Ohm'’s Law

I ntroduction

When a potential difference is applied across an assortofelgvices made from dif-
ferent materials, the resulting currents, passing thrahghilevices, are, generally, dif-
ferent. The microscopic property of the material respdaditr this behavior is called
resistivity. A related macroscopic property is resistaridee resistancé of a device
is defined as v

RET, (D)

whereV is the potential difference (voltage) applied between taim{s on the device,
andI is the current passing between the two points. Accordingt@Ehe resistance,
in general, is functionally dependent on the applied vatdgpwever, for some devices
the resistance is a constantindependent of the applieabeli.e. the currentis directly
proportional to the potential difference. Such devicescatked Ohmic and are said to
obey Ohm'’s Law.

Figure 1: Shown is the equipment used in performing the éxyert. It includes two
multimeters, a power supply, a breadboard, a 220@sistor and a diode rated for a
maximum current of one amp at 250 volts.
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Figure 2: Electric Circuit with Diode.
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Figure 3: Electric Circuit with Resistor.

Procedure

1. Using the diode, construct the circuit shown in Hi. 2. dbffive different
voltage and current readings for the diode. The voltageimgadshould range
between 0 and 0.8 volfs.The voltmeter should be set to the 2 volt scale, and
the ammeter should be set to the 200 milliamp scale (or thdl&amp scale, as
appropriate). Record your data in Table 1.

2. Using Microsoft Excel plot a graph of voltage vs. curramtthe diode (Voltage
is the ordinate, and current is the abscissa.). Does theedipgear to be an
ohmic device?

3. Remove the diode from the circuit and insert the resistershown in Figll3.
Obtain five different voltage and current readings for theister. The voltage
readings should range between 0 and 8 volts. The voltmeteldie set to the
20 volt scale, and the ammeter should be set to the 200 mylscale (or the 2
milliamp scale, as appropriate). Record your data in Table 1

4. Using Microsoft Excel plot a graph of voltage vs. curremtthe resistor (Voltage
is the ordinate, and current is the abscissa.). Does thetoesippear to be an
ohmic device? Perform a linear regression of the datangettie intercept to
zero. Report the value of the squared correlation coefficién obtained from
the regression in Tablé 2.

LIf using a light emitting diode the voltages should rangerfi@to 3 volts.



5. Measure the resistance of the resistor using the mukim&eport its value in
Tablel2.

6. Using Eq[B calculate the standard error of the slépe,Report the value of the
slopem and its standard error, in Talilk 2.

7. According to Eq[1L, for an Ohmic device the slope of the bregrresponds to
the resistance of the device. Compare the value of resistaeasured directly
using the multimeter to that obtained from the slope of thepbr Consider
the value of resistance measured with the multimeter to &éértle value of the
resistance. Then, using the criterion stated infkq. 5 détermhether the value
of resistance obtained from the slope is consistent withdhtained using the
multimeter.

Appendix

Consider two sets of datg andx; (i = 1...N) where they; are assumed to be
linearly related to the:; according to the relationship

Yi = mx; + € . (2)

Theg; is a set of uncorrelated random errors. The slepef the regression line can be
estimated using a variety of techniques, such as the mefledst squares estimation.
It can be shown that the standard error of the slepie,given as

1-r20,
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o= 3)
wherer is the estimated correlation coefficient betweenghandz;, o, ando, are
the standard deviations of thg andx;, respectively. The quantities, ando, can
straightforwardly be calculated using function keys oniarstific calculator or defined
functions in Excel. Note that if the regression equation,[&dncludes a y-intercept
as an additional parameter to be estimated, then theXerml in Eq.[3 is replaced by
N — 2, reflecting the extra degree of freedom in the estimatiocgss.

To reflect its statistical uncertainty the slope is typigaiported as

m=+o, (4)

which can be understood informally to mean that with highoaitlity the true value
of the slope lies within the interval

[m — 1.960, m + 1.960] , (5)

and its best estimate is.



Diode

Resistor

1 (amps) V (volts) I (amps) V (volts)

Table 1: Data

Resistor

Slope(m + dm)

Resistance
(multimeter)

Are the values obtained
by the two methods in
agreement? (y or n)

Table 2: Results




