
Phys 380 Lab 2: Characterizing Devices and Circuits 
 

In this lab you will characterize several common circuit elements, measuring their behavior in 

response to changing voltage, current, and/or load. 

 

Part 1: Transformer turns ratio 
 

For some transformers, the input, or primary, side (two wires) will have more turns than the output, 

or secondary, side (three wires, for a center-tapped transformer).  This type is called a step-down 

transformer, because it produces an output AC voltage that is smaller in amplitude than the input 

AC voltage.   The opposite situation, in which the primary has fewer turns than the secondary, 

produces a step-up transformer.  Both types obey the transformer equation: 
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First make sure that your transformer does not have any broken wires by using your DMM to 

measure the resistance between pairs of leads on both sides (primary and secondary). Using the 

diagram below as a guide, qualitatively explain your resistance measurements. Warning – while 

the resistance ratio can usually be used to determine whether the transformer is being used as a 

step-up or step-down transformer, the measured resistance is NOT a reliable measure of the 

number of turns on each side of transformer, particularly when the wire gauges on the two sides are 

not equal! To characterize the mutual inductance properties of a transformer, you must compare 

the potential drop across the primary with that across the secondary (A to C, in the schematic 

below). Connect the input wires of the transformer to a sinusoidal signal from your function 

generator at frequency ~85 Hz.  Then measure the peak-to-peak amplitude of the input and output 

sine waves using Channel 1 and Channel 2 on your oscilloscope, printing a copy of the scope trace 

showing the input signal on the top half of the screen and the output on the bottom half.  Use the 

oscilloscope to measure the RMS input and output voltages for several values of ΔVp and graph 

your results in such a way that you can report a best-fit value for the turns ratio, Np/Ns.  Also check 

the peak-to-peak voltage between the center tap, B, and each of the other output wires, A and C (at 

a single value of input voltage ΔVp).  Describe your conclusions in your lab notebook.   

 
 

Part 2: Resistor I-V curve 

 

A common way to characterize an electronic circuit element is to measure its I-V curve, which is 

the current through the circuit element as a function of the voltage across it.  By convention, I-V 

curves show the voltage applied across the device plotted on the horizontal axis (as the 

independent variable) and current through the device plotted on the vertical axis, making a graph 

of I vs. V (hence the name I-V curve). In this part, you will automate the measurement of I-V curve 

data by using LabVIEW to control a programmable DC power supply, the Instek PSP 2010, using 

serial port communication. 

 



To start, wire a circuit to measure the I-V curve of a nominal 51 , ¼ W carbon composition 

resistor, as shown below.  The 51  resistor is the “device under test” (or DUT for short). You will 

use LabVIEW both to control the output of the variable power supply and to make measurements 

of the current through and voltage across the DUT for each power supply voltage you set.  

 

 
As shown in the schematic, use a shunt resistor (nominally 47 , ¼ W) in conjunction with 

LabVIEW to measure the current, since LabVIEW does not sense current directly. Connect each 

set of measurement wires to appropriate analog input channels on your LabVIEW breakout board. 

Explain in your notebook why it is impossible to make both measurements in RSE mode. Then set 

up a DAQ Express VI to measure the current and voltage values once (1 sample, rather than N 

samples) and write them to a measurement file in comma separated variable format, setting up the 

file to append data to the same file each time the VI runs. Save this VI; you will document it later. 

 

At this point, you could use this VI to measure points for an I-V curve by setting the power supply 

voltage by hand and hitting run, then changing the voltage and hitting run, over and over again. 

Instead, though, you will set up LabVIEW to control the power supply output for you, as follows: 

1) Follow instructions in the appendix titled “Serial communication with the Instek 2010 power 

supply.” Read the power supply manual to find the serial port commands you need and verify 

that sending them results in the expected changes in the output voltage of the power supply. 

2) Then, write a new VI that uses a loop to cause the output of the power supply to vary from zero 

to some maximum voltage* in steps of 0.1 V every 2 seconds. Later parts of the appendix 

mentioned above provide some information on which Express VIs will be helpful for this.  * 

Note that when you automate a process it is your responsibility to make sure the process won’t 

destroy something or injure someone. Toward that end, calculate (and record in your notebook) 

the power supply output voltage that would cause each of the following damaging conditions:  

a. the input voltage on any LabVIEW analog input channel to exceed 10 V; 

b. the current through any connection on your breadboard to exceed 100 mA; 

c. the power dissipated in either of your resistors to exceed ¼ W. 

d. Use your results to determine the maximum safe voltage setting to send to your Instek 

variable power supply (less than that which would cause any of the conditions listed!). 

3) Add inside your new VI’s loop the DAQ and Write to Measurement File Express VIs you used 

earlier to measure current and voltage. It may help to wire Error Out of one block to Error In of 

the next block, to make sure that execution of steps within each iteration of the loop proceeds 

in logical order (i.e. set power supply voltage, delay briefly, acquire current and voltage data, 

write to file, iterate). 

 

Use your automated VI to measure I-V curve data for your resistor, using both positive and 

negative voltages. (You will need to swap the connections to the power supply and re-run your VI 

to get data for negative voltages and currents.) Plot a graph of the I-V curve in Origin, fit the data, 

and report your best-fit value for the resistance of the DUT with uncertainty and units. Compare 



your value with a DMM measurement of the resistor (disconnected from the circuit). 

 

Document your final set-up fully, including a circuit schematic, wiring details, block diagram with 

annotations, and relevant settings of the various instruments and Express VIs.  

 

Additionally, use your automated VI to measure the I-V curve for a small incandescent light bulb 

(swapping it for the DUT and leaving the shunt resistor in the circuit). Determine the maximum 

power supply setting, sufficient to make the light bulb light up but not to burn out the filament, 

carefully by hand (Start LOW and slowly increase until the filament glows white-hot.) Alter your 

VI to use that value as the maximum setting before running your loop! Measure I-V data for 

positive and negative power supply voltages, graph your data, and explain the light bulb’s 

behavior in light of the shape of its I-V curve. Does the light bulb obey Ohm’s rule? Explain. 

 

Part 3: Diode I-V curve 

 

A diode acts like a one-way valve, allowing current to flow only in one direction (symbolized by 

the direction of the triangle used for its schematic). Because of this, we say that diodes are polar 

devices, which means it matters in which direction the device is plugged into the circuit (in 

contrast, resistors are non-polar devices). On the schematic symbol for a diode, the tip of the 

triangle with a bar across it is the cathode end of the diode. The cathode of a cylindrical 1N4001 

diode is indicated by a painted band on one end of the diode’s housing, while the cathode of a light 

emitting diode (LED) is indicated by a flat spot on the otherwise circular base of the plastic 

diffuser in which the LED is embedded.  The opposite end of a diode is called the anode. 

 

A diode is forward-biased when its anode is more positive than its cathode. A diode will conduct 

easily, showing almost no resistance, when its forward bias exceeds a certain threshold value 

called the turn-on potential. If its forward bias is less than the turn-on potential, or if the diode is 

reverse biased (cathode more positive than anode), the diode will have a huge resistance, so 

essentially no current will be drawn through it. In the low resistance forward biased state, the diode 

can be damaged by drawing too much current from the power supply. Consequently, in designing 

a circuit with a diode, you should generally include a diode protection resistor in series with the 

diode to limit the current through it. Refer to the data sheet for each diode to find the maximum 

allowable current through the diode and then calculate the minimum value of diode protection 

resistor necessary to prevent your circuit from drawing that much current from the power supply. 

 

 
Use a LabVIEW VI to measure the I-V curve of a diode, following the schematic above. Be sure to 

measure the voltage drop across the diode alone, rather than across the series combination of the 

diode and the current-limiting resistor!  You can use the diode protection resistor as your external 

shunt resistor for measuring current in LabVIEW, since it shares the same current as the diode.   



 

Since an adequate I-V curve can be measured using currents of only tens of mA, you can generate 

your voltages using LabVIEW rather than having to control an external power supply. Set up one 

DAQ as a voltage output device and another DAQ for current and voltage acquisition, wiring the 

analog output ground to the same point as the analog input ground to avoid inconsistencies. Set up 

a loop and use the loop index to generate values for the analog output voltage range desired, going 

from negative (reverse biased) to positive (forward biased up to a maximum safe voltage). Again, 

it is your responsibility to make sure that your automated procedure will cause no damage or injury. 

Therefore, calculate (and record in your lab notebook) the analog output voltages that would cause 

the following limits to be reached, assuming the diode is in its low resistance state (~0 ): 

a. current through the diode exceeds its maximum forward bias current; 

b. current through any connection on your breadboard exceeds 100 mA; 

c. power dissipated in your shunt resistor exceeds ¼ W; 

d. voltage across any analog input on your breakout board exceeds 10 V. 

Include in your notebook copies of the relevant portions of each diode’s data sheet (which can be 

found on-line), showing the maximum permissible current in forward bias. 

 

Use your new automated VI to trace I-V curves for one power diode (1N4001) and two LEDs of 

different colors – a red and a green work well. Plot I-V curves in Origin, fitting to the exponential 

expression given in lecture. Compare the I-V curves for these three types of diodes and discuss 

your conclusions. 

 

Part 4: Thevenin equivalent circuit load line 
 

Complicated networks of resistors and power supplies can be reduced to a simple series 

combination of a single emf and a single resistance, called the Thevenin equivalent circuit, as 

discussed in lecture. By measuring the output of a complicated network under various loads and 

comparing that output with the output of the Thevenin equivalent circuit, you will verify that both 

circuits have the same output under load, thereby empirically demonstrating their equivalence. 

 

Use your variable power supply to generate the 5.0 V DC and an alkaline battery to generate the 

1.5 V DC potential differences for wiring the circuit below. Wire the circuit as shown, using fixed 

resistors of nominal values 1 kΩ and 2 kΩ. 

 
To verify your wiring of the circuit, use your DMM to measure the Thevenin equivalent emf and 

resistance as described below.  Compare these measured values with those expected from a 

theoretical analysis of the Thevenin equivalent of your circuit, as presented in lecture.  Remember 

that the Thevenin resistance r is found by reducing the resistor network between A and B to a 

single resistance, while the Thevenin emf ε is found by counting up the voltage gains and voltage 

drops between terminals B and A under the assumption that no current flows into the branches 

where the terminals are located. 



 

To measure Thevenin equivalent emf, ε: 

With the power supplies still in the circuit, measure the voltage drop between the two 

terminals, A and B (without a load resistor between A and B!).  Use a meter with high input 

impedance, such as your DMM or your oscilloscope, since their input impedance will 

essentially prevent current from flowing in the terminal branches. 

 

To measure Thevenin equivalent resistance, r: 

Replace each power supply in the circuit with a wire and measure the resistance between 

the two terminals, A and B (without a load resistor between A and B!). 

 

Once you have checked that the measured values of r and ε match the expected values calculated in 

lecture, turn to the next part of this investigation – verify that a circuit built with only those r and ε  

values actually acts the same as the original circuit. To verify this, measure several points on the 

“DC load line” for each circuit, as described below. The DC load line is a way of recording the 

behavior of a circuit under varying conditions, represented by a varying load attached to the output 

of the circuit. Usually that load is characterized by its resistance, so we will use a variable resistor 

to simulate the varying load. (Aside: In more advanced circuits, one can also model the effects of 

changing capacitance and/or inductance of the load, along with resistance; these effects together 

are called the impedance of the load, from which comes the term “impedance matching.”)  

 
A DC load line is simply a graph of the potential drop ΔVL across the changing load resistor RL as 

a function of the current IL drawn through the load resistor as it changes. It involves the same 

measurements as an I-V curve, but it characterizes what’s coming into the resistor, not the 

characteristics of the resistor itself. (Remember, the resistance is changing, so the slope of the load 

line cannot be identified with the load resistance!) Also, it differs from an I-V curve in the order of 

variables on the axes – for a load line, ΔVL is on the vertical axis, while IL is on the horizontal. 

 

Use a 100 k Ω potentiometer (a type of variable resistor, a “pot” for short) as the load resistor 

between terminals A and B in the schematic, above. You should connect only one end and the 

wiper of the pot to your circuit – the other end of the pot is not part of this circuit. Since a variable 

resistor set at its minimum resistance can draw a damaging amount of current from a circuit 

(similar to a forward-biased diode), good circuit design calls for adding a current-limiting resistor 

in series with the pot; just make sure  to measure the voltage drop across both parts of this 

combined load resistance! Use your oscilloscope to measure the voltage drop across RL and your 

DMM to measure the current through RL as you change the potentiometer. Take data about every 

½ mA as you change the value of RL from its maximum to its minimum resistance. (Note that you 

do not need to measure the resistance values of the potentiometer.) In Origin, graph the output 

voltage drop ΔVL as a function of load current IL, fit a line to your data, report the best fit 

parameters, and compare the y-intercept and slope with the Thevenin equivalent resistance r and 



emf ε calculated above, and then with the values directly measured above. Explain any 

correspondences between them in words. 

 

Next, wire up the Thevenin equivalent circuit, using your variable DC power supply set to the 

voltage ε you measured initially and a variable resistor (such as a 1k potentiometer) set to the 

resistance r. Once again attach the 100 k Ω potentiometer across this new circuit as its load, along 

with a current-limiting resistor, and measure the DC load line for the circuit.  Compare this graph 

and its fit with your measurements for the original circuit.  Are they (nearly) the same?  Should 

they be?  Explain your reasoning. 

  


