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Purpose 

The present paper represents three experiments where resistance and resistivity were measured using different methods. The purpose of the first section is to directly measure the resistance of resistors placed in series and in parallel (using DMM) and to calculated their resistance values (using equivalent resistor equations) and statistically compare the two results. The purpose of the second section is to calculate the resistant of a resistor obtained using Ohm’s law and the measured value (using DMM) of the same resistor and to statistically compare the two results. The purpose of the third section is to directly measure the resistivity of a wire (using DMM) and to calculate the resistivity of the same wire graphically using the relation between length and resistance and to statistically compare the two results.

Theory

Resistors connected in series or in parallel can be represented by an equivalent resistor (𝑅𝑒𝑞). If the resistors are connected series, formula 1.1 can be used to calculate the equivalent resistor (𝑅𝑒𝑞).

formula 1.1: 𝑅𝑒𝑞 = 𝑅1 +𝑅2 +𝑅3 +⋯
Where 𝑅𝑒𝑞 is the equivalent resistor and 𝑅n is the individual resistors.
(Lab manual PHY1008, DC chapter, P.2)

If the resistors are connected series, formula 1.2 can be used to calculate the equivalent resistor (𝑅𝑒𝑞).
formula 1.2:   =  +  + 
Where 𝑅𝑒𝑞 is the equivalent resistor and 𝑅n is the individual resistors.
(Lab manual PHY1008, DC chapter, P.2)
Ohm’s law describes the relationship between the current that passes through a resistor and the amount of energy that will be dissipated across it, which is the relation between the current (I) and the energy (V). This relationship can be described by the formula 2.1:
𝑉 = 𝐼𝑅
where 𝐼 is the current, 𝑉 is the voltage and 𝑅 is the resistance
(Lab manual PHY1008, DC chapter, P.2)
Resistivity () is a measure of how much a given material resists the flow of the electric current. The resistivity () of a wire is dependent on the resistance, the surface area and the length. The relation between these factors and Resistivity () can be expressed in formula 3.1:

Where R is defined as the resistance, the surface area as A, and L as the length. 
(Lab manual PHY1008, DC chapter, P.3)
The formula 3.1 can be rearranged to put the length of the wire in relation to the resistance. In case of a cylindrical wire formula 3.2 can be used:
Rw = L
Where Rw is defined as the resistance, the d as the diameter of the wire, and L as the length.
(Lab manual PHY1008, DC chapter, P.3)

Apparatus
[image: ../Desktop/Screen%20Shot%202017-01-13%20at%201.45.38%20PM.png]
Figure 1: In part two of the experiment, a simple DC circuit was built in which an electric current was able to flow through in only one direction. A DC circuit built using a vernier current probe, vernier voltage probe, and resistors. This figure represent the layout of the circuit.
(Lab manual PHY1008, DC chapter, P.2)
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Figure 2:. In part three of the experiment, wire mounted onto a piece of wood that was examined to determine its resistivity using the DMM and a ruler.
- A digital multimeter (DMM) developed by Pixelux, combines multiple measuring instruments. Our experiment focused on the ohmmeter which ranged from 200 – 200k () and had an error of 0.1 () for the the 200k range and an error of 0.01() for the 200 range.
- A Vernier voltage probe was used when measuring the potential in DC circuits. The vernier voltage probe has a range of  and had an error of 0.001 ()
- A Vernier Current probes was used when measuring the current in DC circuits. The Vernier Current probe used has a range of  and an error of 0.0001 ()
- A ruler of range 1 meter and error of 0.0005 meters when the measurements where not performed using extremities.
- Two color coded resistors
- 4 color coded connecting weirs. (2 croc style and 2 banana style)
- An electrical circuit mounted on a plastic base.
- A curent ajustable DC curent source.

Observations
Part 1:
Table 1: Comparison of the resistant values given by the color code on the resistors and the resistant values obtained using the DMM readings for two different resistors. The range of values was calculated based on the tolerance pf each resistor.
	
	Colours
	Colour Code 
R ()
	Tolerance
%        ()  
	Ranges of values ()
From - To
	DMM
R()

	DMM value falls within range?

	Resistor 1
	Brown, Black, Brown, Gold
	100
	5%     (5)
	95 – 100 
	98.81 0.01)
	Yes

	Resistor 2
	Red, Purple, Brown,
Gold
	270
	5%(13.5)
	256.5 – 283.5
	271.0 0.1)
	Yes






Table 2: Comparison of the equivalent resistance values of the two resistors place in parallel and in series. The calculated equivalent resistance values were calculated using formals 1.1 and 1.2. The measured equivalent resistance values were obtained using the DMM. The t-test statistically compares the presented values.

	
	Req from DMM ()
	Req calculated ()
	t-Test value
	Consistent/Inconsistent

	Series
	370.1 0.1)
	369.8 0.1)
	2.12
	inconsistent

	Parallel
	72.48 0.01)
	72.410.009)
	0.70
	consistent



Part 2:
See Graph 1 and table 3 in the annexe.

Part 3:
See graph 2 and table 4 in the annexe.

Table 5: The wire length of each section of the wire was measured using a 1 meter ruler. These data was used to calculate the length of the wire in table 4.
	
	Wire section

	
	AB
	BC
	CD
	DE
	EF

	[bookmark: _Hlk13397889]Length (m)
0.0005m)
	0.387
	0.386
	0.390
	0.389
	0.388




Calculations

Part 1:

Calculation of the range of possible resistance values for resistor 1:

100  5%
(100-5)  < true value < (100+5) 
95 < true value < 105

The calculated resistor equivalent value and the error for the resistor value in series:

𝑅𝑒𝑞 = 𝑅1 +𝑅2 +𝑅3 +⋯
= 271.0+98.81
= 369.8 
 𝑅𝑒𝑞 =

= 

= 0.1 
The calculated resistor equivalent for resistors in series value is (369.8  0.1) .

The calculation for resistor equivalent value and the error on the resistor value in parallel:

 =  +  + 
 =  + 

=72.41
 𝑅𝑒𝑞 = 

 𝑅𝑒𝑞 = 

= 0.009

The calculated resistor equivalent for resistors in parallel value is (72.410  0.009) .

The consistency test is used to compare the 𝑅𝑒𝑞 values from the DMM with the calculated values when connected in series:

∆= X1 – X2
= 370.1 – 369.8
= 0.3

= 
= 0.14

= 
= 2.12
Since  is higher than two (2.12), the values are inconsistent when connect in series!
The consistency test is used to compare the 𝑅𝑒𝑞 values from the DMM with the calculated values when connected in parallel:
∆= X1 – X2
= 72.48-72.41
= 0.07

= 
=0.1

= 
= 0.70
Since  is not less than two (0.7), the values are consistent when connect in parallel
Part 2:
The consistency test is also used when comparing the resistance value measured by the DMM with the value of the slope on the graph, first connected in series:
∆= X1 – X2
= 98.81-97.6
= 1.2

= 
=0.366

[bookmark: _GoBack]= 
= 3.28
The value obtained using the consistency test is greater than 2, thus the resistance value measured by the DMM and the value of the slope on the graph, are inconsistent.
Now the expected y-intercept (0) and the y-intercept from the graph are calculated using the consistency test:
∆= X1 – X2
		= 0.0225 – 0
= 0.0225

= 
=0.011

= 
= 2.03
Since 2.03 is greater than 2, thus the results are inconsistent.
Part 3:
A sample calculation for the length of AF in part 3:
AF = AB + BC + CD + DE + EF
= 0.387+0.386+0.390+0.389+0.388
= 1.940 m
A sample calculation for the error propagation of AF in part 3:

= 
= 0.001 m
Thus, the length of the wire is (1.940 +/- 0.001) m
The resistivity of the graph and the error on the graph is calculated using the slope of the graph and the diameter. The relation between Rw and L is Rw = L, therefore the slope of this relation is equal to :
m = 
 = 
 = 
 = 1.147 ×10−6 Ω/𝑚



Thus the value of the resistivity of the wire obtained using the graph is Ω/𝑚 
The calculation of the resistivity of the wire using the general formula for the resistivity and the the meusre Rw of the wire.
Algebric manipulation:
Rw = L
 = 
 = 
   Or   since 
Calculation of 






= 
Calculation of 
= 
= 
= 6.64
Using the consistency test to compare the resistivity of both methods:
∆= X1 – X2



= 
=6.97

= 
= 0.27
Comparing the resistivity values from the graphical method and the calculation method , the two results are consistent.
Weighted mean :



 




Results
In part one of the experiment, resistors one and two’s DMM readings both fall into range as well as resistor one was consistent with the calculations. When the resistor is connected in series, the calculated value is consistent at 366.11 . However, when the resistor is connected in parallel, the value is not consistent at 72.05  The resistivity of the graph along with wire with not consistent as well with values of 2.76 05  and 1.19 05 
Discussion
Resistors play a very important role in circuits, from simple DC circuits built in the experiment, to more complicating ones like LED lights. Essentially, resistors control the flow of current to other elements. The LED light for example would get destroyed if there were no resistors present in the circuit to control the electrical current. In junction with resistors, ammeters may also be damaged if connected in parallel because it will cause a shortening in the circuit. It must always be connected in series to accurately and safety measure the current through the circuit as this is what it was made to do. Similarly, a voltmeter must be connected in parallel because it measures the difference in electrical potential between two differentiable points. In series, there are no two points to make contact with. Moreover, when determining the consistency of Req values measured using the DMM with the calculated values in part one, it was found that the value was consistent when the resistors were connected in series, but not in parallel. The values are expected to be consistent for both because it shows accuracy, however when connected in parallel, the total current is the sum of the individual’s currents through each component. Simply, the current has a longer way to go. Whereas when connected in series, the current is the same through each component. This is a possible reason for the inconsistency. As for finding resistance in part three, the resistivity of the wire is more trustworthy than the resistivity of the graph. The calculations from the resistivity of the wire is a lower number which indicates that the material can readily flow through the current. A possible source of error was also found in this section of the experiment. All measuring instruments can accurately measure only to the best of its ability; this is known as the percent error. The wooden meter stick used to calculate the length of mounted wire has a percent error of which is quite large. Finally, the colour coding in part one does not accurately represent the actual resistance value. There is a difference of almost exactly 100  between the colour coding method and using the DMM. The DMM is a more accurate representation of determining the resistivity because it has an accuracy of 0.03% whereas the colour coding method has an accuracy of which is significantly different. 
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