
Phys 380 Lab 1: Making Electrical Measurements 
 

In this exercise you will review and extend your experience with electrical measurement devices 

such as digital multimeters (DMMs), oscilloscopes, and LabVIEW, with an eye toward developing 

a feel for the level of repeatability and correspondence you can expect for circuit measurements 

made with various instruments.  You will also gain experience modeling electrical circuits and 

measuring their behavior using the SPICE simulation software package MultiSim. 

 

Study the following resources to acquaint yourself with the basic operation and capabilities of the 

oscilloscope, LabVIEW, and MultiSim: 

 Oscilloscope: http://www.doctronics.co.uk/scope.htm (for a quick and dirty overview); 

http://ped.slac.stanford.edu:8080/pem/training/XYZ%20of%20Oscilloscopes.pdf                

to download a 60 pg pdf document published by Tektronix. 

 LabVIEW: www.ni.com/gettingstarted/labviewbasics/. The first few topics in the “core” 

section should suffice to get you started.   

 MultiSim: inst.eecs.berkeley.edu/~ee100/su06/handouts/EE100-MultiSim-Tutorial.pdf. 

 

These are all longer and more involved introductions than you will need, so read through the early 

parts of each to make sure you know how to get started, skim the rest to get a sense of what the 

more advanced topics are and where they can be found in the tutorials, and then refer back to them 

as you progress through the course. 

 

Bare minimum for LabVIEW: Make sure you understand how to view the block diagram, add 

Express VIs to acquire a voltage (using mode=RSE), graph it in LabVIEW, and output the data to 

a comma-separated variable (.csv) file.  Consult the instructor for tasks not covered in the tutorial. 

 

Similar survival guide for MultiSim: Devices and measurement probes can be added to the circuit 

diagram area by clicking and dragging icons from the bar on the right hand side of the workspace, 

while components can be added using the icons in the second row across the top or through the 

Place-Component menu item.  Familiarize yourself with items listed in the groups called Sources 

and Basic under that menu item.  Change values and settings by double-clicking on objects.  Rotate 

connection points by selecting an object and hitting Ctrl-R. Wire objects together by hovering over 

a terminal and then clicking and dragging a wire to the next object’s terminal.  

 

Part 1: Measuring electric potential difference 
 

Use an oscilloscope, a DMM, and LabVIEW to measure the amplitude and frequency of each of 

the following sources of potential difference, in volts: 

 An alkaline battery (include in your documentation the type of battery – AA, C, D, …) 

 Main output of the function generator with dials in the middle of their ranges (RANGE=1K, 

FUNCTION = sinusoid, other knobs vertical and pushed in, COUPLING = INT) 

 Ditto, with dial labeled AMPL pulled out 

 Ditto, with dial labeled OFFSET pulled out (AMPL pushed back in) 

 Ditto, with dial labeled RANGE = 1M (OFFSET and AMPL pushed back in) 

 Analog output from LabVIEW board, set to 5.0 V by wiring a constant to analog output VI 

 

http://www.doctronics.co.uk/scope.htm
http://ped.slac.stanford.edu:8080/pem/training/XYZ%20of%20Oscilloscopes.pdf
http://www.ni.com/gettingstarted/labviewbasics/


Document your wiring and settings for each device using standard schematic conventions and 

symbols, as discussed in lecture.  If you encounter a device for which you don’t know the circuit 

schematic, use MultiSim to look up the device and learn its schematic symbol.  Note relevant 

details in your documentation - for example, indicate to what pins or ports you connected the black 

and the red leads from your function generator; record settings on your instruments (model 

numbers for each instrument used, DC or AC volts on the DMM, probe attenuation and channel on 

the oscilloscope, VI block diagram and Express VI settings in LabVIEW, etc.).  Provide printed 

documentation of your readings or results whenever possible, annotating each printout by hand to 

make clear what was measured, with what settings and instruments, etc.  If you generate a table of 

data, graph the data in LabVIEW or export them to Origin, labeling and annotating each graph 

appropriately.   

 

For each measurement with each instrument, estimate your measurement uncertainty as you take 

your measurement – use scope cursors to “bracket” measurements, disconnect and reconnect to the 

DMM to gauge repeatability, or sample a signal several times to gauge the range of measurements 

reported by LabVIEW.  Report the absolute uncertainty (a.k.a. the +/– uncertainty) in the same 

units as the quantity being measured.  Compare your results, resolve any discrepancies you can by 

re-measuring or providing analyses that explain the differences, and draw conclusions about the 

reliability and comparability of voltage measurements using these devices. 

 

Part 2: Measuring electric current 
 

Use a DMM and LabVIEW to measure current in each of the following situations: 

 A 1 kΩ resistor connected across the terminals of an alkaline battery 

 The same 1 kΩ resistor connected across a variable DC power supply set to 1.5 V 

 The same 1 kΩ resistor connected across the main output of your function generator with 

frequency set to 2.0 kHz and Vpp = 3.0 V (with offset and amplitude attenuation off) 

 

Aside on resistor codes: The color code for a 1 kΩ resistor (see wall chart) is brown-black-red, 

representing the digits 1 0 times 10
2
 (hence 1000 ohms nominal resistance), with a gold band 

indicating a manufacturing tolerance of ±5%.  This is ONLY a nominal (i.e. “naming”) value.  You 

must ALWAYS measure and report the actual value of the resistance as measured on the most 

sensitive setting possible for that resistor with your DMM. 

 

Document your set up and measurements as directed for Part 1, above.  Be careful to reposition the 

DMM leads to measure current properly, and correctly insert the current measurement device into 

the circuit branch to be measured, as indicated in the schematic below.  To configure LabVIEW for 

current measurement, you must provide an actual, small resistor you can couple across the 

LabVIEW analog input terminals, through which current can flow.  This is because LabVIEW 

actually measures only voltages, not currents.  When you select a current measurement (using 

mode = differential and following the circuit diagram tab in the Express VI to determine which 

LabVIEW pins to connect to), LabVIEW senses the voltage at each of the specified analog input 

terminals relative to the voltage at the point where you explicitly connect your circuit to the analog 

input ground pin on your LabVIEW breakout board, subtracts them, and uses the value you type 

into the dialog box for “shunt resistance” to compute the current using Ohm’s rule. 



 
Again, estimate uncertainties in your measured currents and compare values between instruments 

for each situation.  Also, explain using DC circuit analysis ideas from Phys 140 or 240 why it is 

important to use a small resistance for the shunt resistor.  What does that same analysis allow you 

to conclude about the internal wiring of the DMM when it is patched for current measurements? 

 

Part 3: Simulating circuit measurements 

 

Rather than investigating how different choices of component values can change circuit behavior 

by wiring and testing each circuit physically, SPICE-based simulators make it possible to test 

circuits more quickly by wiring virtual components and using virtual probes to measure voltage 

and current in those circuits.  Start by wiring a simulation of the circuit shown below, using the 

resistance value of your (nominally) 1 kΩ resistor and the function generator settings from the last 

circuit of Part 2 (3.0 Vpp at 2000 Hz).  Be sure to include an explicit connection to ground - good 

advice for every MultiSim circuit simulation, in fact.  Also, take care to understand the function 

generator connections in MultiSim (labeled +, Common, and –) and how they correspond to the 

connections you made using a shielded BNC-to-alligator cable in your actual circuit – the terminal 

labeled Common corresponds to the shield of the cable, which is connected to the black alligator 

clip, while the signal conductor in the middle of the cable (red clip) is connected to the positive 

output of the function generator.  The BK Precision 4003A function generators do not have a 

negative output terminal.  

 
The meters shown schematically above can be implemented in various ways using MultiSim – you 

can wire DMM-simulation units exactly as shown, or you can place measurement probes at circuit 

points, or you can use the Simulate-Analysis-Transient Analysis menu item to produce graphs of 

the voltage and current waveforms as functions of time.  Use (and document how to use) each of 

these tools to characterize the current through and voltage drop across the load resistor.  Then 

compare the results as modeled by MultiSim with your measured values from Part 2 (both DMM 

and LabVIEW measurements). 



Change the value of resistance in your simulation to 100 Ω and run it again, documenting the rms 

voltage and current (no need to use Transient Analysis to produce graphs this time).  Do your 

values agree with theoretical expectations for circuit operation, as expressed by the AC version of 

Ohm’s law?  Repeat with 10 Ω as the resistance value.  Next measure rms voltage and current for 

your physical circuit, using real resistors with nominal values of 100 Ω and 10 Ω.  Do these results 

agree with your simulations?  If not, why not?  This effect is due to a non-ideality of real function 

generators, referred to as output impedance; explain how this effect caused the apparent 

discrepancy between your measured and modeled values.  Then alter your MultiSim model to 

include this effect, using the value of output impedance indicated on your function generator’s 

front panel, and compare your new simulation results with your measurements.  Be sure to include 

a new print out from MultiSim, documenting the adjusted model and the values it generated. 

 

Take-home message for this lab:  for the rest of the semester, keep in mind the level of 

agreement shown between various measurements of the same quantity in this lab – it is typical of 

the level of agreement you can expect between different measurements of a single quantity using 

different devices in a typical electronics lab.  Such discrepancies can come from wobbly 

connections, which can introduce non-negligible contact resistance, from electromagnetic 

interactions through capacitive and inductive effects, or from a host of other types of cross-talk and 

interference between test circuits, measurement devices, and their environment.  Throughout the 

course, you must learn to recognize this type of disagreement or imprecision and to distinguish it 

from more substantive discrepancies, such as those in Part 3 before we corrected our model to 

include output impedance in the function generator. 

 


