Electrical Measurements

7.1. Carey Foster Bridge

+ Description. The Carey loster bridge is a form of Wheatstone's
bridge. It consists of a uniform wire AB of length | metre stretched on a
wooden board (Fig. 7.1).

— e {
R

o] 1 [+

[ M
eanene fy ===~

-~

Two equal resistances P and Q are connected in gaps 2 and 3. The
mmkum:uml A standard resistance S, of the
same order of resistance as R, is connected in gap 4. A Leclanche cell is
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Figs. 7.2 and 7.3 represent the equivalent Wheatstone's bridge circuit
in the two cases,
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Fig. 7.2 Fig. 7.3
From Egns. (1) and (2),

R+ a+lp S+ o+ Lp
S+PB+(100-1)p R+P+(100-DLp
Adding 1 to both sides of Eq. (3),

R+oa+lp+S+P+ 10()p—llp_5+a+lzp+R+B+IOOp—ZIp

w{I)

S+ B+ (100 - L)p - R+ B+ (100 = L)p
R+S+0+B+100p R+S+a+p+ 100p
S+B+(00-I)p  R+P+ (00— DRy
Since the numerators are equal, the denominators must be equal.
S+PBp+100p - lLip=R+ P + 100p — Lp ..(4)
or S-lp=R-1Lp
R=§S+p(,-1) wak3)

To find p. A standard resistance of 0.1 Q is connected in gap 1. A
thick copper strip ls.connccled ingap 4 ie., R =0.1Q and S = 0. The
balancing length 1," is determined. The standard resistance and the thick

copper strip are interchanged. The balancing length 1" is determined.
From Eq. (5), 01=8+p(, - 1)
0.1

or

S
Thus by knowing 5 and p, the unknown resistance R is calculated.
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, = R, (1 4 cer)

or u=R!—Rﬂ_|dR

Rt~ R, dr

' The given wire is wound non-inductively in the form of a double
spiral on a glass tube. It is im-

mersed in a beaker containing ice x
a1 0°C. The resistance of the wire T
~is determined as above. The resis-
- tance of the wire is determined at
B 20° 30°, ... 00°C. | A

L - * is drawn with temperature
g the X-axis and resistance mperature —s
m Y-axis (Fig. 7.4). A -

ht line is obtained
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onate D.C.
electrical quantity which can be converted into a proporti

potential difference. Ll
It consists of a uniform wire AB of length 10 m stretch

wooden board (Fig. 7.5). A slcady ]'i— <.>
current is passed through the wire (
AB with the help of a cell of EMF
E. Let = L

p = resistance per unit length of A C
potentiometer wire, and i ]

I = steady current passing

Let AB = L and AC = 1.
PD across AB = Lp 1, and Fig. 7.5
PD across AC = Ip1

PDacrossAB _ Lpl _ L
PD across AC  Ipl |

PD across AC = -é x PD acrossAB

L.e., for a steady current passing through the potentiometer wire AB,
the PD across any length is proportional to the length of the wire.

If a D.C. voltmeter is connected between A and the variable point C,
it will be noted that the voltmeter registers greater values of PD’s as the
point C slides from A to B,

. Comparison of s of two cells
A lead accumulator of emf E is connected across the potentiometer
wire AB (Fig. 7.6). G is a galvano-
meter. E, and E, are the two emf’s
to be compared. The emf of E, is
balanced across a length I, of the

potentiometer. Similarly, the emf of
E, is balanced across a length L, of A

through the wire.
Let C be a variable point. \—l l——®~ HR
G

the potentiometer.
Then,
E, = [ and E; oc I,
E, h
- E,

other can be determined. e cadmium cell, the emf of the




mms‘:fhnc:fs ‘:t;mbewr.;hmd:r:lid a battery. E is the cell whose internal

rest resistan

p Soirtepey Istance box R is connected across the
Closing key K, a balancing point is obtained on the pot!mnometcr

wire with K, open. The balancing

jength I, (= AC) now is a measure ___* ||||- A A‘Anh/\ / l(l

of the EMF E of the cell. Then,
E o I, (1) A DC B
The key K, is closed. A re- | + ) 08 -
sistance R is introduced in the box. + E -
without disturbing rheostat Rh, the ml i/
palancing length [, (= AD) is G
This is a measure of the B
PD V of the cell. Then Fig 7.7
Ve |, “i2Z) N
From Eqns. (1) and (2), % . 72'. e

msmmmam cell and r the internal resistance. Let V be
| Moﬂmna@plmgammlmghmm

v = m ,....;@)




potentiometer. Find the balancing length from A. The PD per cm of the

potentiometer = E/l. K|

Connect 2 and 3. Adjust the IE 2 e
rheostat so that the ammeter reads a
value A,. Balance the PD across R A¢ 3 B
against the potentiometer and find the —— f—at
balancing length /,. S _‘g 0—®' HR

PDacross R = El/I R K2
Current through R = EL/(IR). L—-I’VVV‘-——imN
Correction to ammeter reading -—||J|—"'®-

: = (EL/IR) - A,

Fig. 7.8

Similarly, the corrections for
other ammeter readings are determined. A calibration curve is plotted for
ammeter, taking ammeter readings on X-axis and corrections on Y- axis.

Calibration of voltmeter (Low range)

The connections are made as shown in Fig. 7.9. The voltmeter is
connected parallel to R. Let I be the balancing length for the standard cell.
The PD across R is balanced against
the potentiometer. Let /, be the
reads V. . As
PD across R = El/l
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Comparison of Resistafices

Connections are made as shown in Fig. 7.11. The two resistances P
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eostat. The same current / is flowing through 2 and Q. To determine
potential drop across P, connection is made between 1 and 4, and 2 and 5.
connection is made between 2 and |

4,and 3 and 5. The PD across P is
is determined. Without altering the
current in P and Q, the PD across
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' _Thermo-electricity
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Seebeck Effect.

W _he.‘n .lwr'o dl_svsumlar m_elal Mres are joined together so as to form a
clesed C”L””_“‘"d it the tWo junctions are maintained at different tempera-
wres, an emf is developed in the circuit
(Fig. 8.1). This causes a current to flow
in the circuit as indicated by the deflec-
iion in the galvanometer G. This phe-
qomenon is called the Seebeck effect.
This arrangement is called a thermo-
couple. The emf developed is called
thermo emf. The thermo emf so devel-
oped depends on the temperature dif-
ference between the two junctions and Hot Cold
the metals chosen for the couple. See- Fig. 8.1
beck 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 current flows through the hot junction from the metal
occurring earlier to the metal occurring later in the list. The more removed
are the two metals in the list, the greater s the thermo emf developed. The
metals to the left of Pb are called thermoelectrically negative and those 1o

its right are thermoelectrically positive.

8.2. Laws of thermo e.m.f.
(i) Law of Intermediate Metals. The introduction of any

additional metal into any thermoelectric circult does not alter the thermo
émf provided the metal introduced is entirely at the same temperature as

the point at which the metal is introduced.
If E, is the emf for a couple made
for the couple of metals B and C, then the

Cis given by
e = O vEe
O

8.

of metals A and B, and ,E that
emf for couple of metals A and



2 T . . Vhe th 44T emt
(il Law of Intermediate Temperatures. /e her [ E, of
- y r P | y I .', -I'l\, | 4 'l" ri 'll ‘.!,'
fhf'x’"!’lr fan{'ff whose juncrions are maintamned ai mij e i ind T, |

equal 1o the sum of the emfs E, and E, when the junctions are maintained

. - -r v " - | i 1
at temperatures T,, T, and T,, T, respectively. Thus
E,=E, + E

8.3. Measurement of Thermo EMF using Potentiometer

Thermo emfs are very small, of the order of pnly' a few millivolts.
Such small emfs are measured using a potentiometer. A ten-wire
potentiometer of resistance R is connected in series with an accumulator
and resistance boxes P and Q (Fig. ,
8.2). A standard cell of emf E 1s
connected in the secondary circuit.
The positive terminal of the cell is
connected to the positive of Q. The
negative terminal of the cell is
connected to a galvanometer and
through a key to the negative of Q.

A resistance of JOO ER ohms
is taken in Q. The resistance in P
is adjusted so that on closing the
key, there is no deflection in the
galvanometer. Now, the PD across
100 ER ohms is equal to E.

PD across R ohms ad HR L L A P LI
of the potentiometer [ ~ JOOER ' 100 ‘o = !0 millivolt

Thus the fall of potential per metre of the potentiometer wire is 1
millivolt. So we can measure thermo emf up to 10 millivolt.

Without altering the resistances in P and Q, the positive of the
thermocouple is connected to the positive terminal of the potentiometer and
the negative of the thermocouple to a galvanometer and jockey. One
junction is kept in melting ice and the other junction in an oil bath or in a
sand bath. The jockey is moved till a balaace is obtained against the small
emf e of the thermocouple. Let AJ = | cm be the balancing length. Then,

\

1
thermo emf e = 100 | millivolt,

Keeping the cold junction at 0°C, the hot junction is heated to
different temperatures. fTht: ﬁll:mo emf generated is determined for
different temperatures Ol the hot junction. A graph is drawn between
thermo emf and the temperature of the hot junction (Fig, 8.3). The graph is
a para,bolic curve. '

The thermo emf E varies with temperature according t0

e ——————



E=at+ b, where a and b u-' A o Copper- Iron

are constants. The thermo 2 emf , thermocouple
emf increases as the tem- &
perature of the hot junction ©

increases, reaches a maxi- E ':

mum value 7, then de- 2 |

creases o zero at al ETn Ti
parti-cular temperature T, -

On further increasing the dif- O 270°C — \540°C
ference of temperature, emf Temperature

is reversed in direction. Fig. 8.3

For a given temperature of the cold junction, the temperature of the
hot junction for which the thermo emf becomes maximum is 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 *he thermo emf becomes zero and changes its
direction is called the inversion temperature (T) for the given thermo-
couple.

T, is a constant for the pair of metals. 7, is variable. T, is as much

“above the neutral temperature as the cold junction is below it.
8.4,/ Peltier Effect
Maemz:nthmle(ﬁg. 84) Whmamts




where % 1s a constant called Peltier coefficignt

©

When / 1A and | Is. then H

4 e srd it a mnction bel
The energy that is liberated or absi rbed ai a junction Detween 'wo

dissimilar metals due to the passage of unil guaniity of €leciricity is called
Pelnier coeflicient
It is expressed in joule/coulomb Le.

not constant but depends on the temperature of the junction
The Peltier effect is different from the I'R Joule heating effect. The
main differences are given below.

volt. The Peluer coefficient s

— ——— —

Peltier Effect Joule Effect
& It is a reversible effect. It is an irreversible effect
2. Ittakes place at the junctions only. | It is oQserved throughout the
condyctor.

3. It may be a heating or a cooling| Itis always a heating effect.

effect.
4. Peltier effect is directly proportional | Amount of heat evolved is directly
ol (H = t nh) proportional to the square of the
current.
5. It depends upon the direction of the | It is independent of the direction of
current, the current.

Demonstration of Peltier effect — S.G. Starling Method.

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 Jjunctions
J, and J,. These coils are connected across the two metre-bridge
and the balance-point is found on i
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 cop-
per varies rapidly with change of
temperature. Hence the balance in
the bridge is immediately upset. —F—> <« - Meter
The galvanometer shows a deflec- —'
tion. 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.

J1 Heated
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Fig. 8.6 Fig. 8.7

. the part AC and evolved in the part CB. This is known as Positive
Thomson effect. Similar effect is observed in metals like Ag, Zn, Sb and
Cd.

In the case of an iron bar AB, heat is evolved in the part AC and
absorbed in the part CB (Fig. 8.7). This is known as Negative Thomson
¢ffect. Similar effect is observed in metals like Pt, Ni, Co and Bi.

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 is opposite in the case of iron. Heat is either absorbed or
evolved when current passes between two points having a difference of
potential. Therefore, the passage of electric current through a metal having

temperature gradient results in an absorption or evolution of heat in the

body of the metal.

When a current flows through an unequally heated metal, there is an
absorption or evolution of 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 heat energy absorbed or evolved wlfen a Fharge
of 1 coulomb flows in the metal between iwe points which differ in

temperature by 1°C.
‘. of g coulomb flows in a metal between two points
1°C, then

But if E volt be the Thomson emf dev
ﬂ’“ﬂﬁswgy-mbugiﬂlwﬂjm-

: oq = Eq
o =E

or



n coefficient of a metal, expressed in joute per |

Thus the Thomso
mf in volt, developed between

coulomb per °C, is numerically equal to the e
two points differing in temperature by
Hence it may also be expressed in volt per "C. ‘
G is not a constant for a given metal. It is a function of tcmperatm-a
Demonstration of Thomson effect.
Fig. 8.8. shows Starling’s method of demonstrating the Tho-mson
effect. An iron rod ABC is bent into U shape. Its ends A and C are dipped
in mercury baths. C, and C, are twoO insulated copper wires of equal

resistance wound round the two arms
of the bent rod. C, and C; are (
T B
¥

——

=

connected in the opposite gaps of a
metre bridge. The bridge is balanced.
Then the mid-point B of the rod is
strongly heated. A heavy current is
passed through the rod. Then this
current will be flowing up the T
other arm. As a result, one of the coils
upset and the galvanomete: in ‘iu“i & o R

Cy

strongly
heated
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Let | coulomb of charge flow
WfrolnAtoBatﬂnmmm'm the thermocouple in the

Heat energy W@emmm,h
pot junction = (r + d 7) joules - '
Heat encrgy evolved due to Peltier effect at the
cold junction = 7t joules
Heat energy absorbed in the metal A due to Thomson effect
. aa‘ﬂ'jm A B
Heat energy evolved in the metal B due to Thomson effect
&= Op,demlles .
thheatenergyabsorbedmtheﬁmocouple
= (m + dn - ) + (0,dT — ©,dT)
=dn + (6, - 6,)dT
This energy is used in establishing a P.D. dE in the thermocouple
dE = dn + (o, — ©,)dT . (1)
Since the Peltier and Thomson effects are reversible, the
mmnphﬂuawwahﬂmm
the heat energy (n + dn) joules is absorb

fT+d!)Kmdu,deoﬂekM&dmmetﬂAu'mnmme




dT = 9+ 2bT
dE/T is called thermoelectric power.
A graph between thermoel
emperature 7T is a straight line.
This graph is called the

ectric power (dE/dT) and difference of

thermo-electric power line or Cd

the thermo-electric diagram. Zn
Thomson coefficient of lead js dE/dT Cu
zero. So generally thermo- Fe
electric lines are drawn with IO ----------------------- Pb
lead as one metal of the thermo-

couple. The thermoelectric line Hg

of a Cu-Pb couple has a positive

slope while that of Fe-Pb couple % Ni ™~ Pt

has a negative slope. Fig. 8.10 i
shows the power lines for a Temperature —»
number of metals. Fig. 8.10

8.8. Uses of Thermoelectric Diagrams

(/) Determination of Total emf. MN represents the thermo-electric
power line of a metal like
copper coupled with lead (Fig.
8.11). MN has a positive slope.
Let A and B be two points
corresponding to temperatures
I K and T, K respectively
along the temperature-axis.
Consider a small strip abdc of
thickness dT with junctions
maintained at temperatures T
and (T + d7). -

The emf developed when
the two junctions of the
thermocouple differ by dT is

a=a[£’£)=mm

dT

Total emf developed when the junctions of the couple are at
emperatures 7, and T,is
(0 . (dE |
E"Iz; ﬂ(ﬂ] AruAfDC’
(i) Determination of Peltier emf. Let 7, and 7, be the Peltier



coefhicients for the junctions of the couple at temperatures I. and 7

respectively

The Peluer coefficient at the hot junction (7,) is

R, =T,

d%‘ = OB » BD = area OBDF
dT f

Similarly, Peltier coefficient at the cold juncton (7)) 1s

R, = T,{-z—?l = OA xAC = area OACE
I

m, and m, give the Peltier emfs at 7, and T, respectively.
Peltier emf between temperatures 7, and T, is
E, = m, — m, = area OBDF - area OACE = area ABDFECA

(iif) Determination of Thomson emf. Total emf developed in a
thermocouple between temperatures 7; and 7, is

T?
Eg = (r, - m,) + Ir (o, - G,) dT

Here 0, and o, represent the Thomson coefficients of two metals
constituting the thermocouple.
If the metal A is copper and B is lead, then ¢, = 0.

Tz
E = (m - m)+ [ (o,an)

T‘.l
or IT 0‘,dT=-[(n2-1t,j —E]

Thus, the magnitude of Thomson emf is given by
Ej = (% - m) — E = Area ABDFECA — Area ABDC
= Area CDFE
(iv) Thermo emf in a general ¢ .
temperature of inversion. In ouple, neutral temperature and
practice, a thermocouple may C
consist of any two metals. One
of them need not be always T
lead. Let us consider a
thermocouple consisting of
any two metals, say Cu and A
Fe. AB and CD are the
thermo-electric power lines for
Cu and Fe with respect to lead
(Fi'g. 8.12). Let T] and Tg be

dE
dT




emperatures of the cold and hot iuncs:
::d 0 Ot junctions corresponding to points P
Emf of Cu = Pb thermocouple = Areq POB A
Emf of Fe — Pb thermocouple = Area PQDICI
I

+ the emf of Cu — Fe thermocouple is
r . P -
bf,, Area POD,C, - Area PQBA, = Area A,B,D,C,

[

The emf Ei‘g Increases as the temperature of the hot junction is raised
and becomes maximum at the temperature T, where the two thermoelectric
power lines intersect each other. The temperature 7, is called the neutral
remperature. As the thermo emf becomes maximum at the neutral
emperature, at T = T, (dE/dT) = 0. |

Suppose temperatures of the junctions, T, and 7>, for a Cu — Fe ther-
nocouple are such that the neutral tempera-
ure T, lies between T, and T, (Fig. 8.13).

Then the thermo emf will be represented by
he difference between the areasdE/dT
{,NC, and B;D,N because these areas repre- t
ent opposing emf’s. In the particular case
vhen T, = (T; + T,)/2, these areas are

qua]andmemultmtemfiszero.lnthis
ase, T, is the ‘temperature of inversion’ for
he Cu — Fe thlfj

Solved Examples




