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Experiment 30
—_—
xé{,jca. To study the temper
o verify the Stefan's la.w.
Apparatus Required. 6V battery, key,
0 V, a D.C. ammeter of range 0-1 A,
plament of rating 6V, 6W, a rheostat of resi
wires etc.
Theory. According to Stefan's law, the total radiation emissivity of

a black body (i.e., .the .total radiant energy emitted per unit area per second
by a black body) is directly proportional to the fourth power of absolute
temperature T of that body. i.e,
E < T4 or E = oT* where ¢ is Stefan's constant. 1)
Now if the tungsten filament of the electric bulb is assumed to be

the black body, according to Stefan's law, the total radiant power emitted
by it o

ature dependence of total radiation and

a D C. voltmeter of range ().
an electric bulb of tunyzsten
stance 1)0 2 and connection

Po T*or P=CT®
Taking logarithm on both sides,
lOglop - loglOC + o lOgloT (ll)

Hence a graph plotted between log,,P versus log,,T will be a straight
line with a slope o (= nearly 4).

The temperature of filament of bulb is determined by measuring its
resistance. The variation of its resistance with temperature is given by the
following relation

R, = Ry(1 + ar + Br?) (i)
where R, = resistance of filament at 0°C, R, = resistance of filament
at 1°C and o and P are the temperature coefficients of resistance.

For the tungsten filament, o = 521 x 107 ¢ and B = 72
1077 °C-2, hence assuming the temperature of filament at just glow 1o
be 530°C, the value of the quantity o + B¢ comes out to be 3-96. Then

R

Ro 3:96 .
where Rg is the resistance of filament at just glow.
—V-S~ (V)
From Ohm's law, Rg - #

where V_ and 1, are respectively the voltage applied across the ends
°f the bulb and the current flowing in it, at just glow of its filament.

-
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the value of Rg can be calculated. Then ,
f bulb is measured by finding the ratio ch

voltage and current, at any temperature 1. After this, the value of R/R
: | libration curve plotted for R /R 0
is calculated and then from the ca /R versus
¢ for the tungsten filament, the temperature 1 of the filament corrcsp(,nding

to that value of R/Rg is obtained.

Formula used. The resistance of filament of bulb at any tempera,,

Thus knowing Reg,
resistance R, of the filament 0

Lis
of the bulb and 1 is the current flowing in the filament.

Ve

Resistance of filament of bulb at just glow R, = I,

where V, is the potential difference applied across the filament ang
I, is the current flowing in the filament, when it just glows.

Resistance of filament of bulb at 0°C is Ry = ;953

According to Stefan's law, if the absolute temperature of filament of
bulb is T, the total radiant power P emitted by it is given as

: loglOP o= loglOC + o lOgloT
' }{ence, a graph plotted for log;oP versus log;oT will be a straight
line with a slope o (= 4 nearly).

Procedure. First the apparatus is arranged as shown in Fig. 30-1.

For this, a battery, rheostat, key

R, ™ -\{— where V is the potential difference applied across the filamen,

Battery
Jllllﬁ vwvww‘ anq amm_eter are connected In
Rheostat i series with the bulb and a
P voltmeter is connected in parallel

across the bulb. Take care that
the +ve marked terminals of
ammeter and voltmeter are

m /A\
w L L connected with the positive

Ammeter terminal of the battery and no
socket is used with the bulb,
/\V/l otherwise additional resistance
-\*}Oltme?er will get added with the ﬂlamen{
Fig. 30.1 of bulb. Hence at the base of

the bulb,

its tem};ina]s hare soldgred at. two different points with the wires.
» )0\'; tfe ;xperlme'nt is performed in the following two parts :
o find the resistance of filament of bulb at 0°C, (ii) To find the

absolute temperature (in kelvi :
_power emitted by it. vin) of the filament of bulb and the total radiant

(i) To find the resistance of filament of bulb at 0°C

1. By inserting the plug i |
" | g in the key, the rheostat is adjusted to ItS
maximum value so that a very feeble current flows in the bui‘b. Then the
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sliding’tle)rTbinal tof fhetrheostaz is gradually moved to decrease the resistance
, ets just glow (i.e., the fi i

il th‘e ulb gets ] , the filament appears faint red). I i
jtuation, the reading I, of ammeter and the reading Vg of voltr)r'\etzr t:::

noted' |
2. Now the resistance of circuit is much decreased so that the bulb

jows With white illuminance. Then sliding the variable termi
rheOStati t/lle r_esx;tancedef cilrcuit is increased till the bﬁlbe:g;?: laggct:;
faint red. Again the reading 1, of ammeter and the readi
i ki eading Vg of voltmeter
3. Repeat the above steps 2-3 times. '
4. For each observation, calculate R, = V /I, and then find the mean
value of Rﬁ.
- 5. Then calculate the resistance R of the filament i i
at 0°C using the
relation Ry = R,/3:96. | 4
(ii) To find the temperature T (in kelvin) of the filament of bulb and the
total radiant power emitted by it
1. After 1r}sertmg the plug in the key, the current in circuit is gradually
ncreased from its low value with the help of rheostat and each time the
reading V of voltmeter and the reading | of ammeter are noted. This is done
till the bulb illuminates with white glow. =

2. For each observation, R, =  1s calculated and then R/Rq is

determined. . ‘
3. For each value of R/Ry, either from the calibration curve given

in Fig. 30-2 (or from the table given below), the temperature T of the filament
of bulb (in kelvin) is determined.
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Fig. 30-2. Calibration curve for the temperature T
of the tungsten filament and R¢/Rg



240 | Unified Practical Physics-Second Year

Table. Values of R/R at different temperatures for the tungsia, fla

Temperature T R ,LR(,
(in K)
273 1400
373 153
473 207
573 213
673 322
773 380
873 4-40)
913 500
1073 5-64
1173 637

Y -

(in K)
1273
1373
1473
1573
1673
1773
1873
1973
2073
2173

2273

Temperature T

e e

e,

R /R

g

g

605
7
&u
89
97
1043
1117
1142
1269
13:50
14-30

slope of the line is determined.
Observations.

4. For each observation, calculate power P radiated by the filament
using the formula P = VI. Then a graph is plotted by taking log,oP on
Y-axis and log,,T on X-axis which comes out to be a straight line. The

1. For finding the resistance Ry of the filament of bulb at 0°C

While increasing current

While decreasing current
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Calculations. Slope of the straight line obtained in graph (Fig. 30-3)
plotted between log;oP versus log;,T

_ Alog;oP  AB
i Alogl()T = _Ci OO 0000
Result. The graph plotted between log;oP and log;(T is a straight
line as shown in Fig. 30-3, hence it verifies the relation P = CT%. Moreover
the slope of the straight line s = 4(nearly), hence it verifies the Stefan's
law. 5 Y ;
Precautions. 1. The bulb - h!
should not be fixed in the holder,
otherwise an additional resistance |
of the holder comes in the circuit. :
2. The readings of voltmeter :
and ammeter while measuring the :
resistance of filament at just glow | }
should be noted only when the . C

filament of the bulb appears to
be faint red. ; » . Fig. 30.3

VIVA-VOCE

Refer Experiment no. 29 and 31.
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