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Background

Electronics is the science which studies the behavior oélbetrons’ mechanics. In fact,
it studies the behavior of the flow of charge among differgpes of materials such as
semiconductors, resistors, vacuum, etcetera.

Direct Current is considered to be a constant flow of electrons from low tb ppigtential.
As opposite as it happens Aiternate Curren{AC), thecontinuous currenis a constant
flow of electrons in the same direction. This flow of electranfrmally known aselec-
tric current, and it is measured idlmps (S| unit), which is equal to one coulomb of
charge per second.

Current is defined as the amount of electric charge flowingutlinaa surface along the
time. Thus, from this definition, equation 1 and 2 are obthine
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However, in 1827, a physicist named Georg Ohm stated thauttient in an ideal resistor
could be formulated in function of potential differencelfage) and internal resistance of
the resistor (or ohmic device). Hence, obtaining equation 3
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The potential difference, commonly called voltage, is tifeecence of electrical poten-
tial energy between two points of an electrical circuit, swead in volts. The potential
difference can be calculated by using equation 4.
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In equation 4,V (r) is the potential difference (measured in volts) respect tergain
distancer away from the charge. ¢, is the vacuum permittivity, whose value is around
8.85 - 10—12% However, returning to Ohm’s Law, it is stated that, in arctleal circuit,
the current passing through a conductor, from one end tdanas directly proportional
to the voltage drop across the two terminals and inversalpational to the resistance
of the conductor, as exposed in equation 3.

Thanks to Ohm’s Law, calculations are quite logical anddsefiough for nowadays elec-
tronic measurements. Nevertheless, the is another immidata to mention before mov-
ing onto the experiments their selves. That law is Kirchisdfaw.

Kirchhoff’'sLawsare actually a pair of laws which deal with the conservatibchange in
energy in electrical circuits. The first law is call&dir chhoff’s Current Law and it states
that atany point in an electrical circuit where the charge densityndd changing in time,
the sum of currents flowing towards that point equals the sunuwéts flowing away
from that point Apart from this law, there is a second law calléd chhoff’s Voltage

L aw, which states thahe directed sum of electrical potential differences asrasvhole
circuit must be zero Furthermore, as a support evidence for Kirchhoff’s Vadtdgw,
if the sum of potential differences around a whole circuiswat zero, then it would be
possible to construct a perpetual motion machine whichgehasurrent in circle around
the circuit.

In practice, applying the physics involved in Ohm'’s Law andckhoff’s Laws, very ba-
sic calculations may be performed in order to address @attircuits problems.

Series of the experiments

Ohm’s Law Demonstration

According to Ohm’s Law{/ = [ R, whereU is the potential difference between the ends
of the resistoi? and! is the current flowing through the resistor. For many ressst® is



fairly constant, meaning that it is more or less indepenffem the current. The circuit
used in this first experiment is shown in figure 1.

Figure 1: Simple circuit with a resistor connected to a lvgtte

In this experiment, the team proceeded to adjust differefiages, measuring both the
voltage over the resistor and the current through it. Helmgéabulating the obtained data
and plotting/ versusV/, there should be achieved a straight line, since Ohm’s Latest
that the resistance should remain constant.

For the measurements, the team usedudtimeter which is a relatively small device
capable of measure different electrical magnitudes, saalesistance, voltage, current,
etcetera. Moreover, the team also used a voltage generdtowhich to adjust the volt-
age, acting as the battery drawn in figure 1. The results fBeliirst measurements are

listed in table 1.



Voltage (V) | Current (mA)
1.11 0.74
2.05 1.35
4.24 2.79
7.09 4.66
9.00 5.94

Table 1: Voltage values betweéir and10V for a constant resistor.

For highly depicting purposes, the team chose values wheete vairly distributed in

the table. By the analysis of the data fitted in table 1, if then@H_aw was true, then

there should be an straight line by plotting the curremérsus the voltag®. The graph
achieved with thé.ogger Pro 3.4.5oftware is shown in figure 2.
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Figure 2: Current versus the voltag®’, depicting the value for a constant resisitr




As can be noticed from figure 2, the value for the resist¢ti48.0 & 3.5)k(2. However,

the team made this calculation by using the theory of the GHraiv and the precise
value turned out to bé.502k€2. Hence, there must be an explanation for this difference
between the theoretical value and the real value. This idalthe fact that the measuring
devices posses certain amount of load (internal resistasicee they are not ideal con-
ductors. Hence, the measurements are accurate, but noacenough, given a fairly
good precision with a little margin of error.

Resistorsin Series

Theoretically, two resistors connected in series act asiatog with a resistance equal to
the sum of the combined resistors in series, as stated irtieqia

R=R +Ry+...+R,_1+R, (5)

For this experiment, the team first measured the resistanite dwo resistors in series
and then each one separately. However, already in this siadge of the experiment, the
accuracy of the multimeter was compromised again, as ittisewfrom table 2.

Ry 1.500%€2
R, 1.497kQ
Ryt (theoretically) 2.997k
Ry (in practice)  2.996k€2

Table 2: Different values for the resistors in series.

Besides the tiny error in the measurements, the team progeéed®nnect the next cir-
cuit, shown in figure 3. In this case, two resistors were cotetkin series, as well as
an ammeter and a voltmeter, in order to find out the voltagp dedween the end points
(terminals) of the circuit.
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Figure 3: Simple circuit with two resistor of equal resistarronnected in series.

Applied to the circuit shown in figure 3, the team used a va@taidh.00V over the circuit.
Theoretically, the voltage over the total resistance wasqi to be:

==~
R

5.00V
(1.500 + 1.497)kS2

~5.00
2,996 - 103

I =1.6689mA

After setting up the circuit and measuring the value in pcacvith the ammeter, the re-
sult was! = 1.67mA. This means that there was an error margin of aratd1mA,
which is not too bad for this order of magnitude. On the othaerd) the voltage read off
from the voltmeter turned out to be, in practi@e999V, which compared to the given
voltage by the battery, it shows an error margint®X01V".

Once again, in this case, Ohm’s Law has been demonstrate@dtiqe. Also it could
be stated, though in an inappropriate experiment, thatiiotf’s First Law (KCL) is ac-
complished, since the current enteriRg is the same that the one leaving from it, which
is the same entering, and leaving from it. However, the last experiment was thetmos



interesting from the Kirchhoff’s Current Law point of view.

Resistorsin Paralléel

In this experiment, the team had to deal with the value of tesistance when resistors

are placed in parallel in an electric circuit. The value @ tbtal resistance is expressed in
equation 6. Needless to say, if there are only two resistgraiallel, then the calculations

can be simplified by using equation 7.

1 1,1, ;1.1 ®
R_Rl RZ Rn—l Rn
R - Ry
R = 7
R+ Ry @

By using these formulas, the team first prepared the circiiichvis shown in figure 4,
and then calculated the theoretical values before ana\yhmcircuit itself. In theory, the
equivalent value for the whole resistance made by the ccatibimof R; and R,, and the
value for the current across the circuit were calculatedbes:

Ry Ry
R:
Ry + Ry

 1.502k0 - 1.4997kQ
a 2.997k<)

R = 0.749k(2

= —
R

_ 5.00V
©0.749kQ

I =6.6TmA



After these calculations, which all where theoretical, them moved onto the next step
by analyzing the circuit in figure 4, which contains two résis in parallel. The voltage
was set t0.00V, as stated above, and then the theoretical values were cedjmathe
ones read off the circuit with the help of the multimeters.

R1 R2

Figure 4: Simple circuit with two resistor of equal resistarronnected in parallel.

For this concrete circuit, the measured values W@erem A from the ammeter angl003V
from the voltmeter. Consequently and admittedly, there weasestiny error margin be-
tween the theoretical values and the measured ones. Irtéanparing with the theoreti-
cal values, the margin of error was of the ordefdRm A for the current.

Conclusion

First and foremost, this was the most fun experiment the teasrperformed during the
course, by mutual agreement. Obviously, as the team haaldgliome knowledge and
skill in dealing with simple circuits, then this set of exjpeents was not tedious at all and,
besides, the team eventually enriched and consolidatedsis about basic electronics.

About the configuration of the experiment and the performingias quite easy in gen-
eral. Actually, the experiment consisted of 6 problems teesand analyze with different



types of circuits. The first three examples were only an thiobion to the paper, which
already were carried out without problems and put the teamyréor the next set of ex-
periments.

Finally, the team decide that all the components shouldevatiout this topic since it
has been the most liked among all the experiments perforrgegbly. My personal
opinion is however that, although this experiment was taagy, it encouraged us to test,
once again, our knowledge in the basics of what it concermdeictric circuits and their
associated concepts, such as current, voltage, resisttnetera. Also it made me realize
that during this time, | have already learn things and asated some knowledge that |
could not absorb before. For this reason, | enjoyed thisraxyat in particular and | am
already looking forward to further experiments in thesetakory practices.



