
 

FYSP1082/K3 (FYSP104/K3)   TEMPERATURE DEPENDENCE OF 

RESISTANCE 

 

1 Introduction 

The resistivity of metals increases with temperature. With increasing temperature, the 

motion of atomic structures of a metal increases the probability of collisions of free 

electrons to them. This slows down the electrons and thereby diminishes the current a 

given constant potential difference can cause. Likewise with decreasing temperature the 

resistivity diminishes. In this exercise, the temperature dependence of the resistance of 

a copper wire is measured. First it will be cooled down with liquid nitrogen and then 

let slowly warm up to the room temperature. During the warming up period, the re-

sistance will be measured frequently. 

Theoretical and practical background can be found in Randal D. Knight as well as in 

the following textbooks: 

 Young & Freedman, University physics, 11th ed.,Ch. 25.2 and 25.3  

 Ohanian, Physics, p. 683-696, Norton, 1988 

 American Institute of Physics Handbook. 1963. McGraw-Hill Book Company 

p. 5-157 and p. 9-42 

 

Carry out exercises in the end of this manual.  You should have the exercises prepared 

before the measurement. 

2 Theory 

The resistivity of insulators decreases with increasing temperature since more and more 

electrons are freed from the atoms to become free charge carriers. On the contrary, in 

metals the increasing temperature increases the atomic vibrations, which slows down 

the free electrons due to the increasing collision probability. The resistivity of metals is 

thus increasing with temperature.  
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In the lowest (linear) approximation the resistivity  of a metal depends of the temper-

ature as follows 

)1(20 t  ,      (1) 

where 20 is the resistivity of the conductor at +20 C (e.g. for Cu 20 = 1,710-8 m) 

and (t = t – 20) C. The (linear) temperature coefficient of the resistivity  varies 

largely for different materials.   

In addition to the temperature, the resistance of a metallic conductor depends also on 

its dimensions (length l and cross section A): 

A

l
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Now (1) can be written in the form 

)1(20 tRR   .      (3) 

where R20  is the resistance at +20 C.  

For some materials (mostly alloys or composites) resistivity disappears almost com-

pletely under certain critical temperature. These materials are s.c.  superconductors. 

 

3 Measurements 

The copper wire you’ll use, is cylindrical with a radius 0.09 mm (check out) which is 

winded around a copper tube. The measurements can be done in two ways; manually 

or with computer. 

3.1 Manual measurement 

The resistance of the copper wire is measured by using Megger LCR-meter or Good 

Will 8055-meter. The temperature sensor is attached into the copper tube and it is con-

nected to GPM. After this, the liquid nitrogen is poured cautiously on the pipe (which 

is in the hole in Styrofoam) until the nitrogen fills it. Then the tube and the copper wire 
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is covered with another plate of Styrofoam. Let the nitrogen boil and the copper to cool 

down. Mark down the temperature and the resistance at one minute intervals when the 

copper starts to warm up. Let the copper to warm up until the temperature is C20~  

(lasts approximately an hour). After this, you can disconnect the circuit. 

Before plotting the resistance as a function of temperature, the readings from the tem-

perature sensor must be calibrated. When the temperature is well below C0 , some 

systematic error appears. Calibrated temperature values Kt  are given by equation 

𝑡𝐾 = 0.364 + 1.235𝑡 (1 − 0.00174𝑡(1 + 0.0119𝑡(1 + 0.00788𝑡)))   (4)  

The easiest way to do the calibration calculation is to do them in Excel or Origin. After 

this plot the calibrated values in  RtK , - co-ordinates and perform a linear fit. Write 

down the parameters and print the graph. 

 

3.2 Measurements with computer 

Connect the temperature sensor to the input C of the Capstone interface. Use input A 

and B to measure the voltage v2 (over the known resistor R1=50-300 and v1 (over 

the coil). The resistance R of the coil can be measured with a coupling shown in Fig.1. 

Connect the interface to the serial port of a PC and the quantities needed in this meas-

urement will be recorded with Capstone. According to the Ohm’s law, the resistance 

can be obtained from 

 𝑅 =
𝑣1

𝐼
=

𝑣1

𝑣2 𝑅⁄
       (5) 

This equation can be implemented in Capstone using the option Calculate. With the 

same function, you also have to perform the temperature calibration (equation 4). Check, 

that you get a reasonable reading for the resistance and the corrected temperature at the 

room temperature. The digits windows can be used to show the T- and R-values in real 

time. Prepare Capstone to display a graph showing the resistance as function of tem-

perature.  
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Figure 1.  Experimental arrangement 

After constructing the arrangement of Fig.1, fill with care the hole in the styrofoam 

prepared for the coil. Cover the coil with a styrofoam plate and let the nitrogen boil for 

a while. Start the measurement using option Start. You’ll see on screen in real time the 

behaviour of R(T). Let the coil reach about a temperature of +20 degrees and stop the 

measurement with Stop.   

It is advisable to save the data to prevent the loss of the data due to some error. Plot the 

graph and attach it to your report. You may use options of the Graph-window to prepare 

different presentations (e.g. a linear-fit) of your data. 

 

4 Results 

Using equation 3 and the linear fit, deduce the value of the temperature coefficient . 

Compare your value to that found in the literature. The R(T)-behaviour in the T-region you 

have investigated should be linear. What would have happened if you used liquid He in-

stead if N. What would be the resistivity of copper in boiling temperature of He using the 

linear assumption? How about in absolute zero T? Draw a figure. What do you know about 

real behaviour of the resistivity of Cu in very low temperatures? 
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Home works 

Young&Freedman 10th ed. Exercise 26-17 (11th e. Exercise 25.27) 

a) What is the resistance of a Nichrome wire at 0,0 °C if its resistance is 100,00 Ω at  

11,5 °C?   b) What is the resistance of a carbon rod at 25,8 °C if its resistance is 0,0160 

Ω at 0,0 °C? 

 

Young&Freedman 10th ed. Exercise 26-18 (11th ed. Exercise 25.28) 

A carbon resistor is to be used as a thermometer.  On a winter day when the temperature 

is 4,0 °C *) the resistance of the carbon resistor is 217,3 Ω.  What is the temperature on 

a spring day when the resistance is 215,8 Ω?  (Take the reference temperature T0 to be   

4,0 °C) 

 

 

________________ 

*) Brrr.  Crisp, isn't it?.. 


