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Sources of error and Precautiong.

1. The thermometers should be re

2. Padding must be efficient,

ad only . .
y after they indicate steady temperatures.
3R

ate of flow of water should be slow and unif
. orm.,

ORAL QUESTIONS

pon temperaty e
rises.
2. What is the major source of error in thjg experiment?
lose of hea ati ¢ ‘
The t by radiation cannot be e

1. Does thermal conductivity depend y
Yes: it decreases as the temperature

3. What do you understand by

When a rod is heated at one end, for so

This is the variable state. The rate of flo

material. In the Stationary state no part o
lost by transmission or by radiation.

Experiment H-6. To determine

the thermal conductivity of o 7
method. ty of a bad conductor by Lee’s disc

Apparatus. Lee and Charlton’s. apparatus, bad conductor in the form of a disc physical
balance, stop watch, vernier calliper ’

S, SCrew gauge, two thermometers, steam generator, and
balance. : . |

Formula. K - Zm;d(ﬁ) r+2h

where,

m = mass of cylinder D

s = specific heat of material of D.

d = thickness of experimental disc S.

r = radius of cylinder D.

h = height of cylinsder D.
0, = temperature of cylinder D recorded by thermometer T,.
0

|

= temperature of steam recorded by thermo meter T,.
Theory. The thermal conductivity of a poorly
‘onducting material like rubber, leather or card-board, ‘ :
When it ig available in the form of a thin circular disc, U:g /—>
an be determined as follows;
. Athin disc S of the given material of about 10 cm
‘4meter is placed in between a thick copper disc D of
e same radius and a hollow cylindrical metal vessel

_ ] Steam .

Provided with an inlet and an outlet, for steam. The outlet | ¢ ﬁei;—;—gam "
System g suspended horizontally from a stand by -~ s T
meal}s of three threads attached to three -small hO;);(; o e; }m T
pr9V‘ded Symmetrically along the circumference ot 7,
(Fig. g 8y, / U ;;
D: Thermometers are inserted in the sides of hC ﬂilig

. so that the :

Mo holes provided for the purpose, so that t Dy are Fig. 8.8
9% 10 the faces of §. The surfaces of C and v
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nickel plated to obtain uniform and good emissivity. Steam 1S P;Z-‘-’;Z‘: g‘l;;"l’ng:lit eTthhe flow ofy
across S will be vertically downwards. While the upper therm?thermometer il o (;ou “Lteha]
temperature 0, of steam, the temperature indicated by the lowe onsant st 0. If é; ; ully increa;
till the steady state is reached and the temperature becomes 2 € the th,,

. ' f S, the heat flowin Iy
conductivity, d the thickness and A4 is the area of cross-section O 8 throug tp,
second is given by.

)
d

* where letters have the meaning mentioned earlier.

In the steady state, all heat passing through S is lost
of heat from the curved surface of S can be neglected, b
The rate of loss of heat due to radiation of disc D would be

do r+2h J
- (E)ez 2r + 2h

. r+2h . o
where m is the mass of disc D and S is its sp. heat. In this expression, 2r—+5/_1 is the fraction o

by rediation from the surface of p. (Log
ecause the thickness of S is very iy

the surface which is radiating heat as compared to total surface as mentioned in step (v)and (»

of the procedure. Similarly, (—‘g) is the rate of cooling at temperature 8,.
)

Equating Eq. (1) and (if) and simplifying, we get

m.s.d (@j r+2h
nr’ (6, - 6,) \ dr o, 20 +2h

K:

Procedure.

(i) Suspend the disc D horizontally by means of threads from a stand after its weight h&
been taken. Cut a piece of carboard (or any bad conduction material) of equal diame®'
Determine its thickness carefully with a screw gauge at 3 number of points. Determine the
diameter of the disc D with a callipers in two mutually perpendicular dire.ctions. Rest (¢

carboard on the disc and plase .the vessel C on it. The vessel and disc should ¥
nickelplated on the outside to obtain good and uniform ep

faces in contact, to provide good thermal contacts.

(i) Insert thermometers into holes provided in C apg D fo
close to the cardboard S, one on either side. Connect

issivity. Apply glycerine on ¥
" the purpose, such that they '
C to a steam generator.
; will at once sh
(iiiy The upper thermometer oW the temperatures
flows across S, the lower thermometer wil| jpq;
(which is recorded every two minutes) till the stqy

- 1
of steam s.e., 6. AS he?
cate a hj

iona
0 .
a constant temperature 0, . After this temperatyre

0
minutes, note the temperature o} and Y carefully,
t passing across S is lost from the lower face and

n. The loss from the curved s M the curved syrface of P

(iv) All hea Wrface o o

radiatio

-

N

YM

5
z
!
|
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0 thickness), and therefore, the area of jts curved surface is negligible. The heat lost

or50i
KA, -6,)

om its surface per second is O =

calories, where 4 = nr2, is the face area

of § and d is its thickness.
) Remove € and S from the top of D. Heat D by means of a Bunsen flame, by passing the

qame under its surface, till it indicates a temperature of about (6, + 10)°.
) Remove the flame and determine the temperature of D, every 30 seconds till its
emperature falls to about (8, — 10)°.

Draw a cooling curve as shown in.fig: 8.9 between time and temperature and draw
crefully a tangent to the curve at femperature 0, and determine the slope of the tangent

"

vvvvv

do N
attemp. 6, i.e, (E . =AB/BC. —
2
A
\
o <N
Pt A\
5
©
A ey ey e s s e o
E %
~ N
AN
\&
h S
\\ 2
9 A
] |
B Time (Sec) — C
Fig. 8.9.
“Hegy )
0~ e
| SUby D per second = ms (ﬂ_e_) (i)
:‘y';‘:ftm( ) o dt 0,

S ang g ’ . ivity of bad conductin
L °btaix:eand $ = specific heat of the material of D. Thermal conductivity o1 bad concucting
by ¢quating Eqs. (i) and (ii)
KO -0,) ( de) |
= ms |— 4
d dt 0,

m-s-d (9’_9) i),
8,

A6, - 6,) dt

)

DI}’in
grad' . )
“ion cory ection, the corrected formula 1s
m.sd ( 51_9_) r+2h (i)
K = N 0\ Al Jo. 2r+2h
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Observations. - ..g
1. Mass of the disc D o
2. Diameter of disc D _ o
radius of D
T L Rt I
. / - PO
3. Thickness of cardboard = 5
4. Observations for 8, and 0, -
No. Temp 6, Temp 6,
’—__’/
I .
1 98°C 25C
98 30
98 68
98 68
8 .
98 6 B

Temperature 6, = 98°C
Temperature 6, = 68°C
5. Observations for the cooling curve.

No. Time Temp of D
1 30s - 70°C
1 min 72
3 1-30s
46 48
dt  BC
KA(6, -
Calculations. KAG, -6,) _ ms. (d_e)
d dt Jo,
do
or K=m.s.(——) -dﬁzm\sd 4o .y
dt 92 A(el —02) nr2(e _e 7 . -
1=02) \dtJe, 2r+2h

Result. The thermal conductivity of cardboard
I'sec ! degree C!

Weak points. 1. The thermometers, bein
the correct temperatures of its faces.

2. Newton’s law of cooling is not strictly applicabl

Sources of error and precautions: o

1. The diameter of the cardboard must ould '

e . h
measured at a number of points on jts suc:;:cl that of C and D. In thicknes s
e.

2. The surface of C and D should be nickel-plated (o qpyy: 4 good o
. a i

3. The steady temperature 6 is that when three l.n a uniform and & nﬂom‘[ |
. taken every two minutes, are the same Consecutive readings of the the |

)

= ,.cal. cm™

) i
g a little away from the faces of S, may not

0 the cooling body.

W
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eated with a non-lumin
Dshou' be " depositi f ous _ﬂame SO that the emjssiyi f th f: does
47 hange bY the deposition of soot on it ssivity of the surfaces
pot CHET2
rmometers should be placed close to the faces of S, one on either sid
’ either side.

: he rangent 0 the cooling curve, to determine d®/dt shoy]
6 T ould be no air-films between D and

d tightly together. Some glycerin
d thermal contacts.

ORAL QUESTIONS

| What 1S thermal conductivity of a substance ?
| u understand by stationary state?

¢ d be drawn very carefully.
o and between S and ¢ For this, they should

. There sh
e .
may be applied to the faces in contact, to

obtain €09

y fhat do YO

‘ What is the law of cooling? Does it hold correctly in the present case?

\o. the difference of temperature between the hot body and surroundings is considerable.

{, How do you make sure that the stationary state has been reached?

¢ Why should the thermometer be placed very close to the faces of the cardboard?

\otes 1. For most solids the value of K at any temperature ¢, may be determined from the
_rrlation K = K + at. where K is the thermal conductivity at 0°C. If K increases with ¢, o is
-\ otherwise negative.

\iany metals satisfy the relation K = 2.5 x 10 x ¢ x T, where T'is not °K and ¢ is the electrical
wéwvity of the material.

) For most gases, the ratio or conductivity K to viscosity n is constant for temperatures

vetween — 89°C and 100°C.

i) The value of K for gases increases with increasing temperature, the rate of increase being

different for different gases.

i) Maxwell showed that for gases K = a n C,, where 1 is the Co-efficient of viscosity, C,

the specific heat of a gas at constant volume and o, a constant. This result is supported
emarkably by experiment.

"/ At normal pressure, K is independent of pressure over a
Pressure and decreases at very low pressure i.e., below 10 :
"N this fact, A constant current flows through a lamp-filament. The filament attains a
leady temperature. and hence a constant resistance. The value of this resistance depends
" the loss Of‘heat’ through the gas by conduction and therefore on the pressure O_f t.he
"€losed gas. When the pressure is lowered, using a vacuum pump, the conductivity

Minishes whije the temperature and therefore, the resistance of the wire InCreases. From

Noge, “ange jp resistance, the pressure of the gas can be calculated. N

Mgy + Mety are very good conductors of heat. This high thermal conductivity is ot great

‘ ini the everyday uses of metals, alloys. Many of the mored recgn.tt di,vfe:,c:szfsni

4 machi”af)’ are really only possible because the thermal conductivity ‘

Jrllhus to thable the 1 t y ydp' the machinery to be drawn away sufficiently rapidly

€at generated In the
t . '

Yo ¢ Machines to run safely and efficiently. .
0

ateeriZOQem age, thermal insulation has assum;guzl;;e;tsén;‘i;ve ?ther properties. For

fhatyy, < - 1N addition to being a poor conductor, 3 bose temperatures, while for

oy

p

g, Mg Sl jorate a :

g Tl orilétlon’ the material should not dfeterlotr;ials 0% k. asbestos, magnesium
sy, !t must be damp-proof. The basic M % 2 um carbonate is the whitest
k"‘)wn) » diatomaceous silicon, etc. (B

wide range. It increases at high
mm. The Pirani gauge is based

ka.

y the way magnesiu
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