Pioneers Notes(R2)

Pioneers in electricity and magnetism

- - - a a - - - - - N
(7. a o -~ ~ -] (-3
¢ ¢ & § ¢ &2 '8 & & 8B 8
1 1 1
e William Giilbert
I 1 Otto von Guericke

F—— Francis Hauksbee
p—————— Stephen Gray
————1 Granville Wheler
p————— Charles Francois de Cisternay du Fay
———— - Georg Matthias Bose
p———————1 Ewald Georg von Kleist
————— Pieter van Musschenbroek
} 1 Benjamin Franklin
——— John Canton
Source: —————————— Tiberius Cavallo
———— Horace Benedict de Saussure
—_ Ahraham Bennet

The Story of Electrical and - I Alessandro Volta
. —_— Charles Augustin Coulomb
Magnetic Measurements From b——————————1 Luigi Galvani
t————————1 Hans Christian Cersted
500 BC to the 1940s f————1 Andre Marie P:mpére

P Johann Salomo Christof Schweigger
[ i Johann Christian Poggendorft

Joseph F KEIthIey F 4 Jamas Cumming
—iL Idi Nobili
(|EEE Press, 1999) —_ Je::g;pﬁste Fourier

—————— Georg Simon Ohm
»—-—-——-| Karl Friedrich Gauss
{ Wilhelm Eduard Weber
I—-——-—i Charles Wheatstone
——— Michael Faraday
{ Joseph Henry
, { William Thomson, Lord Kelvin
————— James Clerk Maxwell
——————— Heinrich Rudolph Hertz
F————— Guglielmo Marconi

i Edward Weston
i Joseph John Thomson

Contents Page
1 First observations 2
Static electricity 2
2.1 Electric potential (voltage) and capacity (capacitance) 4
2.2 Measuring static electricity [electroscope& ESL projects] 5
3 Dynamic electricity 9
3.1 Electromagnetic field 9
3.2 Measuring dynamic electricity [galvanometerproject] 9
3.3 Electrical resistance [carbon film resistor &_ED torch projed] 10
3.4 Electromagnetic induction [oscillator projeci 12
3.5 Electromagnetic radiation 14
3.6 The discovery of the electron 14

4 Reference material 15-18

Units, symbols, number notation, metric prefixes, component
construction, component number and colour codes (4-band)

© WENNIG Designs 1 www.wennig.com.au



Pioneers in electricity and magnetism Notes(R2)

1 First observations

Electricity Magnetism

Pieces of amber (fossil resin) were found on the Roman philosopher and poet Lucretius (circa 70

shores of ancient Greece ¢ and were hamed BC) wrote of lodestonedound in Magnesiain
electron (the shining thinyfor their attractive ancient Greece. Lodemeant to lead¢ and these
appearance. stones could lead out(attract) iron objects and

Amber was initially used for ornamental purposes alsolead theways F £ A 3y 6 A U-Baxig).k

only, but Thales (circa 600BC) wrote of the Lucretius named these lodestones magnet

YI GSNR I Q dact Hrpldaveskanid piecas 2| because of their Magnesian origin. The iron oxide
of straw when rubbed with cloth. material in these lodestones was later called
Aristotle (384-322 BC) also noted this mysterious magnetite.

property of amber, and one of his pupils, The magnetic compass was one of the first
Theophrastus, observed that jet (dense black scientific instruments ¢ and was used for

coal) had this same property. navigation from the 11" century.

2 Static electricity

William Gilbert(1544-1603) was the first person to systematically investigate the properties of
magnetic substances and frictional electricity. He constructed the first electrical measuring instrument ¢
the versorium (Latin for turn around ¢ in about 1600, and compared its performance to that of the
well-established magnetic compass. He concluded that magnetic and electrostatic forces of attraction
and repulsion were different phenomena.

William Gilbert is the first name to appear on the time line presented on \—“t_‘(
page 1. The last name on that list is Joseph John Thomson, the researcher S

who in 1897 identified the electron as the smallest charge-carrying Gilbert's varsarium. &

particle¢l f Y2au onn €SIFENBR I FUSNI DAfO Wikipedia: Electroscopej ATl GA

Otto von Guerickg1602-1686) developed the first primitive machine to continuously generate static
electricity by friction, greatly aiding electrical experimentation. He invented a vacuum pump, opening
the way for future experiments without the interference of air.

Stephen Gray1666-1736) separated materials into electricg(insulating) and non-electricgconducting)
by extensive experimentation. He reasoned that in certain materials (like metals) the electrical influence
of friction somehow leaked away into the surroundings.

He was the first to observe electrostatic inductior the transfer of electrical effects from one object to
another by proximity rather than direct contact ¢ and his experiments with static electricity on damp
(conductive) hemp ropes suspended on thin dry (insulating) silk threads showed that electrical effects
were not affected by bends in the conductive path, or by gravity.
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Pioneers in electricity and magnetism Notes(R2)

Charles du Faf1698-1739) reasoned i K i G KSNB 6 SNB (0 ¢ fitredud@asa 2F St S
rubbed with silk) and resinougamber rubbed with wool or fur). He found that like-type fluids repelled,
unlike-type fluids attracted, and that the two types of fluid neutralized each other when combined.

glass jar, created the first capacitorc g KSNBE St SOGNA O Wt dz
accumulateor condensen the surfaces formed by the water inside the jar and

the table beneath the jar. Thin metal coatings were later used on the inside and
outside surfaces of these Leyden jars; so named because the experiments were
performed in Leyden, Holland. Such devices have about 1 nF of capacitance

Peter van Musschenbroe{d 692-1761), while attempting to electrify water in a ?

Benjamin Franklin(1706-1790) used experiments with Leyden jars to conclude
GKFG St SOGNROAGE &natwRaybiligvedbyCharleSdu S O i
Fay. Franklin believed that when objects were electrified by rubbing, the softer
resinous materials lost fluid (so he named resinouslectricity negative and the
harder vitreous materials gained it (so he hamed vitreouselectricity positive). The
NEFf StSOGNRY WTfdZARQ 61 a €1 aGSNI F2dzy Wikipedia: \x 5§ N& ¢
assumed by Franklin, so today we assign a negativepolarity to electrons Leyderjar

Y

John Cantor{1718-1772) constructed the pith-
ball electroscope, and Abraham Benne{1749-
| 1799) the gold-leaf electroscope ¢ both devices
s enabling the first measurements to be made of
the magnitude of electrostatic forces.

f

Pith-ball electroscope Wikipedia: Electroscope Gold-leaf electroscope

CharlesAugustin Coulomt{1736-1806) developed a torsion balancdo greatly improve the accuracy of
measurement of electrostatic forces. With this instrument he determined the inverse square law
relating the electromotive forcebetween two charged objects to their distance apart. He also
investigated the distribution of electric charge over surfaces.

Luigi Galvan{1737-1798) discovered that chemical action could also

produce electrical effects, thereby inventing the chemical cell /+Q
! Alessandro Voltg1745-1827) development the voltaic pileor chemical v T —C
| batteryco 4S8R 2y [dzAdA DFE OFyAiQa R "o

of zinc and silver separated by cardboard soaked in brine to produce a
battery of cells that could deliver, for the first time, a continuous flow of

charge (current). He realised the importance of completing the circuit C :9
Wikipedia: ~ to provide a path for current to flow from one terminal of the battery, V
Voltaic pile through the load, and back to the other terminal of the battery. Q=CV

Volta also explored the relationship between charge, tension (voltage) \ :%

and capacitance
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Pioneers in electricity and magnetism

Notes(R2)

2.1 Electric potential (voltage) and capacity (capacitance)

This early work on electrostatic forces led to the definitions of electric field strength, electric potential
(or voltage) and electric field capacity (capacitance). The following descriptive quotations are taken
from the 1896 text ¢ Elementary Treatise dalectricity and Magnetisg by Foster and Atkinson:

[Page 7TThe Electric Field When two bodies have been rubber together so as to electrify them, the
result cannot be detected until the surfaces have been separated. In separating them, work has to be

R2yS Ay 2NRSNJ (2
body brought into their neighbtNK 2 2 R X A &
20 KSNXY LT Xvorkigdore dythe @lectficallfofrésdzl f f &

0261 NRa

idKS

2 JSND2YS

a dzo

GKS TFT2NDS

GAGK 6KAOK
F2NOS G(SYyRAY
GF 1 ¢

2Sou G2

The strength (E) of this electric force field is the force that would be exerted on a charge of one
coulomb placed in the field. The unit for electric field strength is therefore the newton per coulomb
(N/C), though a more common and convenient derived unit is the volt per metrgV/m). The direction of
this electric force field is the direction in which a positive charge would move if released in the field.

+
+
+
+

______ [ —
Force @
field .
______ »_—

E

(unit: N/C)

[Page 50Potential dfference The electric potentiafin volts) at any point, A, exceeds the potential at
any other point, B, by an amoumtqual to the workin joules) that would be done by electric force upon
a unit of positive electricitjone coulomb) transferred fromA to B.

+
+
+
+

In general, for any charge Q:

VA' VB

WAB

(unit: J/CorV,

[Page 65Electric field capacity Thecapacity(in farads) of an electric field is the ratio of the charge of
the field to the difference of potentials between its boundaries, and is numerically equal to the charge
required to establish unit difference of potentials between them.

+Q
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Pioneers in electricity and magnetism

2.2 Measuring static electricity

The gold-leaf electroscope, invented by Abraham Bennet (1749-1799),
enabled the first measurements to be made of electrostatic forces. Such
measurements can be demonstrated with the instrument detailed below.

The electric potential (voltage) and electric field capacity (capacitance) of
the electroscope can also be found with aid of an electrostatic voltmeter
such as the low-cost Electrostatic Sensor (ES-1 kit).

Figure 2-1 Electroscope construction (dimensions are not critical)

Notes(R2)

)/\ 50 mm diameter

alfoil disc glued
( )4— Plastic lid to plastic lid

|

Plastic or glass food
container (honey,
peanut paste ... )

\

Alfoil leaves suspended from wire loop passing through hole
in container lid i and in electrical contact with alfoil disc

a 160 mm

v
x

a5 mm

A

»
»

a 40 mm

Figure 2-2 Triboelectric Series (only common examples are shown)

_ Relative : .
Material . Triboelectric effect
polarity
Skin or hair L L .
Positive 1 When two dissimilar materials are touched or rubbed
Glass together, electrons move from one material to the other
Nylon
V\)/l | A 9 The material listed higher on the triboelectric series loses
_°° electrons to become positively charged, and the lower-
Silk listed material gains the electrons to become negatively
Aluminium charged
Paper | The further apart the two materials are on the series the
Cotton greater the number of electrons transferred, and the
Acrylic greater the potential difference between the materials
Rubber v when they are subsequently separated.
PVC .
Negative
Teflon

© WENNIG Designs

5 www.wennig.com.au



Pioneers in electricity and magnetism Notes(R2)

Charging the electroscope by induction

Rub a length of PVC tube with synthetic cloth. Electrons move from the cloth (higher in the series) to the
PVC tube (lower in the series). The cloth becomes positively charged, and the PVC tube negatively
charged ¢ these polarities will be confirmed later with an electrostatic voltmeter.

Figure 23a When the negatively charged PVC tube is held near the alfoil disc on the lid of the
electroscope, electrons re-distribute to leave the disc positively charged and the alfoil leaves negatively
charged. The alfoil leaves diverge as the like-charged electrons repel each other.

Figure 23b: Briefly touch the alfoil disc with a finger or wire, providing a path to ground for repelled
electrons. The alfoil leaves collapse.

Figure 23c. Remove the charged PVC rod, and the alfoil leaves again diverge as the positive charge re-
distributes throughout the electroscope. As before, like charges (positive this time) repel each other.

Figure 2-3a Figure 2-3b Figure 2-3c

++ + + + + + + ++++" - = = = = =
Ground Ground Ground Ground

Measuring the voltage across the charged electroscope

A force field, and hence an electric potential difference (or voltage) exists between the electroscope and
ground. An electrostatic voltmeter will measure both the magnitude and polarity of this voltage, as
shown in Figure 2-4 below using the Electrostatic Sensor (ES-1) instrument.

Figure 2-4 Electrostatic measurements
Typical observations:

When the probe touches the electroscope,
the alfoil leaves collapse slightly as a few
nanocoulombs of charge flow from the
electroscope into the ES-1 circuit.

The digital voltmeter displays several volts
Red(V)  pigital (positive polarity), indicating several
Black Multimeter  thousandvolts on the probe (the ES-1

20V
= = = = = = /(GND) Biackicom POV piiec the probe voltage by 1000).
Ground
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Pioneers in electricity and magnetism Notes(R2)

Determining the capacitance of the electroscope

Two consecutive measurements of the voltage across the electroscope, together with knowledge of the
input capacitance of the ES-1 (Cs = 1.0 pF), enable the electroscope capacitance (Cg) to be determined:

Action/ observation Typicalresults

Figure 24a Charge the electroscope by induction, and measure - 5
the resulting electroscope voltage (Vg) with the ES-1 Ve=Vs 2.22kV

Figure 24b: Lift the probe away from the electroscope disc, and -
discharge the ES-1 using the push-button on the instrument Ve=2.22kV, Vg 20V

Figure 24c: Measure the electroscope voltage a second time.
The electroscope leaves collapse slightly, and the electroscope V.=V, 468KV
voltage falls slightly from the previous value, as charge flows E S ™
from the electroscope into the input capacitance of the ES-1

Calculate the charge (Qg) lost from the elect to the ES-1 Qs=(CIV)

alculate the charge (Qs) lost from the electroscope to the ES- _

when measuring Vg the second time =(1.0pF)(1.6&V)
=(1.0 310" F )(1.68 31év
Capacitor theory used: Q=C.V _ 3119

ES-1 input capacitance: Cs=1.0 pF =1.68 *10°C
=1.68nC

ComB
(Veld]- Vel2])

m

The charge lost from the electroscope to the ES-1 caused the
electroscope voltage to fall from 2.22 kV to 1.68 kV. From this

information, the electroscope capacitance can be calculated — 1.68nC
(2.22kV - 1.6&V
Capacitor theory used: C=Q/V 6% 10°C
In this example, the changein charge and the resulting changein = i
voltage are used instead of the absolute charge and absolute 540v
voltage values ¢ which is valid because the linear relationship _ 3112
S =3.11310" F
between charge and voltage passes through the origin.
=3.1pF
Figure 2-4a Figure 2-4b Figure 2-4c
Electroscope ES-1 Electroscope ES-1 Electroscope ES-1

————————— 2 e e T e I it B ettt
| | [ | |
ey s A e+ e O

| | | | | | |
Pove | =l X [+ s 1 bove |2l N R V2R R VAR T KX B G |
:222va——_CE: :CS— Tzz\ékvl '222kVT_—CEI : CS__TOV: :l68kV ——_CE: :CS— 16\e/akv|
| | 11p0 ! : : 11 1p0 Lo | 11p0 !
' — P 1 : rod — [
L ____ L I e A S ___ L 1

The capacitance of the ES-1 is about one third of that of the electroscope ¢ hence the extent of collapse
of the electroscope leaves, and also the fractional change in electroscope voltage, when the two devices
are connected together for the second voltage measurement of Figure 2-4c.

© WENNIG Designs 7 www.wennig.com.au



Pioneers in electricity and magnetism

Link ing voltage with electric field

Notes(R2)

Connect the ES-1 across the electroscope with clip leads, and record the magnitude and polarity of the
measured voltage at each stage in the charging of the electroscope by induction:

Figure 2-5a
(charged rod nearby)

coMm

+ + + + + +
Ground

+ [ XXXXXOXX]

Figure 2-5b

(electroscope grounded)

Ground

+ [ XXXXXXdDX

Figure 2-5c

(charged rod removed)

Ground

+ [ XXXXXXX0;

Draw electric field lines on the following sketches, and refer to the original definition of potential
difference (voltage) to explain the measurements recorded above. Check polarity!

+++++ +

+ + + + + +
Ground

© WENNIG Designs
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Pioneers in electricity and magnetism Notes(R2)

3 Dynamic electricity

3.1 Theelectro-magnetic field

_ . . . ) Current, | (A)
Hans Christian Oerste@ 777-1851), while experimenting with the A

newly discovered voltaic pile and the continuous current it could
produce through a conductive path, noticed the slight deflection of a :
nearby magnetic compass needle. His is the first recorded observation Y-’v",'\/lagnetic
of the link between electricity and magnetism. Field,

Andre-Marie Ampere(1775-1836)(i 221 hSNRGSRQ&
developing the first mathematical theory of electromagnetism ¢ the
relationship between electric current and the resulting magnetic field.

He used the deflection of a compass needle to measure the current
flowing in a nearby wire, creating the galvanometer(first ammeter).

Field arrows indicate the
direction in which a North
magnetic pole is forced.

3.2 Measuringdynamic electricity (current)

The galvanometer (first ammeter) Figure 3-1 Galvanometer

Lay a length of wire on a table, and align it North-South. 0A
Place a magnetic compass over the wire as shown in

Figure 3-1. The separation between the needle of the

compass and the wire should be only a few millimetres.

Current m easurement

Pass current through the wire, and observe the direction and
angle of deflection of the compass needle as the current is
gradually increased to 1 A:

9 The North pole of the compass needle swings East M)

1 The angular deflection increases with current, reaching
about 20° at a current of 1 A.

Improving sensitivity

Bring the wire back over the top of the compass so it
contributes to the magnetic field near the compass needle.
The sensitivity of the instrument increases, with 20° angular

deflection now reached with a current of about 500 mA. 500 mA
Additional turns of the wire around the compass will further Conventional current direction is
increase the sensitivity of the galvanometer. indicated in these sketches.

© WENNIG Designs 9 www.wennig.com.au
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3.3 Electrical resistance
Georg Ohn(1789-1854), experimenting with a voltaic | V=IR

pile and different conducting materials, discovered the \V;
direct proportionality between the potential difference _E
across a conductor and the corresponding electric vV

current through it. This relationship is now known as
hKyQa f1I

Lengths of wire formed the ¥ A NBR G gtNaBoagkr and shihkBr the wire, the greater the resistance.
High-power resistors are still constructed this way, but most other resistors are made by depositing thin
resistive films onto insulating substrates (cylinders and rectangular prisms).

Constructing and testing carbon film resistor s

Thin film of carbon
Draw a small square (about 20 mm x 20 mm) onto paper, and made with soft |:|
fill it in with a soft graphite pencil (e.g. 6B) to create a patch pencil (.9. 68)
of WO NB2Yy TFTAfYQO® @
Test the continuity of the film with an ohmmeter, measuring \ 10A COM v

the resistance between various points on the film. With sharp \J
probe tips, typical resistance readings will be quite high but \—J

should register on the meter ¢ if not, add more carbon. A

Cylindrical film resistors require more care to construct
because the carbon film can be damaged by handling.

tape, allow any adhesive to dry, and use a soft graphite pencil
to coat the cylinder with a carbon film (holding the device g COM
between finger tips to avoid touching the film).

Cover a 20 mm length of thin dowel with LJ- LIS NJ 2ONJ @

Carefully twist thin wires around each end to provide for
electrical connection, and measure the resistance of the
device with an ohmmeter.

Coat the device with clear acrylic lacquer to protect the film.
w T XXX XXX XX

A typical application

Resistors are often used in electronic circuits to limit current flow, as demonstrated in the following LED
(light-emitting diode) torch circuit. In this circuit, the white LED requires only 3 V to operate, and would
be damaged if directly connected across the 9 V battery. Current-limiting resistor R1 is connected in
seriesswiththe LEDG 2 RA @S NI { K &Girrekt SFE IO Whickis acceptable todhe LED ¢
hence the R1 resistance value of 560 m (byh K Y Qa. f | g0

© WENNIG Designs 10 www.wennig.com.au



Pioneers in electricity and magnetism Notes(R2)

Light -Emitting Diode ( LED) torch project

In the LED torch circuit below, resistor R1 is used to limit the current through the LED to 11 mA.

S1 R1
T 560
-~ L D1 | = (Vs- ) Note:
i o| white - RL Typical battery
ov — 4 _(9.0V- 3.0v) and white-LED
T TN\ T B560W voltagehs are
. —11mA used here

Breadboard: See breadboard article: http://en.wikipedia.org/wiki/Breadboard

Side view

A (anode)
=] ® 0 0000000000 00 ofe
- K (cathode) H
. el
Batl Flat section Larger metal

Y 9V - onrim tab
s /
j ® 0 0000000000000 00 LED

o0 000 LN ] : LN ] markings 1

0 000 o0 000 TOpVIeW

Printed circuit board (or stripboard): Download TARGET 3001 V15 ®iscoverd
http://www.target-3001.de/target/v15/english/discover/target3001_discovere v15.exe

s 9 Adhesive
\_) Rubber feet
BATL
Sy
an
- 9

NOTE: If copper stripboard is used, the copper strips can run across the full
width of the board T there is no need to trim them to the lengths shown.

© WENNIG Designs 11 www.wennig.com.au
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3.4 Electromagnetic induction

Michael Faraday1791-1867) discovered electro-magnetic Figure 3-2 Electromagnetic

induction, where a changing magnetic field induces a voltage induction

across a conductor or coil nearby. The source of the magnetic

field could be a permanent magnet or a current through a Current, I (A)

conductor or coil. 4

Induced voltage

proportional to

rate-of-change
of magnetic

field (caused by

rate-of-change
of current, I)

3

Faraday proposed the first mechanical generators of electricity
using this principle.

Transformers (mutual inductance)

TransformersS Y LJ 2 & CI NJ RAswitDthe RA & Oz
galvanometer, a coil of wire produces more magnetic field than a

straight wire, and also a coil of wire has more voltage induced

across it than a straight wire ¢ so most practical transformers

have many turns on both their primary and secondary windings. }

Transformer symbols show the two coils, and also indicate the Iron Ferrite Air
Y6IEGdzZNBE 2F GKS WO2NBQ YI G4SNA core core core
Inductors (self inductance) ni/nt

When a changing current flows through a coil, the resulting Vi=L OID1)
magnetic field also induces a voltage in that same coil. Such a Vi
single-coil device is an inductor, and the ratio of the induced L TVl L=——
voltage (Vi) to the corresponding rate-of-change of current (DI'/ D)

(nl/nt) is the inductance(L) of the device. The unit of inductance
is the henry (H).

Inductor-capacitor oscillator project

Inductors require a time-varying current (nl/nt) to induce a measurable voltage (Vi). Inductor-capacitor
(LC) oscillators continuously vary the inductor current to induce a sinusoidal voltage across the inductor
which is easily observed on an oscilloscope.

Frequency of oscillation is determined by the circuit capacitance (C) and 1
inductance (L), and can be designed to be audible for testing with a piezo- f =
electric transducer. This oscillator has a total circuit capacitance of 88 nF, a os¢ Zp, / L C
circuit inductance near 15 mH, and therefore oscillates at about 4.4 kHz.

Parts list:

Resistors 2 x1.5km, 1x 330 km, 1 x 10 m, 1 x BC549 transistor (transfer resistor)
Capacitors 2 x 1.5uF polyester, 1 x 100 nF polyester

Inductor: 1 x 15 mH ferrite core (which can be one winding of a transformer)
Hardware: breadboard, 9V battery and connecting wires, piezo-electric transducer

© WENNIG Designs 12 www.wennig.com.au
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Oscillator operation

Transistor (transfer resistor) Q1 is biased into operation by resistorsR2, R3 and R4, and in conjunction
with capacitorsC2 and C3 it creates a resistanceof about -50 m (negative!). Oscillation occurs because
this negative resistance (gain) exceeds the positive resistance (loss) of the wire in inductor L1, and the
current-sensing resistor R1 (R1 is used to convert current to voltage for display on an oscilloscope).
The frequency of oscillation is determined by the inductor L1 (15 mH) and the total capacitance of
series-connected C1, C2 and C3 (88 nF).

Figure 3-3 GOscillator circuit and breadboard layout

| ——e 0000 oc0coe o eecee ceepe /C
0 =) 5\ 5] 9 LJR3
~ 0000000000000 00 04 eeefeoovde Q1
+ — 0 © © 00 0000000 0 0 0 0 04 Cl}... e — ﬂ
Ieeeeesccce yeoeooee Q1 =
woooooooooo}x Xpooooee .@ooo
Leeeeoeoocoecoos oo X |e ee u|CBE
Vs — o | EIR )RZ
V— Battery moooooooooo] [ooofoo oo ou
O e ee e 00000 X X ®® 000000000 O
Ceeeeeececee see e evosoe v
- N 0000000000000 00CCCSICOCCOIOCOCROCROIEOIOIEOIEOD
B < ® 0 00000000000 0 00 L N ] X L] ® 00 0 <
- © g 9 R1 |C3[ae[]r4 8

X
S N AT L T

Waveform A The voltage induced across the inductor is a sine-wave with a frequency near 4.4 kHz and
an amplitude of typically 2 V(pp). This is the best waveform to use for oscilloscope triggering.

Waveform B The voltage across R1 is due to the current flowing through R1 and inductor L1
(connected in series). This waveform is typically 50 mV(pp), and is 90° phase shifted from Waveform A
due to the relationship between voltage and current in an inductor (Vi = pl/nt).

Waveform C Typically 6 V(pp) and quite distorted as the transistor cycles between saturation and
cutoff states. The degree of distortion is due to the excess gain (negative resistance) used to ensure
that oscillation commences irrespective of component value tolerances.

Transformer action

If inductor L1 is one winding of a transformer (as shown in the
breadboard layout above), the voltage induced in the other
winding can be demonstrated by connecting a piezo-electric
transducer across that winding (or it can be observed on an
oscilloscope).

The piezo-electric transducer can also be connected between . .
WQ YR Db53 .2GNDiste @mihaedefddencs e
point in the circuit ¢ in this case the negative side of the power \ - © 3
supply or battery as shown in Figure 3-3). T eeeee eeves

© WENNIG Designs 13 www.wennig.com.au
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3.5 Electromagnetic radiation

James Clerk Maxwe{lL831-1879) combined all the findings on electricity and magnetism into a unified
theory. Hisa | E 6 St f Q &den®ifjstatedithaeléciricity and magnetism are all manifestations of
the electromagnetic fieldthat can travel through space at the speed of light. His work is considered to

be one of the greatest advances made in physics.

Heinrich HertZ1857-1894) was the first to demonstrate
practically what Maxwell had predicted mathematically ¢
the existence of electromagnetic radiation. He used a
spark-gap transmitter, the first dipole transmitting
antenna, and a loop receiver. He could see no practical - |
Spark Gap transmitter D

Reciener

application for his findings.

Guglielmo Marcon{1874-1937) studied the work of —
Heinrich Hertz, and was the first to apply field
electromagnetic waves to long-distance wireless
telegraphy Using a spark-gap transmitter similar to
that used by Hertz, a sensitive cohererreceiver and a
long wire antenna, he eventually achieved Magnetic
communication over thousands of kilometres. field

Propagation

L-C tuned circuits and oscillators

The spark gap transmitters of Hertz and Marconi spread electromagnetic energy across a wide
frequency range, effectively limiting communication to one user at a time. Inductor-capacitor tuned
circuits and oscillators soon followed, restricting users to specific operating frequencies and
bandwidths, and enabling many users to communicate simultaneously.

3.6 The discovery of the electron

Joseph John Thoson(1856-1940) while experimenting with electric discharges in a vacuum,
discovered the first sub-atomic particle ¢ the electron. He found that the electron was negatively
charged ¢ according to the polarity convention established by Benjamin Franklin.

All phenomena outlined in these notes result from the activity of these particles:

9 Electrons at resproduce a static (stationary) charge, electric field and voltage
9 Electrons in motioncurrent) produce a magnetic field

9 Electrons acceleratin¢changing current) produce an electromagnetic field.
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Pioneers in electricity and magnetism Notes(R2)
4 Reference material
Units, symbols, number notation
Nominal . Quantity . Unit
field Quantity symbol St Unit symbol
Charge Q coulomb C
Field strength £ newton per coulomb N/C
volt per metre V/m
Electrical Voltage Vv volt \Y
Capacitance C farad F
Current I ampere or amp A
Resistance R ohm M
Electrical
ectrica .and Work or energy w joule J
mechanical
_ Force F newton N
Mechanical .
Length or distance d metre m

Scientific notation

The number 123456.7 is expressed as:
1.234567 X10°

7

Only one digit before
the decimal point

The power of ten needed

to restore the value
of the number

Metric prefixes

With engineering notation, metric prefixescan be used to represent powers of ten. For example,
6.25 x10° V becomes 6.25 kV (kilovolts) and 48.9 x10° A becomes 48.9 puA (microamps)

Engineering notation

The number 123456.7 is expressed as:

123.4567 X10°

/
One to three digits The power of ten must be
before the decimal point a multiple of three

(see metric prefixes)

Power of Metric Svmbol Power of Metric Svmbol
ten prefix y ten prefix y
10% yotta Y 107 milli m
10 zetta Z 10°® micro 1
10 exa E 107 nano n
10" peta P 102 pico p
10" tera T 10" femto f
10° giga G 1018 atto a
10° mega M 10 zepto z
10° kilo k 10 yocto y
© WENNIG Designs 15 www.wennig.com.au
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Capacitor, resistor and inductor construction

Typical

Symbol Physical characteristics :
construction

o

U is the permittivity of the
dielectric between the plates

J_ C C= e A is the area of overlap of the

—l_ T plates

d is the distance between the
plates

Film capacitor for
surface-mounting

Capacitors are usually classified according to the insulating material separating the plates (dielectric).
Common examples are mica, ceramic, and plastic film polycarbonate, polyester,.. ). Some, like
electrolytic and tantalum are polarised. Manufacturers also specify maximum operating voltages and
the effects of temperature on capacitance. Capacitors can be fixed in value or adjustable.

Nickel cap

} s the resistivity of the
resistive material used

Ceramic core

R _ra | is the length of the resistive
A path Carbon film Protective lacquer

Carbon film resistor for
through-hole mounting

A is the cross-sectional area of
the resistive path

Resistors are usually classified according to the material used in the current path. Common examples
are carbon filmand metal film. Manufacturers also specify maximum power ratings and the affects of
temperature on resistance. Resistors can be fixed in value or adjustable.

M is the permeability of the
core material used

N is the number of turns in the

anZ K winding

L
L | A is the cross-sectional area of
the core
| isthe length of the magnetic Toroidal inductor for
path in the core through-hole mounting

Inductors are usually classified according to the material used in the magnetic path (core). Common
examples are air, ferrite and iron. Manufacturers also specify maximum DC current ratings and the
recommended operating frequency range. Inductors can be fixed in value or adjustable.

© WENNIG Designs 16 www.wennig.com.au
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Capacitor value codes
Polyester
capacitors
Ceramic Electrolytic
capacitor capacitor
\ 4% / 4
\ \
\
Dielectric Example Alpa-numeric Numeric Schematic
type value marking code (pF) marking
Ceramic 33 pF +5% 33Jor 33 - 33p
Ceramic 1> CG20% - 105M M B or 1u0
Polyester 12 nF +10% 100V 12nK100 123K100 12n
Polyester 2.2> 5% 63V 2.2)63 225)63 2>2 or 2u2
Electrolytic 470 > @5V 470> @5V - 470> 470N

Ceramic capacitor codes using numeric coding

102K = 1,000pF @ 10%

(9 |

Multiplicr
Tolerance

Ist Significant Digit
2nd Significant Digit

Multiplier Table Tolerance Table

(Additional no. of Zeros) 4 :
| 0 | None (0) | C | s0.25F |
| 1 1 10 (1) | | =55 ’
| 2 | 100 (2) . K | 2103
I TR TR N ST T
( 4 | 10,000 (4) | D | ~0.5pF |
| 5 | 100,000 (5) z | -80%/-20% |
1 6 \ 1,000,000 (6) |
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Resistor colour codes

NN

Black |0 0 | x10°
Brown 1 1 =101
Red |2

Yellow |4

\White |9 9 x10°

| +1% (F)
2% (G)

Color 15t band 2" band 3" band (multiplier) 4™ band (tolerance)

Gold %101 +5% {J)
Silver =102 £10% (K)
MNone +20% (M)

Notes(R2)

Colour code chart sourced from Wikipedia: http://en.wikipedia.org/wiki/Electronic_color_code

Colour code Resistance value Schematlc
marking
grey ¢ red ¢ gold ¢ silver y PH M ) 8R2
brown ¢ green ¢ black ¢ gold Mp 386 15
yellow ¢ violet ¢ brown ¢ gold nNTn Mm B 470
Examples
green ¢ blue ¢ red ¢ gold pdc 1 m 5k6
brown ¢ black ¢ orange ¢ gold MO 1 m E 10k
green ¢ blue ¢ yellow ¢ gold pcn 1 m 560k
Resistors are available with an additional colour bands before the multiplier to
Note provide additional significant figure precision, and another after the tolerance
band to indicate the temperature coefficient of resistance.
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