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Resistivity  

 

Objectives:  

a. To find the resistivity of a wire of unknown material. 

b. To study the relationship of resistance with area of cross-section and length of the wire. 

 

Apparatus Required:   

 

 

 

 

 

Multimeter Connecting Wires 

 

Meter Stick assembly with metallic wires 

 

Theory: 

 

For a given wire of fixed length, the electric current passes easily through the larger area of cross-

section as compare to the smaller area of cross-section. Hence, the relationship between the cross-

sectional area (A) and electrical resistance (R) can be written as  

 

𝑅 ∝  
1

𝐴
                                                       (1)  

But for given wire with fixed area of cross-section, the wire of longer length (l) will have more 

electric resistance as compared to the wire of shorter length and their relationship can be written 

as: 

 

         𝑅 ∝ 𝑙.                                                         (2)  

Combining equations (1) and (2) we obtain the following equation. 

                                           𝑅 =  𝜌
𝑙
𝐴
.                                                      (3)  
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Where ρ is proportionality constant and is known as the resistivity. Resistivity is material 

specific and is defined as the resistance of a wire of unit length and unit cross-section area. Its SI 

unit is Ω.m. 
 

Experiments: 

 

Part 1: Measuring the resistivity of thicker conducting wire. 

 

In this exercise, you will measure the resistance of a wire at different length and calculate the 

average resistivity of the material. 

 

Procedure 

1.1  Open excel and re-construct the table 1 to record your measurements. 

1.2  You are provided with a meter stick with two wires of same material embedded in it. 

1.3  Place the meter stick horizontally on a table with the wires facing up. 

1.4  Measure the diameter (d1) of the thicker wire with the help of micrometer if it is not 

provided to you and record it in the excel table. (Please see the appendix for the value of d1) 

1.5  Find the area of the cross-section of the wire. 

1.6  Connect cables to the multi-meter to measure the resistance (one end of black cable to 

common point and one end of red cable to the point with symbol Ω). 
1.7  Fix second end of the black cable to one end of the thicker wire with the help of crocodile 

connector as shown in Figure 1.  

 

 
Figure 1: Schematic diagram of resistivity set up 
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1.8 Turn the multi-meter on and press the resistance button (Ω) to measure the resistance. It 

should read over-load if red and black cables are not touching each other.    

1.9 Place second end of the red cable on the wire exactly at 10 cm from the crocodile connector 

and record the value of resistance in the excel table.  

1.10 Repeat the procedure for l = 20 cm to 80 cm and record the corresponding values of 

resistance in the excel table. 

 

l (m) d1(m) A1 (m2) R1(Ω) Slope(Ω/m) Resistivity 

0.1      

0.2  

0.3  

0.4  

0.5  

0.6  

0.7  

0.8  

  

Table 1: 

 

1.11 Plot R v/s l graph and find its slope.  

1.12 Calculate the average value of resistivity from the slope using equation 3. 

1.13 If the provided wire is Ni-Chrome, the standard value of resistivity can take value at 

room temperature from 1.0 × 10-6 to 1.5 × 10-6 Ω.m, depending on the composition.   

1.14 Conclude if your result makes any sense. 

 

 

Note: Use excel formula for calculation instead of calculator so that it will be 

easier for the instructor to check your result in case of any problem. 

 

 

Part 2: Resistivity study on thinner wire. 

 

In this part you will predict the resistance of thinner wire, which is made up of same material as 

the thicker wire, at different length with the help of the resistivity that you have found in part 1. 

 

Procedure: 

 

2.1 Create table 2 in excel and record the value of ρ form part 1 of the experiment in the table. 
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2.2 Measure the diameter (d2) of the thinner wire if it is not provided to you and record it in the 

table 2. (Please see the appendix for the provided value of d2) 

 

 

l (cm) d2(m) A2 (m2) ρ(Ω.m) R-predicted(Ω) R-experimental(Ω) % error 

10       

16    

23    

35    

47    

54    

68    

74    

87    

Table 2. 

 

2.3 Calculate area A2 and predict the values of R for the random values of length l as in Table 2. 

(Students should feel free to choose any random values. However, it won’t be 
interesting if they choose 10, 20, 30 etc because the predicted values will be multiples of 

one base value.) 

2.4 Measure the value of R for the random values of l and record them on the table. 

2.5 Compare your value of R with the expected value. (% error) 

2.6 Conclude your finding. 

 

 

Supplementary Questions:  

 

1. Explain the logic behind the use of the resistivity of thicker wire to predict the resistivity 

of the thinner wire. 

2. If the thinner wire were made up of different material than the thicker wire would it be 

possible to do part 2 experiment the way we did? Explain. 

3. Show that if you stretch a wire and double its length (from its original length) its resistance 

            increases by 4 times. 

            4. Suppose you wish to fabricate a uniform wire out of 10 g of copper. If the wire is to have 

a resistance R = 2.0 Ω, and if all of the copper wire is to be used, what will be the (a) 

length and (b) radius of the wire?   

5. Instead of Ni-Chrome, if you are provided with Copper wires of similar dimension, 

would you be able to perform this experiment? If yes, why? If no, why? 
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6. Two wires A and B are made up of different materials. If the resistivity of A is 3 times 

the resistivity of B and total volume of wire A is equal to the total volume of wire B. 

Under what condition (of their lengths) can they have equal resistance?  

 

  :Appendix
 Diameter of thicker wire (d1) = 0.5 mm
 Diameter of thinner wire (d1) = 0.25 mm 
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