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Section 4 – Voltage Regulation 
 

 
Once an AC voltage has been amplified, rectified and smoothed to generate a DC ripple voltage there 

can still be variations of in the output voltage.  These may be due to variations within the original 

AC input voltage or indeed the resistance of the load being connected to the output voltage. 

 

Such variations are not desirable for circuitry that demand a constant minimum operating voltage.  

For example, most digital circuitry require 5 V DC to operate reliably. 

 

The next stage is producing a reliable, or regulated, DC voltage is to include some form of voltage 

regulator within the power supply circuit. 

 

Voltage Regulators 

 

There are two main forms of voltage regulators that wilol be examined in the VCE Physics Unit 2 

course: 

 

1. Integrated circuit (IC) voltage regulator 

2. Zener diode 

 

Integrated circuit (IC) voltage regulator, such as a 7805, a 3 pin voltage regulator. 

 
(a) A 7805 voltage regulator 

(b) A schematic circuit diagram of a voltage regulator 

(c) Positioning of a voltage regulator in a circuit 

 

NB: There is a logical naming system used for IC regulators: 

 A 7805 voltage regulator delivers a steady 5.0 V DC output. 

 A 7809 voltage regulator delivers a steady 9.0 V DC output. 

 

Zener Diode 
A Zener diode is a diode that will break down at a specific voltage when placed in reverse bias (ie. 

reverse polarity).  Effectively a Zener diode will block current in reverse bias until a specific voltage 

is reached, at which point it will “break down” (in a non-destructive manner) and allow current to 

flow.  Thereby it maintains a reliable and fixed voltage. 

 

   

 
 

Symbol for a Zener Diode 



Notes 2.2.4.4 

   Page 2 

VCE Physics   Mr Mark Judd 

Unit 2, Option 2.9, Handout 4    Yr 11 Physics 

 

  
 

A characteristic curve for a Zener Diode   Zener diode within circuit 

 

NB: There is a logical naming system used for Zener diodes: 

 A 4V7 Zener didoe delivers a steady 4.7 V DC output. 

 A 2V7 voltage regulator delivers a steady 2.7 V DC output. 
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Example.1 

Consider the below voltage regulator circuit, which usesa Zener diode. 

 

 
 

 

Information: 

Vin is 50 V, R1 is 20 Ω, RL is 100 Ω and the breakdown voltage of the Zener diode is 20 V. 

 

 

 

Questions: 

1. What is the voltage drop across the load resistance RL? 

2. Calculate the current through the load resistor RL. 

3. What is the voltage drop across R1? 

4. Calculate the current through R1. 

5. What is the current through the Zener diode? 

 

 

 

Solutions: 

1. As the load resistance (RL) is connected in parallel to the Zenewr diode, it will have the 

same voltage across it.  The Zener diode restricts this voltage to 20 Volts.  Therefore the 

voltage across RL will also be 20 Volts. 

 

 

2. I(RL) = ? I = V/R 

 V(RL) = 20 Volts   = 20/100 

 RL = 100    = 0.2 Amps 

 

 

3.  There is 50 Volts to be distributed across the entire circuit.  20 Volts is found across the 

parallel branch of the ciruit.  Therefore the remaining 30 Volts will be found across R1. 

 

 

4.  I(R1) = ? I = V/R 

 V(R1) = 30 Volts   = 30/20 

  R1 = 20    = 1.5 Amps 
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Example.2 

Once again, consider the below voltage regulator circuit, which usesa Zener diode. 
 

 
Information: 

R1 is 2.0 kΩ, RL is 4.0 kΩ and the breakdown voltage of the Zener diode is 40 V. The input voltage 

ranges between 80 V and 100 V. 

 

Questions: 

1. What is the range voltage drops across R1? 

2. Calculate the maximum and minimum currents through R1. 

3. What is the current in the load resistor? 

4. Calculate the maximum and minimum currents through the Zener diode? 

 

Solutions: 

1. V(R1) = Vin – Vparallel branch NB: Vparallel branch = VZD 

 V(RL) max = Vin max – Vparallel branch 

   = 100 – 40 

   = 60 Volts 

 

 V(RL) min = Vin min – Vparallel branch 

   = 80 – 40 

   = 40 Volts 

 

2. I(R1) = V(R1)/R1 

 I(R1) max = V(R1)max/R1  

   = 60/2103 

   = 0.03 Amps (30 mA) 

 

 I(R1) min = V(R1)min/R1  

   = 40/2103 

   = 0.02 Amps (20 mA) 

 

3. I(RL) = ? I = V/R 

 V(RL) = 40 Volts   = 40/4.0103 

 RL = 4.0 k    = 0.01 Amps (10 mA) 

 

4.  IZD = I(R1) – I(RL)  

IZD max = I(R1) max – I(RL) 

                 = 30 mA – 10 mA 

                 = 20 mA 

   

IZD min= I(R1) min – I(RL) 

                 = 20 mA – 10 mA 

                 = 10 mA 

 

NB: The current running through R1 is split within 

the parallel branches.  If the current through RL is 

subtracted from the current through R1 you will 

find the current running through thr Zener diode. 
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Recall: 

 

 P = VI 

 

 V = IR 

 

 P = I2R 

 

 P = 
𝑉2

𝑅
  

 

 

Voltage Regulators 

 

Once a regulated voltage supply has been generated it is common that an electric circuit will require 

a percentage of a regulated input voltage to be allocated or distributed to a certain section of a device.  

To do this, one can uise a voltage divider. 

 

Recall the following voltage divider theorem. 

 

 
 

 

  

 

 

 

 

Where P = power (Watts) 

           V = voltage (Volts) 

            I = current (Amps) 

           R = resistance ( 

Where Vin = input voltage (Volts) 

             R1 = resistor 1 () 

  R2 = resistor 2 () 

  Vout = output voltage (Volts) 

 

The proportion of the voltage across each 

resistor (R1 & R2) is equal to the 

proportion of each resistor compared to 

the overall or total resistance (RT). 

 

 

𝑉𝑜𝑢𝑡 = 𝑉𝑖𝑛 ×
𝑅2

(𝑅1 + 𝑅2)
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Example.3 

Calculate the output voltage (Vout) for the following voltage divider. 

 

 
 

 

Example.4 

Calculate the unknown resistor (R1) for the following voltage divider. 

 

 
 

24 Volts 

250  

750  

Vout = ? 

Vin = 24 Volts 

R1 = 250  

R2 = 750  

   

𝑉𝑜𝑢𝑡 = 𝑉𝑖𝑛 ×
𝑅2

(𝑅1 + 𝑅2)
 

𝑉𝑜𝑢𝑡 = 24 ×
750

(250 + 750)
 

         = 18 Volts 

12 Volts 

1 k 

R1 = ? 

Vout = 2 Volts 

Vin = 12 Volts 

R2 = 2 k 

   

𝑉𝑜𝑢𝑡 = 𝑉𝑖𝑛 ×
𝑅2

(𝑅1 + 𝑅2)
 

∴ 2 = 12 × 
1

(𝑅1 + 1)
 

2 × (𝑅1 + 1) = 12 × 1 

2R1 +2 = 12 

2R1 = 10 

R1 = 5  

         = 5 k 

 
NB: If R2 is measured in k, so too will R1. 

2 Volts 


