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Lab D1:
A-C Power

Purpose

How does energy get from one place to another?  Al-
ternating-current systems do this, so it’s appropriate to 
experiment with some aspects of what is called “a-c 
power.”  Our purpose in this lab is to collect some data 
on such a system.

But how?  Our small Mobile Studio Desktop and the little 
Red2 Board aren’t going to let us deal with “power” level 
currents and voltages.  We can’t try 50 amperes or 13,200 
volts.  We can’t have a load of 30 kilowatts.  So it’s not 
hard to conclude that we can’t perform any reasonable 
experiments.

We can, though, if we are clever.  We can use much 
smaller voltages and currents as scaled-down versions 
of the real values.  We can work with small numbers and 
get results that are, except for size, entirely comparable 
to what we’d get with real-world values.

Objectives

We will begin by learning how to scale voltages and 
currents so that we can make power measurements us-
ing Mobile Studio Desktop.  Then we will study a circuit 
that, except for the numbers, is typical of a load fed by 
a non-ideal conductor.

The goals of this lab are

 • scale voltages and currents to “small” values

 • set up a circuit with a load that is supplied by lossy 
conductors

 • obtain data to be able to calculate load power 
and reactive power, line losses, and generator 
voltage

 • find the overall efficiency and voltage regulation 
of our system

Introduction

If we are going to be able to bring the “numbers” for our 
power circuit into ranges that the Red2 Board can handle, 
we have to scale them.  Here’s what I am going to do:

 • Scale the frequency by a factor of 100 upward, 
which changes 60 Hz to 6,000 Hz.  Doing this 
places our usual circuit elements, the inductors 
and the capacitors, into a range of impedance that 
allows us to make good measurements.

 • Scale the voltages by a factor of 100 downward.  
This means that a real 120-volt system now be-
comes a 1.2-volt system.

 • Shift from using RMS values of voltage and current to 
using peak values.  This is done as a convenience 
because Mobile Studio Desktop is really set up to 
measure peak values.  Instead of using a setting of 
1.2 VRMS, we’ll use 1.2√2 = 1.7 Vpeak.

 • Adjust all of our power equations to make this 
change to peak values.  This means that all the 
power equations must have a factor of 1/2 in them.  
For example, real power P becomes

P =
1
2
Vpeak I peak cos(θV − θ I )

Is this going to work?  Yes, you really will get results that 
include watts and VARs and volt-amperes.  It’s just that 
you have to get used to the idea that, with the scaling, the 
numbers are much smaller.  The first time you get a result 
of 563 µVARs…well, it’s a bit odd!  (Now you know why 
the word “power” is very small in the title.)
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Equipment

Our data collection is via Mobile Studio Desktop and 
the Red2 Board.  You’ll need clip leads on AWG1 and 
its ground, A1+ and –, and A2+ and –.  You’ll also need 
the circuit elements in Fig. 1.

The elements in Fig. 1 model several parts of the power 
system:

 • The resistor and the inductor on the right represent 
the load, which is the place we want to deliver 
energy to.  In real life, this might be a motor.

 • The two elements at the top represent the power 
wiring that brings the energy from the generator.   
In a real circuit, both wires would have these, but 
to keep things simple, just one will do.

 • The source on the left is the generator.

Procedure

 1. Measure the resistance of the 200-Ω resistor so it 
can be used for current calculations.

 2. Build the circuit of Fig. 1 and connect the Red2 
Board as shown.  You will be using A1 to display 
the voltage across the load.  A2 will be display-
ing the current as observed via the voltage across 
the 200-Ω resistor.  From these two pieces of data 
we can find out just about everything about our 
“power” system. 

 3. Launch the Function Generator and set it to provide 
a 6-kHz sinewave at 3.4 Vpeak-to-peak, which is 1.7 
Vpeak (which is 1.2 VRMS).

 4. Hide the Function Generator and launch the Oscil-
loscope.  Adjust the scope to give good displays of 
the load voltage (via A1 DIF) and the line current 
(via A2DIF).

 5. Now comes a tricky part.  This load is designed 
to operate on 1.2 VRMS, which we set up as 1.7 
Vpeak.  The load needs this voltage and it is up 
to the power system to provide it.  Therefore we 
must adjust the output of the Function Generator 
so that the load voltage is actually 1.7 Vpeak.  Use 
the scope’s cursors to help you make your mea-
surements.  Then adjust the output of the Function 
Generator until the load voltage is 1.7 Vpeak.

 6. Measure the following on the scope:

  a. Load voltage, using 0° as its angle.

  b. Line current, both magnitude and phase, by 
measuring the voltage across the 200-Ω resistor 
and calculating the current.

 7. Move the A2+ and A2– connections to observe the 
generator voltage and measure the generator volt-
age, both magnitude and phase (using the phase 
of the load voltage as the reference angle of 0°).

Calculations

You now have all the data needed to make a number of 
power calculations.  Knowledge of the load voltage and 
the line current will lead to everything else.  You may wish 
to make a table of these results, reserving a column for the 
theoretical values and errors.  Use “micro” throughout; 
i.e., µW, µVAR, and µVA.

 1. For the load, calculate P, Q, and the power fac-
tor.  Remember to include the factor of 1/2 in the 
power equations.

 2. Calculate the power loss in the line.

 3. Determine for the generator P, Q, and the power 
factor.

 4. Calculate the system’s percent efficiency.
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 5. Calculate the system’s percent voltage regula-
tion.

Impedances

You also have enough data to be able to calculate the 
impedances in the circuit:

 1. Knowing the voltage and the current for the load, 
you can calculate Zload.

 2. From Zload, determine the measured values of the 
resistor and the inductor and note how they com-
pare with the nominal values.

 3. From the generator and load voltages, calculate 
the voltage drop through the line elements.

 4. Knowing the voltage and current for the line, you 
can calculate Zline.

 5. From Zline, determine the measured values of the 
resistor and the inductor and note how they com-
pare with the nominal values.

 6. Recalculate the power loss in the line using this 
new information about Zline.  Where is the addi-
tional resistance that has caused a significant error 
in this loss value?

Results

The values of circuit elements have been determined, so 
you can calculate the theoretical values of all of the vari-
ous power parameters.  Remember that the frequency is 6 
kHz.  Add these theoretical values to your data table and 
then calculate percent errors (except for angles, where 
error difference is more appropriate).

The End

How did this scaled system check out?  Other than results 
with strange ranges of values, this system and its measure-
ments are a good analog of a real full-sized system.

This type of scaling is analog scaling, where we use analo-
gies to represent a real system.  Here we used consider-
ably reduced ranges of voltages and currents to stand in 
for the real thing.  In the days before digital computers, 
there were even analog computers that modeled real 
systems. Some of these were very extensive, capable of 
modeling very large power systems.


