TEMPERATURE

Tutorial Discussion

10(a)(i)
Due to thermal agitation, the electrons in the semi-conductor are freed from their atoms and thus are able to carry charges. The number of these electrons and the ‘holes’ they leave behind increase in numbers as temperature rises. Thus conductivity increases and consequently resistance decreases with increasing temperature.

(ii)

Since R = Ae(B/T) , then ln R = B/T + ln A.

Thus if experimental values for ln R could be plotted against 1/T, a linear graph with gradient, m and y-intercept, c could be obtained. By deriving m and c from the graph, the values of A and B could be obtained:

B = m; 
A = ec
(b)
(i)


[image: image1.wmf]o

i

s

i

t

100

R

R

R

R

t

´

-

-

=




(ii)

Ri = 30.0 k( ; Rs = 0.5 k(




Therefore
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 t = 88.1o




From the graph, the equivalent Celsius temperature is 50oC.

(iii)
The discrepancy is very large. This is due to the fact that the resistance does not vary linearly with temperature. In fact, the variation is closer to one of an exponential nature. [given in part(a)] Thus the centigrade temperature is not a good approximation of the Celsius temperature.

Note:

A better empirical temperature scale would be one based on a linear relationship between ln R and 1/T (as opposed to R and t). To derive the empirical equation, we have to make use of the equation derived in (a)(ii) and the values of R at the two fixed points.

ln R = B/T + ln A.

Since B is the gradient of the straight line, then
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where Ti and Ts are the thermodynamic temperatures at ice and steam points respectively.

And so 
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By substituting the values of Ri and Rs in the formula, you will find that the temperature T when R = 4.0 k( is about 317K, equivalent to a temperature of 44o, a much better approximation to the Celsius temperature than the centigrade scale.

11
If property X were to be used to define a centigrade scale of temperature to approximate the Celsius temperature, then the temperature ( defined by X would be
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where X(, X0 and X100 are the values of property X at temperatures (, 0oC and 100oC respectively.

From the given equation, 

X100 = X0 + 0.5(100) + (2.0 x 10-4)t2 = X0 + 52



Therefore the equation we derived for the temperature defined by X becomes
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At 50oC as defined by the gas thermometer, the value of property X is 

X 
= X0 + 0.50 (50) + (2.0 x 10-4) (50)2
= X0 + 25.5



By substituting this value of X into the other equation, we obtain

X
= (X0 + 25.5 - X0)/52 x 100 oC

= 49 oC

This means that when X = X0 + 25.5, the gas thermometer will register the temperature as 50oC while another that makes use of property X will register the temperature as 49oC. 

12 When one of the junctions is in steam, the temperature difference between the junctions is proportional to the e.m.f. produced.



Thus 


[image: image7.wmf]C

100

E

E

E

E

o

0

100

0

´

-

-

=

q

q




Since E100 = 0.0 mV (when both junctions are at 100oC, there is no e.m.f.),
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Thus substituting Et = 11.6 mV and E0 = 4.1 mV, we obtain



( = (1-11.6/4.1) x 100o = -183o
Note: The equation derived above is valid only if junction Y remains in steam. 

For temperatures ( > 100o, the e.m.f. produced would be in the opposite direction i.e. negative.

Q13
(a)
Describe the features and how they are used to measure the temperature and / or to improve accuracy. Everything you need is in the notes.

(b) If a quantity varies linearly with thermodynamic temperature, then, just by calibrating the thermometer at the two fixed points, the other temperatures can be easily and closely approximated using a linear scale.

(c) The resistance of silicon varies greatly with temperature, thus it is advantageous for precise measurements of temperature. The variation of resistance with temperature is however not linear. This makes calibration of the thermometer more tedious.

(d) Evidence: Volumes of water at 8oC and at 0oC are the same. 



Implication: Volume of water does not vary consistently with temperature. (It may or may not increase with increasing temperatures.) This would give rise to ambiguous results.

(e) Calculation of average (
t / oC
R / (
( / oC-1 10-3

0
5.26
-

8
5.41
3.56

30
5.84
3.68

50
6.22
3.65

80
6.80
3.66

100
7.19
3.67

Average value of (
3.64




Average value of ( = 3.64 x 10-3 oC​-1
Alternatively, a graph of R / ( against t / oC may be plotted using the values given above and the average value of ( may be obtained from the gradient of the best-fit line. (gradient = (R0)
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