Simplifying Electricity

Advanced electronic principles

= 5
‘,‘,\l\/ " e

CP3008 - introduction

ildrlX

www.matrixtsl.com

Copyright © 2015 Matrix Technology Solutions Ltd




Contents

Package introduction 3
Introducing filters 4
Introducing the digital oscilloscope 5
Worksheet 1 - Active low pass filter 7
Worksheet 2 - Active high pass filter 9
Worksheet 3 - Active band pass filter 11
Instructor Guide 13

Copyright 2023 Matrix TSL Page 2



Package introduction

This workbook is designed to cover the Advanced electronic principles unit
which is part of the BTEC Higher national award in engineering—unit 39.
The worksheets that make up this workbook are contained in several sub-
workbooks:

LK3008 - Advanced electronic principles introduction (in this book)
Some supplementary material on active filters.
LK3008 - Advanced electronic principles part 1

Diodes and diode types, full and half wave rectifiers, rectifier efficiency, reservoir capacitors, volt-
age multipliers, thyristor and SCR circuits, zener diodes and circuits, LEDs in AC and DC circuits.

LK3008 - Advanced electronic principles part 2

NPN and PNP transistors, transistor characteristics, transistor bias and decoupling, common base,
common emitter, and common collector circuits, class A, B and C amplifiers, other transistor cir-
cuits.

LK3008 - Advanced electronic principles part 3

Operational amplifiers, inverting and non-inverting amplifiers, integrators, differentiators, compara-
tors, positive and negative feedback in amplifiers.

LK3008 - Advanced electronic principles part 4

Open and closed loop systems, Oscillators, analogue transducers, damping in feedback systems
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Introducing filters locktronics’

What is a filter?

A filter is a subsystem that:

« has a voltage gain that depends on the frequency of the signal;
« does not change the mix of frequencies present in the signal,;
o emphasises some signal frequencies and depresses others.

Types of filters:
1. Passive filters:

« contain no active components (that amplify the signal - transistors, op-amps etc);
« have a voltage gain less than 1.0 - can only cut and cannot boost;

« can be significantly affected by the load attached to the filter;

« prevail at high frequencies because of the bandwidth limitations of active devices.

2. Active filters:

« contain active components and require a power supply;
e can have a voltage gain greater than unity and so can cut or boost;
« predominate at low frequencies because inductors for passive filters are very bulky.

Filter behaviour:

The diagrams illustrate the behaviour of four common types of filter Voltage

gainAa

, L
and the meaning of the terms ‘Pass band’ and ‘Stop band’. o pass
Each shows a different variation in voltage gain with frequency. Pos Eop
Alternative names: 5
i f Voltage Frequenc&
low pass filter < treble cut filter Sali HiGih iase
high pass filter < bass cut filter
band stop filter <>  notch filter Fhon Fas
The steepness of the curve between the pass band and stop band >
) ) . Voltage Frequency
depends on the ‘order’ of the filter: gain4 Band pass

« in a first-order filter, the amplitude halves (or doubles, depending < N\ 5
on the type of filter,) when the frequency doubles; e/ bid Npood

« in a second order, this change is one-quarter (or four times);

i . N Voltage Frequency
« the higher the order, the more complicated the circuit. gain4 Band stop
Pass Stop Pass
band an band
Frequencfl
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Introducing the digital oscilloscope locktronics’

The digital oscilloscope:

Computer-based oscilloscopes, like Picoscope, are data-loggers. They monitor voltages, at reg-
ular intervals, and pass the results to software in the computer. There, it is processed to pro-
duce voltage/time graphs, frequency information etc. to be displayed on the monitor, stored as
a file, or printed, like other information on the computer.

The Picoscope uses the oscilloscope controls described above, plus:

« ACorDC - shows only varying voltages for ‘AC’ (so centres the trace on 0V;)
- shows the true voltage levels if DC is chosen.

« Stop/ Go - ‘Stop’ - the trace is frozen’ (i.e. as a stored event, suitable for saving to a file;)
- ‘Go’ - the trace is showing events in real-time;
- click on the appropriate box to change from one to the other.

The settings are selected on-screen using the drop-down boxes provided.
The following diagram shows some of the main controls on the Picoscope 6 screen.

S 1 T e A e T
1 %% ~— \4
‘ S \Inp

uts Timebase

Voltage AC or DC
sensitivity

/

* Trigger - when/how the trace starts

10m

)
e

ored @@l oper [hte__ L] 15 G ov__@Iox BN N FERET EIE]

The trace uses the following settings:

Timebase - 5 ms/div - so the time scale (horizontal axis) is marked off in 5 ms steps.
Voltage - auto - so the software adjusts the voltage scale (vertical axis) to suit the signal.
sensitivity The scale on the left-hand edge of the image increases in 2V steps.
The trace shown has a maximum value of around 8.7V.
Trigger - Auto - so will show any changes in the signal as they happen.
Ch A - so looks at the signal on channel A to decide when to start the trace.
Rising - so waits for a rising voltage to reach the threshold;

Threshold - 0 mV - so starts the trace when the signal on channel A rises through 0V.
Pre-trigger - 0% - so the display starts with the very first data captured.
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Introducing the digital oscilloscope locktronics’

Picoscope continued...

For the next trace, the signal is the same, but some of the settings have been changed.

DNOaas 94|
o [ - O] | g

pico

Stopped @@ Trigger (ato  [v] A A ] (] [ 4V B[ o% EIAR | Measurements . | Rulers = Notes [

The new settings are:

Timebase - 20 ms/div - so the time scale is marked off in 20 ms steps.

Voltage - 4V/div - so the voltage scale is marked off in 4V steps.

sensitivity The trace still has a maximum value of around 8.7V.

Trigger - Auto - so still shows any changes in the signal as they happen.
ChA - so still looks at the signal on channel A to decide when to start the trace.
Falling - so now waits for a falling voltage to reach the threshold;
Threshold -4V - so starts the trace when the signal on channel A falls to 4V.

Pre-trigger - 0% - so the display starts with the very first data captured.

More information about using Picoscope is given in the Picoscope User manual, found on the
CD-ROM that comes with the instrument or on the website www.picotech.com.
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Worksheet 1 locktronics’
Active low pass filter

The frequency range for human hearing is taken to be the
range of approximately 20Hz to 20kHz. An ideal amplifier
offers the same voltage gain to all these frequencies.
However, sometimes we want to boost or cut frequencies
iS¢, within that range. For example, where a signal sounds
‘tinny’ or too shrill, a low pass filter could reduce the
amplitude of treble frequencies in that signal.

The circuit investigated here does just that.

Over to you:

« Build the circuit shown opposite - yet another modification +12Vo
of the inverting amplifier. A suitable layout is provided. 0.1uF
(Note, 0.1uF is the same as 100nF)

« The input signal is provided by a signal generator. 2.2kQ | NJOkQ

e The output is monitored on a dual-trace oscilloscope such
as the Picoscope. Suitable settings are given on the next page. . T

o Set the signal generator to give a sine-wave signal with ouT
a frequency of 10Hz and an amplitude of 1.0V. _1%2 °

o Copy the table and use it to record your results.

e Measure the amplitude of the input and output signals and
record them in the first row of the table.

12V ol ol o

Oscilloscope

« Obtain a trace showing the input and output signals and e o S O
save it for your records. Oscillgiene

« Repeat this process for the other frequencies in the table. 1 o
Aim for an input signal amplitude of 1.0V each time but geﬂgpaatlor
measure and record the actual amplitude.

]

Measure and record the output signal amplitude each time. ’
« Obtain a second trace showing the input and output signals
for a frequency of 1kHz, for contrast with the first, and save

it for yOUr recor ds. \L\ i T

o Complete the ‘Gain’ columns, using the formula:
Voltage gain = Voyr / Vin.
« Plot a graph of voltage gain against frequency and draw a smooth curve through the points.

Frequency Viy  Vour Gain Frequency Viy Vour Gain Frequency Viy Vour Gain

10Hz 100Hz 600Hz
20Hz 200Hz 700Hz
30Hz 300Hz 800Hz
40Hz 400Hz 900Hz
50Hz 500Hz 1000Hz
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Worksheet 1

Active low pass filter

So what?

Suitable settings for the Picoscope are:

. Input Output Trigger
Timebase (chg)  (chA) Mode Channel | Direction | Threshold
5ms/div +5V AC +5V AC Auto ChA Rising ov

How does this low pass filter work?
For an inverting amplifier:
voltage gain = Rg / Ryn.
where R = feedback resistance and Ry = input resistance.
The low pass filter circuit has a capacitor in parallel with the feedback resistor. This behaves like
a large resistor at low frequencies and a smaller and smaller resistor as the frequency rises.

At high frequencies, it acts as an easy route for AC current. The current increasingly flows
through the capacitor instead of through the feedback resistor. This reduces the effective value
of the feedback resistor, reducing the voltage gain of the filter.

Challenge:

A relative of this filter is the active bass boost filter, which favours low frequencies over higher
ones.

The circuit diagram shows one form of this filter.
It uses the same components as the one you just +12Vo

Investigated but produces a very different performance. 1ok
« Using the same approach as before, investigate its . 0.1uF
performance over the frequency range 100Hz to 1kHz.
« Draw a voltage gain versus frequency graph for this filter VIN VOUTT
and draw a smooth curve through the points. - !
-12Vo

For your records:
« Explain the difference between active and passive filters.

« Copy the diagrams showing the behaviour of the four types of filter.

o Draw the circuit diagram for the low pass (treble cut) filter.

« Write an account of what you did to obtain the results.

« Draw the circuit diagram for the bass boost filter.

« Describe the difference between a low pass treble cut filter and a low pass bass boost filter.

« Research possible applications for treble cut and bass boost filters and write a report on
your findings.
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Worksheet 2 locktronics’
Active high pass filter

f Vinyl records are very much in vogue. Favoured for their
‘warm’ sound, they do, however, come with issues.

They can transmit a very low frequency ‘rumble’ caused in
=8 some cases by the turntable’s bearings or, in others, by

jl To remove it, the audio system can incorporate a ‘rumble’
| filter - one form of active high pass filter.

Over to you:

Build the circuit shown opposite with the same +12Vo
components as in worksheet 1. 10kQ
This time, the 10kQ2 resistor and the 0.1uF capacitor 2.2kQ

are in series in the input section of the op-amp. °_|:|0_1{F
A possible layout is provided. Vig VOUTT
Once again, the input signal is provided by a signal

generator and the output is monitored on a dual-trace -12Veo
oscilloscope.

Suitable settings are given on the next page. 12V =

Set the signal generator to give a sine-wave signal
with a frequency of 200Hz and an amplitude of 1.0V.

Copy the table and use it to record your results. OscillfEcop

The procedure is the same as before:

e Measure and record the input signal amplitude. Bj‘;f

e Measure and record the output signal amplitude.

« Repeat the process for all other frequencies in Oscillogcope
the table. grotnd

jol

Complete the ‘Gain’ columns of the results table. \
Plot a graph of voltage gain against frequency and draw a smooth curve through the points.

Frequency Vi Vour Gain Frequency Viy Vour Gain Frequency Viv Vour Gain

200Hz 1200Hz 2200Hz
400Hz 1400Hz 2400Hz
600Hz 1600Hz 2600Hz
800Hz 1800Hz 2800Hz
1000Hz 2000Hz 3000Hz
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Worksheet 2 locktronics’
Active high pass filter

So what?

Suitable settings for the Picoscope are:

_ Input Output Trigger
Timebase (Ch B) (Ch A) Mode = Channel = Direction = Threshold

5ms/div +5V AC 15V AC Auto chA Rising ov
Break frequency:

e The circuits used here behave like ‘normal’ inverting amplifiers, except for the effect of the
capacitor. It acts like a large resistor at low frequencies, getting smaller as frequency rises.

« At a very low frequency, the capacitor behaves like a break in the circuit and the combined
‘resistance’ (impedance) of the series resistor and capacitor is huge - the voltage gain is tiny.

« At a very high frequency, the capacitor has no effect. The resistor alone controls the input
current. Now, the voltage gain is Rg / Ry = 10kQ2 / 2.2kQ2 = 4.5 and remains fairly constant
with frequency (if the resistors are 100% accurate!)

« Somewhere in between, the capacitor has the same effect as the input resistor.
More precisely, the reactance of the capacitor is equal to the resistance of the input resistor.

« This happens at a frequency called the break (or cut-off) frequency, marking the frequency at
which the voltage gain of the filter starts to fall as the frequency reduces.

« At the break frequency, fg:
Xc=R sothat: 1/2xnfgC=R
or re-arranging: fg = 1/2nRC

Challenge:

Related to this, the active treble boost filter favours high
frequencies over low. The circuit diagram opposite shows

one form of this filter, using the same components as before. rlave 0.1uF 10kOQ
« Investigate its performance over the frequency range
100Hz to 1200Hz. 5 2Kk
« Draw a voltage gain versus frequency graph for this filter Vi " I
and draw a smooth curve through the points. e om°
-12Vo

For your records:

« Why is the term ‘break frequency’ important when considering the behaviour of filters?
o Write down the formula for break frequency.

« Calculate the break frequency for the circuit you investigated on the previous page.

« Draw the circuit diagram for the bass cut filter.

« Write an account of what you did to obtain the results.
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Worksheet 3

Active band pass filter

[ J
l

locktronics

The simplest form of band pass filter uses a combination of a
low pass and a high pass filter. This investigation looks at its
behaviour.

A typical use is in equalisation circuits for speaker systems,
where a low pass filter delivers output to the bass speakers, a
band pass filter to the mid-range and a high pass filter to the
treble speakers.

Over to you:

« Build the circuit shown opposite. A possible layout is shown underneath.

« Once again, the input signal is provided by a signal
generator and the output is monitored on a dual-trace

oscilloscope.

Suitable settings are given on the next page.

« Set the signal generator to give a sine-wave signal with
a frequency of 100Hz and an amplitude of 1.0V.

« Copy the table and use it to record your results.

e The procedure is the same as before:

e Measure and record the input signal amplitude.
e Measure and record the output signal amplitude.
e Repeat the process for all other frequencies in the

table.

o Complete the ‘Gain’ columns of the results table.

+12Vo
0.1uF
2.2kQ H 10kQ
0.1uF
V
N WDUJ
OVo )
-12Vo
12V 0 o ol ol
Oscilloscope
0.1uF 1""2
e o @ — P 0
Oscilloscope
Chig 2.2kQ 0.1puF | 10K
] >& ; 55—\"2)1;—40 10K ol lEl

« Plot a graph of voltage gain against frequency and
draw a smooth curve through the points.

Frequency Viy Vour Gain

100Hz
200Hz
300Hz
400Hz
500Hz
600Hz
700Hz
800Hz
900Hz
1000Hz

Frequency Viy Vour Gain

1100Hz
1200Hz
1300Hz
1400Hz
1500Hz
1600Hz
1700Hz
1800Hz
1900Hz
2000Hz
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Oscilloscope
ground

jof

Frequency Viy Vour Gain

2100Hz
2200Hz
2300Hz
2400Hz
2500Hz
2600Hz
2700Hz
2800Hz
2900Hz
3000Hz
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Worksheet 3

Active band pass filter

So what?

Suitable settings for the Picoscope are:

. Input Output Trigger

Timeb

'mebase  (chB) (Ch A) Mode Channel | Direction | Threshold
5ms/div +5V AC 15V AC Auto chA Rising ov

Circuit design:

Earlier worksheets looked at high pass and low pass filters. Voltage

High pass

This circuit combines both, as the diagrams opposite illustrate. 93" 4Low pass
-------- Band pass

Put simply:

« The high pass filter eliminates low frequencies in the signal.
» The low pass filter eliminates high frequencies. Frequency

The only frequencies which experience significant voltage gain are
the mid-range frequencies. This results in the band pass curve.

The voltage gain for the filter is given by the formula: —
Voltage gain = Rg / Ry High pass | Low pass

as usual for an inverting amplifier.

The selectivity of the filter depends on the break frequencies of

the high pass and low pass filter.

O \
[,

Challenge:

« Investigate the effect of changing the component values in the circuit to change the break
frequencies of the low pass and high pass sections.

o For each combination, plot a graph of voltage gain versus frequency.

For your records:
o Draw the circuit diagram for the simple band pass filter.

o Calculate the break frequencies of the low pass and high pass sections of the circuit.
« Write a brief explanation of the shape of the voltage gain / frequency graph for this circuit.

o Use the internet or other reference source to research one of the following:
« a second order low pass filter;
e a second order high pass filter;
« a notch filter.
For your chosen subsystem, write a report, including a circuit diagram, with a brief
description of how it works.
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Instructor Guide

About this course
Introduction

The course is essentially a practical one. Locktronics makes it simple to construct and test electrical
circuits. The result mirrors the circuit diagram, thanks to the circuit symbols printed on the carriers.

Aim
The course is part of the ‘Electronic Principles’ module.
It explores the use of an op-amp inverting amplifier, modified to exhibit first-order filter behaviour.

Prior Knowledge

It is recommended that students have followed ‘Electricity Matters 1’and ‘Electricity Matters 2’ or have
equivalent knowledge of concepts such as current, voltage, and resistance. They should be familiar with
the use of an op-amp, configured as an inverting amplifier, and the corresponding voltage gain formula.
They should also be familiar with the behaviour of capacitors, the concept of reactance and the formula
linking it to capacitance and frequency. They should be able to construct and test circuits, using a range
of measuring instruments, including multimeters and oscilloscopes.

Learning Objectives
On successful completion of this course the student will be able to:
o describe the function of a filter subsystem;
 distinguish between active and passive filters;
o distinguish between first order and higher order filters;
o draw frequency spectrum graphs to distinguish between the following types of filter:
e low pass;
¢ high pass;
e band pass;
e band stop.
o define and explain the significance of the term ‘break frequency (cut-off frequency);
o state and use the formula linking break frequency to capacitor and resistor values;
» perform calculations using the prefices ‘kilo’, ‘micro’ and ‘nano’;
o draw the circuit diagram for a low pass (treble cut) active filter;
o draw the circuit diagram for a high pass (bass cut) active filter;
o draw the circuit diagram for a simple band pass active filter;
e use a signal generator and oscilloscope to measure the frequency response of an active filter;
o describe the performance of bass boost and treble boost filters;
o explain the operation of a simple band pass filter in terms of its low pass and high pass sections.
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Instructor Guide

What students will need:

This pack is designed to work with the Locktronics LK6804 kit. The electrical / electronic parts required
for this workbook are listed below.

Students will also need:

e Two multimeters capable of measuring currents in the range 0 to 200mA, and voltages in the range
0 to 200V;

e A function generator
e An AC power supply

e An oscilloscope capable of monitoring the signals it produces, such as the Pico 4000 virtual
oscilloscope.

Power sources:

Students will need to make use of an adjustable low-voltage DC supply. The output voltage from the
supplied HP2666 DC power unit can be adjusted to provide outputs of either 3V,4.5V,6V,7.5V,9V
or 12 V, with currents typically up to 1 A. The voltage is changed by turning the selector dial just above
the earth pin until the arrow points to the required voltage.

Tutors may decide to make any adjustment necessary to the power supply voltage, or may allow
students to make those changes.

Each exercise includes a recommended voltage for that particular circuit.

For some worksheets an AC source of power is required. A 12VAC plug top power supply is available
as an optional extra or students can use existing bench top AC supplies.

HP4429 AC power supply, 12VAC, 1.5A, Europe
HP3728 AC power supply, 12VAC, 1.5A, UK

Worksheets may refer to these power supplies which are not included in the kits.

Part numbers may change from time to time.
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Instructor Guide

The table shows the parts needed for all 4 workbooks in the Advanced electronic principles series.

Code
HP2666
LK2340
LK3982
LK4002
LK4003
LK4051
LK4123
LK4663
LK5146
LK5202
LK5203
LK5205
LK5207
LK5208
LK5214
LK5218
LK5224
LK5240
LK5241
LK8000
LK5243
LK5247
LK5248
LK5250
LK5254
LK5255
LK5256
LK5266
LK5402

Description

Power supply

AC voltage source carrier
Voltmeter OV to 15V

Resistor 100 ohm 3W 5% (DIN)
Capacitor, 1,000 uF, Electrolytic 16V
Triac - TIC206M

Transformer 2:1 turns ratio

Low power solar motor
Transistor, JGFET

Resistor 1k 1/2W 5% (DIN)
Resistor 10k 1/4W 5% (DIN)
Resistor, 270 ohm, 1/2W, 5% (DIN)
Resistor, 180 ohm, 1/2W, 5% (DIN)
Potentiometer 250 ohm (DIN)
Potentiometer 10k (DIN)
Resistor, 100k, 1/4W, 5% (DIN)
Capacitor, 47uF, Electrolytic, 25V
Transistor RHF NPN

Transistor LHF, NPN

Schottky diode

Diode power 1A 50V

Zener diode, 4.7V

Thyristor

Connecting Link

Zener diode, 8.2V

Transistor RHF, PNP

Transistor LHF, PNP

Bridge rectifier

Thermistor 4.7k NTC (DIN)

Code
LK5603
LK5604
LK5607
LK5609
LK6202
LK6205
LK6206
LK6207
LK6209
LK6214
LK6216
LK6218
LK6224
LK6232
LK6234L
LK6238
LK6239
LK6635
LK6706
LK7290
LK7361
LK7409
LK7483
LK8275
LK8492
LK8900
LK8900
LK9381

Quantity

P P WR RPRPNNNRPRPNRPRWWRRRRRRREREN

=
N

[
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Description

Lead, red. 500mm, 4mm to 4mm stackable
Lead black 500mm 4mm to 4mm stackable
Lead, yellow, 500mm, 4mm to 4mm stackable
Lead, blue, 500mm, 4mm to 4mm stackable
Capacitor, 100uF, Electrolytic, 25V

Capacitor 1 uF Polyester

Capacitor. 4.7uF, electrolytic, 25V

Switch push to make metal strip

Switch on/off metal strip

Capacitor, variable, 15-140pF

Capacitor 470nF Polyester

Resistor, 2.2k, 1/4W, 5% (DIN)

Switch, changeover, toggle

Resistor, 500k, 1/4W, 5% (DIN)

Op Amp Carrier (TLO81) with 2mm to 4mm Lea
Resistor, 200k, 1/4W, 5% (DIN)

Capacitor, 1nF, Polyester

LED Red

Motor 3to 12V DCO0.7A

Phototransistor Carrier

Photodiode

AA battery holder carrier

1:1transformer with retractable ferrite core
Power supply carrier with battery symbol
Dual rail power supply carrier

7 x 5 metric baseboard with 4mm pillars

7 x 5 metric baseboard with 4mm pillars
Ammeter OmA to 100mA

Quantity

N R RPRRPNRRRPRPRREPNRPRRPRRRPRRPRPLPWRRPNDMRLRRELNNNRN
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Instructor Guide

Worksheet Notes for the Instructor Timing

Introducing  This course begins with an introduction to the general concepts involved in 15 - 30
filters filters - the difference between active and passive filters and an overview of =~ Mins
filter types based on their frequency spectrum. The instructor, knowing the
students’ background can judge how much support to provide at this point.

Power supply possibilities - the layout diagrams are arranged so that the
new Locktronics power supply can be clipped onto the baseboard and used
directly. Other power supplies can be connected using the Locktronics
power supply carrier or 4mm leads.

The course assumes that students have access to dual-trace oscillo-
scopes. If these are computer-based, like the ‘Picoscope’ range, even bet-
ter as they can then save their traces for future reference. The instructor
could project some during tutorial work to make appropriate points.

1 In the first worksheet, students build and test the frequency response of an =~ 50 - 75
active low pass filter. mins

It is assumed that the students are already familiar with the use of an op-
amp as an inverting amplifier. It may be prudent to revise this circuit before-
hand.

Students use a signal generator and dual-channel oscilloscope (or equiva-
lent virtual instrument). Where necessary, support in the form of instruction
or demonstration on using these should be given before the students begin
their own measurements. It is important to remind students that the com-
mon ground connection to the signal generator and oscilloscope should be
taken to the OV supply rail. With some students, the instructor may wish to
check the settings on the signal generator and oscilloscope. Where a digi-
tal oscilloscope is used, the final traces will demonstrate that the settings
were correct.

It is assumed that the students understand the term ‘amplitude’ and are
able to measure this from the oscilloscope traces. Similarly, it is assumed
that they are familiar with the voltage gain formula.

If there are problems with the circuit, the first check should be that the pow-
er supply is working and connected correctly. One way to do this is to
measure the voltage across the power supply connections to the op-amp.
Secondly, if the op-amp is functioning correctly, the voltages on its two in-
puts should be identical, providing that the output is not saturated. If the
output is saturated, the student may have chosen incorrect values for the
resistors, may have the wrong amplitude setting on the signal generator,
may be adding a DC offset to the input signal, or may have an incorrect OV
connection.

The ‘So what’ section outlines the way that the filter works. This explana-
tion assumes that the students are familiar with the AC behaviour of capac-
itors. The instructor may wish to reinforce this explanation where neces-
sary.



Instructor Guide

Worksheet

1
continued...

locktronics’

Notes for the Instructor Timing
The challenge is to investigate the behaviour of 12V
a bass boost filter, using the same component
values. No layout is suggested for this, but the i isi
instructor may wish to give the one shown here °scig%s1cope2.2kg TFOO”F
to weaker students. I o
The distinction between treble cut and bass golBastor el P
boost lies in the values for voltage gain. oV -
‘Cut’ implies a gain less than one. The results
for the treble cut filter should show this for high -1]2V— 2
frequency signals. On the other hand, ‘boost’
implies a gain greater than one. The results for the bass boost should show
a voltage gain increasing well above unity for low frequency signals.
In this worksheet, students set up a high pass filter, again using the same 50-75
components and so giving the same break frequency. mins
The procedure is the same as in the firs worksheet. However, the instructor
may wish to check the settings on the signal generator and oscilloscope
with weaker students. (The frequency range is different so that the students
see the wider behaviour of the filter.)
Where appropriate, the students can be asked to plot the results on log-log
or lin-log scales. Some initial support would probably be needed for this.
The ‘So what’ section offers an explanation of the term ‘break frequency’
and obtains a formula for calculating it. Students will need practice in its
use.
Misuse of the multipliers ’kilo’ and 'micro’ (or 'nano’) is widespread!
The challenge is to investigate the behaviour of a
treble boost filter, still using the same component  12v.
values and so having the same break frequency.
The instructor may wish to give the layout shown Dt

. Oscillpsc! ; y
opposite to weaker students. chi + | ch2
Where a range of component values is available, ¢ # =1 i
faster students could be asked to investigate the ~ *"" : J .
effect of changing resistor and capacitor values. ‘
The issue of the distinction between cut and boost  -12v
(now bass cut and treble boost) arises here. The !
explanation is the same as in worksheet 1.
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Instructor Guide

Worksheet
3

Notes for the Instructor

In this worksheet, the student combines the experience gained, in work-
sheets 1 and 2 on low pass and high pass filters, to create a simple band
pass active filter and test its performance.

The process is the same as that used in earlier worksheets. The frequen-
cy range used is necessarily wider and more ‘granular’ than that used
previously - the instructor may wish to extend it even further to clarify the
contributions of the two sections.

Depending on the oscilloscope used, it may be necessary to give advice
on changing the time base setting as the frequency increases. Where a
Picoscope device is used, the student can make use of the
‘Measurement’ facility to read off the peak-to-peak voltages of the traces
directly. (It may be that the instructor prefers to develop students ability to
take measurements off the trace itself.)

Interpreting the resulting frequency spectrum is not straightforward and
itmay be best to limit it to the simplified description given in the text. Fast-
er students should be encouraged to experiment with this circuit by
changing the break frequencies of the low pass and high pass sections.
They must bear in mind desirable levels of voltage gain when changing
resistor values. Depending on the choice available to them, a useful way
forward is to leave the low pass section alone initially and increase the
break frequency of the high pass section, bearing in mind that this circuit
is supposed to be a device operating in the audio frequency range.

The ‘For what’ section offers the opportunity for combining the findings of
the different groups, on second order and notch filters, through presenta-
tions

delivered to the whole class.
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