Ohm'’s Law and Resistivity
(Multimeter / PASCO Sensors)
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When you measure a current, you have to be careful more aboutdltonnections.
Wrong connections and measurement may break the device.

Introduction
Ohm’s law is a fundamental rule to analyze circuits waeircuit involves voltage, current, and
resistance in a simplest case. The other complicatedits can also be based on this theory.
Georg Simon Ohm proposed the relationship:

V =IR
whereV is voltage] is current; an® is resistance. The resistance can be defined asangev |
the current flows in a circuit with a fixed voltage. Tiets of voltage, current, and resistance are
volts (V), amps (A), and ohm€)j, respectively.

From this idea, we can extend the theory to find the quoreent resistance when the circuit
contains multiple resistors. Let us think of two-resigase. What is the equivalent resistance to
be derived from Ohm’s law? It depends on how you connect theilmeylare connected in

series, the equivalent resistance is sinffly R,. On the other hand, if they are connected as
parallel, the equivalent resistance has t&45%/(R;+R;). This is because the current is the equal
in a series connection and voltage is different in accosaith the value of each resistance.

Speaking of resistance, every material has resistaihecguantify the value, we need to know the

material dependemalue called resistivityp. The length{, and cross-sectional aré®apf the
material gives the resistance of it:

/
R=p—
Pa

From the dimension analysis, the resistivity has uGis.

Objectives:
* Totest Ohm's law
* To experimentally verify the theoretical formulas of eqiewnt resistance
* Tofind resistivity of carbon




(<= Uni

t to measure the voltages ahcurrents with voltage and

current sensors. Note that PASCO sensors and a multimeter are equivalentevices. When
one of them does not work, use the other one or any one of thackups flexibly]

Ing Circul

Test of Ohm'’s Law
@ Pick up one of the resistors and measure the resistanavith a multimeter.

Resistance value (by multimeter); R
With PASCO Voltage and Current Sensors

@ Implement the follow

1.

Voltage Mode
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Current Mode

[Measuring a current with a multimeter, you read zero amperes even thagh the circuit is
correctly arranged. This means that the fuse in the multimeter iskiely blown up. Replace it

and measure the same way.]




@ Change the voltage for each trial (from 1V to 5V).

Voltage (V) Current (A)
1
2
3
4
5
* Plot the data as voltage vs. current. Accordinghmn@® Law, V=R, the slope of the line should be
the resistance.
V
A
v
Va
V1
> /
(_‘
Question:

Is the slope you obtain from the graph agreed with the amengasured with a multimeter?

@ Pick up the other resistor and measure the resistanceith a multimeter.

Resistance value (by multimeter); R

(<= Unit



@ Implement the circuit to conduct the same procedure sin the first part.

Voltage (V) Current (A)

* Plot the data as voltage vs. current. Accordinghmn® Law,V=RI, the slope of the line should be the

resistance.

I

A

Y
~

@

Question:
Is the slope you obtain from the graph agreed with the amengasured with a multimeter?




2. Resistors Connected in Series or in Paralle(Use the results in the first part to calculate

the theoretical values here.)
® Implement the following circuits:
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@ Find the voltage and current. The voltage has to be mea=al with a parallel connection

(See the first part). The current has to be measudeas series connection.

> Direct Measurements

Resistance(d)
(=voltage-current)

Current (A)

Voltage (V)

both in series

both in parallel

1

2

» Confirmation with the Resistance Addition Rules

UseR, andR, obtained from the first part of the experiment.

(Series connectionR, + R,

__RR
R+R,

:|—l
Do the theoretical results agree with the resistaatees of 1 and 2 in the above table?

1
R,

1
o

R

(Parallel connectionE

Question:

3. Resistivity of carbon (graphite):

[® Use caution!

Make sure everything with TA before you

conduct this experiment]

® Take a pencil lead and connect as shown in the figure.

(Including the multimeter with current mode, the circuit nest

series connection as shown in the first figure.)

@ Make sure the knob of the power supply indicates zero. [You
cannot use more than 2 volts. The pencil lead wilidsed.]



® Simultaneously, the voltage must be measured. Use
a multimeter and put both probes on the lead with a
parallel connection as shown in the second figure.

@ Turn on the power and dial the knob slowly

O
©

® The current observed may be fluctuating. Thus,
estimate an approximate average from the graph or
multimeter display.

@

® Turn off the power or take the pencil lead out of
the circuit immediately after the measurement.

Now, find the resistivity of the pencil lead (carbon araychixture).

. o \% :
Recall R = p% where o is resistivity. From Ohm'’s lawR = T the resistance can be

calculated. The length of the pencil ledd,is measured with a ruler and the arfg,can be
calculated by the information of the diameter of the lead.

Current from Voltage Resistance of Length of the| Areato be The
the graph,l | measured by| the pencil | pencil lead,¢ | obtained from | resistivity, p,
(Estimate the | a multimeter,| lead, R (must bein | the diameterd, | o the pencil
average.) Vv (Calculate this meters) of the lead lead from
from the (Area of circle = ’
previous two (d/2y) R= ,O—A
columns.)

Question: The reference value of the resistivity of carbon is abou20x 10° Qm. Have you
obtained a result around that order? (Note that thalpead also contains clay besides carbon.)

Questions you want to explore

(Discuss with your partners and TA. If the TA suggests;emsdthis to your report.)
© Human body is like an electric circuit. The muscles fah can be the circuit elements. Muscles
have more water. Namely, muscles have less resésthan fat since water is more conducting. Grab
both probes of the multimeter with your right and leftdsrand you will find your resistance. This
can be an application to find out your muscles and faepgage if you know the body volume and
mass.

? Question?
The resistance in your body is not constant through a Way will find that the resistance is lowered
after taking shower. Why is it? Can you find theeothpplications, such as a medical device?

@® Resistors are also used for emitting light as you s#eeithird part of this lab. Incandescent light is
the application.

? Question?
Find a daily life appliance containing resistors usedi@iiting or heating or any other interesting
purposes.




