INTRODUCTION

In this lab, we are going to discuss temperature dependence of metal resistivity. In other words, we will explore how a resistivity of a metal varies with temperature. The reason why resistivity depends on temperature is when temperature increases; the amplitude of the lattice vibrations is larger. Moreover, we will distinguish between resistance and resistivity, how they relate to each other.

BACKGROUND


We all know that metal is a high conductive material. The reason is metal has very high density of free electrons whereas semiconductor is less conductive because it has fewer density of free electrons. In fact, temperature effects on density of free electron. When temperature increases, the conductivity decreases due to the effects on density of free electron. Resistivity is inversely proportional to conductivity. Therefore, resistivity increases linearly with temperature. Applying Mathieson's rule where (T = T - To. We have ( = (o [1 + (o(T], (o is resistivity, and (o is temperature coefficient of resistivity at room temperature--reference temperature.

PROCEDURE


We won't directly measure the resistivity because it seems impossible to do so. We will measure the resistance instead, and then we can predict the resistivity. In this lab, we are assigned to work with a copper wire. Then we will measure the resistance of that copper wire as a function of temperature. 

First we will connect the copper wire to a voltage source with an ammeter to adjust the source. We also connect it to a voltmeter to measure the voltage across the copper when temperature increases. We put the copper wire into a cup of water because we don't want to heat it directly. After we set everything, we now start the measuring. Remember that we have to measure three quantities--temperature in Celsius, current in mA and voltage across the copper wire in mV. One more thing that we have to do is to keep current at a fix constant; in fact, we keep it at about 20 mA.

RESULTS


We choose the copper wire in which its diameter and length at 20 Celsius degree are 0.255 mm and 25 ft respectively. Therefore, the cross-section area A is 0.0593 mm^2; the length L is 762*10 mm. We knows the relation between resistivity and resistance as 

( = (R*A) / L

Temp T
Current I
Voltage V
Resistance R
 (T 
Resistivity (

((C)
(mA)
(mV)
(()
((C)
((*mm)

19.7
19.6
74.7
3.81
0.0
2.97E-05

25.1
18.9
73.4
3.88
5.4
3.02E-05

29.4
19.0
74.2
3.91
9.7
3.04E-05

34.5
18.7
73.9
3.95
14.8
3.08E-05

39.5
18.4
73.7
4.01
19.8
3.12E-05

45.0
18.1
73.5
4.06
25.3
3.16E-05

49.5
17.9
73.4
4.10
29.8
3.19E-05

55.0
17.7
73.3
4.14
35.3
3.22E-05

60.0
17.4
73.3
4.21
40.3
3.27E-05

65.0
17.2
73.2
4.26
45.3
3.31E-05

70.0
16.0
73.2
4.58
50.3
3.56E-05

75.0
16.2
73.8
4.55
55.3
3.54E-05

80.0
16.6
73.2
4.41
60.3
3.43E-05

85.0
16.4
73.2
4.46
65.3
3.47E-05

90.0
16.2
73.2
4.51
70.3
3.51E-05

95.0
16.0
73.3
4.57
75.3
3.55E-05

98.4
15.9
73.3
4.62
78.7
3.59E-05

Now we have to find the linear regression

Based on the Mathieson's rule, we have ( = (o [1 + (o(T].

If we apply the linear regression, we have to derive it to linear equation form as:




y = ao + a1*x



Where y = (, ao = (o, a1 = (o(o, and x = (T
From linear regression function we have:

a1 = [(xi(yi - n(xi*yi] / [((xi)^2 - n(xi^2]

ao = [(yi - a1*(xi] / n

The result is turned out to be:



a1 = (o(o = 8.24*10^(-8)



ao = (o = 2.97*10^(-5)

Therefore, 
y   = 2.97*10^(-5) + 8.24*10^(-8) * x

Or

(   = 2.97*10^(-5) + 8.24*10^(-8) * (T
Here is the graph of the resistivity of the copper wire vs. the change of temperature.
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DISCUSSION


It is true to say that the resistivity in a metal increases linearly with temperature. Even though my result is not as accurate as expected one, it is acceptable because of errors in experiment. Moreover, we can see that the resistivity of this copper wire sample doesn't increasingly change much when temperature changes. We think that the reason depends on the sample. If we apply a high temperature--200 Celsius degree, for example, its resistivity maybe changes rapidly. The reason why resistivity increases linearly with temperature is the amplitude of the lattice vibrations is larger when temperature increases. 

The difference between resistance and resistivity in a metal is the resistivity is the resistance across a contact area section over the length--distance that current flows.

CONCLUSION


This lab helps us explore experimentally a behavior of resistivity in a metal regarding the change of temperature. This lab shows that the Mathieson's rule makes more sense to us. It also encourages our knowledge about behavior of a metal regarding to resistivity and conductivity.
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Sheet1

		Temp		I		V		R		chg in T		resistivity		x*y

		(C)		(mA)		(mv)		(ohms)		(C)		(ohm-mm)

		19.7		19.6		74.7		3.81		0.0		2.97E-05		0.00E+00		0.0

		25.1		18.9		73.4		3.88		5.4		3.02E-05		1.63E-04		29.2

		29.4		19.0		74.2		3.91		9.7		3.04E-05		2.95E-04		94.1

		34.5		18.7		73.9		3.95		14.8		3.08E-05		4.55E-04		219.0

		39.5		18.4		73.7		4.01		19.8		3.12E-05		6.17E-04		392.0

		45.0		18.1		73.5		4.06		25.3		3.16E-05		8.00E-04		640.1

		49.5		17.9		73.4		4.10		29.8		3.19E-05		9.51E-04		888.0

		55.0		17.7		73.3		4.14		35.3		3.22E-05		1.14E-03		1246.1

		60.0		17.4		73.3		4.21		40.3		3.27E-05		1.32E-03		1624.1

		65.0		17.2		73.2		4.26		45.3		3.31E-05		1.50E-03		2052.1

		70.0		16.0		73.2		4.58		50.3		3.56E-05		1.79E-03		2530.1

		75.0		16.2		73.8		4.55		55.3		3.54E-05		1.96E-03		3058.1

		80.0		16.6		73.2		4.41		60.3		3.43E-05		2.07E-03		3636.1

		85.0		16.4		73.2		4.46		65.3		3.47E-05		2.26E-03		4264.1

		90.0		16.2		73.2		4.51		70.3		3.51E-05		2.47E-03		4942.1

		95.0		16.0		73.3		4.57		75.3		3.55E-05		2.68E-03		5670.1

		98.4		15.9		73.3		4.62		78.7		3.59E-05		2.83E-03		6193.7

										681.2		5.60E-04		2.33E-02		37479.0

				8.24E-08

				2.97E-05
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