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Section 3 – Converting AC to DC 
 

 
Scenario 
 

A 240V AC mains supply is used to charge a 5V DC iPhone.  How is this done? 

 

Step.1 Transform the 240 Volts AC into 5 Volts AC using a transformer 

 

Step.2 Rectify the output of the transformer, in this case 5 Volts AC, into a DC voltage. 

 

Step.3 Smoothing of the DC signal 

 

Transformers have already been described in the previous set of notes.  Let’s now examine voltage 

rectification and smoothing. 

 

 

Rectification 

 

A rectifier is an electrical device that converts alternating current (AC), which periodically reverses 

direction, to direct current (DC), which flows in only one direction. There are two main 

classifications of rectification, that being half-wave rectification and full-wave rectification.  Both 

classes of rectification circuits use diodes as the component of choice. 

 

 

Half-Wave Rectification 

 

A half-wave rectifier uses a diode with a resistor (load resistor) to remove one half of the AC voltage 

signal.  Depending upon the circuit design the negative section of the AC voltage signal can be 

removed, or alternatively the positive section of the AC voltage signal can be removed.  

 

 

 

 
 

 NB: The Output Voltage has had the negative section of the AC Input Voltage signal removed. 
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A basic half-wave rectifier circuit is shown below: 

 

or  

 

The diode in the above circuit allows current to flow only in the direction of its arrow like shaped 

symbol.  When a positive current travels from the anode through the diode to the cathode, current 

will be allowed to pass.  However, when current is reversed and attempts to flow from the cathode 

through the diode to the anode, the current will be blocked. 

 

NB:  The load resistor is required for the Cathode Ray Oscilloscope (CRO) to trace the output 

rectified voltage signal. 

  

 
 

Using this mechanism a single diode can allow the positive section of an AC voltage signal to flow 

through a circuit, yet fully block the negative component of an AC voltage signal. 

 

NB: Diodes are not “magical devices” they are made of P-type and N-type semiconductors.  In 

order to operate properly, a diode normally requires about 0.6 Volts  
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Full-Wave Rectification 

 

A full-wave rectifier uses a combination of diodes, with a resistor (load resistor), to convert the 

negative section of an AC Input Voltage signal  into an additional positive section of the varying 

DC Output Voltage signal, as shown below.   

 

 

 
 

The circuit used to carry out this full wave rectification is called a diode bridge rectifier.  The circuit 

diagram for a diode bridge rectifier is shown below.  This circuit effectively uses pairs of diodes to 

ensure that no matter what the phase of the AC Input Voltage (ie. positive or negative), a positive 

varying DC Output Voltage is found across the load resistor.  

 

 

 
The Diode Bridge Rectifier 

 

 

 
 

 The Positive Half-cycle The Negative Half-cycle 



Notes 2.2.4.3 

   Page 4 

VCE Physics   Mr Mark Judd 

Unit 2, Option 2.9, Handout 3    Yr 11 Physics 

 

Smoothing 

 

The Output Voltage signal formed from either a half-wave rectifier or a full-wave rectifier varies 

from 0 volts to Vpeak.  This is too much variation for DC voltage devices.  To reduce this variation a 

process called smoothing is undertaken. 

 

A smoothed DC voltage is created by adding a resistor and capacitor (called a RC circuit) to the 

already present rectification circuit. 

 

 
 

Half-wave rectification with RC Smoothing 

 

 

 

 
 

Full-wave rectification with RC Smoothing 
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Charging & Discharging Capacitors 

 

 
 

 

The size of the resistor in the circuit determines the current flowing in the circuit and hence the 

time taken, or rate of charging. 

 

 
Capacitor charging graph 

 

The product of the resistance (R) and capacitance (C) is called the time constant () 

 

  = RC where  = time constant (sec) 

             R = resistance () 

    C = capacitance (F) 

 

NB:  represents the time take for a capacitor to charge or discharge by 63%  

 A capacitor is considered to be fully charged or discharged after 5 time constants. 

 

  

Circuits containing both a resistor and capacitor are 

known as RC Circuits.  

 

When the switch is closed, a current flows through 

the circuit. As charge builds up on the capacitor, the 

current decreases until the voltage across the plates 

is equal to the emf of the cell.  

 

When the voltages of the cell and the capacitor are 

equal, the current ceases. 
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Example 

Consider the following RC circuit.  Where the battery’s EMF is 15 Volts, the capacitance is 200 

micro Farads and the resistance is 100 kilo Ohms. 

 

 
  

Qn.1 How long will it take for the capacitor to charge to 10 Volts? 

Qn.2 How long will it take for the capacitor to charge to 15 Volts? 

 

 

Solution.1 

10 Volts out of a total EMF of 15 Volts = 63% charged, this will take one time constant () 

 

 = ?   = RC 

R = 100  103     = 100  103  200  10-6 

C = 200  10-6 F    = 20 seconds 

 

 

Solution.2 

15 Volts is equal to the battery’s EMF = 100% charged, this will take five time constants () 

 

T = ? 

T = 5  

    = 5  20 

    = 100 seconds  

  

E = 15 V 

C = 200 F 

R = 100 k 
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Examination of DC Smoothing 

 

Consider the AC Input Voltage signal shown below.  It is passed through a bridge rectifier circuit 

(full-wave rectifier) also shown below. 

 

                       
 AC Input Voltage signal Bridge Rectifier 

 

 

                       
 Varying DC Output Voltage   Ripple DC Output Voltage 

  (no capacitor used)   (smoothed with capacitor) 

 

Points to note: 

 

 Vpeak of DC Output Voltage is only 8.6 V  

 1.4 V (0.7 V  2) is lost across the pair of diodes within the bridge rectifier circuit 

 The varying DC Output Voltage ranges from 0V  - Vpeak. 

 The Smoothed/Ripple DC Output Voltage only varies by approximately 2 Volts 

 

NB: When the DC Output Voltage increases from 0V to Vpeak, the capacitor charges. 

 When the DC Output Voltage falls from Vpeak to 0V, the capacitor discharges 

If the correct combination of RC is chosen, the ripple voltage generated will have minimal 

variation. 

 

   𝑉𝑟(𝑝−𝑝) =  
𝑉𝑚𝑎𝑥𝑇

𝑅𝐶
 where Vr(p-p) = ripple voltage peak to peak (Volts) 

              Vmax = maximum output voltage (Volts) 

                   T = period of output voltage signal (seconds) 

            R = resistance () 

            C = capacitance (F) 

 

 

 


