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Lab 6—A-C  “Power” Measurements

Purpose

When you want to make measurements on a power system 
involving large voltages and currents, there’s a way of scal-
ing the circuit so that you can simulate it with smaller parts 
and lower voltages and currents.  In this lab, we’ll simulate 
such a circuit and then compare the current and power val-
ues we get with those of the original circuit.

Introduction

You are given the job of measuring current and power quan-
tities for the circuit in Fig. 1 on the right.  You are told that 
the load is 3.7 kW at 0.8 lagging and operates on 2,400 
volts.  The voltage seems a little high to be provided by Mo-
bile Studio Desktop!

The way out of this, the way to get reasonable data without 
the large voltages, is to simulate the circuit of Fig. 1 by scal-
ing the voltage to a value that Mobile Studio Desktop can 
produce.  So you look at the numbers and decide that scal-
ing the voltages in the circuit by dividing by 2,400 makes 
sense.  This reduces the 2400-Vrms load voltage to 1.0 Vrms.

The next step in the scaling is to decide on whether to scale 
the current or the impedances.  Let’s choose to keep the im-
pedance unscaled.  That means scaling I by the same 2,400 
factor: Z = V / I = (V/2400) / (I/2400).  A quick estimate for 
the scaled Iline (with the voltage scaled to 1.0 V) comes out 
around 0.8 mA.  Mobile Studio should be able to deliver 1 
Vrms and 0.8 mArms.

Now that you have scaled both voltage and current down-
ward by a factor of 2,400, leaving the impedance unscaled, 
can we find parts to build the scaled circuit?.  If the imped-
ances of Fig. 1 can be made using parts we have available, 
we can set up the circuit and start measuring.

How about 200 Ω?  Available?  Yes.  Line reactance of 75 
Ω?  That requires 0.198 H, a problem.  The load impedance 
is ZLoad = |VLoad|

2/(PLoad/pf) with an angle of cos–10.8.  ZLoad 
comes out 1.248/36.7° kΩ = 1000 + j748 Ω.  That means a 
1-kΩ resistor.  Yup, that’s OK.  How about the reactance of 
748 Ω at 60 Hz?  Lload = 746/(2π60) = 1.98 H.  Hmmm, we 
probably can’t find one of those, either. 

We solve this problem by frequency scaling.  We can change 
the frequency of the generator so that our reactances fall in 
the range of values we can find.  (My numbers are rigged 
here because we have access to just a few inductors.)

Suppose we scale the frequency by multiplying by 60.  That 
means our 60-Hz generator becomes 3.6 kHz.  Our induc-
tors become 33 mH and 3.3 mH, which we have in the 
stock room.  But most important, notice that the impedances 
of all four circuit elements at 3.6 kHz are the same as the 
impedances of the original elements at 60 Hz.

We will do all our measurements and power calculations 
with voltage and current scaled downward by 2,400 and 
frequency scaled upward by 60.  The completely scaled cir-
cuit is Fig.2 on the next page.

Deliverables
 • I’line, power factor, P’, Q’, and S’ for the simulated 

load, percent efficiency, and percent voltage regu-
lation

 • These parameters scaled back to the original circuit

 • Calculated values for the same parameters for the 
original circuit

 • Comparison of the two unscaled sets of values

Equipment

The simulation will be run using Mobile Studio Desktop and 
the Red2 board, plus 200-Ω and 1-kΩ resistors, and 3.3- 
and 33-mH inductors.

Procedure

We start by building the scaled circuit.  The scaled load volt-
age is supposed to be 1.0 Vrms so we’ll adjust to get that.  
Then we’ll use Mobile Studio Desktop to measure magni-
tude and phase of the voltages and currents.  When we have 
these values, we rescale them to the original circuit and 
compare them with the calculated values for that circuit.
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 1. Before building the circuit, measure and record the 
value of the 200-Ω resistor so we can calculate the 
current later.

 2. Build the scaled circuit of Fig. 2 and connect the 
Red2 I/OBoard to it (Fig. 3).

 3. Set the Function Generator to provide a sinusoidal 
source on Ch 1.  The frequency is 3.6 kHz.  Start 
with a peak-to-peak voltage of about 3.0.

 4. Set the scope to observe both Ch 0 and Ch 1 
with a clear display of both waveforms.  Be sure 
you are displaying at least a full cycle of each 
waveform.

 5. Set the scope’s Measurements meters to read Vrms 
for both channels.

 6. Adjust the output of the Function Generator so the 
voltage across the load (Ch 0) is 1.0 Vrms.  Choose 
its phase angle to be 0°.

 7. Measure the voltage VR across the 200-Ω resistor 
(Ch 1) as a phasor.  Its angle is relative to the load 
voltage and should be negative because the load 
current lags the voltage for an inductive load.  Fill 
in the blank at the top of the hand-in page.

 8. Calculate I’line and the power factor and record 
them.

 9. Move AI1+ and AI1- to the input (where AO0 and AGND
 are connected).

 10. Measure the phasor voltage Vgen and record it.

 11. Using the measured values of V’load and I’line, calcu-
late P’load, Q’load, and S’load and record them.

 12. Calculate and record the power lost in the line, 
P’line loss.

 13. Calculate and record percent efficiency and per-
cent voltage regulation.

 14. Scale all the values in the table back to the original 
circuit.  [Clue: If both voltage and current must be 

scaled up by a factor of 2,400, by how much must 
the power quantities be scaled?]

 15. Copy these scaled-up values (middle column) to 
Lab 7’s right-hand column.  (You’ll need them.)

 16. For the original circuit, calculate and record the 
values of the same parameters.  Show your work on 
the back of the hand-in page.

 Finishing

Complete the hand-in page and turn it in by the end of the 
next lab session.  
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Date ___________________________  Bench # __________

By ___________________________________________

___________________________________________

___________________________________________

Turn in this page with all required data, calculations,
and discussion by the deadline given in the lab instructions.

Section # ______________ Lab 6

R200 = ___________________________________   VR = __________________________________________

Show calculations of original values on back of page

Simulation results Results scaled up Theoretical values

Vload (phasor, 0°) V V V

Iline (phasor) mA A A

Vgen (phasor) V V V

Power factor

of load

Pload µW kW kW

Qload µVAR kVAR kVAR

Sload µVA kVA kVA

Pline loss µW kW kW

% efficiency % % %

% voltage regulation % % %

Copy values from this 
column to Lab 7’s right-
hand column.




