that of
Fe-Pb couple has a negative slope. Fig. 8.14 shows the
power lines for a number of metals.

Uses of Thermoelectric Diagrams

() Determination of Total emf. MN represents
the thermo-electric power line of a metal like copper
coupled with lead (Fig. 8.15). MN has a positive slope.
Let 4 and B be two points corresponding to temperatures
T,K and T,K respectively along the temperature-axis.
Consider a small strip abdc of thickness dT with junctions ~ dE/dT
maintained at temperatures T and (T + dT).

The emf developed when the two junctions of the T
thermocouple differ by a7 is 0 &

dE
dE= dT —_ =
( dTJ area abdc

Total emf developed when the junctions of the couple are at temperatures 7, and T8

=]

L=

dT

(if) Determination of Peltier emf. Let 1t joact
. and i i P
the couple at temperatures 7, and T, respecti\}ely. e fhe e oot

el i dE
5on5°f.
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The Peltier coetfivient at the hot Jwnetion (7,) §
. S1AL

] “\" r[‘”g)
| 3 iy ‘n."! = OBx RD< area OBDI
Sinilarly, Peltier coeficient at the ol lanetion (7)) §

’ AL

T, = 'r |i".‘
U ] =2 04A% AC= ape i
1 ) AXAC= wrea OACE
x, and 7, give the Peltier emty gy 7 . .
\ N \‘\[‘hct\\n A X . {‘ ““d ,'\ |\‘SDL‘chL‘ly.
Peluier e een lemperatures 7, and 7. |
N4 g ?-‘ IS

E=x : .
Yeterminati p T2 T T ARAOBDE - area OACE = aren ABDFECA
@i Determination of Thomson ewf. T X .
| nperatures 7, wnd Ty is noewmf. Total emf developed in a thermocouple between
. - ) 1"‘ "
A B (ry = m) + L (0, ~0,)dl
|

Here 6, and 0, represent the Thoms ici
son coeflicients of two metals constituti s thermocouple
; X fec . : s constituting the thermocouple.
If the metal A is copper and B is lead, then @, = 0 ‘ ’
. b

A 7‘
Ec=(my=m)+ [ (0,dT)
|

J' n .
of Ti U“{rr = [(mz N ’t\) = IE\]
Thus, the magnitude of Thomson emf is given by
E, = (Ry =) - E = Area ABDFECA - Area ABDC
= Arca CDFE

(i) Thermo emf in a general couple, neutral
temperature and temperature of inversion. In practice, a
thermocouple may consist of any two metals. One of them t ,
need not be always lead. Let us consider a thermocouple di: DN Pb

]
consisting of any two metals, say Crvand Fe. AB and CD are E
the thermo-electric power lines for Cu and Fe withrespect A : D
to lead (Fig. 8.16). Let 7, and T, be the temperatures of the :
cold and hot junctions corresponding to points P and Q. O T T, —
o - Temperature
Emf of Cu — Pb thermocouple = Area POB\ A, IR
FIG.8.16

Emf of Fe — Pb thermocouple = Area POD, €,

% the emf of Cn — Fe thermocouple is
ER = Area POD,C, - Area POB\ A, - Area 4,8,D,C,

~ The emf Ef{: increases as the temperature of the hot
Junction is raised and becomes maximum at the temperature 7,
Where the two thermoelectric power lines intersect cach other.
The temperature T, is called the neutral temperature. As the
thermo emf becomes maximum at the neutral temperature, at
T=T,, (dE/dT) = 0.

Suppose temperatures of the
hat the neutral temperature T, lies between T

junctions, T, and T, for a Cu - Fe thermocouple are such
and T, (Fig. 8.17). Then the thermo emf will
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e 4.NC, and B,D'N becaue
be represented by the difference betW e m:&l{.llrj -“—'(Tl + 7{),'[7 mt-:f l::e O
e “C“’e ar SC Arene
represent opposing emf’s. In the particular ¢as " ®aS 4 :;‘11
(\h ‘h’l
Fﬁ

een

. he ‘temperature of inversion® f,
and the resultant emf is zero. In this caseé, T, 18 e "1aE tor the
t’ i ~

thermocouple.

Example 1. Theemfofa thermocouple, i
' ,  femperature
Determine the neutral temperature, temperat

~ . I R O s

one junction of whichis kept at 0°C. is given B
of inversion and the Peltiey et d \Tm‘:b‘z
) e

coefficients. Onu&’
Is\l(:::io“. e °C = (T—213)°C, where T is in absolute degrees,
E=a(T-273)+WT- 273)
Differentiating, % =q+2b(T-273)
g G5 o,

2

dE
At the neutral temperature, = 7, and T 0

0=a+2b(T,-273)

a
or T,-273= -
a a
T =(213-2 |k =[-Z |°C
b : (m 2b] (2bJ

Let T, be the temperature of inversion. Then,
T,=(273+T)2

or T,=2T,-273= 2(273 - zib) -273

(o e

The Peltier coefficient, =T v

dT
= Tla+2b (T-273)]
= (t+273) (a + 2b1)

The Thomson coefficient, o6=T—

=T-2b
=2b.(t+273)

- OC
- . gr
: Example 2. A thermo-couple is made of iron and constantan. Find the emf develop Edeamaﬂ
difference of temperatures between the junctions, given that thermo-emfs of iron an g

against platinum are +1600 and -3400 uV per 100°C difference of temperatures.
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et

Golution. According to the law of intermediate metals,

Fe — Fe Pr F
Em" - EPT ® Econ = EP:E = E;’?n

¥ Now, Ep’ =1600y1 ¥/100°C = 160V C
and Ep"™ =-3400u¥7100°C = -34pV/°C
E7% =16 - (<34) = 504V/°C

gilver 290V/° C and 4.1 WV/°C at the same two temperatures. Calculate

(1) Peltier co-efficient between iron and silver at 100°C.

(2) Thomson co-efficient of iron at 50°C,

(3) Thermo e.m.f. when the two junctions are at 0°C and 100°C,

(4) Neutral temperature of the couple formed by the 2 metals.

(5) Temperature of inversion when the cold junction is at 50°C.

Solution. (1) Thermoelectric power between the metals at 100°C
=125-4.1=8.4pVrC

Peltier emf 7 dE
at 100°C =T—=373x84=3133pV

dr
Peltier coefficient = 3.133 x 103 J/C
(2) Slope of the thermoelectric diagram

221

3. The thermo-electric power of iron is 17.3 WV/°C at 0°C and 12.5 wV/°C at 100°C and that for

T = 430°C

d(dE) 125-173 4.8
= —| — |= =- =-0.048pV/°C
dr (a’T] 100 100 #
Thomson coefficient o at 50°C
d*E -6 % gt
=T ——=-323x0.048x10" ==155%10" K
JT?

(3) Thermo emf = area of trapezium ABCD (Fig. 8.18)

]

= —x(14.4+8.4)100 ]

g dE h\

= 1140 p¥ ar 125K

@ 173-29_125-41 H 2 §1. . ke
T, T, -100 A s
144 84 !
T, T,-100
T, =240°C
(5) If T is the temperature of inversion when the cold junction is at 50°C,
430 _ 7 =240
T,+50 =480
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APPLICATIONS OF THERMO-ELECTRICITY

Boyy Radio-micrometer

Construction. 1t is a combination of & moving coil gu!vmmmutcr
and a thernmocouple. 1t consists of a single loop of silver wire A o the
lower end of which two strips of antimony and bismuth are attached
(F12.8.19). The lower ends of these strips are soldered to a copper disc
coated with lamp black. The loop of wire is suspended between the
pole-pieces of a powerful magnet with the help of a quartz fibre which N
also carries a small mirror M.

Working. When heat radiation falls on the disc, thermoelectric
current is produced in Sb-Bi thermocouple and the current flows
through the silver wire A. The deflection produced in the galvanometer

ot/

{

can be measured with a lamp and scale arrangement. This instrument is S i\!\g Bj
very sensitive to detect heat radiations. Cy
Thermo-electric Pyrometer :"ke:isii

Pyrometer is an instrument used to measure very high temperatures .
such as the temperature of a furnace. It works on the principle of S -
thermo electric effect. T

A thermocouple of Pt and an alloy of Pt-iridium is used. ; !
Two long wires of these two materials are threaded through Pt Wire—s .
fine porcelain tubes and their ends fused together at the bottom iy

(Fig. 8.20). This arrangement is placed in an outer porce-

lain tube having two terminals at the top. A moving coil  porcelain
galvanometer can be connected to these two terminals. tube |
The thermoelectric current produced can be detected by

the galvanometer and the galvanometer scale is calibrated.

Pyrometers are commonly used to check any variation in  Porcelain \ \\\~-/;
the temperature of furnaces in Thermo-electric Pyrometer fube .

metallurgy.
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FIG.8.20
Thermopile

Itis a very sensitive instrument used to detect the presence
of heat radiation. It consists of a number of thermocouples,
usually of antimony and bismuth, joined in series

(Fig.8.21). Eachthermocouple produces someelectromotive —_—
force. So such an arrangement of thermocouples joined in ~ Heat ______
series helps to multiply the total emf produced in the circuit. 421"

The two ends of the thermopile are connected to a sensitive
galvanometer. The junctions on one side are coated with
lampblack and are exposed to heat radiations. The junctions
on the other side are kept cold. The deflection in the
galvanometer measures the intensity of heat radiations and
the scale can be calibrated.

EXERCISE

1. Explain Seebeck effect. Describe the laws of thermoelectric effects.
2. Describe a method of measuring the thermo emf.



2 How does it

5 WES meant by Peltier effect” How would you demonstrate it experimentally
" giffer from Joule heating effect? Define Peltier coefficient.
4, Expla® Tﬂ;_::“ effect. Define Thomson coefficient. Describe an experim
son €
5, prove that the Peltier coefficient of a pair of metals is the product of the absolute temperature
" and {hermoelectric power.
6. Applying thermo-dynamic considerations to the working of a thermo-couple show that

e B d°E
“-T'Eandﬁa =gl

ent to demonstrate

where the symbols have their usual meaning.

7. Whatisa thermo-¢lectric diagram? Show how Peltier and Thomson e.m.
and the temperature of inversion can all be represented in this diagram.

g, The emf (micro volts) in 2 lead-iron thermocouple, one junction of which is at 0°C is given by
£ = 17841 — 2.4 where 1 is the temperature in degree centigrade. Find the neutral temperature
and Peltier and Thomson coefficients. ’

9, If for a certain thermo-couple E = at + bf® where 1°C is the temperature of the hot junction,
the cold junction being at 0°C, a = 10 microvolt/°C, b =— 1/40 microvoly°C?2, find the neutral
temperature and the temperature of inversion.

10. Thermo emfina circuit in which the cold junction is at 0°C and the hot junction at 1°C is found
to be 3.5 u¥ at 100°C and 9 pV at 200°C. Assuming the thermo emf to be governed by the
equation £ = at + bt?, find the constants a and b.

Hint. 3.5 10 =ax100+b 100%
9 % 1076 =a x 200 + b x 200%.
‘ Solving, a=3.51x1038pVPrC; b=-10"1% Vi°C2.
{1. The thermo-electric power of iron is 17.5 microvolt per degree at 0°C and zero at 360°C; that

of copper is 5 microvolts per degree at 450°C and zero at —50°C. Find the value of the e.m.f.
of a copper-iron couple when the cold junction is at 0°C and the hot junction at the neutral
temperature (Assume the thermo-electric lines to be straight).

12. Find the thermo e.m.f generated in a thermocouple, when its junctions are kept at 160°C and
50°C respectively, if e.m.fs generated in the thermo-couple, when its hot junctions are at 160°C
and 50°C are 25 microvolts and 5.6 microvolts respectively. (The temperature of the cold

junction being 0°C).

f.’s, neutral temperature

ANSWERS

8. 371.7°C, 7(1784 - 4.8 1), — 4.8 7]
9. 200°C, 400°C

11. 2465 micro-volts

12. 194 py



