Physics 196 Lab 5: Voltage, Current and Resistance
Equipment:

Vernier Circuit Board, Lamp Bulbs (7.5 V Round Bulb) and Alligator Lead Set, Battery Eliminator (Eisco), Blue Digital
Multimeter for current (BK Precision), Leads for Blue Multimeter (R/B), Orange Digital Multimeter for voltage
(Extech), Probes for Orange Multimeter (R/B), Banana/Banana Leads (DC supply) R/B, resistor of “unknown” value.
(Batteries not used for this lab).

Layouts:

/

/

7

.
/

\ /glo:nzl Il '/ (WIS - e o
N 1185vena, i i = j

]

U1
* . SSSvung {

s cge— Wi @5
) -..rfa’

¢
~

Experimental Equipment
Summary:

Students will work in teams of three, using digital multi-meters to measure voltage and current at various
locations in circuits consisting of a voltage source with various resistors, or with a lamp bulb. The
equipment is shown in figure 1. For this lab, the source of voltage to the circuit will be a “Battery
Eliminator” which can provide 1.5, 3, 4.5, 6 or 9 volts. Students should learn about Ohm’s Law and
Power Dissipation in this lab, and finish by calculating the resistance of an unknown resistor based on
voltage across it and current flowing through it.



Introduction:

Voltage V (measured in Volts) is a measure of the electric potential at some location relative to some
other location. In class when we calculated electric potential near a system of charges, we typically
assumed that the electric potential was zero at a distance of infinity. With electrical circuits, we typically
define some part of the circuit as being at zero volts (zero electric potential) and we often call this part of
the circuit its “ground”. Often, this circuit “ground” is also connected to Earth ground. It is customary to
use black leads for ground in low voltage circuits, and in the figure the black lead connects the negative
output of the battery eliminator to the negative DC port on the circuit board. (Warning: The Alternating
Current (AC) wiring in your house uses a different color code, where the black wire is “Hot” and the
white wire is supposed to be “Neutral” and at approximately the same voltage as Earth Ground). For this
lab the voltage (1.5V, 3V, 4.5B, 6V or 9V) will be provided by the Eisco “Battery Eliminator”.
(Warning, do not use the 12 volt setting which exceeds the maximum allowed input to the circuit board).

On the orange multimeter, which we will use for voltage measurements, we connect the black probe to
the same ground as the Battery Eliminator, and use that as our “zero voltage” reference. Although the
meter is always measuring the relative voltage between the black lead and red lead position, it is
convenient to leave the black lead fixed (at what we designate as the zero voltage ground) and move the
red lead around to measure the voltage at different locations in the circuit.

Current I, measured in Amperes, is the net flow of charge in a circuit. One Ampere (or Amp, designated
A) is the same as one Coulomb per second (C/s). When we use a volt meter to measure a voltage
difference across a circuit element (such as a resistor or lamp), we measure it in parallel with the circuit
element, and very little current flows through the volt meter. On the other hand, to measure current
through a circuit element, we attach the current meter in series with that element (so all of the current is
flowing through the current meter). The meters are designed so that they have a minimal effect on the
measured voltage or current. The blue multimeter, which we will use for current measurements, has both
a 10A input and a 200mA (Max) input. Exceeding 200 mA on this input will cause a fuse in the meter to
blow, so we will not use this input until we have demonstrated a complete understanding of how to
properly measure current, how not to measure current, and how high the current might be.

Resistance, measured in Ohms (Symbol Q, with 1Q = 1V/A) is a measure of how much voltage is
required across a circuit element to achieve a certain current. 1f we form a mental picture of Voltage
being like water pressure applied to a hose with a nozzle, and current being like the amount of water
flowing through the hose and nozzle, then resistance is like the amount of constriction put in the water
flow by the nozzle. Open the nozzle more (less resistance), and more water (current) flows at a given
pressure. Close the nozzle down (more resistance), and less water (current) flows.

Prelab: Tape the first page of this write-up with equipment list and layout into your notebook. Look up
Ohm’s Law (relating Voltage V, Current I, and Resistance R) and write it down in your notebook.
Calculate and plot how much current you would expect to flow through a 51 resistor as a function of
Voltage between 0 and 10 V. Plot current | (in Amps) in the y direction as a function of Voltage V (in
Volts) in the x direction. (Make the plot carefully, and of appropriate size).

Lab: Important: While proceeding through the experiments, include circuit diagrams in your
notebook, showing wiring, voltage sources, resistors or lamps, and meter locations.

Carefully lay out the equipment on the lab bench. Using a black lead, attach the negative output of the
battery eliminator to the negative external input (J2) of the Vernier circuit board. Also, use a black probe
to attach this negative external input to the common input of the orange volt meter. Set the volt meter to
the 20V DC setting. Now attach a red lead between the positive output of the battery eliminator and the



positive external input (J1) of the Vernier circuit board. Use a red probe to measure the voltage of this
positive input using the V-Q-mA input of the orange volt meter. (Do not allow this meter to be switched
to a current measuring setting as that could damage the meter). Set the battery eliminator to 1.5V (using
knob) and turn it on. Verify that the volt meter measures close to 1.5 V. Repeat this measurement for the
3,4.5,6 and 9 V settings, writing down the measured voltages. (Do not use the 12 V output with the
Vernier Circuit Board). To what do you attribute any differences between the measured voltage and the
stated output voltage?

Experiment 1, Ohm’s Law, 51 Q resistor: Set the battery eliminator back to 1.5V and turn it off. Turn
the switch SW1 on the Vernier board to the External setting. Visually follow the circuit board trace
through the resettable fuse to the + terminal 1. Attach a red alligator lead between terminal 1 and
terminal 32 above switch SW2. (Switch SW2 to the down position). Attach the red current meter lead
from the switch output terminal 33 to the 10A input of the Blue current meter. Switch the meter on to the
10A DC setting (straight line above the A). Connect the black current meter lead from the COM meter
input to terminal 6 (left side of 51Q resistor R3). To complete the circuit, hook a lead from terminal 7
(R3) to terminal 35 which is connected to the negative (ground) input within the circuit board.

Turn on the Battery Eliminator (which should be on the 1.5 V output setting). The volt meter should read
about 1.5 V, but the current meter should read 0 A because switch SW2 is in the off position. Move the
red voltage probe to terminal 32 (confirming 1.5 V) and then terminal 33 (confirming 0 V). Now turn on
SW?2 (upper position). Measure the voltage at terminal 33 and record it. (It will be slightly lower than
before because current through the resettable fuse causes a small voltage drop there). Now measure at
terminal 6. Did the voltage drop again? If so, why? Now measure at terminal 7 (you should get 0V).
The difference between the measurement at terminal 6 and terminal 7 is the voltage drop across resistor
R3, which you will want to record for different switch settings on the battery eliminator. You should also
be seeing a current of about 0.03 A being measured by the current meter. (One significant figure on this
measurement is sufficient for this part of the experiment). Now turn SW2 back off.

Now measure the voltage across, and the current through resistor R3 for battery eliminator output settings
of 1.5, 3, 4.5, 6 and 9 V. Switch SW2 off between every measurement, and only switch it on long
enough to make the measurement. This procedure helps avoid overheating the measuring circuit in the
current meter and overheating the resistor. Plot your current vs. voltage. Is it a straight line as predicted
by Ohm’s Law? What resistance do you calculate from the best fit slope? How does this compare to the
value given on the circuit board?

Stop here and have your instructor sign off on Experiment 1 before moving on.

Experiment 2, Ohm’s Law, 10 Q resistor: Carefully repeat Experiment 1, this time using R1 (10 Q)
instead of R3. Make sure all your wiring is correct before turning on power or switching Switch 2. You
should now be measuring higher currents. Be sure to measure the voltage drops also, they will be
different from before. After plotting your results, calculate the resistance of R1 and compare it to the
value on the circuit board. Explain why the measured voltage drops were different than in Experiment 1.

Experiment 3, Power Dissipation (or Ouch, that’s hot!): Resistors dissipate power in the form of heat.
The amount of power dissipated in a resistive element is the current | multiplied by the voltage drop V.
That is, P = I*V. If | is measured in Amperes and V is measured in Volts, the power P will be calculated
in Watts. Combine this equation with Ohm’s Law to determine P just as a function of V and R. How
much power do you expect the 10 Q R1 to dissipate at 1.5, 3, 4.5, 6, or 9 VV? It turns out that the rate at
which the temperature of the resistor changes is proportional to this power dissipation (until it gets hot
enough to radiate or conduct the heat away). To simplify things (and reduce the risk of damage)
disconnect the current meter from the circuit and connect terminal 33 directly to terminal 2 with a jJumper.



Put a thumb on R1 and turn on Switch 2 with the battery eliminator on the 3 V setting. Time how long it
takes until it is uncomfortable to keep your thumb on the resistor. Turn the switch back off and let the
resistor cool down. Repeat the time measurement for 4.5, 6 and 9 V. Plot the time measurement as a
function of voltage. Does this look consistent with your formula for power dissipation as a function of VV?

Experiment 4, Current vs. Voltage for lamp: Insert one of the small, round light bulbs into the Lamp 1
socket. Still using the current meter with the 10A input, connect the current meter between terminal 33
and terminal 26 so it is in series with Lamp 1. Complete the circuit by connecting terminal 27 to terminal
35. Measure the current versus voltage for the small lamp. (Again, limit the on time for each
measurement using Switch 2). Only go up to 6 V (The lamp is rated for up to 7.5 V, not 9V). Plot your
measurements. Are your measurments for the lamp consistent with Ohm’s Law? What do you think is
happening?

Experiment 5, Ohm’s Law, Unknown resistor: Attach one of the “unknown” resistors between red
terminal J5 and black terminal J6. (Unscrew to loosen, insert resistor through holes, re-tighten). Hook
the current meter in series from terminal 33 to J5. Hook terminal J6 to terminal 35. Measure the voltage
in parallel with the resistor. For more accuracy on this measurement only, use the 200 mA input to the
blue multimeter being used for current measurements. Carefully plot the current as a function of voltage,
and calculate the resistance of the resistor from this data. (You can check your result by reading the color
code on the resistor, or by using the orange multimeter AFTER all other wires (with voltages, current
meters, etc.) are disonnected from the resistor terminals).

Have fun, and try to get a good understanding of the relationships between voltage, current, resistance and
power dissipation. Be sure to write a complete description of the experiments in your lab notebook,
including labelled electrical circuit diagrams, procedures, results and conclusions.



