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WELCOME!

- Thank you for joining!

- Please send your email address to 
Larrie:

W2UL@weca.org

(If you are not already on the distribution list)
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Spring 2020 Class Schedule
- Every Tuesday 7-9:15 PM
- January 5th to March 9th

- 10 Sessions via Zoom!
- VE Session March 11th

- Monthly, 2nd Thursday
- Other Options

- Questions to Larrie:
- W2UL@WECA.ORG
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Student Input
Your opportunity to give back-

Email to Larrie:

- What works best?

- What would help?

- Comments & ideas

(Anytime during the course)
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Course Plan
ARRL Extra Class License Manual 12th Edition

- Follow the 11 chapters
- Weekly math & formula segment

- ARRL Extra Q&A 5th Edition
- Bring questions to class or email

- Larrie:  W2UL@WECA.ORG

- Guest instructors welcome
- Teach your area of expertise or special interest
- You don’t have to be an Extra
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Resources
All WECA classes are recorded and posted on

WECA.app
-Technician class: 9 sessions & PP slides & HW
-General class: 9 sessions & PP slides
-This Extra class: 10 sessions & PP slides as 
classes occur
-Other cool ham stuff, e.g.:

-Basic HF station setup
-Simulated traffic net
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Course Objectives

• Learn the material

• Pass the test!

WECA Amateur Extra Licensing Class
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WECA Amateur Extra Licensing Class

ARRL License Manual Chapters

• 1  Introduction
• 2  Operating Practices
• 3  Rules and Regulations
• 4  Electrical Principles
• 5  Components and Building Blocks
• 6  Radio Circuits and Systems
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ARRL License Manual

• 7  Radio Measurements and Performance
• 8  Modulation, Protocols and Modes
• 9  Antennas and Feed Lines
• 10 Topics in Radio Propagation
• 11 Safety

WECA Amateur Extra Licensing Class
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WECA Amateur Extra Licensing Class

ARRL License Manual Chapters

4  Electrical Principles
• 4.1  Radio Mathematics
• 4.2  Electrical and Magnetic Fields
• 4.3  Principles of Circuits
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The Calculator

• Casio fx-115ES PLUS
• TI-36X Pro Calculator
• Both about $20 or less
• Any similar model will work
• Some online VE sites do not

allow stand-alone calculators.
You must use an online calculator
(search for trig calculator)



Let’s learn dBs

XdB = 10Log10 P1/P2

100 = 1 Log10 1 = 0 
101 = 10 Log10 10 = 1 
102 = 100 Log10 100 = 2 
103 = 1000 Log10 1000 = 3 
104 = 10000 Log10 10000 = 4

10.3 = 2 Log10 2 = .3 

WECA Amateur Extra Licensing Class
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XdB = 10Log10 P1/P2

100 = 1 10Log10 1 = 0 
100.3 = 2 Log10 2 = .3

10Log10 2 = 3dB

101 = 10 10Log10 10 = 10 
102 = 100 10Log10 100 = 20 
103 = 1000 10Log10 1000 = 30 
104 = 10000 10Log10 10000 = 40 

WECA Amateur Extra Licensing Class
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dB Power Ratio
30 1000
20 100
10 10

6 4
3 2
1 1.26  =1/.79
0 1

-1 0.79   =1/1.26
-3 0.5
-6 0.25

-10 0.1
-20 0.01
-30 0.001

WECA Amateur Extra Licensing Class
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dB Power Ratio
30 1000
20 100
10 10

3 2
1 1.26  =1/.79
0 1

-1 .79    =1/1.26
-3 ½
-10 .1

WECA Amateur Extra Licensing Class
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Rectangular Coordinates
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The X axis is called the real axis.

The Y axis is called the imaginary 
axis.
Imaginary axis coordinates have a j 
operator to identify that they are 
imaginary.



• E5C04… The Rectangular coordinates are often used to display the 
resistive, inductive, and/or capacitive reactance components of 
impedance.

17
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Complex Numbers (Real and Imaginary and Operator j
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Complex number 
axis diagram.
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E5C07…1) The impedance of a pure resistance
plotted on rectangular coordinates is
a point on the horizontal axis. 



• E5C09…When using rectangular coordinates to graph the impedance of a 
circuit, the X axis represents the resistive component and the Y axis 
represents the reactive component. 

R=100 Ω

X=j 100

Inductive

Capacitive

R
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o
Rectangular Coordinates
A quantity can be represented by points
that are measured on an X-Y axis.  The 
Points where the axes cross is the origin;
the points on the X and Y axis are called 
coordinates.

100,100

1)



• E5C09…When using rectangular coordinates to graph the impedance of a 
circuit, the X axis represents the resistive component and the Y axis 
represents the reactive component. 

R=100 Ω

X=j 100

Inductive

Capacitive

R

21
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Angle

Rectangular Coordinates
A quantity can be represented by points
that are measured on an X-Y axis.  The 
Points where the axes cross is the origin;
the points on the X and Y axis are called 
coordinates.
The magnitude is represented by the 
length of a vector from the origin to
the point defined by the coordinates.

o



Polar Coordinates
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j Operator as Vector Rotator

23
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• E5C01…3) The term –jX represents capacitive reactance in rectangular 
notation. 

• E5C06… The term 50-j25 represents 50 ohms resistance in series with 25 
ohms capacitive reactance.

• E5C02… Impedances in polar coordinates are described by phase angle 
and magnitude.

• E5C03… A positive phase angle represents an inductive reactance in 
polar coordinates.

24
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Rectangular
Polar

Z     240    -37



• E5C05…1) A Phasor diagram is used to show the phase relationship 
between impedances at a given frequency. 

• E5C08… Polar coordinates are often used to display the phase angle of a 
circuit containing resistance, inductive and/or capacitive reactance.

25
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• E5Dxx…2) A magnetic field is created by the flow of current.
• E5D06…  The direction of the magnetic field oriented about a conductor in 

relation to the direction of electron flow is in a circle around the 
conductor.

Left-Hand Rule

Direction of 
Magnetic 
Field

Magnetic Field 
surrounding 
wire

Wire or Conductor 
with current 
through it

26
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• E5Dxx…1) The amount of current determines the strength of a magnetic field 
around a conductor.

• E5Dxx… Potential energy is the term for energy that is stored in an 
electromagnetic or electrostatic field.
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• E5B01…1) One time constant is the term for the time required for the 
capacitor in an RC circuit to be charged to 63.2% of the supply voltage.

282020-2024 Extra License Course
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• E5Bxx…1) One time constant is the time it takes for a charged capacitor in 
an RC circuit to discharge to 36.8% of its initial value of stored charge. 
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Time Constants Charge % of applied voltage Discharge % of starting voltage

1 63.20% 36.80%

2 86.50% 13.50%

3 95.00% 5.00%

4 98.20% 1.80%

5 99.30% 0.70%
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• E5B04…9) The time constant of a circuit having two 220-microfarad capacitors 
and two 1-megohm resistors all in parallel is 220 seconds.

T=RC
TC (seconds) = R (megohms) x C (microfarads)

Rx 10+6 Cx 10-6 

• Resistors of equal value in parallel are equal to one resistor divided by the number 
of resistors.

• Capacitors in parallel add

(Two 1M resistors in parallel = .5M)
(Two 220 uf capacitors in parallel = 440uf)

TC =(1/2) x (220 x 2)

0.5 x 440 = 220 seconds
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• E5B08…(4  The phase angle between the voltage across and the current 
through a series R-L-C circuit if XC is 100 ohms, R is 100 ohms, and XL
is 75 ohms is 14 degrees with the voltage lagging the current.

Rules for calculating impedances and phase angles
1) Impedances in series add together
2) Admittance is the reciprocal of impedance
3) Admittances in parallel add together

Tangent of θ= Y / X Tangent of θ= (75-100)/100 Tangent of θ= -.25 θ = -14.04°

Complex number 
axis diagram.

32
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• E5B08… The phase angle between the voltage across and the current 
through a series RLC circuit if XC is 100 ohms, R is 100 ohms, and XL is 
75 ohms is 14 degrees with the voltage lagging the current.
Tangent of θ= Y / X Tangent of θ= (75-100)/100 Tangent of θ= -.25 θ = -14.04°

Learn Larrie’s triangles:

1

12

12

3

1

4 3

4
5

14o

45o

30o

60o

53o

37o

76o
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• E5B09… The relationship between the AC current through a capacitor 
and the voltage across a capacitor is that the current leads the voltage 
by 90 degrees. 

• E5B10… The relationship between the AC current through an inductor 
and the voltage across an inductor is that the voltage leads current by 
90 degrees.

• E5B11… The phase angle between the voltage across and the current 
through a series RLC circuit if XC is 25 ohms, R is 100 ohms, and XL is 
50 ohms is 14 degrees with the voltage leading the current.

Tangent of θ= Y / X Tangent of θ= (50-25)/100 Tangent of θ= .25 θ = 14.04°

j 50 - j 25

100 Ω

Remember: ELI the ICE man….

34
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• E5Bxx…2) The phase angle between the voltage across and the current 
through a series RLC circuit if XC is 250 ohms, R is 1 kilohm, and XL is 
500 ohms is 14.04 degrees with the voltage leading the current.

Tangent of θ= Y / X Tangent of θ= (500-250)/1000 Tangent of θ= 0.25 θ = 14.04°

j 500
- j 250

1000 Ω
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• E5B07…1) The phase angle between the voltage across and the current 
through a series R-L-C circuit if XC is 500 ohms, R is 1 kilohm, and XL is 
250 ohms is 14.0 degrees with the voltage lagging the current. 

Series RLC Circuits for Phase angle Calculations

Tangent of θ= Y / X Tangent of θ= 250/1000 Tangent of θ= .25 θ = 14.04°
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Vector Addition

• Here is more detail. In an ac circuit, when calculating 
the impedance of the circuit, the reactance and resistance 
must be added vectorially rather than algebraically. This 
vector addition can be understood best by looking at the 
following diagram:

37
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• E5C10…5) In Figure E5-2, point 4 
best represents that impedance 
of a series circuit consisting of a 
400 ohm resistor and a 38 
picofarad capacitor at 14 MHz.

R = 400 Ω
XC = 1/ (2 π FC)

XC= 1/(6.28 x 14 x .000038)

XC = -300 Ω

Remember:
Capacitive reactance is negative.

Figure E5-2 382020-2024 Extra License Course
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• E5C12…6) In Figure E5-2, Point 1 best 
represents the impedance of a 
series circuit consisting of a 300 
ohm resistor and a 19 picofarad 
capacitor at 21.200 MHz.

R = 300 Ω
XC = 1/ (2 π FC)
XC = 1/(6.28 x 21.2 x .000019)
XC = -395.1 Ω

Remember:
Capacitive reactance is negative

Answer is 300 Ω –j 395
Figure E5-2 392020-2024 Extra License Course
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• E5C11…6) In Figure E5-2, Point 3 best 
represents the impedance of a 
series circuit consisting of a 300 
ohm resistor and an 18 microhenry 
inductor at 3.505 MHz.

R =300 Ω
XL = (2 π FL) 
XL = (6.28 x 3.505 x 18) 
XL = 396.4 Ω

Remember:
Inductive reactance is positive

Answer is 300 Ω + j 395Ω

Figure E5-2 402020-2024 Extra License Course
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• E5B12… Admittance is the inverse of impedance. 

• Y    Admittance is 1/Impedance    1/Z
• G   Conductance is 1/Resistance  1/R
• B    Susceptance is 1/Reactance    1/X

• E5B02… B is commonly used to represent susceptance.
• E5B06… Susceptance is the imaginary part of admittance
• E5B05… When a pure reactance is converted to susceptance the 

Magnitude becomes the reciprocal
• E5B03… To convert impedance in polar form to an equivalent admittance 

take the reciprocal of the magnitude and change the sign of the angle.

41
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R R3R2R1

R1 R2 R3

RR = R1+R2+R3

Parallel resistors don’t add:

Why admittance, conductance and susceptance???
- Easier to add and subtract than to do algebra!

Series resistors add:

Admittance, conductance & susceptance can be added:

=        Y = G+BL+BC
42
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1 1          1         1
R           R1        R2 R3

1 1          1         1
Z            R          XL XC



R R3R2R1

R1 R2 R3

RR = R1+R2+R3

Parallel resistors:

Resistances in Parallel

Series resistors:

R R23R1

1 1          1         1
R           R1        R2 R3

1 1          1   
R           R1        R2

R2     R3
R2   R3

R23
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Impedances in Parallel

Z XCXLR
1 1        1         1
Z           R        XL XC

Z XR

1 1          1   
Z             R          X

1 R      X
Z                R   X

R      X
R   XZ Z Z1   Z2

Z1      Z2
442020-2024 Extra License Course
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XL XC

XCZX



Impedances in Parallel

Z Z1   Z2
Z1      Z2 Z1       R1      300 ohms        300 + j0

Z2       XC 400 ohms         0      j400

Z
300     0     400    -90                120000     -90
300   j0        0     j400                  300     j400

Z
120000     -90                     1200      -90
500      -53                              5      -53

Z        240    -37

300

-j400
-53o

500

If in series:

45
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Apparent and True Power

46
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• E5D09… Reactive power  is repeatedly exchanged between the associated 
magnetic and electric fields in a circuit with ideal inductors and 
capacitors, but is not dissipated.

• E5D10… True power can be determined in an AC circuit where the voltage 
and current are out of phase by multiplying the apparent power times the 
power factor. 

Apparent power is the voltage times the current drawn by the circuit, VA

True Power is the apparent power times the power factor 

The only time true power and apparent power are the same is if the 
power factor is 1.00 … (the phase angle is zero) 

(assuming perfect lossless components)
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• E5D11… The power factor (PF) of an R-L circuit having a 60 degree phase 
angle between the voltage and the current is 0.5.

PF is the cosine function of the voltage to current angle 
►PF =cosine of 60°

PF= 0.5

• E5D12… 80 watts are consumed in a circuit having a power factor of 0.2 if the 
input is 100-V AC at 4 amperes.

Power Consumed = V x I x PF 100 x 4 x .2 80 watts
48
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• E5D13… The  power consumed in a circuit consisting of a 100 ohm 
resistor in series with a 100 ohm inductive reactance drawing 1 
ampere is 100 Watts.

Power (real) = I² x R 
Power (real) = (1)² x 100

100 watts.  (Only the circuit resistance consumes power) 

• E5D14…  Wattless, nonproductive power is reactive power.

• E5D15… The power factor of an RL circuit having a 45 degree phase 
angle between the voltage and the current is 0.707.

PF = Cosine of 45°

PF = 0.707

492020-2024 Extra License Course
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• E5D05… The power factor of an RL circuit having a 30 degree phase 
angle between the voltage and the current is 0.866.

PF Cosine of 30°

PF = 0.866

• E5D08… 600 watts are consumed in a circuit having a power factor of 0.6 
if the input is 200V AC at 5 amperes.

Power Consumed = V x I x PF
200 x 5 x .6

600 watts

• E5D07… The power consumed in a circuit having a power factor of 0.71 if 
the apparent power is 500 watts is 355 W.

Power Consumed = Apparent power x PF

500 x .71

355 watts 502020-2024 Extra License Course
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Let’s go through the math step by step………
51
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FLxL π2= FC
X C π2

1
=

Resonance occurs in a circuit when XL is equal to XC.

Therefore, at resonance:
FC

FL
π2
12 =π
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• E5A02…(5  Resonance in an electrical circuit is the frequency at which 
the capacitive reactance equals the inductive reactance. 

3)



LC
f

π2
1

o =

Same for series and parallel circuits

Amateur Radio Extra Class
Circuits & Resonance

Resonant frequency formula:
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• E5A01… Resonance can cause the voltage across reactances in a series 
RLC circuit to be larger than the voltage applied to the entire circuit.

• E5A03… The magnitude of the impedance of a series R-L-C circuit at 
resonance is approximately equal to circuit resistance. 

• E5A04…  The magnitude of the impedance of a parallel RLC circuit at 
resonance is approximately equal to circuit resistance.

At resonance, a series resonant circuit L 
and C present a low impedance so the 
circuit resistance is set by the resistor.

At resonance, a parallel resonant circuit 
presents a very high impedance across 
the resistor. 54

2020-2024 Extra License Course
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Capacitive and Inductive Reactance and Resonance

Variation of Inductive and capacitive reactance with frequency 55
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• E5A07…(4 The magnitude of the current at the input of a parallel R-L-C 
circuit at resonance is at a Minimum. 

• E5A06… The magnitude of the circulating current within the components 
of a parallel L-C circuit at resonance is at a maximum. 

56
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• E5A08… The current through and the voltage across 
• a series resonant circuit are in phase.
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• E5A14… The resonant frequency of a series RLC circuit with R of 22 ohms, 
L of 50 microhenrys and C of 40 picofarads is 3.56 MHz.

The equation  can be solved with:
L in Henries or Micro Henries and 
C in Farads or Micro Farads

2 π L x C

1

6.28 x      50x10 -̂6 x 40 x10 -̂12

1

=FR = = 3.56 MHz

40 pf

50 mh

22 ohms
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• E5A16… The resonant frequency of a parallel RLC circuit with R of 33 
ohms, L of 50 microhenrys and C of 10 picofarads is 7.12 MHz.

2 π L x C

1 1

=FR = = 7.121 MHz
6.28 x      50x10 -̂6 x 10x10 -̂12 

592020-2024 Extra License Course
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• E5A10… The Q of an RLC series resonant circuit is calculated by 
dividing the reactance of either the inductance or capacitance by 
the resistance. 

• E5A09… The Q of an RLC parallel resonant circuit is the resistance
divided by the reactance of either the inductance or capacitance.  

602020-2024 Extra License Course
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• E5A11… The half-power bandwidth of a parallel resonant circuit that has a 
resonant frequency of 7.1 MHz and a Q of 150 is 47.3 kHz.

BW = Frequency/Q 7,100 KHz/150 47.3 KHz

An amplifier’s voltage gain will 
vary with frequency.  At the cutoff 
frequencies, the voltage gain drops 
to 0.707 of what is in the mid-band.  
These frequencies f1 and f2 are 
called the half-power frequencies.

If the output voltage is 10 volts 
across a 100-ohm load when the 
gain is A at the mid-band, then 
the power output, PO at mid-band 
is:

612020-2024 Extra License Course
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• E5Axx… The half-power bandwidth of a parallel resonant circuit that has 
a resonant frequency of 1.8 MHz and a Q of 95 is 18.9 kHz.

BW = Frequency/Q 1,800 KHz/95 18.94 KHz

For tuned circuits 
the quality factor, 
Q, is:

For tuned 
circuits with Q 
greater than 10:

62
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• E5A12… The half-power bandwidth of a parallel resonant circuit that has a 
resonant frequency of 3.7 MHz and a Q of 118 is 31.4 kHz.

The power output at the cutoff frequency points is 
one-half the mid-band power. The half-power 
bandwidth is between the frequencies f1 and f2.

At the cutoff frequency, the output voltage will be 
0.707 of what is at the mid-band; therefore, 7.07 volts. 
The power output is:

The power output at 
the 0.707 frequencies 
is 3 dB down from the 

mid-band power.

Power Ratio in dB

BW = Frequency/Q 3,700 KHz/118 31.36 KHz
632020-2024 Extra License Course
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• E5A05…(2   Increasing the Q of an impedance-matching circuit decreases the 
matching bandwidth.

At resonance a series circuit presents a low impedance and current would 
be limited by the resistor  Tuning to either side of resonance would cause 
additional reactive resistance and therefore lower current flow in the circuit.

Series and Parallel Resonant Circuits.
64
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• E5A13… When the Q of a series resonant circuit is increased internal 
voltages increase.

65
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• E4B08… The bandwidth of the 
circuit's frequency response 
can be used as a relative 
measurement of the Q for a 
series-tuned circuit.

The Narrower the bandwidth the 
higher the Q of the circuit.

A large loading coil on a 
mobile whip helps antennas 

achieve high Q resonance. 66
2020-2024 Extra License Course
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• E5D01… As frequency increases, RF current flows in a thinner layer of the 
conductor, closer to the surface this is called skin effect.

Current f low  in cross section of a conductor
UHFRF

67
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• E6E11… Dual In-Line Packages (DIP) have two rows of pins placed on 
opposite sides of the package (typically 7 or 8 pins on a side).

• E6E02… Dual In-Line Packages (DIP) are through-hole type

• E6E12… Dual In-Line Packages (DIP) have excessive lead length for use at 
UHF and higher frequencies.

68
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• E6E09…2) Surface mount component package types are most suitable for use 
at frequencies above the HF range.

• E6E10… Advantages of surface mount technology at RF compared to 
through-hole components:
• Smaller circuit area
• Shorter circuit-board traces
• Components have less parasitic inductance and capacitance
• D.  ALL OF THE ABOVE!

69
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• E5D02…2) Short lead lengths for components used in circuits for VHF and 
above are important to avoid unwanted inductive reactance.

• E5D03… Microstrip:  Precision printed circuit conductors above a ground 
plane that provide constant impedance interconnects at microwave 
frequencies.

• E5D04… Short connections are used at microwave frequencies to reduce 
phase shift along the connection

70
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Microstrip cross section:
A  Conductor
C  Dielectric substrate
D  Ground plane



• E6D06…2)  Core permeability (for a given size core) determines the 
inductance of a toroidal inductor.

• E6D04…  Ferrite and brass are commonly used as inductor cores.
• E6D11…  Brass will decrease the inductance when inserted into a coil.

712020-2024 Extra License Course
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• E6D12…3)  Inductor saturation occurs when the ability of the inductor’s 
core to store magnetic energy has been exceeded.

• E6D01…  Core saturation of an impedance matching transformer should 
be avoided because harmonics and distortion could result.

• E6D07…  Magnetizing current is the current in the primary of a 
transformer if no load is attached to the secondary.

• E6D13…  Inter-turn capacitance is the primary cause of inductor self-
resonance.

72
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• E6Dxx…2) The usable frequency range of inductors that use toroidal cores, 
assuming a correct selection of core material for the frequency being 
used is from less than 20 Hz to approximately 300 MHz.

• E6D10… A primary advantage of using a toroidal core instead of a 
solenoidal core in an inductor is that toroidal cores contain most of the 
magnetic field within the core material.

• E6D08… One important reason for using powdered-iron toroids rather than 
ferrite toroids in an inductor is that powdered-iron toroids generally 
maintain their characteristics at higher currents.

Applications for powdered Iron toroids would be oscillator and filter 
circuits where inductance stability with temperature is important.
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• E6D08…2X) One important reason for using powdered-iron toroids rather 
than ferrite toroids in an inductor is that powdered-iron toroids 
generally maintain their characteristics at higher currents.

Applications for powdered Iron toroids would be oscillator and filter 
circuits where inductance stability with temperature is important.

• E6D05… One reason for using ferrite cores rather than powdered-iron in 
an inductor is that Ferrite toroids generally require fewer turns to 
produce a given inductance value.

• E6D09… Ferrite beads are commonly used as VHF and UHF parasitic 
suppressors at the input and output terminals of a transistor HF 
amplifier.
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E4B08 Which of the following can be used to measure 
the Q of a series-tuned circuit?

A. The inductance to capacitance ratio
B. The frequency shift
C. The bandwidth of the circuit’s frequency 

response
D. The resonant frequency of the circuit
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E5A01 What can cause the voltage across reactances in 
a series RLC circuit to be higher than the voltage 
applied to the entire circuit?

A. Resonance
B. Capacitance
C. Conductance
D. Resistance
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E5A02 What is resonance in an LC or RLC circuit?

A. The highest frequency that will pass 
current

B. The lowest frequency that will pass 
current

C. The frequency at which the capacitive 
reactance equals the inductive reactance

D. The frequency at which the reactive 
impedance equals the resistive 
impedance
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E5A03 What is the magnitude of the impedance of a 
series RLC circuit at resonance?

A. High, as compared to the circuit 
resistance

B. Approximately equal to capacitive 
reactance

C. Approximately equal to inductive 
reactance

D. Approximately equal to circuit resistance
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E5A04 What is the magnitude of the impedance of a 
parallel RLC circuit  at resonance?

A. Approximately equal to circuit resistance
B. Approximately equal to inductive reactance
C. Low compared to the circuit resistance
D. High compared to the circuit resistance
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E5A05 What is the result of increasing the Q of an 
impedance-matching circuit?

A. Matching bandwidth is increased
B. Matching bandwidth is decreased
C. Matching range is increased
D. It has no effect on impedance matching
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E5A06 What is the magnitude of the circulating 
current within the components of a parallel LC 
circuit at resonance?

A. It is at a minimum
B. It is at a maximum
C. It equals 1 divided by the quantity 2 times 

pi, multiplied by the square root of 
inductance L multiplied by capacitance C

D. It equals 2 multiplied by pi, multiplied by 
frequency, multiplied by inductance 
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E5A07 What is the magnitude of the current at the input 
of a parallel RLC circuit at resonance?

A. Minimum

B. Maximum

C. R/L

D. L/R
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E5A08 What is the phase relationship between the 
current through and the voltage across a series 
resonant circuit at resonance?

A. The voltage leads the current by 90 
degrees

B. The current leads the voltage by 90 
degrees

C. The voltage and current are in phase
D. The voltage and current are 180 degrees 

out of phase
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E5A09 How is the Q of an RLC parallel resonant circuit 
calculated?

A. Reactance of either the inductance or 
capacitance divided by the resistance

B. Reactance of either the inductance or 
capacitance multiplied by the resistance

C. Resistance divided by the reactance of 
either the inductance or capacitance

D. Reactance of the inductance multiplied by 
the reactance of the capacitance
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E5A10 How is the Q of an RLC series resonant circuit 
calculated?

A. Reactance of either the inductance or 
capacitance divided by the resistance

B. Reactance of either the inductance or 
capacitance multiplied by the resistance

C. Resistance divided by the reactance of 
either the inductance or capacitance

D. Reactance of the inductance multiplied by 
the reactance of the capacitance
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E5A11 What is the half-power bandwidth of a resonant 
circuit that has a resonant frequency of 7.1 MHz and 
a Q of 150?

A. 157.8 Hz
B. 315.6 Hz
C. 47.3 kHz
D. 23.67 kHz
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E5A12 What is the half-power bandwidth of a resonant 
circuit that has a resonant frequency of 3.7 MHz and 
a Q of 118?

A. 436.6 kHz
B. 218.3 kHz
C. 31.4 kHz
D. 15.7 kHz
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A. Fewer components are needed for the 
same performance

B. Parasitic effects are minimized
C. Internal voltages increase
D. Phase shift can become uncontrolled
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E5A13 What is the effect of increasing Q in a series 
resonant circuit?



E5A14 What is the resonant frequency of an RLC 
circuit if R is 22 ohms, L is 50 microhenrys and C is 
40 picofarads?

A. 44.72 MHz
B. 22.36 MHz
C. 3.56 MHz
D. 1.78 MHz
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A. Lower losses
B. Lower reactance
C. Lower self-resonant frequency
D. Higher self-resonant frequency
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E5A15 Which of the following increases Q for 
inductors and capacitors?



E5A16 What is the resonant frequency of an RLC 
circuit if R is 33 ohms, L is 50 microhenrys and C is 
10 picofarads?

A. 23.5 MHz
B. 23.5 kHz
C. 7.12 kHz
D. 7.12 MHz
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E5B01 What is the term for the time required for the 
capacitor in an RC circuit to be charged to 63.2% of 
the applied voltage or to discharge to 36.8% of its 
initial voltage?

A. An exponential rate of one
B. One time constant
C. One exponential period
D. A time factor of one
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E5B02 What letter is commonly used to represent 
susceptance?

A. G
B. X
C. Y
D. B
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E5B03 How is impedance in polar form converted to 
an equivalent admittance?

A. Take the reciprocal of the angle and 
change the sign of the magnitude

B. Take the reciprocal of the magnitude and 
change the sign of the angle

C. Take the square root of the magnitude 
and add 180 degrees to the angle

D. Square the magnitude and subtract 90 
degrees from the angle
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E5B04 What is the time constant of a circuit having two 
220-microfarad capacitors and two 1-megohm 
resistors all in parallel?

A. 55 seconds
B. 110 seconds
C. 440 seconds
D. 220 seconds
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E5B05 What happens to the magnitude of  a pure 
reactance when it is converted to a susceptance?

A. It is unchanged
B. The sign is reversed
C. It is shifted by 90 degrees
D. It becomes the reciprocal
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E5B06 What is susceptance?

A. The magnetic impedance of a circuit
B. The ratio of magnetic field to electric field
C. The imaginary part of admittance
D. A measure of the efficiency of a 

transformer
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E5B07 What is the phase angle between the voltage 
across and the current through a series RLC circuit if 
XC is 500 ohms, R is 1 kilohm, and XL is 250 ohms?

A. 68.2 degrees with the voltage leading the 
current

B. 14.0 degrees with the voltage leading the 
current

C. 14.0 degrees with the voltage lagging the 
current

D. 68.2 degrees with the voltage lagging the 
current
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E5B08 What is the phase angle between the voltage 
across and the current through a series RLC circuit if 
XC is 100 ohms, R is 100 ohms, and XL is 75 ohms?

A. 14 degrees with the voltage lagging the 
current

B. 14 degrees with the voltage leading the 
current

C. 76 degrees with the voltage leading the 
current

D. 76 degrees with the voltage lagging the 
current
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E5B09 What is the relationship between the AC current 
through a capacitor and the voltage across a 
capacitor?

A. Voltage and current are in phase
B. Voltage and current are 180 degrees out 

of phase
C. Voltage leads current by 90 degrees
D. Current leads voltage by 90 degrees
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E5B10 What is the relationship between the AC 
current through an inductor and the voltage across 
an inductor?

A. Voltage leads current by 90 degrees
B. Current leads voltage by 90 degrees

C. Voltage and current are 180 degrees out 
of phase

D. Voltage and current are in phase
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E5B11 What is the phase angle between the voltage 
across and the current through a series RLC circuit 
if XC is 25 ohms, R is 100 ohms, and XL is 50 ohms?

A. 14 degrees with the voltage lagging the 
current

B. 14 degrees with the voltage leading the 
current

C. 76 degrees with the voltage lagging the 
current

D. 76 degrees with the voltage leading the 
current 
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E5B12 What is admittance?

A. The inverse of impedance
B. The term for the gain of a field effect 

transistor

C. The turns ratio of a transformer
D. The inverse of Q factor

1032020-2024 Extra License Course



E5C01 Which of the following represents capacitive 
reactance in rectangular notation?

A. -jX
B. +jX
C. Delta
D. Omega
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E5C02 How are impedances described in polar 
coordinates?

A. By X and R values
B. By real and imaginary parts
C. By phase angle and magnitude
D. By Y and G values
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E5C03 Which of the following represents an inductive 
reactance in polar coordinates?

A. A positive magnitude
B. A negative magnitude
C. A positive phase angle
D. A negative phase angle
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E5C04 What coordinate system is often used to 
display the restive, inductive and/or capacitive 
reactance components of impedance?

A. Maidenhead grid
B. Faraday grid
C. Elliptical coordinates
D. Rectangular coordinates
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E5C05 What is the name of the diagram usedto show 
the phase relationship between impedances at a 
given frequency?

A. Venn diagram
B. Near field diagram
C. Phasor diagram
D. Far field diagram
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E5C06 What does the impedance 50-j25 represent?

A. 50 ohms resistance in series with 25 ohms 
inductive reactance

B. 50 ohms resistance in series with 25 ohms 
capacitive reactance

C. 25 ohms resistance in series with 50 ohms 
inductive reactance

D. 25 ohms resistance in series with 50 ohms 
capacitive reactance 
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E5C07 Where is the impedance of a pure resistance 
plotted in rectangular coordinates?

A. On the vertical axis
B. On a line through the origin, slanted at 45 

degrees
C. On a horizontal line, offset vertically 

above the horizontal axis
D. On the horizontal axis
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E5C08 What coordinate system is often used to display 
the phase angle of a circuit containing resistance, 
inductance and/or capacitive reactance?

A. Maidenhead grid
B. Faraday grid
C. Elliptical coordinates
D. Polar coordinates
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E5C09 When using rectangular coordinates to graph 
the impedance of a circuit, what do the axes 
represent?

A. The X axis represents the resistive 
component and the Y axis represents the 
reactive component

B. The X axis represents the reactive 
component and the Y axis represents the 
resistive component

C. The X axis represents the phase angle 
and the Y axis represents the magnitude

D. The X axis represents the magnitude and 
the Y axis represents the phase angle
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E5C10 Which point on Figure E5-1 best represents the 
impedance of a series circuit consisting of a 400-ohm 
resistor and a 38-picofarad capacitor at 14 MHz?

A. Point 2
B. Point 4
C. Point 5
D. Point 6

Figure E5-2

Point 3

Point 2

Point 6
Point 8

Point 5

Point 7 Point 1

Point 4
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E5C11 Which point in Figure E5-1 best represents the 
impedance of a series circuit consisting of a 300 ohm 
resistor and an 18 microhenry inductor at 3.505 MHz?

A. Point 1
B. Point 3
C. Point 7
D. Point 8

Figure E5-2

Point 3

Point 2

Point 6
Point 8

Point 5

Point 7 Point 1

Point 4
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E5C12 Which point on Figure E5-1 best represents the 
impedance of a series circuit consisting of a 300 ohm 
resistor and a 19 picofarad capacitor at 21.200 MHz?

A. Point 1
B. Point 3
C. Point 7
D. Point 8

Figure E5-2

Point 3

Point 2

Point 6
Point 8

Point 5

Point 7 Point 1

Point 4
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E5D01 What is the result of skin effect?

A. As frequency increases, RF current flows 
in a thinner layer of the conductor, closer 
to the surface

B. As frequency decreases, RF current flows 
in a thinner layer of the conductor, closer 
to the surface

C. Thermal effects on the surface of the 
conductor increase the impedance

D. Thermal effects on the surface of the 
conductor decrease the impedance
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E5D02 Why is it important to keep lead lengths short for 
components used in circuits for VHF and above?

A. To increase the thermal time constant
B. To avoid unwanted inductive reactance
C. To maintain component lifetime
D. All these choices are correct
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E5D04 Why are short connections used at microwave 
frequencies?

A. To increase neutralizing resistance
B. To reduce phase shift along the 

connection
C. To increase compensating capacitance
D. To reduce noise figure
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E5D05 What is the power factor of an RL circuit having a 
30-degree phase angle between the voltage and 
current?

A. 1.73
B. 0.5

C. 0.866
D. 0.577
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E5D06 In what direction is the magnetic field oriented 
about a conductor in relation to the direction of 
electron flow?

A. In the same direction as the current
B. In a direction opposite to the current
C. In all directions; omnidirectional
D. In a circle around the conductor
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E5D07 How many watts are consumed in a circuit 
having a power factor of 0.71 if the apparent power 
is 500 VA?

A. 704 watts
B. 355 watts
C. 252 watts
D. 1.42 mW
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E5D08 How many watts are consumed in a circuit 
having a power factor of 0.6 if the input is 200 VAC 
at 5 amperes?

A. 200 watts
B. 1000 watts

C. 1600 watts
D. 600 watts
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E5D09 What happens to reactive power in an AC 
circuit that has both ideal inductors and ideal 
capacitors ?

A. It is dissipated as heat in the circuit
B. It is repeatedly exchanged between the 

associated magnetic and electric fields, 
but is not dissipated

C. It is dissipated as kinetic energy in the 
circuit

D. It is dissipated in the formation of 
inductive and capacitive fields
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E5D10 How can the true power be determined  in an 
AC circuit where the voltage and current are out of 
phase?

A. By multiplying the apparent power times 
the power factor

B. By dividing the reactive power by the 
power factor

C. By dividing the apparent power by the 
power factor

D. By multiplying the reactive power by the 
power factor
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E5D11 What is the power factor of an RL circuit having 
a 60-degree phase angle between the voltage and 
the current?

A. 1.414
B. 0.866
C. 0.5
D. 1.73
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E5D12 How many watts are consumed in a circuit 
having a power factor of 0.2 if the input is 100 VAC 
at 4 amperes?

A. 400 watts
B. 80 watts
C. 2000 watts
D. 50 watts
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E5D13 How many watts are consumed in a circuit 
consisting of a 100-ohm resistor in series with a 
100-ohm inductive reactance drawing 1 ampere?

A. 70.7 Watts
B. 100 Watts
C. 141.4 Watts
D. 200 Watts
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E5D14 What is reactive power?

A. Wattless, nonproductive power
B. Power consumed in wire resistance in an 

inductor

C. Power lost because of capacitor leakage
D. Power consumed in circuit Q

1282020-2024 Extra License Course



E5D15 What is the power factor of an RL circuit having 
a 45-degree phase angle between the voltage and 
the current?

A. 0.866
B. 1.0
C. 0.5
D. 0.707
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E6D01 Why should core saturation of an impedance 
matching transformer be avoided?

A. Harmonics and distortion could result
B. Magnetic flux would increase with 

frequency

C. RF susceptance would increasse
D. Temporary changes of the core 

permeability could resuly
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E6D04 Which materials are commonly used as a core in 
an inductor?

A. Polystyrene and polyethylene
B. Ferrite and brass
C. Teflon and Delrin
D. Cobalt and aluminum
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E6D05 What is one reason for using ferrite cores 
rather than powdered iron in an inductor?

A. Ferrite toroids generally have lower 
permeability

B. Ferrite toroids generally have better 
temperature stability

C. Ferrite toroids generally require fewer 
turns to produce a given inductance value

D. Ferrite toroids are easier to use with 
surface mount technology
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E6D06 What core material property determines the 
inductance of an inductor?

A. Thermal impedance
B. Resistance
C. Reactivity
D. Permeability
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E6D07 What is current in the primary winding of a 
transformer called if no load is attached to the 
secondary?

A. Magnetizing current
B. Direct current
C. Excitation current
D. Stabilizing current
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E6D08 What is one important reason for using 
powdered-iron cores rather than ferrite cores in an 
inductor?

A. Powdered-iron cores generally have 
greater initial permeability

B. Powdered-iron cores generally maintain 
their characteristics at higher currents

C. Powdered-iron cores generally require 
fewer turns to produce a given inductance

D. Powdered-iron cores use smaller 
diameter wire for the same inductance
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E6D09 What devices are commonly used as VHF and 
UHF parasitic suppressors at the input and output 
terminals of a transistor HF amplifier?

A. Electrolytic capacitors
B. Butterworth filters
C. Ferrite beads
D. Steel-core toroids
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E6D10 What is a primary advantage of using a toroidal 
core instead of a solenoidal core in an inductor?

A. Toroidal cores confine most of the 
magnetic field within the core material

B. Toroidal cores make it easier to couple 
the magnetic energy into other 
components

C. Toroidal cores exhibit greater hysteresis
D. Toroidal cores have lower Q 

characteristics
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E6D11 Which type of core material decreases 
inductance when inserted into a coil?

A. Ceramic
B. Brass
C. Ferrite
D. Powdered iron
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E6D12 What is inductor saturation?

A. The inductor windings are over-coupled
B. The inductor’s voltage rating is exceeded 

causing a flashover
C. The ability of the inductor’s core to store 

magnetic energy has been exceeded
D. Adjacent inductors become over-coupled
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E6D13 What is the primary cause of inductor self-
resonance?

A. Inter-turn capacitance
B. The skin effect
C. Inductive kickback
D. Non-linear core hysteresis
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E6E02 Which of the following device packages is a 
through-hole type?

A. DIP
B. PLCC
C. Ball grid array
D. SOT
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E6E09 Which of the following component package 
types would be most suitable for use at frequencies 
above the HF range?

A. TO-220
B. Axial lead
C. Radial lead
D. Surface mount
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E6E10 What advantage does surface-mount 
technology offer at RF compared to using through-
hole components?

A. Smaller circuit area
B. Shorter circuit-board traces
C. Components have less parasitic 

inductance and capacitance
D. All these choices are correct
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E6E11 What is a characteristic of DIP packaging used 
for integrated circuits?

A. Package mounts in a direct inverted 
position

B. Low leakage doubly insulated package
C. Two chips in each package (Dual In 

Package)
D. A total of two rows of connecting pins 

placed on opposite sides of the package 
(Dual In-line Package)
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E6E12 Why are DIP through-hole package ICs not 
typically used at UHF and higher frequencies?

A. Too many pins
B. Epoxy coating is conductive above 300 

MHz
C. Excessive lead length
D. Unsuitable for combining analog and 

digital signals
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• For Next week 
• Review Chapter 4
• Study Chapter 5
• Do practice tests
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