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Radio is a consequence of a very fundamental
property of matter

That property is called “Charge”

We think about a charge
generating a “field” around it

Magnets generate a
“field” too

We don’t really know what charge is.

But we have learned how to use it

‘We need to understand something about “Charge”
and “Electricity” in order to understand how radio
works.

Electricity is all around us, and within us....

11

Charges create an electric field, which is a vector field

Path

Vector field E
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So where does electricity come from?

&

The + and - indicate electric charge.
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Charge is carried by a charge carrier which can be
electrons, protons, ions or holes.

Electrons are the charge carriers in metals and are
responsible for charge movement in electrical and
electronic applications.

Ions are the charge carriers in a plasma and in
biological systems.

Holes (and electrons) are the charge carriers in
semiconductors.

<— Electron diffusion
Electron drift —>

P 6688 n

{€— Depletion region
Hole diffusion —>
< Hole drift

On-off switch

= Battery +

So what is current?

Bulb

17 19
So we have two kinds of charge — positive and negative. Curl.'ent in a conductor must involve something
moving because:
Closed circuit Open circuit
- &> =2 e &
No connection, no current flow
18 20
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Electrical conductor
with free electrons
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with free electrons
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On-off switch

Direction of electron flow

So why do the electrons line up and move?

25 27
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Electron current
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Conventional current
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€— Direction of electron flow

(Conventionally, direction of current is shown from positive to negative)

29

30
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So what exactly is current?
Current is the flow of electric charge

So current is really the movement (flow) of
electrons along a conductor

We measure current flow in Amperes (Amps)
and use the symbol I (or i)
+--@ Attract
e,
epel
-® &-

That work can be mechanical (friction or pressure),
chemical, photovoltaic (light) or magnetic.

33 35
So what makes the electrons move? Voltage is really a measure of the energy of
electrons. [ y—
4
- i B Electrons have potential energy and will
-£) eee00000000 )~ flow from a point of high potential energy 5
- to a point of lower potential energy.
Y-
The difference in energy levels is referred to as
It takes work to push an extra electron in... the potential difference
We call that work voltage Since it makes electrons move, it is also called the
and use the symbol V Electromotive Force (EMF).
E and V both mean essentially the same thing.
34 36
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On-off switch
Why did the light bulb light? '°

The repulsion of that extra electron by one already
there resists its movement, i.e. there is resistance

Resistance depends on the composition of a

conductor, it’s length, diameter and the temperature.

It is measured in Ohms (Q)

1 Q permits 1V to push 1 A along
a conductor

Resistance to electron flow results in
conversion of energy to heat and light

Resistance is present in every electrical
circuit. We use known resistance in the
design of circuits.

37

39

1 Q permits 1V to push 1 A along a conductor

38
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Color coding of Resistors

231 15%

First Digit <
(red)

——» Multipli
Second Digit « (blfaéi)ler

(Orange)

A 23Q resistor

23 x 1 ohms with a tolerance rating of £5%

Series circuit

Parallel circuit

DD
pooRosnaon S LI

41 43
Series
4 band color code resistor Series connection
Ry R, R; R,
—AMW AV A M —
only one path for electrons to flow!
Paralle!
1 2 3 4
- - -
il
;l T Ry T R, T R
8 7 6 5
Bad Booze Rots Our Young Guts But Vodka Goes Well.
42 44
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Types of resistors

Fixed

Surface mount resistor
when compared to the
size of a normal resistor

Surface mount resistors
mounted on a PCB

Double tube Rheostat

Single tube Rheostat

45

47

Variable resistors

Image of a Potentiometer

Wiper resistance Resistive material

Internal structure of a Pot

Images showing different types of Trim Pots

46

48
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Pressure = increase Voltage = increase
Flow rate = increase Current = increase

Resistance= same Resistance= same

b4
BB

If the resistance to water flow stays the same and
the pump pressure increases, the flow rate must
also increase.

49

51

Ohm’s Law

“Ohm, Ohm on the range”

E=IxR

Pressure = same Voltage = same
Flow rate = decrease Current = decrease

Resistance= increase Resistance= increase

4
E=IR
\
If the pressure stays the same and the resistance
increases (making it more difficult for the water
to flow), then the flow rate must decrease:

50

52
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PREFIX | SYMBOL MULTIPLIER EXPONENT
FORM
Pressure = decrease Voltage = decrease exa E 1, 000, 000, 000, 000, 000, 000 10
peta P 1, 000, 000, 000, 000, 000 101
Flow rate = same Current = same tera T 1, 000, 000, 000, 000 1012
; : giga G 1, 000, 000, 000 10°
Resistance= decrease Resistance= decrease — o 000000 T
kilo k 1,000 10°
hecto h 100 10?
deca da 10 10!
E=1R Basic Unit | Basic Unit 1 10°
+ + deci‘ d 0.1 10!
centi c 0.01 102
If the flow rate were to stay the same while the milli m 0. 001 10°
resistance to flow decreased, the required i H i =
4 nano n 0. 000, 000, 001 10-°
pressure from the pump would necessarily pico D 0. 000, 000, 000, 001 1012
decrease: femto fi 0. 000, 000, 000, 000, 001 101
atto a 0. 000, 000, 000, 000, 000, 001 10°18
53 55
Practice the calculations in the book both in
Calculations

Chapter 3 and in the Appendix and at IC s

SWA

B-005-1-6 A kilohm is:

1. 0.1 ohm
1oy 2.0.001 ohm
ey RESISTOR é 3. 10 ohms
25R ¢ 4. 1000 ohms

i=0.48A
=480 mA

54 56
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B-005-1- H illivolt ivalent t
005-1-9 oW mafly miZvoTts afe equivalent to Series and Parallel calculations
two volts?
1. 0.000002 cesifiansinien
2' 2 000 esIstors In >eries
i. (2) 882 000 A 5A " 5A — SA
N ==
} - 15v .‘
R,=R +R,+R,+.. Eqn3-4
ET=EI+E2+E3+... IT‘=I]=]2=IS'"
57 59
. . Resistors in Parallel
B-005-1-2  If an ammeter marked in amperes is _ N
used to measure a 3000 milliampere current, what po " . y i
reading would it show? ' ’ :
1. 3 amperes
2.0.003 ampere B R, Ry
3. 0.3 ampere
4.3 000 000 amperes J
1 1 1 1
—=—t—t = Eqn 3-7
R, R, R, R,
E=E =E,= Iy=I+1,+1;+
58 60
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X
For two in parallel: = M Power
fota Rl + Rz
Power is the rate of doing work
P=EXI Eqn3-11
Aersmassssaasnenns E2
: P == Egn 3-12
- e B : R3 R
= — ! R R2 2: A 3
— I300R > 200R3: 100 P=I"xR Egn 3-13
2 ion 2 b3
T |t il ¢ 23 0w .
Then, P=—E or P:% Then, P =1(1R) or P:I:R
61 63
For mixed series and parallel circuits: Power equations
P=1E P=— P = I'R
DS s
A2 :
60 :
8 A1 :
8 :
5] 100 :
@ R3 :
40 :
S L o
Series first Parallel first E I
62 64
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B-005-6-2  How many watts of electrical power are
used by a 12-VDC light bulb that draws 0.2

ampere?

1. 2.4 watts

2. 60 watts

3. 24 watts

4. 6 watts

B-004-6-10 A resistor with a colour code of brown,
black and red would have a value of:

1. 1000 ohms

2. 100 ohms

3. 10 ohms

4. 10 000 ohms

65

67

B-005-6-3  The DC input power of a transmitter
operating at 12 volts and drawing 500 milliamps
would be:

1. 20 watts

2. 6 watts

3. 500 watts

4. 12 watts

Resistance

Voltage Current

66

68
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. We have been dealing with Direct Current. The
Now we need to look at different types of current. important property of DC is that current flows in
one direction only.
Now we need to understand Alternating Current
il (AC) which reverses direction periodically.
Pl \\\\J// \\\\” /\-:ui
t—
69 71
. “ "
i v pulsating
A . !
; il /m/\/\ '
i /W\/\p 9 direct
- direct \ j;"’\\f\f' variable
N ~-variable - : "
\ j / NN Val ;u ble o / ™~/ t
f‘\x‘v}‘ / t = N s
o~ alternating
alternating

How many of these four types of current are AC?

70

72
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Sine wave
s 5
2 =
T -
E —
=
—_—
[ =
Time —» m—
- Yobosit
sin@z ——
Hypotenuse
A t
cos B = 7‘1"?&"
Hypotenuse
tan@= —ZbROSITE Adjacent
Adjacent
Phase Angle

sin(x)
IJV\
2z

T

s,
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m 77% ir WW
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74

76
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Amplitude I /\

VY,

Wavelength ‘
79
&)
@)
0.7071V 1 - - Time
Low
Frequency
"]
=]
=
= Medium
=¥ \/\/\/\/ Frequency
z
The equivalent DC voltage is the Root Mean High
Square (RMS) voltage. N
If the RMS = 110v, Vp =~155v, Vpp =~310v
[VpA2]
78 80

20
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Amplitude ion (AM) quency ion (FM) Digital Modulation
Input (Modulating Wave) Input (Modulating Wave) Input (Modulating Wave)
0 11 0 1o

Carrier Carrier Carrier

Modulated Result Modulated Result Modulated Result

81
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Magnetism

Radio waves are electromagnetic waves

Magnetism is one of the fundamental forces of
nature

A magnetic field is what a electric field looks like
when the charge is moving relative to the observer

82

84
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Copyright ©

1 T

QOersted’s experiment in 1820 may have been the most
important experiment ever because it showed a
connection between magnetism and electricity

85
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® current

Notice that the magnetic field is perpendicular
to the direction of the current

So a current creates a magnetic field....

Does a magnetic field create an electric current

.....

89

Magnetic field lines always loop. They never
end the way electric field lines do

90

91

This is the basis of our economy!

23



We will need to think about magnetic fields when
we look at inductance...

Next time...

93
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