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Worksheet 1 
Testing transistors 

Originally called a ‘transfer resistor’, the transistor is 

found in almost every electronic circuit, either as a 

discrete component or within an integrated circuit (IC). 
 

ICs contain many hundreds, thousands or even millions 

of transistors.  
 

Bipolar junction transistors (BJT) come in two types,  

NPN or PNP, depending on the impurities used to ’dope’ the single crystal of silicon it is made 

from. The resulting P-N junctions are manufactured by diffusing impurities through a 

photographically reduced mask.  
 

In this worksheet you will learn how to carry out basic checks on NPN and PNP transistors. 

w1a 

 

Over to you: 
 

• Build the circuit shown in the upper diagram, designed to test 

an NPN transistor.  
 

• Set the DC power supply to output 6V. 
 

• Adjust the multimeter so that it reads up to 20mA DC. 
 

• Measure the current flowing. Record it in the left-hand table 

below.  
 

• Press and hold the switch closed. 
 

• Measure and record the new current.  
 

• Then build the lower circuit, designed to test a  PNP transistor. 

 Notice that the power supply and multimeter are now inverted. 
 

• Repeat the same procedure as for the NPN transistor. 
 

• Record the measurements in the appropriate table below. 

 

 

 

w1b 

NPN Transistor 

Switch Collector current (mA) 

Open  
(IB = 0 µA)   

Closed  
(IB ~ 54 µA.)   

PNP Transistor 

Switch Collector current (mA) 

Open  
(IB = 0 µA)   

Closed  
(IB ~ 54 µA.)   
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Worksheet 1 
Testing transistors 

So what? 
 

• What do the results tell you? Are the devices that you have checked functional? If not, what 

faults did you detect? 
 

• The ratio of collector current (IC) to base current (IB) for a transistor gives the value of current 

gain, called hFE, for the device.  

 In other words,  

  hFE = IC / IB 

 Calculate the current gain for each of the devices that you have checked.  
 

• Transistors are mass-produced. The manufacturer will quote typical values for the current 

gain, but two individual devices may have widely 

different current gains. 

 Given that the current gain for a small-signal transistor 

can vary from about 75 to 250, are your calculated 

values of current gain typical? 
 

The diagrams show the direction of current flow in both 

NPN and PNP transistors.  
 

• Compare them.  
 

You can see why the PNP transistor can be considered 

as a mirror-image of the NPN device. 

w1c 

For your records: 

 

It is often useful to be able to perform a quick functional check of a transistor.  
 

• This can be done easily if a multimeter with a transistor-check facility is available.  
 

• Alternatively, the forward and reverse resistance of each of the two diode junctions within 

the transistor (see above) can be measured using a multimeter on the Ohms range.  
 

• A third approach is to connect a transistor to a power supply and measure the current 

flowing in the collector in response to the current applied to the base. A large current should 

flow in the collector when a much smaller current is applied to the base. This is the 

approach you used in this investigation. 
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Worksheet 2 
BJT transistor characteristics 

Over to you: 
 

1. Transfer characteristic - IC plotted against IB 
 

• Build the first circuit.  
 

• Set the DC power supply to output 6V.  
 

• Set the base current ammeter to the 2mA DC range, 

and the collector current ammeter to the 20mA DC 

range. 
 

• Use the ’pot’ to vary the base current, IB, from 0 µA 

to 50 µA in steps of 10 µA. At each step, measure and record the collector current, IC. 
 

• Use your results to plot the transfer characteristic, IC plotted against IB, on the grid provided. 

A more meaningful measure of the performance of a transistor is 

obtained by plotting graphs that show how the base current, 

collector current, and collector-emitter voltage are related.  
 

These characteristic curves allow you to predict accurately how a 

transistor will behave in a particular circuit, and whether or not it is 

a suitable choice.  
 

In this worksheet you plot two different characteristics for a 

transistor. The first is known as the transfer characteristic whilst 

the second is called the output (or collector) characteristic. 

w2a 

IB in µA  IC in mA 
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10   

20   

30   

40   

50   

w2b 

w2d 
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Worksheet 2 
BJT transistor characteristics 

So what? 
 

• What does the shape of the two graphs tell you? 
 

• Calculate the slope of the transfer characteristic to obtain the current gain of the transistor. 

Current gain =  
 

• Calculate the slope of the output characteristic to obtain the output resistance of the 

transistor. 

Output resistance =  

Over to you - continued: 
 

2. Output characteristic - IC plotted against VCE 
 

• Build the second circuit using a value of 200k for R.  
 

• Set the DC power supply to output 6V.  
 

• Set the collector current ammeter to the 20mA DC range, 

and the voltmeter to the 20V DC range. 
 

• Use the ’pot’ to vary the collector voltage from 0V to 6V 

in 1V steps. For each, measure the collector current, IC. 
 

• Use your results to plot the output characteristic, IC 

plotted against VCE.  
 

• Replace the 200k resistor with a 100k resistor, to give a bigger base current, and repeat 

this process. 
 

• Plot a second characteristic curve on the same axes. 

VCE 

IC 

R=200k

 

R=100k

 

0.0 V     

1.0 V     

2.0 V     

3.0 V     

4.0 V     

5.0 V     

6.0 V     

w2c 

w2e 
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Worksheet 3 
Transistor as a switch 

 Electromechanical switches operate at very low speeds. 

Transistors, on the other hand, can switch current many 

millions of times faster. There are no mechanical moving  

parts and so no friction and no wear-and-tear.  
 

Transistor switches operate under saturated conditions, 

meaning that the collector voltage will either be the same 

as the supply voltage (in the ‘off’ state) or very close to 0 V 

(in the ‘on’ state).  
 

In this worksheet you build and test two simple switching 

circuits. The first operates a LED, the second a DC motor. 

 Over to you: 
  

• Build the first switching circuit.  

 The LED is controlled by the switch. The small base current 

that flows when the switch is closed produces a much larger 

collector current, flowing through the LED.  
 

• Measure and record the voltages across the LED, VL, and 

across the transistor, VCE. 

 

 

 

 

 

 

• Build the second switching circuit.  

 The diode is a 1N4001 device. Its purpose is explained on 

the next page. 

 The switch now controls a motor. As before, the small base 

current that flows when the switch is closed controls a much 

larger collector current, flowing through the motor.  
 

• Measure and record the voltages across the motor, VL, and 

across the transistor, VCE. 

 

 

 

 
 

 

w3a 

w3b 

w3c 

Switch VCE VL 

Off     

On     

Switch VCE VL 

Off     

On     



Page 8 Copyright 2023 Matrix Technology Solutions Ltd 

Worksheet 3 
Transistor as a switch 

So what? 
 

A diode is connected across the load in the motor circuit but not in the LED circuit. 

Here’s why: 
 

• The motor is an electromagnetic device. It rotates because a strong magnetic field is 

created in  its coil when a current flows through it.  
 

• When the current ceases to flow, that magnetic field collapses through that coil of wire, 

and generates a large voltage in the opposite direction - an example of Lenz’s law.  
 

• This ’back emf’ can be high enough to damage the transistor.  
 

• To avoid this, a diode is connected in reverse parallel. As far as the power supply for 

the circuit is concerned, the diode is reverse-biased and essentially does nothing. For 

the large voltage generated by the falling current, however, the diode is forward-

biased, and so conducts freely. The voltage drop across it is clamped to 0.7V, or -0.7V 

as seen by the transistor. This causes no damage to the transistor.  
 

• Any similar electromagnetic device, such as a relay, should be bypassed by a reverse 

parallel diode in similar fashion for the same reason. 
 

• Look at the two results tables for VCE and VL. 

 Add together the measurements, VCE and VL in each case.  

 What do you notice? 

 What do you expect the result to be, bearing in mind that the transistor and the LED / motor 

form a voltage divider across the power supply rails? 
 

• Modify the LED circuit so that the LED remains on when the switch is open and goes off 

when it is closed  

 (Hint: You will have to change the position of the switch in the circuit). 
 

• Modify the motor circuit so that the switch controls both a LED and the motor.  

For your records: 

 

• Is the transistor operating as a saturated switch in both circuits?  

 How do you know? 
 

• Explain why the base resistor has a much lower value in the motor circuit than for the LED. 
 

• Calculate the base current that flows when the switch is closed in: 

•  the LED circuit; 

• the motor circuit. 

 (Assume that the base-emitter voltage is 0.7V when the transistor is conducting a current.) 
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Worksheet 4 
Transistor as an amplifier 

Over to you: 
 

• Build the circuit shown opposite. The 

10kΩ resistor acts as a load for the 

amplifier.  
 

• Set the DC power supply to 6V. 
 

• Measure and record the DC voltages 

present at the collector, base and 

emitter of the transistor. 
 

• Connect the input to a signal generator, set 

to give an output of 30mV peak-to-peak at a 

frequency of 1kHz.  
 

• Connect a dual-channel oscilloscope to 

display the input and output waveforms. The 

common ground connection is connected to 

the negative supply rail.  
 

• Adjust the oscilloscope controls to display two cycles of the input and output waveforms.  
 

• Sketch these on the grids provided. 
 

• Measure the peak-to-peak voltages at the input and at the output. 
 

• Increase the input voltage to 100mV pk-pk. Observe and sketch the effect on the output. 

When a bipolar junction transistor is used to amplify audio signals, 

we first ensure that the transistor is biased, meaning that some 

collector current will flow even when no signal is present.  
 

In this worksheet you will investigate the operation of a very simple 

common-emitter amplifier stage that uses this technique. 

w4a 

w4b 

w4c 

Measurement Voltage 

DC bias voltage at collector   

DC bias voltage at base   

DC bias voltage at emitter   

Input voltage, pk - pk   

Output voltage, pk - pk   

Input = 50mV pk-pk Input = 100mV pk-pk 

Input Output Output 
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Worksheet 4 
Transistor as an amplifier 

So what? 
 

The way the transistor behaves: 
 

When the input voltage increases: 

• the base current increases; 

• the collector current increases; 

• the voltage across the 1k resistor increases; 

• the output voltage decreases. 
 

When the input voltage decreases: 

• the base current decreases; 

• the collector current decreases; 

• the voltage across the 1k resistor decreases; 

• the output voltage increases. 
 

For this to happen, we allow some base current to flow all the time, even when no input signal 

is present. This is called DC biasing. 
 

When no signal is present, a small base current can still flow through the 1k and 100k 

resistors. As a result, a bigger collector current flows, creating a voltage drop across the 1k 

resistor, and leaving an output voltage less than the supply voltage.  
 

The greater the base current, the greater the collector current, the greater the voltage drop 

across the 1k resistor, and the lower the output voltage across the collector-emitter junction. 
 

We aim to make the output voltage ~ half of the supply voltage when no signal is present. 

(called the quiescent state.) In that way, the output voltage can rise and fall by very similar 

amounts when a signal is present. 
 

The signal is coupled into and out of the amplifier via capacitors that isolate the amplifier so 

that the DC voltages and currents inside it are unaffected by whatever is connected to the 

input and output terminals.  
 

• Use your results to calculate the voltage gain of the amplifier: 

 

Voltage gain = .............................................................................  

For your records: 

 

• Explain why the output becomes distorted for larger input signal amplitudes. 
 

• What is the maximum output signal voltage before distortion is noticeable?  
 

• How could the output voltage be increased? 
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Worksheet 5 
Transformer coupled amplifier 

Earlier, you investigated a simple common-emitter amplifier in 

which a capacitor was used to couple the signal from the 

collector to the output.  
 

Other inter-stage coupling arrangements are used, including 

those based on inductors and capacitors, and on transformers. 

The latter has the advantage of offering accurate impedance 

matching to a load, ensuring efficient signal transfer. 
 

In this worksheet you investigate the operation of a simple 

transformer-coupled common-emitter amplifier. You should compare the results obtained here 

with those obtained earlier. 

w5a 

Over to you: 
 

• Build the circuit shown. Again, a 10kΩ 

resistor acts as a load for the amplifier.  

 The 2:1 transformer, connected as a 

step-down transformer, is used to 

couple the amplifier output. 
 

• Set the DC power supply to output 6V. 
 

• Connect the input to a signal generator, 

set to give an output of 20mV peak-to-

peak at a frequency of 1kHz.  
 

• Connect a dual trace oscilloscope to 

display input and output waveforms, with 

the ground connected to the negative supply rail.  
 

• Adjust the oscilloscope controls to display two cycles of the input and output waveforms.  
 

• Sketch these on the grids provided. 
 

• Measure the peak-to-peak voltages at the input and at the output. 
 

• Increase the input voltage to 100mV pk-pk. 

w5b 

w4c 

Input = 20mV pk-pk Input = 100mV pk-pk 

Input Output Output 

Measurement Voltage 

Input voltage, pk - pk   

Output voltage, pk - pk   
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Worksheet 5 
Transformer coupled amplifier 

So what? 
 

In the capacitor coupled amplifier studied earlier, the collector current, IC, flowed through the 1k

 resistor in series with it. This generates waste heat. The role of the transformer is to reduce 

that energy loss. 
 

Transformers respond only to AC signals. These produce an alternating magnetic field in the 

primary coil, which, in turn, induces an AC signal in the secondary, connected to the load. 
 

As a result, the load is isolated from any DC currents flowing in the transistor, but receives the 

AC signal, via the transformer. 
 

For maximum efficiency, the transformer is chosen so that the output impedance of the 

transformer is equal to the load impedance. This is an example of the maximum power transfer 

theorem. 
 

• Use your results to calculate the voltage gain of the amplifier: 

 

Voltage gain = .............................................................................  
 

• Compare the performance of this amplifier with the capacitor-coupled amplifier you studied 

earlier. 
 

• Investigate what happens if the transformer is reversed, to act as in step-up rather than a 

step-down mode. 

For your records: 

 

As before, the transistor is biased, so that a current flows through the transistor even when no 

signal is present. Ideally, this current is adjusted to make the collector sit at a voltage mid-way 

between the power supply rails. 
 

• What is the maximum output signal voltage before distortion is noticeable?  
 

• How could the output voltage be increased? 
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Worksheet 6 
Stabilised common-emitter amplifier 

The simple common emitter can be improved by using DC 

negative feedback to stabilize the stage and compensate for 

variations in transistor parameters, component tolerances and 

temperature changes.  
 

In this worksheet you investigate the operation of a common 

emitter amplifier incorporating DC feedback stabilisation. 

Over to you: 
 

• Build the circuit shown opposite. 

Again, a 10kΩ resistor acts as a load 

for the amplifier.  

 A 270 emitter resistor and parallel 

47F capacitor provide negative 

feedback.  

 Two 100k resistors provide a DC 

bias voltage for the base. 
 

• Set the DC power supply to output 

6V. 
 

• Measure and record the DC voltages at the 

collector, base and emitter of the transistor. 
 

• Connect the input to a signal generator, set 

to give an output of 20mV peak-to-peak at a 

frequency of 1kHz.  
 

• Connect a dual trace oscilloscope to display 

input and output waveforms, with the ground connected to the negative supply rail.  
 

• Adjust the oscilloscope controls to display two cycles of the input and output waveforms.  
 

• Sketch these on the grids provided. 
 

• Measure the peak-to-peak voltages at the input and at the output. 

w6a 

w6b 

Measurement Voltage 

DC bias voltage at collector   

DC bias voltage at base   

DC bias voltage at emitter   

Input voltage, pk - pk   

Output voltage, pk - pk   

w4c 

Input = 20mV pk-pk 

Input Output 
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Worksheet 6 
Stabilised C-E amplifier 

So what? 
 

The quiescent (DC) base voltage is set by the two 100k resistors, forming a voltage divider 

across the power supply rails. 

• With a 6V power supply, and two equal resistors, what DC voltage do you expect at the 

base? 

Voltage at base = .............................................................................  
 

Negative feedback provides a signal which opposes changes at the output. If temperature or 

power supply changes etc. cause the DC collector current to rise, the voltage across the 270 

emitter resistor also rises. As a result, the voltage drop across the base-emitter junction falls, 

reducing the base current, which in turn reduces the collector current - negative feedback! 
 

One effect of negative feedback is to reduce the voltage gain of the amplifier. The 47F 

capacitor has no effect on DC currents, which see it as a gap in the circuit. However, AC 

signals can flow through this capacitor, bypassing the emitter resistor. As a result, the AC 

voltage gain is not affected as much. 

 

• Use your results to calculate the voltage gain of the amplifier: 

 

Voltage gain = .............................................................................  

 

• Vary the frequency of the signal generator 

over the range 10 Hz to 100 kHz and 

measure the output voltage at suitable 

intervals.  
 

• Use this data to plot a frequency response 

characteristic for the amplifier that shows 

voltage gain plotted against frequency. 
 

• A ‘log-log’  grid is provided. If you are 

unsure how to proceed, ask your tutor! 

For your records: 

 

• Compare the DC voltages measured at the collector, base and emitter with those measured 

earlier for the capacitor coupled (uncompensated) amplifier.  
 

• Comment on the performance of the amplifier and explain why the amplifier produces 

slightly less output voltage swing. 

w6c 
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Worksheet 7 
Two-stage amplifier 

 The voltage gain produced by a single stage transistor amplifier is 

insufficient for many applications. To overcome this, we can use a multi

-stage arrangement where several transistors are used in cascade (as 

shown in the arrangement below).  
 

In this work sheet you construct and test a two-stage amplifier where 

both transistors are operated in common emitter mode.  

Over to you: 
 

• Build the circuit shown opposite, 

which again uses a 10kΩ load 

resistor.  

 

• Notice that the DC power supply 

is now set to output 13.5V. 
 

• Measure and record the DC 

voltages at the collector, base 

and emitter of each transistor. 
 

• Connect the input to a signal 

generator, set to give an output of 20mV 

peak-to-peak at a frequency of 1kHz.  
 

• Connect a dual trace oscilloscope to display 

input and output waveforms, as before.  
 

• Adjust the oscilloscope controls to display 

two cycles of the waveforms.  
 

• Sketch these on the grids provided. 
 

• Measure the peak-to-peak voltages at the 

input and at the output of the amplifier. 

w7a 

w7b 

 Measurement Voltage 

T1 

DC collector voltage   

DC base voltage    

DC emitter voltage    

T2 

DC collector voltage   

DC base voltage    

DC emitter voltage   

Input voltage, pk - pk  

 Output voltage, pk - pk 

w4c 

Input = 20mV pk-pk 

Input Output 
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Worksheet 7 
Two-stage amplifier 

So what? 
 

The overall voltage gain of the stage is the product of the individual stage gains. Using this 

technique amplifiers with voltage gains of typically between 200 and 1,000 can be produced.  

Essentially, there is a trade-off between voltage gain and bandwidth (range of frequencies that 

is amplified.) 
 

The bigger the voltage gain, the smaller the bandwidth (and vice-versa.)  
 

The diagram shows a two-stage amplifier made from two voltage amplifiers, each with a 

bandwidth of 10 kHz, cascaded together.  
 

Each amplifier by itself has a gain of 50x. 

However, when they are cascaded, the 

overall gain is 50 x 50 (= 2 500.)   
 

The first amplifier has a bandwidth of 10 

kHz, and so amplifies successfully all 

frequencies up to 10kHz. So does the 

second amplifier. Overall, the system has 

a bandwidth of 10 kHz with a voltage gain 

of 2 500!  
 

• Use your results to calculate the voltage gain of the amplifier: 

 

Voltage gain = .............................................................................  

 

• Find, by investigation, the maximum output signal voltage obtainable before distortion is 

noticeable? How could the output voltage be increased? 

For your records: 

 

• Compare the DC voltages measured at the collector, base and emitter with those measured 

earlier for the capacitor coupled (uncompensated) amplifier.  
 

• Explain why the signal becomes distorted for larger input signal amplitudes. 

w7c 
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Worksheet 8 
Push - pull amplifier 

Amplifiers fall into two general categories, voltage amplifiers and 

power amplifiers. The priority for the former is to increase the 

voltage amplitude of the signal. For the latter, the aim is to pass 

on significant signal power levels to an output transducer such 

as a loudspeaker. 
 

So far, the amplifiers have been of the former type. In this 

worksheet, you construct and test a transistor power amplifier. 

Over to you: 
 

• Build the circuit shown opposite. 

This time a 1kΩ load resistor is 

used, though, in practice, a much 

lower value is likely.  

 

• Notice that the DC power supply is 

set to output 9V. 
 

• Measure and record the DC 

voltages at the collector, base and 

emitter of each transistor. 
 

• Connect the input to a signal 

generator, set to give an output of 500mV peak-to-

peak at 1kHz.  
 

• Connect a dual trace oscilloscope to display input 

and output waveforms, as before.  
 

• Adjust the oscilloscope controls to display two cycles 

of the waveforms.  
 

• Sketch these on the grids provided. 
 

• Measure the peak-to-peak voltages at the input and 

at the output of the amplifier. 

w8a 

w8b 

  Measurement Voltage 

T1 

DC collector voltage   

DC base voltage   

DC emitter voltage   

T2 

DC collector voltage   

DC base voltage   

DC emitter voltage   

 T3 

DC collector voltage   

DC base voltage   

DC emitter voltage   

Input voltage, pk - pk   

Output voltage, pk - pk   

w4c 

Input Output 
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Worksheet 8 
Push-pull amplifier 

So what? 
 

This circuit uses a matched complementary pair of transistors (T2 is NPN and T3 is PNP with 

equivalent properties.) These two transistors drive the load. T2 conducts more heavily on posi-

tive-going half cycles of the signal, whilst T3 conducts more heavily on negative half-cycles.  
 

Each one is connected as an emitter-follower (or common collector amplifier.)  

The emitter follower: 

The circuit diagram for the simple emitter follower, using 

an npn transistor, is shown opposite. 
 

When the npn transistor is conducting, there is a 0.7V 

drop between the base and the emitter. 

As a result: VOUT = VIN – 0.7  i.e.  VOUT  VIN  
 

The output current, IOUT, is actually the emitter current IE 

of the transistor and the input current, IIN, is the base cur-

rent IB. 
 

Now IE = IB + IC 

and IC = hFE x IB  where IC = collector current, 

and hFE = current gain of transistor. 

As hFE >> 1,  IC >>IB  and so IE >> IB. 
 

In other words, IOUT >> IIN 
 

Hence POUT (=VOUT x IOUT) >> PIN (= VIN X IIN). The circuit is a power amplifier. 
 

A third transistor (T1) is used as a driver. This stage operates as a conventional common emit-

ter amplifier - the one you investigated in Worksheet 4. 
 

• Use your results to calculate the voltage gain of the amplifier: 

 

Voltage gain = .............................................................................  
 

• Increase the input signal amplitude and observe the distortion produced when the amplifier 

is over-driven. How could this distortion be reduced? 
 

• Reduce the signal amplitude to 50 mV pk-pk, or less, and observe the distortion produced at 

the zero voltage crossing points. Explain how this arises. 

For your records: 

 

• Explain why the optimum value for the voltage at the junction of the emitters of T2 and T3 is 

half that of the supply (i.e. 4.5 V for this circuit). 

w8c 
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Worksheet 9 
Twin - T oscillator 

 Various forms of oscillator are used in avionic systems to 

produce a variety of waveforms . A single stage common-

emitter amplifier and a frequency selective feedback 

network can be used as a simple sinusoidal oscillator. 
 

In this worksheet you investigate the operation of a simple 

phase-shift oscillator. The phase shift is provided by two 

parallel connected RC networks in a “Twin -T” arrangement. 

Over to you: 
 

• Build the circuit shown opposite. This time there 

is no load resistor.  

 

• Set the DC power supply to output 6V. 
 

• Measure and record the DC voltages at the 

collector, base and emitter of the transistor. 
 

• Connect a dual trace oscilloscope to display the 

output waveform.  
 

• Adjust the oscilloscope controls to display two 

cycles of the waveform.  
 

• Sketch this on the grid provided and label the 

voltage and time axes. 
 

• Measure and record the peak-peak output 

voltage. 
 

• Measure and record the time for one complete 

cycle of the wave (i.e. the periodic time). 
 

•  Use this measurement and the formula: 

  frequency = 1 / period 

 to calculate the frequency of the output signal.  

 Record your result in the table. 

w9a 

w9b 

Measurement Value 

DC bias voltage at collector   

DC bias voltage at base   

DC bias voltage at emitter   

Output voltage, pk - pk   

Periodic time   

Calculated frequency  

w4c 

Output signal 
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Worksheet 9 
Twin - T oscillator 

So what? 
 

The "Twin-T" oscillator uses two "T" RC networks.  

• The R-C-R "T" acts as a low-pass filter.  

• The C-R-C "T" acts as a high-pass filter.  
 

These are connected in parallel, and provide negative feedback to the transistor. This reduces 

the voltage gain for all frequencies passed by the filters. The resonant frequency occurs where 

negative feedback is a minimum, i.e. for the centre frequency blocked by both filters.  
 

The transistor produces a phase shift of 180° whilst the feedback network provides a further 

180° thus ensuring that the signal fed back from the output to the input arrives in-phase.  
 

Provided the transistor amplifier has a voltage gain greater than the losses associated with the 

feedback network, oscillation will build up at the resonant frequency, and a continuous sine 

wave output will be produced.  

For your records: 

 

• Investigate how the output frequency can be controlled by changing the values of the 

components in the RC networks. Document your findings. 
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Worksheet 10 
Ladder oscillator 

The ladder oscillator, also called the phase shift oscillator is 

another example of a sinusoidal oscillator in which a feedback 

network provides the necessary phase shift.  
 

In this worksheet you investigate the operation of a simple three

-section ladder oscillator. 

Over to you: 
 

• Build the circuit shown opposite. 

Again, there is no load resistor.  

 

• Set the DC power supply to output 

12V. 
 

• Measure and record the DC 

voltages at the collector, base and 

emitter of the transistor. 
 

• Connect a dual trace oscilloscope 

to display the output waveform.  
 

• Adjust the oscilloscope controls to 

display two cycles of the waveform.  
 

• Sketch this on the grid provided and label the 

voltage and time axes. 
 

• Measure and record the peak-peak output 

voltage. 
 

• Measure and record the period of the wave. 
 

•  Use this measurement and the formula: 

  frequency = 1 / period 

 to calculate the frequency of the output signal.  

 Record your result in the table. 

Measurement Value 

DC bias voltage at collector   

DC bias voltage at base   

DC bias voltage at emitter   

Output voltage, pk - pk   

Periodic time   

Calculated frequency  

w4c 

Output signal 

w10b 

w10a 



Page 22 Copyright 2023 Matrix Technology Solutions Ltd 

Worksheet 10 
Ladder oscillator 

So what? 
 

This circuit uses two NPN transistors in an arrangement known as a Darlington pair. The aim is 

to increase the overall current gain. A Darlington pair behaves like a single transistor with a 

high current gain, approximately equal to the product of the gains of the two transistors.  
 

Transistors act as inverting amplifiers, as you saw earlier. In other words, they introduce a 

phase shift of 180
0
 between the signal at the base and the signal at the collector. 

 

A single RC network also produces a phase shift, but this depends on the frequency of the 

signal. The maximum value of phase shift for a single RC combination is 90
0
. 

 

In this case, at one particular frequency, the three-section RC ladder produces a 180° phase 

shift. Each RC stage provides a phase shift of 60° giving a total phase shift of 180°.  
 

The total phase shift, of RC ladder plus transistor,  is therefore 360
0
 but only at that one 

particular frequency. This amounts to positive feedback. Positive feedback means that the 

input (base) receives a fed back signal which is in phase with the applied signal and which 

therefore adds to it. That combined signal is then amplified and a fraction of that fed back to 

the input, to augment it still further, and so on. Positive feedback causes the circuit to oscillate 

at that frequency.  
 

As before, the transistor amplifier is needed to cancel out losses caused by the components of 

the RC network and hence maintain the oscillations . 
 

A disadvantage of this and similar circuits is that it is not practicable to have a variable 

frequency output. That would require altering all three capacitors in step with each other. 

For your records: 

 

• What type of waveform does this circuit generate? 
 

• Investigate how the output frequency can be controlled by changing the values of the 

components in the RC networks. Document your findings. 
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Worksheet 11 
Astable multivibrator 

The astable multivibrator provides us with a convenient way of 

generating a square wave.  
 

In this work sheet you will construct and test an astable 

multivibrator circuit. The frequency of oscillation is so low that 

we can observe the behaviour on the LEDs used as loads for 

the circuit. In practice, this circuit can be made to generate 

much higher frequencies. 

Over to you: 
 

• Build the circuit shown opposite. The protective 

resistor R is included in the LED carrier. 

 

 

• Set the DC power supply to output 6V. 
 

• Observe the two LEDs - they should flash 

alternately. 
 

• Now replace the 47F capacitors with 470nF 

capacitors and observe the effect. 
 

• Connect a dual trace oscilloscope to display the 

output waveform. Connect channel A to the 

collector of transistor T2, and channel B to the  

 base of T1. The common ground connection is 

taken to the negative supply rail. 
 

• Adjust the oscilloscope controls to display two 

cycles of the waveforms.  
 

• Sketch them on the grid provided and label the 

voltage and time axes. 
 

• Measure and record the peak-peak output voltage on channels A and B. 
 

• Measure and record the period of the wave. Use this to calculate the frequency of the output 

signal. Record your result in the table. 

w11a 

w11b 

Measurement Value 

Output voltage -Ch A   

Output voltage -Ch B  

Periodic time   

Calculated frequency  

w4c 

Channel A Channel B 
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Worksheet 11 
Astable multivibrator 

So what? 
 

This oscillator serves a different purpose to those studied earlier. They had a single resonant 

frequency. That meant that they produced an output at a single frequency i.e. a sine wave.  
 

In this circuit, the transistors are alternately driven into saturation (switched on) and then 

turned off. As a result, the output is a square wave. In frequency terms, this is an endless se-

ries of higher and higher frequencies, not just the single frequency seen earlier. 
 

The circuit has two stable states that change alternately because of the positive feedback pro-

vided by the two capacitors. These transfer voltage changes ‘instantly’, because the voltage 

across a capacitor is fixed until there has been time for charge to flow to or from its plates. The 

rate at which switching occurs depends on the time constant of the base resistors and coupling 

capacitors.  
 

In each state, one transistor is switched on and the other is switched off. The base of one tran-

sistor is at 0.7V, while the other is at a low voltage. The capacitor connected to it charges until 

the base reaches around 0.7V, when the transistor turns on.  Its collector drops to near 0V, 

and this change is transmitted to the base of the other transistor, turning it off. The process 

then repeats. The forward-biased base-emitter junction of the ‘on’ transistor provides a path for 

the capacitors to charge / discharge. 
 

Square wave outputs have many applications. In digital circuits, for example, they provide 

clock pulses to counters. In more complex systems, they can synchronise operations across 

the system. 
 

This circuit has a visual output, with LEDs as loads, but in practical circuits, with switching at a 

much higher frequency, we would simply use resistors. 

For your records: 

 

• Examine the two waveforms. Identify the times when T1 is in ‘on’ and T2 is ’off’, and mark 

these on the graphs.  
 

• Investigate how the output frequency can be controlled by changing the values of the 

components in the RC networks. Document your findings. 
 

• Investigate the effect on waveform and duty cycle of using different values for the two 

capacitors, e.g. 470nF and 1µF. 
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Questions 
 

About these questions 

These questions are typical of those that you will be required to answer in the EASA Part-66 

examination.  
 

You should allow 15 minutes to answer these questions and then check your answers with 

those given on page 37.  
 

Please remember that ALL these questions must be attempted without the use of a calculator 

and that the pass mark for all Part-66 multiple-choice examinations is 75%!    

 

1. When testing a transistor with an ohmmeter, what resistance will be measured between base and collector? 

(a)  high resistance one way 

(b)  high resistance both ways 

(c)  low resistance both ways. 

 

2. A silicon transistor has a base-emitter voltage of 0V. In this condition the transistor will be: 

(a)  conducting heavily 

(b)  conducting slightly 

(c)  turned off. 

 

3. The device shown is: 

(a)  an NPN transistor 

(b)  a PNP transistor 

(c)  an N-channel JFET. 

 

4. In a PNP transistor, conventional current: 

(a)  flows into the collector 

(b)  flows out of the collector 

(c)  there is no current flow in the collector. 

 

5. For a transistor to conduct, the base-emitter junction should be: 

(a)  forward biased 

(b)  reverse biased 

(c)  forward or reverse biased as appropriate to the input signal. 

 

6. The typical value of common emitter current gain for a transistor is: 

(a)  10 to 50 

(b)  50 to 250 

(c)  more than 250. 

 

7. In a common emitter amplifier, the input signal is taken to the: 

(a)  base 

(b)  collector 

(c)  emitter. 

 

 

8. The connection marked X in the diagram is: 

(a)  the emitter 

rq1 
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Questions 
 

(b)  the base 

(c)  the collector. 

 

9. When a transistor amplifier uses common emitter mode: 

(a)  the input signal is connected to the emitter and the output is taken from the collector 

(b)  the input signal is connected to the base and the output is taken from the collector 

(c)  the input signal is connected to the collector and the output is taken from the emitter. 

 

10. When a transistor is used in a conventional amplifier stage: 

(a)  both junctions are forward biased. 

(b)  the collector-base junction is forward biased and the base-emitter junction is reverse biased 

(c)  the collector-base junction is reverse biased and the base-emitter junction is forward biased 

 

11. The collector current flowing in a transistor is 150 mA when the base current is 3 mA. Which one of the 

following gives the value of common emitter current gain? 

(a)  15 

(b)  50 

(c)  150. 

 

12. A transistor switch is saturated when there is: 

(a)  no current applied to the base and no current flowing in the collector 

(b)  no current applied to the base and maximum current flowing in the collector 

(c)  no increase in collector current for a further increase in base current. 

 

13. In an NPN transistor amplifier stage: 

(a) the collector is more positive than the base 

(b) the emitter is more positive than the base 

(c) the base is more positive than the collector. 

 

14. The two transistors used in an astable multivibrator: 

(a)  conduct on alternate half-cycles of the square wave output 

(b) conduct on alternate half-cycles of the sine wave output 

(c) conduct on both positive and negative half-cycles of the square wave output. 

 

15. In a sine-wave oscillator using a single transistor in common-emitter mode: 

(a) no feedback is required as the transistor provides a phase shift of 360° 

(b) the frequency-determining feedback circuit must provide a phase shift of 180° 

(c) the transistor operates as a saturated switch and the frequency is determined by charge/discharge times. 

 

 

 

 

rq2 


