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Introduction 

 

The hardware: 
 

Three-phase generator 

¶ converts single-phase AC mains into three phases. These can behave as three separate 

sources of AC power, or can be linked as one source. 
 

Three-phase motor 

¶ contains three independent sets of coils, each of which uses an AC supply to produce a ro-

tating magnetic field inside the motor. This creates torque which makes the motorôs rotor 

rotate. 
 

Digital oscilloscope 

¶ is used to study the AC signals involved in the three-phase systems; 

¶ can create image files that record these signals for later analysis, or as records of the  

 behaviour of the three-phase systems. 
 

Current clamp 

¶ generates a voltage that reflects the size and direction of the AC current; 

¶ is connected to the digital oscilloscope, which displays voltage/time graphs, but cannot  

 display AC current directly. 
 

Multimeter 

¶ measures voltage, current, resistance and a range of related quantities; 

¶ cannot ófollowô rapidly changing signals; 

¶ displays rms (root-mean-square) values of AC quantities usually. 
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Using the hardware 
 

Three-phase generator 

¶ has controls that allow the user to adjust: 

¶ signal amplitude, to 6V or 9V; 

¶ signal frequency, to 0.1Hz (variable), 0.1Hz fixed, 1 Hz, 50Hz and 150Hz; 

¶ has red, green and yellow sockets for the three phases, and blue for the neutral connection; 

¶ can deliver currents up to 0.8A from each phase; 

¶ has LEDs on each phase that indicate overloads or short-circuits. 
 

Three-phase motor 

¶ has three sets of coils, U, V and W, that use the three-phase signals 

 to produce rotating magnetic fields. Each creates four magnetic poles 

(two ónorthô and two ósouthô), and so it is known as a four-pole motor; 

¶ has a squirrel-cage rotor in which currents are induced by the rotating 

magnetic fields; 

¶ can operate as a single-phase motor (see worksheet 4); 

¶ has a stroboscopic disc to facilitate measurement of rotational speed. 
 

Digital oscilloscope 

¶ monitors signals, usually time-varying, and presents its results as a voltage / time graph.  

¶ digital oscilloscopes use digital processing techniques to obtain the results. 
 

 (Any oscilloscope can be used for this course, though at times, it needs to monitor four  

  signals simultaneously. Further instructions on using the Picoscope are given later.) 
 

Current clamp 

¶ has a handle to open the jaws so they can be clamped around the wire carrying the current; 

¶ can be used on AC and DC currents; 

¶ produces an output voltage proportional to the current; 

¶ has two ranges - 1mV/10mA and 1mV/100mA, allowing measurement up to 20A and 60A; 

¶ has a switch to select the ranges (and on/off.) 
 

Multimeter 

¶ For voltage measurement: 

¶ plug probes into óV W Hzô (or equivalent,) and óCOMô; 

¶ select the range, either AC or DC; 

¶ connect the probes in parallel with the device under test. 

¶ For current measurement: 

¶ plug probes into ómAô or ó10Aô (or equivalent) and óCOMô; 

¶ select the range, either AC or DC; 

¶ break the circuit just before or just after the device under test and connect the 

probes to each end of the break; 

¶ (No reading may mean that the internal fuse has óblownô.) 
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Power considerations: 
 

In elementary science and engineering, electrical power, P, is calculated using the formula: 

P = current I x voltage V 
 

In DC circuits, there is no problem. Steady currents involve only resistors, where voltage and 

current are in phase. When a current flows, the resistor dissipates energy and gets hot. 
 

In AC circuits, however, current and voltage may not be in phase. 

¶ In capacitors, current óleadsô voltage with a phase difference of 90
0
.  

¶ In inductors, voltage óleadsô current  with a phase difference of 90
0
. 

 

As the formula above suggests, to deliver power requires both a voltage and current. In the 

graphs that follow, when voltage and current are both positive or both negative, the power is 

a positive quantity. We say that power is delivered to the circuit. When one is positive and 

the other negative, the power is negative - we say that power returns to the supply. 
 

In the resistor graph, voltage and current are in phase always. It doesnôt 

matter which way the 

current flows, the resistor gets hot! 

Power is delivered to the resistor all the time.  
 

The capacitor graph shows that the current falls 

as the voltage across the capacitor rises. When 

the current reverses, the capacitor discharges 

and the voltage across it falls. Although there is 

both voltage and current at all times, sometimes 

energy is delivered to the capacitor to build up the 

electric field, and sometimes, it is released back 

to the circuit, as the field collapses. As these are 

identical, the nett power delivered is zero. 
 

In the inductor graph, once a voltage is applied, a 

current builds up slowly. In the process, energy is 

stored in the inductorôs magnetic field. When voltage 

and current reverse, the energy is returned to the 

supply. Once again, the nett power delivered is zero. 
 

The bottom graph shows the situation in a complex 

circuit, i.e. one containing both resistive and reactive 

components. Now, the phase angle is somewhere 

between 0
0
 and 90

0
.  

Nett power is now delivered to the circuit. 
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