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SECTION 5 A
Basic Electronics & Theory



  

This course is being taught to the July 15, 2025 Update 
of the Canadian Basic Amateur Radio Exam Questions.



  

B-005-001: Metric prefixes and unit conversions in   
     radio/electronics

B-005-002: Basic electrical concepts
B-005-003: Electrical power and circuit conditions
B-005-004: Ohm’s Law and its applications
B-005-005: Series and parallel resistor combinations
B-005-006: Power handling and ratings in resistors and 

        circuits

SECTION 5 QUESTION CATEGORIES:



  

B-005-007: Alternating current (AC) fundamentals
B-005-008: Decibels (dB) and power ratios
B-005-009: Inductors and capacitors in series/parallel
B-005-010: Reactance and impedance in AC circuits
B-005-011: Transformers and electromagnetic induction
B-005-012: Resonance in tuned circuits
B-005-013: Measuring instruments in electronics

SECTION 5 QUESTION CATEGORIES:



  

Key Introductory Concepts



  

Voltage (V or E, measured in Volts, V):
●The "electrical pressure" or push that makes 

current flow, like water pressure in a tower. 
●Higher voltage can drive current through more 

resistance.
●Batteries supply DC voltage; wall outlets 

supply AC voltage. 

Introductory Concepts:



  

Current (I, measured in Amperes or Amps, A):
●The flow of electrons through a wire or circuit, like 

water flowing through a hose. More current means 
more electrons moving per second.

● In radio, current powers your transmitter and 
lights up meters.

Introductory Concepts:



  

Power (P, measured in Watts, W):
●The rate at which energy is used or delivered — 

basically how much "work" electricity does. Simple 
●formula: Power = Voltage × Current 

Introductory Concepts:

P=V×I



  

Resistance (R, measured in Ohms Ω):
●Opposition to current flow, like narrow spots in a 

hose slowing water. Resistors limit current, divide 
voltage, or protect components.

● In antennas and circuits, too much resistance wastes 
power as heat (bad for efficiency).

Introductory Concepts:



  

Introductory Concepts:



  

Inductors:
● Coils of wire (sometimes with a core) that create a 

magnetic field when current flows. They store energy in 
that field.

● Inductors block high frequencies but pass low ones 
(opposite of capacitors).

● Used in filters, chokes (to stop RF from going where it 
shouldn't) and tuning.

Introductory Concepts:



  

Capacitors:
●Devices made of two plates separated by an 

insulator that store electric charge.
●Used in filters, tuning circuits (to select 

frequencies), power supply smoothing and blocking 
DC while passing AC signals in radios.

Introductory Concepts:



  

Inductance (L):
●L, measured in Henries, H — usually millihenries 

mH or microhenries μH
●Opposition to changes in current flow due to a 

magnetic field. 

Introductory Concepts:



  

Capacitance (C): 
● C, measured in Farads, but usually microfarads μF, 

nanofarads nF, or picofarads pF)
● A component's (or circuit's) ability to store electric 

charge/energy in an electric field, like a tiny 
rechargeable bucket. Capacitors block DC but pass AC — 
the higher the frequency, the easier AC passes through.

Introductory Concepts:



  

Frequency (Hz):
● f, measured in Hertz Hz, or cycles per second
● How fast the AC signal oscillates (goes up and down).           
● 1 Hz = 1 cycle/second.
● Ham bands use: 

● kHz (thousands) for MF/HF
● MHz (millions) for VHF/UHF. 

Introductory Concepts:



  

Transformers:
● Two (or more) coils wound on a shared core. They                        

transfer AC energy from one coil (primary) to another (secondary) 
via magnetic coupling — no direct electrical connection. 

● They step voltage up or down (EX: high voltage for plate supplies in 
old tube radios, or low voltage for modern gear). Only work on AC, 
not DC. Very useful for impedance matching and isolation in ham 
equipment.

Introductory Concepts:



  

Reactance (X):
● is the opposition to alternating current (AC) caused specifically by 

inductors and capacitors (not by resistors). 
● Unlike resistance, reactance does not dissipate energy as heat — it 

temporarily stores energy in magnetic or electric fields and then 
returns it to the circuit a quarter-cycle later.

● this creates a phase-shift - the current lags or leads the voltage!
● Reactance is measured in ohms (Ω) and is frequency-dependent. 
● It is paired with ‘real’ resistance as the ‘imaginary’ part of                                

in complex impedance calculations.

Introductory Concepts:



  

Inductive Reactance (XL): 
●This is the opposition offered by an inductor (coil) 

to changes in current.  
●Causes the current to lag the voltage by 90°
●voltage leads current.

Introductory Concepts:



  

Capacitive Reactance (Xc): 
●This is the opposition offered by a capacitor to 

changes in voltage. 
●Causes the current to lead the voltage by 90°
●voltage lags current 

Introductory Concepts:



  

ELI THE ICE MAN!
● Apply Voltage (E) to Inductor (L) it lags (I) 

● I is behind E and L 
● Apply (i) to capacitor (c) it leads (e) 

● E is behind I and C

Introductory Concepts:



  

Impedance (Z) 
● is the total effective opposition to AC current 

flow in a circuit.  

Introductory Concepts:



  

QUESTION SECTION B-005-001: 
Metric prefixes and unit 

conversions in radio/electronics



  

B-005-001: Metric prefixes and unit conversions in radio/electronics

Understanding Metric Prefixes – Essential Conversions for Ham radio
● Ham radio uses the International System of Units (SI) with metric prefixes to handle 

very large or very small values. Common prefixes in radio:
● Mega (M) = ×1,000,000 (10⁶) 
● Kilo (k) = ×1,000 (10³) 
● Milli (m) = ×0.001 (10 ³) ⁻
● Micro (μ) = ×0.000 001 (10 ⁶)⁻
● Nano (n) =  ×0.000 000 001 (10⁻9)
● Pico (p) = ×0.000 000 000 001 (10 ¹²)⁻

● To convert: move the decimal point
(or multiply/divide by powers of 1,000). 

                               Giga        
                         Mega            
                     KILO
               Base
           Milli
      Micro
   Nano
pico

Remember the ladder! 



  

B-005-001: Metric prefixes and unit conversions in radio/electronics

Frequency Conversions
● Frequency is measured in hertz (Hz). 

● Ham bands are often in kHz (HF) or MHz (VHF/UHF). 

● 1 kHz = 1 000 Hz  

● To go from MHz to kHz: multiply by 1,000 (move decimal 3 places right).  

● Example: Dial reads 3.525 MHz  3 525 kH→ z  (Multiply by 1,000)

● Example: 7040 kHz  7.040 MH→ z (divide by 1,000)  

● To GHz from MHz: divide by 1,000 (EX: 1,200 MHz = 1.2 GHz)



  

B-005-001: Metric prefixes and unit conversions in radio/electronics

Power, Current, and Voltage Conversions
● Power: milliwatts (mW) to watts (W).

● 500 mW = 0.5 W (divide by 1,000)

● Current: amperes (A) and milliamperes (mA).  

● 3,000 mA = 3A (divide by 1,000)  

● 0.25 A = 250mA (multiply by 1,000)

● Voltage: volts (V) to millivolts (mV).  

● 2V = 2,000 mV (multiply by 1,000)



  

B-005-001: Metric prefixes and unit conversions in radio/electronics

Resistance, Capacitance, and Inductance  
● Resistance: 1 kilohm (kΩ) = 1000 ohms  
● Capacitance: 1,000,000 pF = 1 μF 

(microfarad; divide by 1,000,000 or move decimal 6 places left)  
● Inductance: 10,000 μH = 10 mH (millihenries; divide by 1,000)



  

QUESTION SECTION B-005-002: 
Basic electrical concepts



  

B-005-002: Basic electrical concepts

Conductors vs. Insulators  
● Conductors readily allow electric current to flow because they have low 

resistance.  
● Best conductor among common materials: Copper (widely used in ham wire, 

coax, PCBs).  
● Three good electrical conductors: Gold, silver and aluminum (gold for 

connectors due to no corrosion; silver best but expensive; aluminum 
lightweight for antennas).  

● Insulators resist current flow (high resistance).  
● Three good electrical insulators: Glass, air and porcelain (porcelain for high-

voltage insulators on antennas; air gaps in coax; glass in old insulators)



  

B-005-002: Basic electrical concepts

Conductors vs. Insulators  



  

B-005-002: Basic electrical concepts

Current and Polarity  
● The flow of electric charge in a circuit is called current 

(measured in amperes).  
● In DC circuits (like batteries, most ham power supplies), 

current has a specific direction — this is described by 
polarity (positive to negative flow convention).



  

B-005-002: Basic electrical concepts

Resistance and Related Concepts  
● The symbol for resistance is R (measured in ohms, Ω).  
● The inverse of resistance is conductance (how easily current 

flows; measured in siemens, but rarely used in basic ham work).  
● Resistance of a conductor changes with temperature — for most 

metals (like copper wire), it increases as temperature rises 
(important for long antenna runs or hot finals).



  

B-005-002: Basic electrical concepts

Voltage Drop   
● A voltage drop is the loss of voltage caused by the flow of 

current through a circuit (mainly across resistors or 
wires).  

● In ham radio: Voltage drops in long coax runs reduce power 
to the antenna; in power supplies, they affect voltage 
regulation.



  

QUESTION SECTION B-005-003: 
Electrical power and circuit 

conditions



  

B-005-003: Electrical power and circuit conditions

POWER   
● Power is the rate at which electrical energy is used or delivered 

in a circuit — measured in watts (W). In ham radio, power tells 
you:
● How much energy your transmitter puts out (ex:100 W on HF).
● How fast your battery drains or power supply works.
● Why a resistor or final transistor overheats if overloaded.
● Why fuses blow to protect equipment.

● Formula:  Power (P) = Voltage (V) × Current (I). P=V×I



  

B-005-003: Electrical power and circuit conditions

Power in Action – Light BULB example
● Higher wattage means the device consumes electrical energy at a 

higher rate (uses more power).
● Among 40W, 50W, 60W, and 100W bulbs, the 100-watt bulb 

consumes the most energy per second — it burns brighter and 
hotter.



  

B-005-003: Electrical power and circuit conditions

Circuit Malfunctions – Open vs. Short
● Open circuit: No complete path for current  no current flows →

(Ex: switch off, broken wire, blown fuse).  
● A battery + load resistor draws no current if there's an open 

circuit.



  

B-005-003: Electrical power and circuit conditions

Circuit Malfunctions – Open vs. Short
● Short circuit: Very low resistance path (Ex: wires touching, failed 

component)  excessive current flows.  Draws too much current, →
overheats wires, blows fuses instantly.  



  

B-005-003: Electrical power and circuit conditions

Overheating and Dissipation   
●Components like resistors or transistors convert 

electrical power to heat.
●If a resistor gets very hot and starts to burn, it's 

dissipating too much power.



  

B-005-003: Electrical power and circuit conditions

Continuity – A Key Troubleshooting Term
●Continuity means the circuit is a closed circuit — 

complete path for current (low resistance, 
measurable with multimeter beep mode).

●No continuity = open circuit.



  

QUESTION SECTION B-005-004: 
Ohm’s Law and its applications



  

B-005-004: Ohm’s Law and its applications

Ohm's Law – The Fundamental Relationship in DC Circuits
● Ohm's Law states that in a DC circuit, the voltage (V or E) 

across a conductor is directly proportional to the 
current (I) flowing through it, and inversely proportional 
to the resistance (R).

● The core formula is:
● (Voltage in volts = Current in amperes × Resistance in ohms)

V=I×R



  

B-005-004: Ohm’s Law and its applications

V “Ohm’s Triangle”
E (Electomotive Force) V (Volts)      
are interchangable

You can solve for any value using 
Ohm’s Triangle by covering the value 
you want to find.



  

B-005-004: Ohm’s Law and its applications

“Ohm’s Triangle”

Example: Solve for Volts

E=I×R

1V=.5 A×2Ω



  

B-005-004: Ohm’s Law and its applications

“Ohm’s Triangle”

Example: Solve for Resistance

R= E
I
48Ω= 12V

.25 A



  

B-005-004: Ohm’s Law and its applications

“Ohm’s Triangle”

Example: Solve for Current

I= E
R
.2 A= 6V

30Ω



  

B-005-004: Ohm’s Law and its applications

More Practical Examples and Calculations
● Resistance to drop 9V at 10mA (0.01 A): R = 9 / 0.01 = 900 ohms  
● Voltage across 50Ω with 0.44A: V = 0.44 × 50 = 22 volts  
● Voltage for 200mA (0.2A) through 25Ω relay: V = 0.2 × 25 = 5 volts  
● Resistance drawing 300mA (0.3A) from 3 V: R = 3 / 0.3 = 10 ohms



  

B-005-004: Ohm’s Law and its applications

P=V×I



  

QUESTION SECTION B-005-005: 
Series and parallel resistor 

combinations



  

B-005-005: Series and parallel resistor combinations

Series and Parallel Resistor Combinations – How Current and Resistance Behave

● Resistors can be connected in two basic ways: 
● Series: End-to-end, single path for current.  
● Parallel: Side-by-side, multiple paths for current.

● These configurations change total resistance, current draw from 
the source (battery/power supply), and how voltage/current 
splits — key for designing bias networks, SWR bridges, or 
combining loads in ham projects.



  

B-005-005: Series and parallel resistor combinations

Series Circuits



  

B-005-005: Series and parallel resistor combinations

Parallel Circuits



  

B-005-005: Series and parallel resistor combinations

Series Circuits
● Current is the same through every resistor.  
● Total resistance adds up:
● Total resistance is greater than any single resistor.  
● Voltage drops across each resistor (adds to source voltage).

● EX: Five 10Ω resistors in series  → 50 ohms total. 
● EX: To replace a single 120Ω resistor: Five 24Ω resistors
   (5 × 24 = 120Ω).

RTOTAL=R1+R2+R3 ...



  

B-005-005: Series and parallel resistor combinations

Parallel Circuits
● Voltage is the same across every resistor (equal to source voltage).
● Total current is the sum of branch currents:   
● Total (equivalent) resistance is less than the smallest individual 

resistor (more paths = easier current flow).  
● Formula for two resistors:                               or  

                             
● For n  equal resistors of value: 

ITOTAL=I1+ I2+ I 3 .. .

1
RTOTAL

= 1
R1

+ 1
R2

RTOTAL=
R1×R2

R1+R2

RTOTAL=
R
N

Number of 
Branches



  

B-005-005: Series and parallel resistor combinations
Parallel Circuits – Examples
Solve for Current:

100Ω 100Ω 100Ω 100Ω

12V

RTOTAL=
R
n

=100Ω
4

=25Ω 12V
25Ω

=0.48 A(480mA)



  

B-005-005: Series and parallel resistor combinations
Parallel Circuits – Examples
Solve for Current:

1000Ω

12V

RTOTAL=
1
1000

+ 1
1000

= 2
1000

=1000
2

=500Ω

12V
500Ω

=0.024 A(24mA)

1000Ω



  

B-005-005: Series and parallel resistor combinations
Parallel Circuits – Examples
Solve for Total Resistance

68Ω 68Ω 68Ω 68Ω

12V

RTOTAL=
R
n

=68Ω
4

=17Ω



  

B-005-005: Series and parallel resistor combinations

Parallel Circuits - Examples
●B-005-005-003 Several resistors of various values are 

connected in parallel. How does the total resistance 
of the combination compare to the individual 
resistors? Answer: It is less than the smallest 
resistor



  

B-005-005: Series and parallel resistor combinations

Parallel Circuits - Examples
●B-005-005-010 Two resistors are in parallel. Resistor 

“A” carries twice the current of resistor “B,” which 
means that: Answer: “A” has half the resistance of “B”



  

B-005-005: Series and parallel resistor combinations

Parallel Circuits - Examples
●B-005-005-008 If ten resistors of equal value “R” 

are wired in parallel, what formula yields the 
total resistance? AnsweR: R / 10



  

QUESTION SECTION B-005-006: 
Power handling and ratings in 

resistors and circuits



  

B-005-006: Power handling and ratings in resistors and circuits

Resistor Power Ratings – Wattage, Dissipation, and Safe Design in Ham Circuits

● Resistors convert electrical energy to heat 

● The wattage rating tells how much power (heat) a resistor can 
safely dissipate without burning up or changing value excessively.

● Resistor wattage ratings are determined by heat dissipation 
qualities — larger physical size means better heat spreading and 
higher rating (even for the same resistance value).  

P=I2R P=V 2

R



  

B-005-006: Power handling and ratings in resistors and circuits

Resistor Power Ratings – Wattage, Dissipation, and Safe Design 
in Ham Circuits
● A large size resistor is used instead of

a smaller one of the same resistance
for greater power dissipation
(EX: wirewound or ceramic vs.
tiny film types).



  

B-005-006: Power handling and ratings in resistors and circuits

Calculating Power in DC Circuits - Examples
● 12V DC at 5A load  minimum power transformer rating 60 watts (P = 12 × 5).  →
● Transmitter at 12V drawing 500mA (0.5 A)  DC input power 6 watts.  →
● 12V, 30W light bulb  current 2.5A (I = P / V = 30 / 12).  →
● Two 10Ω resistors in series across 10V  total R = 20 Ω  I = 10 / 20 = 0.5 A  → → →

power 5 watts (total dissipated)



  

B-005-006: Power handling and ratings in resistors and circuits

Power rating in Series and Parallel Combinations  
● In series: Power ratings add directly (each resistor dissipates part 

of total power).  Two 500Ω 1W resistors in series  max total →
power 2 watts.

● In parallel: Power ratings add (same voltage, current splits).
Two 500Ω 1W in parallel  max total power → 2 watts.  

● Advantage of replacing 50Ω with two 100Ω (same rating) in parallel: 
Same resistance but greater power rating (double the dissipation 
capability).



  

B-005-006: Power handling and ratings in resistors and circuits

 Voltage Changes and Power Scaling
●Power scales (is proportional) with the square of 

voltage  (P  V² if R is fixed).∝
● If voltage across two series resistors is doubled  →

total power increases four times
(EX: from 5W to 20W).



  

B-005-006: Power handling and ratings in resistors and circuits

  Practical Ham Application: Dummy Loads
●A dummy load provides a 50Ω match for testing  

transmitters without radiating. Use multiple 
resistors in parallel to spread heat and increase 
power handling.



  

B-005-006: Power handling and ratings in resistors and circuits

  Practical Ham Application: Dummy Loads
● Which of these combinations of resistors could make up a 

50-ohm dummy load capable of safely dissipating 5 watts? 
Answer: Four 2-watt 200-ohm resistors in parallel

TOTAL POWER RATING=2W+2W+2W+2W=8W

R=200Ω
4

=50Ω



  

QUESTION SECTION B-005-007: 
Alternating current (AC) 

fundamentals



  

B-005-007: Alternating current (AC) fundamentals

AC Fundamentals – Frequency, Wavelength, Phase and 
Harmonics in Radio
● Unlike steady DC (from batteries), alternating current (AC) 

reverses direction periodically, creating oscillating waveforms 
used in all radio transmission and reception.

● Key properties include frequency (how fast it oscillates), 
wavelength (physical distance per cycle), phase (timing offset), and 
harmonics (multiples that can cause interference).



  

B-005-007: Alternating current (AC) fundamentals

Frequency – Cycles per Second 
● Frequency is the number of times per second an AC signal completes 

a full positive-to-negative-to-positive cycle measured in hertz (Hz). 
● 60 Hz means 60 cycles per second (standard household power in 

North America).  
● Human hearing range: approximately 20 Hz to 20,000 Hz (20 kHz) — 

that's why this is called audio frequencies (human ear senses sound 
vibrations in this range).



  

B-005-007: Alternating current (AC) fundamentals

Radio Frequency Bands – Example: HF
● Ham radio uses higher frequencies for propagation over long 

distances. 
● 7125 kHz (7.125 MHz) falls in the High Frequency (HF) range (3–30 

MHz), home to most amateur voice, CW, and digital modes.



  

B-005-007: Alternating current (AC) fundamentals

Wavelength – Distance per Cycle  
● Wavelength is ‘the physical distance’ an AC signal travels during 

one complete cycle (measured in meters).  
● Relationship: Higher frequency  shorter wavelength (inverse →

proportion).
●  wavelength = speed of light / frequency; 
● speed of light ≈ 300,000,000 m/s).  
● As frequency increases, wavelength decreases
● as wavelength shortens, frequency increases.

λ(Meters)= 300m/ sec
Frequency MHz



  

B-005-007: Alternating current (AC) fundamentals



  

B-005-007: Alternating current (AC) fundamentals

Waveform Shape and Phase  
● Household AC from a receptacle is a sine wave (sinusoidal) — 

smooth, pure oscillation.  
● Phase describes the timing difference when two AC waveforms of 

the same frequency don't start their cycles at the same instant 
(EX: one leads or lags the other by degrees).



  

B-005-007: Alternating current (AC) fundamentals

Harmonics – Multiples of the Fundamental 
● A signal with a fundamental frequency (EX: 2 kHz base tone) can 

include higher multiples called harmonics (2nd = 4 kHz, 3rd = 6 
kHz, etc.).  

● Harmonics add richness to sound (music) but in radio can cause 
interference if not filtered (eX: overdriven transmitter produces 
unwanted harmonics).



  

B-005-007: Alternating current (AC) fundamentals

Fundamental

2nd harmonic

3rd harmonic



  

QUESTION SECTION B-005-008: 
Decibels (dB) and power ratios



  

B-005-008: Decibels (dB) and power ratios

Decibels – Measuring Power Changes and 
Signal Strength in Ham Radio
●The decibel (dB) measures the ratio between two 

power levels (or voltage/current in some cases).
●It's not an absolute unit like watts — it's relative: 

"how many times stronger/weaker?"



  

B-005-008: Decibels (dB) and power ratios

Decibels – Measuring Power Changes and Signal Strength in Ham Radio
● Key rule: A 3 dB change = power ratio of 2 (double or half).
● Because it's logarithmic:  

● +3 dB ≈ ×2 power  
● +6 dB ≈ ×4 power  
● +10 dB ≈ ×10 power  
● -3 dB ≈ ÷2 power

● This makes dB perfect for describing huge ranges (ex: from 
milliwatts to kilowatts) in antenna systems, amplifiers, and 
propagation.



  

B-005-008: Decibels (dB) and power ratios

Basic Power Changes in dB
● Doubling power (×2) = +3 dB (increase).  
● Halving power (÷2) = -3 dB (decrease).  
● Quadrupling power (×4) = +6 dB.  
● ×10 power = +10 dB.
● 1W to 2W = +3 dB  
● 5W to 50W = ×10 = +10 dB gain (linear amplifier).



  

B-005-008: Decibels (dB) and power ratios

Applying dB to Real Ham Scenarios 
●Adding gain: 2W handheld + 9 dB amplifier 

 output 16 watts (2 × 8 ≈ 16 W, since +9 → dB ≈ ×8).  
●Feedline loss: 100 W transmitter - 6 dB line loss 

 25 W at antenna (100 ÷ 4 = 25 W).  →



  

B-005-008: Decibels (dB) and power ratios

Applying dB to Real Ham Scenarios 
●S-meter readings: Each 10 dB is one S-unit over S9 

(S9 = reference strong signal).  "10 dB over S9" 
means 10× stronger than S9.  

●Reduce power by 10 dB (÷10)  drops to S9.  →
●Reduce by 20 dB (÷100)

 drops by two S-units (S7 if original was 20 dB over S9).→



  

B-005-008: Decibels (dB) and power ratios

Applying dB to Real Ham Scenarios 
●200W  "10 → dB over S9" reduce to 20 W (÷10 = -10 dB)  S9→   
●150W  "20 → dB over S9"; reduce to 15 W (÷10 = -10 dB) 

 S9 plus 10 → dB (still one 10 dB step above S9).  
●100W on 2m simplex  "30 → dB over S9"

●to reach S9, reduce by 30 dB (÷1000)  0.1 W.→



  

B-005-008: Decibels (dB) and power ratios

Purpose of Decibels
●The decibel is used to measure the ratio of two 

signals — ideal for gain/loss in systems (antennas, 
amps, coax, path loss) without dealing with huge 
numbers.



  

QUESTION SECTION B-005-009: 
Inductors and capacitors in 

series/parallel



  

B-005-009: Inductors and capacitors in series/parallel

Inductors & Capacitors
● After resistors (resist current) and basic circuits, we move to 

inductors (L, measured in henries or millihenries) and capacitors (C, 
measured in farads, microfarads, or picofarads). These are key in 
ham applications: 
● Inductors: RF chokes, loading coils on antennas, tank circuits in 

transmitters.
● Capacitors: Tuning, coupling, decoupling, filters, bypass in power 

supplies.



  

B-005-009: Inductors and capacitors in series/parallel

Inductors:
coil in which an 

electric current is 
induced.

Inductance:
Current running 

through a conductor 
creates a magnetic 

field. 

Capacitors:
stores electrical 

energy (like a battery 
but stores in an 
electric field).

Capacitance:
Capacitance is the 

ability of a component 
(a capacitor) to store 

electrical charge.



  

B-005-009: Inductors and capacitors in series/parallel

Inductors in Series and Parallel
● Inductors behave like resistors: total inductance adds in series
● reduces in parallel (for equal values without mutual coupling).
● Two equal-value inductors in series: 

total inductance→  twice the value of one.  
● Two equal-value inductors in parallel

 total inductance → half the value of one.
● EX: Two 12mH chokes in series  24 millihenries.  →
● EX: Two 20mH inductors in parallel  10 millihenries.→



  

B-005-009: Inductors and capacitors in series/parallel

Capacitors in Series and Parallel
● Capacitors are opposite to resistors/inductors 
● total capacitance adds in parallel, reduces in series.
● Two equal-value capacitors in series

 total capacitance → half the value of either.  
● Two equal-value capacitors in parallel

 total capacitance → twice the value of one.
● EX: Two 20 μF capacitors in series  10 microfarads.  →
● EX: Two 24 μF capacitors in parallel  48 microfarads→



  

B-005-009: Inductors and capacitors in series/parallel

What Determines Inductance and Capacitance?
● For an air-core inductor (coil of wire, no magnetic core): 

● Inductance depends on coil diameter, coil length, and number of 
turns of wire. 

● More turns, larger diameter, or shorter length  higher →
inductance.



  

B-005-009: Inductors and capacitors in series/parallel

What Determines Inductance and Capacitance?
● For a basic parallel-plate capacitor (two metal plates 

separated by air):
● Capacitance depends on:
● surface area of the plates (larger = more C)
● spacing between the plates (closer = more C).



  

B-005-009: Inductors and capacitors in series/parallel

Safety with Polarized Capacitors
● Many electrolytic capacitors (common in power supplies, audio 

filters) are polarized — they have a positive and negative lead.
● Precaution: Never apply a reverse voltage — it can cause the 

capacitor to leak, overheat, explode, or fail catastrophically. 
Always observe polarity markings (+/- or stripe on negative side).



  

QUESTION SECTION B-005-010: 
Reactance and impedance

in AC circuits



  

B-005-010: Reactance and impedance in AC circuits

Reactance
● In DC circuits, only resistance (R) opposes current.
● In AC, inductors and capacitors add reactance (XL for inductors, XC 

for capacitors), which changes with frequency.  
● Reactance is the opposition due to inductance or capacitance 

(measured in ohms, like resistance).  
● Impedance (Z) is the total opposition: combined effect of 

resistance and reactance                       



  

B-005-010: Reactance and impedance in AC circuits

Resistance

Reactance

Impedance!

+

=

Z=√R2+X2



  

B-005-010: Reactance and impedance in AC circuits

 Impedance – Total Opposition in AC
● Impedance combines resistance and reactance to 

equal the total opposition to AC  
●Also defined as the ratio of AC voltage to AC current in 

a circuit or system.
Z=V

I



  

B-005-010: Reactance and impedance in AC circuits

 Inductive Reactance (XL)
● An inductor (coil) opposes changes in current.
● As AC frequency increases, inductive reactance increases                        

directly proportional to f.  
● High reactance at radio frequencies makes ferrite-core coils 

excellent RF chokes — they block offending RF signals (eX: in power 
lines to prevent interference).  

● Low reactance at low (audio) frequencies means RF                           
choke has little effect on intended DC or audio signals.

X L=2π fL



  

B-005-010: Reactance and impedance in AC circuits

 Capacitive Reactance (XC)
● A capacitor opposes changes in voltage.
● As AC frequency increases, capacitive reactance decreases                     

inversely proportional to f.  
● Low reactance at radio frequencies makes bypass capacitors 

excellent for shunting RF interference to ground (EX: in audio 
circuits to prevent RF from entering).  

● High reactance at audio frequencies means RF bypass cap has little 
effect on desired audio signals (passes audio, blocks RF).

XC=
1

2π fC



  

QUESTION SECTION B-005-011: 
Transformers and

electromagnetic induction



  

B-005-011: Transformers and electromagnetic induction

Transformers
●A transformer uses electromagnetic induction to 

transfer AC energy from a primary winding to a 
secondary winding via a shared magnetic field 
(usually in a laminated iron core). Ideal transformers 
are 100% efficient (power in = power out), so 
P_primary = P_secondary   V P×I P=V S×I S



  

B-005-011: Transformers and electromagnetic induction

Transformers
● Step-up: more secondary turns  higher voltage, lower current.  →
● Step-down: fewer secondary turns  lower voltage, higher →

current.
● Transformers are everywhere in ham gear: impedance matching in 

antennas, Voltage stepping in Power supplies, isolation in audio/RF 
circuits, etc.



  

Transformer Turns Ratio and Voltage/Current Relationships

● Voltage ratio = turns ratio 

● Current ratio is inverse

● Power conserved: higher V  lower I, and vice versa.→

●  Primary (p), Secondary (s), Turns (N)

B-005-011: Transformers and electromagnetic induction

V S

V P

=
N S

N P

I S

I P

=
N P

N S



  

B-005-011: Transformers and electromagnetic induction

Transformer Turns Ratio and Voltage/Current Relationships
● B-005-011-003 A transformer with a single 12-volt secondary 

draws 0.5 amperes through its 120-volt primary. Assuming no 
losses, what current is drawn from the secondary? Answer: 5 
amperes

P=V×I

V P×I P=V S×I S

120V×0.5 A=12V×?

60W=12 v×?

60W
12V

=5 A



  

B-005-011: Transformers and electromagnetic induction

Transformer Turns Ratio and Voltage/Current Relationships
● B-005-011-004 The primary winding of a transformer has 250 turns, 

and the secondary has 500 turns. If the input voltage is 120 volts, 
what is the secondary voltage? Answer: 240 V

V S

V P

=
N S

N P

?
120V

=500
250

120V×2=240V



  

B-005-011: Transformers and electromagnetic induction

Transformer Turns Ratio and Voltage/Current Relationships
● B-005-011-008 A step-up transformer with a primary to secondary 

turns ratio of 1:5 delivers 50 milliamperes to a load. Assuming 
100% efficiency, what is the primary current? Answer: 250 mA
P=V×I 

I P

I S

=
N S

N P

I P=50mA×5=250mA

?
50mA

=5
1



  

B-005-011: Transformers and electromagnetic induction

Power and Current Calculations
●Neglecting losses:

primary power = secondary power.
●120V primary supplying 250W to transmitter

 primary current ≈→  2.1 A
                                (2.1A = 250w / 120v) I= P

V



  

B-005-011: Transformers and electromagnetic induction

Impedance Transformation
● Transformers change (transform) impedance between 

windings By carrying different voltages and currents in 
each winding.

● Useful in ham radio for matching antenna                     
impedance to transmitter

● EX: 50Ω to 200Ω balun

ZS

ZP

=(
N S

N P

)
2

Impedance primary & secondary
N Turns Primary & Secondary



  

B-005-011: Transformers and electromagnetic induction

Magnetic Induction Basics
● Magnetic field strength around a conductor in air is:

directly proportional to the current  
● Maximum induced voltage in a coil occurs when current changes at its: 

greatest rate 
● Coupling (induction) between two wires is maximum when they are:

close and parallel (mutual inductance).  
● Permanent magnets are most likely made from steel (retains magnetism 

well). 



  

B-005-011: Transformers and electromagnetic induction

Magnetic Induction Basics
● B-005-011-011 What confirms the fact that the transfer of energy from the 

primary to the secondary of a transformer is not perfect? AnsweR: Warm 
iron laminations

“Hysteresis Loss”
this is the "internal 

friction" of the 
magnetic domains 
flipping back and 

forth.



  

QUESTION SECTION B-005-012: 
Resonance in tuned circuits



  

B-005-012: Resonance in tuned circuits

The Heart of Radio Selectivity
● A tuned circuit (also called a resonant or LC circuit) combines an 

inductor (L) and a capacitor (C) to resonate at a specific frequency. 
At resonance:
● Inductive reactance (XL) exactly equals capacitive reactance (XC) 

in magnitude.
● They are equal and opposite in sign (XL is positive, XC is negative),   

so they cancel each other out.



  

B-005-012: Resonance in tuned circuits

The Heart of Radio Selectivity
● This cancellation creates extreme behavior:

● very high impedance in parallel circuits (blocks current) 
● very low impedance in series circuits (passes current easily).

● The two components required: inductor and capacitor.



  

B-005-012: Resonance in tuned circuits

Defining Resonance
● Resonance occurs when:  Inductive reactance and capacitive 

reactance are equal (and opposite in sign).  

● Formula:

● resonant frequency depends only  on L and C values.

● Adding a resistor does not change the resonant frequency (it 
affects damping/bandwidth but not the center frequency).

FRES=
1

2π √LC



  

B-005-012: Resonance in tuned circuits

Parallel vs. Series Tuned Circuits at Resonance  
● Series LC: At resonance (XL = XC)
●  total reactance cancels  only resistance remains  → → →

low impedance (almost short circuit).
● Current reaches maximum for the source frequency.



  

B-005-012: Resonance in tuned circuits

Series LC: At resonance – AKA “The Acceptor”
● In a series circuit, the inductor (L), capacitor (C) are connected in a 

single line.
● NOTE: In a world without resistance, if you charged the capacitor 

and connected it to the inductor, the energy would slosh back and 
forth between the two forever. (The "Forever" Oscillator).



  

B-005-012: Resonance in tuned circuits

Series LC: At resonance – AKA “The Acceptor”
● In reality, every LC circuit is actually an LCR circuit (Inductor-

Capacitor-Resistor) - Even if you don't physically solder a resistor 
into your circuit. There are always losses in the wire & “leakage.”



  

B-005-012: Resonance in tuned circuits

Series LC: At resonance – AKA “The Acceptor”
● Intentionally ADDING A RESISTOR "flattens" the resonance peak. If 

you want your radio to pick up a range of frequencies (like a high-
fidelity audio signal) rather than just one hyper-specific needle-
point frequency, you add resistance to widen the bandwidth.



  

B-005-012: Resonance in tuned circuits

Series LC: At resonance – AKA “The Acceptor”
● At Resonance: The reactive voltages across the inductor and capacitor are equal 

and opposite, effectively canceling each other out.

● Impedance: It drops to its minimum value (equal only to the resistance R).

● Current: Because impedance is at a minimum, current is at its maximum.



  

B-005-012: Resonance in tuned circuits

Series LC: At resonance – AKA “The Acceptor”
● Best Use: It acts as a "gatekeeper" that only lets one 

specific frequency pass through easily. This is why it's used 
in tuning stages of radio receivers to "accept" a station.



  

B-005-012: Resonance in tuned circuits

Parallel vs. Series Tuned Circuits at Resonance  
● Parallel LC (tank circuit): At resonance, XL = XC  currents →

in L and C circulate back and forth (flywheel effect), 
minimal current from source → high impedance (almost 
open circuit).

● Used in receiver front-ends to select desired frequency 
while rejecting others.



  

B-005-012: Resonance in tuned circuits

parallel LC: At resonance – AKA “The rEJECTOR”
● In a parallel circuit, the inductor (l) and capacitor (c) are placed 

side-by-side.
● At Resonance: The energy bounces back and forth between the 

inductor and capacitor (like a pendulum). Very little current 
needs to enter from the outside source to                                                     
keep this oscillation going.



  

B-005-012: Resonance in tuned circuits

parallel LC: At resonance – AKA “The rEJECTOR”
● Impedance: It rises to its maximum value (theoretically infinite in 

an ideal circuit).
● Current: The line current from the source is at its minimum.
● Like the series version, there are real world Resistive losses.



  

B-005-012: Resonance in tuned circuits

parallel LC: At resonance – AKA “The rEJECTOR”
● Best Use: It acts as a "wall" for a specific frequency. It is often 

called a Tank Circuit because it stores energy at that frequency 
and is used in oscillators and filters to "reject" or trap specific 
signals.



  

B-005-012: Resonance in tuned circuits

Bandwidth – The "Sharpness" of Resonance 
● Resonance is sharpest at a single frequency, but the effect 

(high/low impedance) is significant over a small range 
around it.

● This range is called bandwidth — narrower bandwidth = 
sharper tuning (better selectivity), wider = broader 
response.



  

B-005-012: Resonance in tuned circuits

Bandwidth – The "Sharpness" of Resonance

“Q” - Quality Factor
● High – very selective
● Low – Very Broadband
● Advantages and 

disadvantages to both
● Generally favour 

lower q for 
convenience!



  

B-005-012: Resonance in tuned circuits

High Q Antenna Example: Mag Loop
● Narrow bandwidth — often just a few kHz (you retune frequently when changing frequency even slightly).
● Sharp selectivity — excellent for rejecting off-frequency noise and QRM (great receive performance, low 

noise floor).
● High efficiency possible despite small size — if R loss is kept very low (good materials), efficiency can 

reach 70–95% on upper bands

Bandwidth – The "Sharpness" of Resonance

● Trade-off — the high Q makes them picky (need precise tuning, 
sensitive to nearby objects/hand capacitance), and they can have 
high voltages/currents (safety note for QRP or higher power).



  

B-005-012: Resonance in tuned circuits

Practical Ham Radio Applications
● In receivers: Resonant circuits select the desired signal 

frequencies (tune to your station, reject others).  
● In transmitters: Resonant tank circuits match impedance, 

maximize power transfer to antenna.  
● Filters: Series for passing a band, parallel for blocking 

interference.



  

QUESTION SECTION B-005-013: 
Measuring instruments in 

electronics



  

B-005-013: Measuring instruments in electronics

Accurate measurements are essential in ham radio for:
● Checking power supply voltage and current draw
● Verifying transmitter output
● Troubleshooting circuits
● EX: no voltage at a stage, excessive current
● Ensuring safe operation (avoid blowing fuses or burning 

components)



  

B-005-013: Measuring instruments in electronics

Accurate measurements are essential in ham radio for:
● The two most common instruments are the multimeter (does 

it all) and the RF wattmeter (for transmitter power). 
● Always start with power off when connecting, and choose 

the correct range/scale to avoid damage.



  

B-005-013: Measuring instruments in electronics



  

B-005-013: Measuring instruments in electronics

Basic Connections – Voltmeter vs. Ammeter
● Voltmeter (measures voltage/potential difference): Connected in 

parallel with the component or circuit under test.
● It appears as a high value resistance to the circuit (so it draws very 

little current and doesn't affect the voltage much).  
● Used to check battery voltage, supply rails, bias points, etc.



  

B-005-013: Measuring instruments in electronics

Basic Connections – Voltmeter vs. Ammeter
● Ammeter (measures current): Connected in series with the 

circuit (break the path and insert the meter).  It appears as 
a low value resistance (ideally near zero ohms so it doesn't 
drop much voltage or limit current).  

● Used to measure current draw from a power supply, final 
amplifier current, etc.



  

B-005-013: Measuring instruments in electronics

The Multimeter – Your Go-To Tool
● A multimeter (analog or digital) measures three 

main quantities:
● Voltage (DC and AC), Current (DC and AC), 

Resistance (ohms)
● Most hams use a digital multimeter (DMM) for its 

ease of reading, auto-ranging, and extra features 
(continuity beep, diode test, capacitance, etc.).



  

B-005-013: Measuring instruments in electronics

Measuring Transmitter Output Power
● For RF power (transmitter output to antenna or dummy load):
● Use an RF wattmeter (or SWR/wattmeter combo).  
● It provides a direct measurement of forward power, reflected 

power, and often SWR.  
● Essential for checking if your rig is putting out the expected watts, 

tuning antennas, and staying within legal limits.



  

B-005-013: Measuring instruments in electronics

Instrument Quality – Accuracy
● The term that describes how well an instrument displays 

values that are true to reality (close to the actual value) 
is accuracy.

● Look for ±1% or better on a good Digital MultiMeter.  
● Calibrate periodically or compare against a known 

reference.



  

73
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