The Guide to the Mathematic Equations for the 2016-2020 AE (Element 4) Exam
This supplement to your study for the Amateur Extra (Element 4) exam contains each question from the
Extra Class (Element 4) Question Pool (ARRL, 2016) that requires mathematical formulas to answer. The
references that were used in the development of this supplement are listed below. 1
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Section E4:

Amateur Radio Practices

E4B03: If a frequency counter with a specified accuracy of +/- 1.0 ppm reads 146,520,000 Hz, what is the
most the actual frequency being measured could differ from the reading? (p. 7.11)
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 = 𝑓𝑓 (𝐻𝐻𝐻𝐻) ×

1
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒
= 146, 520,000 ×
= 146.52 𝐻𝐻𝐻𝐻
1,000,000
1,000,000

Where: f = frequency in Hertz

E4B04: If a frequency counter with a specified accuracy of +/- 0.1 ppm reads 146,520,000 Hz, what is the
most the actual frequency being measured could differ from the reading? (p. 7.11)
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 = 𝑓𝑓 (𝐻𝐻𝐻𝐻) ×

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒
0.1
= 146, 520,000 ×
= 14.652 𝐻𝐻𝐻𝐻
1,000,000
1,000,000

Where: f = frequency in Hertz

E4B05: If a frequency counter with a specified accuracy of +/- 10 ppm reads 146,520,000 Hz, what is the
most the actual frequency being measured could differ from the reading? (p. 7.10)
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 = 𝑓𝑓 (𝐻𝐻𝐻𝐻) ×

10
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒
= 146, 520,000 ×
= 1465.2 𝐻𝐻𝐻𝐻
1,000,000
1,000,000

Where: f = frequency in Hertz

E4B06: How much power is being absorbed by the load when a directional wattmeter connected
between a transmitter and a termination load reads 100 W forward power and 25 W reflected power?
(p. 9-36)
𝑃𝑃𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 = 𝑃𝑃𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 − 𝑃𝑃𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = 100 𝑊𝑊 − 25 𝑊𝑊 = 75 𝑊𝑊
E4C06: What is the minimum discernable signal (MDS) for a receiver with a -174 dBm/Hz noise floor if a
400 Hz filter bandwidth is used? (p. 7-17)
Step 1 – Calculate the bandwidth ratio in dB = 10 log (400 Hz) = 26 dB
Step 2 – To get MDS, add that figure to -174 dBm = -174 dBm +26 dB = -148 dBm
E4C14: What transmit frequency might generate an image response signal in a receiver tuned to 14.300
MHz and which uses a 455 kHz frequency? (p. 7-19)
𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝑓𝑓𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 + 2(𝑓𝑓𝐼𝐼𝐼𝐼 ) = 14.300 + 2(0.455) = 15.210 𝑀𝑀𝑀𝑀𝑀𝑀

where: f = frequency in megahertz
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E4D05: What transmitter frequencies would cause an intermodulation-product signal in a receiver tuned
to 146.70 MHz when a nearby station transmits on 146.52 MHz? (p. 7.22)
𝑓𝑓𝐼𝐼𝐼𝐼𝐼𝐼2 = 2𝑓𝑓1 − 𝑓𝑓2 = 2(146.52) − 146.70 = 146.34 𝑀𝑀𝑀𝑀𝑀𝑀
𝑓𝑓𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 =

𝑓𝑓1 + 𝑓𝑓2
146.52 + 146.70
=
= 146.61 𝑀𝑀𝑀𝑀𝑀𝑀
2
2

where: f = frequency in megahertz
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Section E5:

Electrical Principles

E5A11: What is the half-power bandwidth of a parallel resonant circuit that has a resonant frequency of
7.1 Mhz and a Q of 150? (p. 4-33)
𝑓𝑓𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟
7.1𝑥𝑥106 𝐻𝐻𝐻𝐻
∆𝑓𝑓 =
=
= 4.733𝑥𝑥104 𝐻𝐻𝐻𝐻 = 47.3 𝑘𝑘𝑘𝑘𝑘𝑘
𝑄𝑄
150
E5A12: What is the half-power bandwidth of a parallel resonant circuit that has a resonant frequency of
3.7 Mhz and a Q of 118? (p. 4-34)
∆𝑓𝑓 =

𝑓𝑓𝑟𝑟
3.7𝑥𝑥106 𝐻𝐻𝐻𝐻
=
= 3.136𝑥𝑥104 𝐻𝐻𝐻𝐻 = 31.4 𝑘𝑘𝑘𝑘𝑘𝑘
𝑄𝑄
118

E5A14: What is the resonant frequency of a series RLC circuit if R = 22 ohms, L is 50 microhenrys and C
is 40 picofarads? (p. 4-29)
𝑓𝑓𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 =

1

2𝜋𝜋√𝐿𝐿𝐿𝐿

=

where: L = resistance in Henry’s
C = capacitance in Farad’s

1

2𝜋𝜋�(50𝑥𝑥106 𝐻𝐻)(40𝑥𝑥10−12 𝐹𝐹)

= 3.56 𝑀𝑀𝑀𝑀𝑀𝑀

E5A16: What is the resonant frequency of a parallel RLC circuit if R is 33 ohms, L is 50 microhenrys and C
is 10 picofarads? (p. 4-30)
𝑓𝑓𝑟𝑟 =

1

2𝜋𝜋√𝐿𝐿𝐿𝐿

=

1

2𝜋𝜋�(50𝑥𝑥10−6 𝐻𝐻)(10𝑥𝑥10−12 𝐹𝐹)

where: L = resistance in Henry’s
C = capacitance in Farad’s

= 7.12𝑥𝑥106 = 7.12 𝑀𝑀𝑀𝑀𝑀𝑀

E5B04: What is the time constant of a circuit having two 220-microfarad capacitors and two 1-Mohm
resistors all in parallel? (p. 4-13)
𝑅𝑅𝜏𝜏 (𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝) =

1 ×1
𝑅𝑅1 × 𝑅𝑅2
=
= 0.5 𝑀𝑀Ω = 5𝑥𝑥105 Ω
𝑅𝑅1 + 𝑅𝑅2
1+1

𝐶𝐶𝜏𝜏 (𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠) = 𝐶𝐶1 + 𝐶𝐶2 = 220 + 220 = 440 𝜇𝜇𝜇𝜇 = 440 𝑥𝑥 10−6 𝐹𝐹
𝜏𝜏 = 𝑅𝑅 × 𝐶𝐶 = (5𝑥𝑥105 Ω) × (440 𝑥𝑥 10−6 𝐹𝐹) = 220 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

Where: Rτ = time constant of resistors in ohms
Cτ = time constant of capacitors in Farads
τ = time constant
Published: July 2017
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E5B07: What is the phase angle between voltage and current n a series RLC circuit if XC is 500 Ω, R is 1
kΩ, and XL is 250 Ω? (p. 4-24)
Note: XC is greater than XL, therefore, current leads the voltage/voltage lags the current.
Step 1 – add reactance and resistance together:
𝑍𝑍 = 1000 + 𝑗𝑗250 − 𝑗𝑗500 = 1000 − 𝑗𝑗250 Ω

Step 2 – convert Z to a polar form:

Θ = tan−1

𝑋𝑋
−250
= tan−1
𝑅𝑅
1000

Step 3 – The phase angle (Θ) is equal to the angle of impedance. Θ = -14o
E5B08: What is the phase angle between voltage and current n a series RLC circuit if XC is 100 Ω, R is 100
Ω, and XL is 75 Ω? (p. 4-24)
Note: XC is greater than XL, therefore, current leads the voltage/voltage lags the current.
Step 1 – add reactance and resistance together:
𝑍𝑍 = 100 + 𝑗𝑗75 − 𝑗𝑗100 = 100 − 𝑗𝑗25 Ω

Step 2 – convert Z to a polar form:

Θ = tan−1

𝑋𝑋
−25
= tan−1
𝑅𝑅
100

Step 3 – The phase angle is equal to the angle of impedance. Θ = -14o
E5B11: What is the phase angle between voltage and current n a series RLC circuit if XC is 25 Ω, R is 100
Ω, and XL is 50 Ω? (p. 4-24)
Note: XC is less than XL, therefore, voltage leads the current/current lags the voltage.
Step 1 – add reactance and resistance together:
𝑍𝑍 = 100 + 𝑗𝑗50 − 𝑗𝑗25 = 100 ∓ 25 Ω

Step 2 – convert Z to a polar form:

Θ = tan−1

𝑋𝑋
25
= tan−1
𝑅𝑅
100

Step 3 – The phase angle is equal to the angle of impedance. Θ = 14o
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Figure E5-2

Point 3
Point 2

Point 8

Point 5

Point 6

Point 4
Point 7

Point 1

E5C14: Using E5-2, which point represents the impedance of a circuit consisting of a 400 Ω resistor in

series with a 38-pF capacitor at 14 MHz? (p.4-23)
Step 1 – Calculate the capacitor’s reactance:
𝑋𝑋𝑐𝑐 =

1
1
=
= − 300 Ω
2𝜋𝜋𝜋𝜋𝜋𝜋
2𝜋𝜋(14𝑥𝑥106 𝐻𝐻𝐻𝐻)(38𝑥𝑥10−12 𝐹𝐹)

where: f = frequency in Hertz
C = capacitance in Farad’s

Step 2 – Use the rules to add the resistance and reactances together:
𝑍𝑍 = 400 − 𝑗𝑗300 Ω

Step 3 – Locate the point on the graph, 400 units along the horizontal axis and -300 units on the
vertical axis. Answer: Point 4
E5C15: Which point in Figure E5-2 best represents the impedance of a series circuit consisting of a 300
ohm resistor and an 18 microhenry inductor at 3.505 MHz? (p. 4-22)
Step 1 – Calculate the inductor’s reactance:
𝑋𝑋𝐿𝐿 = 2𝜋𝜋𝜋𝜋𝜋𝜋 = 2𝜋𝜋(3.505𝑥𝑥106 𝐻𝐻𝐻𝐻)(18𝑥𝑥10−6 𝐻𝐻) = 396 Ω = 400 Ω

where: L = inductance in Henry’s

Step 2 – Use Rule 1 to add the resistance and reactances together:
𝑍𝑍 = 300 + 𝑗𝑗400 Ω

Step 3 – Locate the point on the graph, 300 units along the horizontal axis and 400 units on the
vertical axis. Answer: Point 8
Published: July 2017
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E5C16: Using E5-2, which point represents the impedance of a circuit consisting of a 300-Ω resistor in

series with a 19-pF capacitor at 21.200 MHz? (p. 4-23)
Step 1 – Calculate the capacitor’s reactance:
𝑋𝑋𝑐𝑐 =

1
1
=
= − 400 Ω
6
2𝜋𝜋𝜋𝜋𝜋𝜋
2𝜋𝜋(21.2𝑥𝑥10 𝐻𝐻𝐻𝐻)(19𝑥𝑥10−12 𝐹𝐹)

where: f = frequency in Hertz
C = capacitance in Farad’s

Step 2 – Use the rules to add the resistance and reactances together:
𝑍𝑍 = 300 − 𝑗𝑗400 Ω

Step 3 – Locate the point on the graph, 300 units along the horizontal axis and -400 units
on the vertical axis. Answer: Point 1
E5C17: Using E5-2, which point represents the impedance of a circuit consisting of a 300 Ω resistor in
series with a 0.64-μH inductor and an 85-pF capacitor at 24,900 MHz? (p.4-24)
Step 1 – Calculate the capacitor’s reactance:
𝑋𝑋𝑐𝑐 =

1
1
=
= − 75 Ω
3
2𝜋𝜋𝜋𝜋𝜋𝜋
2𝜋𝜋(29400𝑥𝑥10 𝐻𝐻𝐻𝐻)(85𝑥𝑥10−12 𝐹𝐹)

where: f = frequency in Hertz
C = capacitance in Farad’s

Step 2 – Calculate the inductor’s reactance:
𝑋𝑋𝐿𝐿 = 2𝜋𝜋𝜋𝜋𝜋𝜋 = 2𝜋𝜋(29400𝑥𝑥103 𝐻𝐻𝐻𝐻)(0.64 × 10−6 𝐻𝐻) = 100 Ω

where: L = inductance in Henry’s

Step 3 – Use the rules to add the resistance and reactances together:
𝑍𝑍 = 300 + 𝑗𝑗 − 75 + 𝑗𝑗100 = 300 + 𝑗𝑗25 Ω

Step 4 – Locate the point on the graph, 300 units along the horizontal axis and +25 units on the
vertical axis. Answer: Point 8
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E5D11: What is the power factor (PF) for an R-L circuit having a phase angle of 30o? (p. 4-27)
𝑃𝑃𝑃𝑃 = cos θ = cos 30 = 0.866
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? (p. 4-27)
𝑃𝑃𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 = 𝐸𝐸 × 𝐼𝐼 = 100 × 4 = 400𝑉𝑉𝑉𝑉

𝑃𝑃𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = 𝑃𝑃𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 × 𝑃𝑃𝑃𝑃 = 400𝑉𝑉𝑉𝑉 × 0.2 = 80𝑊𝑊

where: I = current in amperes
E = voltage in volts

E5D13: How much power is consumed in a circuit consisting of a 100 Ω resistor in series with a 100-Ω
inductive reactance and drawing 1 ampere of current? (p. 4-27)
Note: only resistance consumes power
𝑃𝑃𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = 𝐼𝐼 2 × 𝑅𝑅 = 1𝐴𝐴2 × 100 Ω = 100 𝑊𝑊

where: I = current in amperes
R = resistance in ohms

E5D15: What is the power factor for an R-L circuit having a phase angle of 45o? (p. 4-27)
𝑃𝑃𝑃𝑃 = cos θ = cos 45 = 0.707
E5D16: What is the power factor for an R-L circuit having a phase angle of 60o? (p. 4-27)
𝑃𝑃𝑃𝑃 = cos θ = cos 60 = 0.5
E5D17: How many watts are consumed in a circuit having a power factor of 0.6 if the input is 200 VAC at
5 amperes? (p. 4-28)
𝑃𝑃𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 = 𝐸𝐸 × 𝐼𝐼 = 200 × 5 = 1000𝑉𝑉𝑉𝑉

𝑃𝑃𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = 𝑃𝑃𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 × 𝑃𝑃𝑃𝑃 = 1000𝑉𝑉𝑉𝑉 × 0.6 = 600𝑊𝑊

where: I = current in amperes
E = voltage in volts
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E5D18: How many watts are consumed in a circuit having a power factor of 0.71 if the input is 500 VAC?
(p. 4-28)
𝑃𝑃𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = 𝑃𝑃𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 × 𝑃𝑃𝑃𝑃 = 500𝑉𝑉𝑉𝑉 × 0.71 = 355𝑊𝑊

Published: July 2017
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Section E6:

Circuit Components

E6D01: How many turns will be required to produce a 5-microhenry inductor using a powdered-iron
toroidal core that has an inductance index value of 40 microhenries/100 turns? (p. 4-38)
5
𝐿𝐿
= 100�
= 35.4 𝑜𝑜𝑜𝑜 35 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
𝑁𝑁 = 100�
40
𝐴𝐴𝐿𝐿

where: AL = Inductance Index in microHenry/100 turns
L = Inductance in microhenry

E6D11: How many turns will be required to produce a 1mH inductor using a core that has an
inductance index value of 523/1000 turns? (p. 4-39)
Note: for this question assume a ferrite core!
1
𝐿𝐿
= 1000�
= 43.7 𝑜𝑜𝑜𝑜 43 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
𝑁𝑁 = 1000�
523
𝐴𝐴𝐿𝐿

where: AL = Inductance Index in microHenry/1000 turns
L = Inductance in microhenry

Published: July 2017

p. 10

The Guide to the Mathematic Equations for the 2016-2020 AE (Element 4) Exam

Section E7:

Practical Circuits

E7G07: What magnitude of voltage gain can be expected from the circuit in Figure E7-4 when R1 is 10
ohms and RF is 470 ohms? (p. 6-9)
|𝐴𝐴𝑉𝑉 | =

𝑅𝑅𝑓𝑓
470 𝛺𝛺
=
= 47
𝑅𝑅1
10 𝛺𝛺

E7G09: What will be the output voltage of the circuit shown in Figure E7-4 if R1 is 1000 ohms, RF is
10,000 ohms, and 0.23 volts DC is applied to the input? (p. 6-9)
|𝐴𝐴𝑉𝑉 | =

𝑅𝑅𝑓𝑓
10000 𝛺𝛺
=
= 10 = −10 (𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑖𝑖𝑖𝑖 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖)
𝑅𝑅1
1000 𝛺𝛺
𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜 = |𝐴𝐴𝑉𝑉 | × 𝑉𝑉𝑖𝑖𝑖𝑖 = −10 × 0.23 = −2.3 𝑉𝑉

E7G10: What absolute voltage gain can be expected from the circuit in Figure E7-4 when R1 is 1800
ohms and RF is 68 kilohms? (p. 6-9)
|𝐴𝐴𝑉𝑉 | =

𝑅𝑅𝑓𝑓
68𝑥𝑥103 𝛺𝛺
=
= 37.8 𝑉𝑉 = 38 𝑉𝑉
𝑅𝑅1
1800 𝛺𝛺

E7G11: What absolute voltage gain can be expected from the circuit in Figure E7-4 when R1 is 3300
ohms and RF is 47 kilohms? (p. 6-9)
|𝐴𝐴𝑉𝑉 | =
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𝑅𝑅𝑓𝑓
47𝑥𝑥103 𝛺𝛺
=
= 14 𝑉𝑉
𝑅𝑅1
3300 𝛺𝛺
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Section E8:

Signals and Emissions

E8B03: What is the modulation index of an FM-phone signal having a maximum frequency deviation of
3000 Hz either side of the carrier frequency when the modulating frequency is 1000 Hz? (p. 8-4)
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 =

𝐷𝐷𝑀𝑀𝑀𝑀𝑀𝑀 3000 𝐻𝐻𝐻𝐻
=
=3
𝑚𝑚
1000 𝐻𝐻𝐻𝐻

where: DMAX = peak deviation in Hertz
m = modulating frequency in hertz at any given instant

E8B04: What is the modulation index of an FM-phone signal having a maximum carrier deviation of plus
or minus 6 kHz when modulated with a 2 kHz modulating frequency? (p. 8-4)
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 =

𝐷𝐷𝑀𝑀𝑀𝑀𝑀𝑀 6000 𝐻𝐻𝐻𝐻
=
=3
𝑚𝑚
2000 𝐻𝐻𝐻𝐻

where: DMAX = peak deviation in Hertz
m = modulating frequency in hertz at any given instant

E8B05: What is the deviation ratio of an FM-phone signal having a maximum frequency swing of plus-orminus 5 kHz when the maximum modulation frequency is 3 kHz? (p. 8-4)
𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 =

𝐷𝐷𝑀𝑀𝑀𝑀𝑀𝑀 5000 𝐻𝐻𝐻𝐻
=
= 1.67
𝑀𝑀
3000 𝐻𝐻𝐻𝐻

where: DMAX = peak deviation in Hertz
M = maximum modulating frequency in hertz

E8B06: What is the deviation ratio of an FM-phone signal having a maximum frequency swing of plus or
minus 7.5 kHz when the maximum modulation frequency is 3.5 kHz? (p. 8-4)
𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 =

𝐷𝐷𝑀𝑀𝑀𝑀𝑀𝑀 7500 𝐻𝐻𝐻𝐻
=
= 2.14
𝑀𝑀
3500 𝐻𝐻𝐻𝐻

where: DMAX = peak deviation in Hertz
M = maximum modulating frequency in hertz
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E8C06: What is the necessary bandwidth of a 170-hertz shift, 300-baud ASCII transmission? (p. 8-11)
𝐵𝐵𝐵𝐵 = (𝐾𝐾 × 𝑆𝑆ℎ𝑖𝑖𝑖𝑖𝑖𝑖) + 𝐵𝐵 = (1.2 × 170 𝐻𝐻𝐻𝐻) + 300 = 504 𝐻𝐻𝐻𝐻 = 0.5 𝑘𝑘𝑘𝑘𝑘𝑘

where: BW = bandwidth in Hz
K = 1.2 (constant)
Shift = frequency shift in Hz
B = symbol rate in baud

E8C07: What is the necessary bandwidth of a 4800-Hz frequency shift, 9600-baud ASCII FM
transmission? (p. 8-11)
𝐵𝐵𝐵𝐵 = (𝐾𝐾 × 𝑆𝑆ℎ𝑖𝑖𝑖𝑖𝑖𝑖) + 𝐵𝐵 = (1.2 × 4800 𝐻𝐻𝐻𝐻) + 9600 = 15360 𝐻𝐻𝐻𝐻 = 15.3 𝑘𝑘𝑘𝑘𝑘𝑘

where: BW = bandwidth in Hz
K = 1.2 (constant)
Shift = frequency shift in Hz
B = symbol rate in baud
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Section E9:

Antennas

E9A12: How much gain does an antenna have compared to a 1/2-wavelength dipole when it has 6 dB
gain over an isotropic antenna? (p. 9-4)
𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 𝑖𝑖𝑖𝑖 𝑑𝑑𝑑𝑑𝑑𝑑 = 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 𝑖𝑖𝑖𝑖 𝑑𝑑𝑑𝑑𝑑𝑑 − 2.15 = 6 − 2.15 = 3.85 𝑑𝑑𝑑𝑑𝑑𝑑

where: dBi = antenna gain compared to an isotropic radiator
dBd = antenna gain compared to a reference dipole
2.15 is a constant (diploe has 2.15 dB gain over an isotropic radiator)
E9A13: How much gain does an antenna have compared to a 1/2-wavelength dipole when it has 12 dB
gain over an isotropic antenna? (p. 9-4)
𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 𝑖𝑖𝑖𝑖 𝑑𝑑𝑑𝑑𝑑𝑑 = 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 𝑖𝑖𝑖𝑖 𝑑𝑑𝑑𝑑𝑑𝑑 − 2.15 = 12 − 2.15 = 9.85 𝑑𝑑𝑑𝑑𝑑𝑑

where: dBi = antenna gain compared to an isotropic radiator
dBd = antenna gain compared to a reference dipole
2.15 is a constant (diploe has 2.15 dB gain over an isotropic radiator)
E9A15: What is the effective radiated power relative to a dipole of a repeater station with 150 watts
transmitter power output, 2 dB feed line loss, 2.2 dB duplexer loss, and 7 dBd antenna gain? (p. 9-28)
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = 𝑠𝑠𝑠𝑠𝑠𝑠 𝑜𝑜𝑜𝑜 𝑎𝑎𝑎𝑎𝑎𝑎 𝑡𝑡ℎ𝑒𝑒 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑎𝑎𝑎𝑎𝑎𝑎 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = −2𝑑𝑑𝑑𝑑 − 2.2 𝑑𝑑𝑑𝑑 + 7 𝑑𝑑𝑑𝑑 = 2.8 𝑑𝑑𝑑𝑑
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔
10

𝐸𝐸𝐸𝐸𝐸𝐸 = 𝑃𝑃 × 10

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔
= 𝑃𝑃 × 𝑙𝑙𝑙𝑙𝑙𝑙−1 �
� = 150 × 100.28 = 286 𝑊𝑊
10

where: ERP = effective radiated power
P = power output

E9A16: What is the effective radiated power relative to a dipole of a repeater station with 200 watts
transmitter power output, 4 dB feed line loss, 3.2 dB duplexer loss, 0.8 dB circulator loss, and 10 dBd
antenna gain? (p. 9-28)
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑔𝑔𝑎𝑎𝑎𝑎𝑎𝑎 = −4𝑑𝑑𝑑𝑑 − 3.2 𝑑𝑑𝑑𝑑 − 0.8 + 10 𝑑𝑑𝑑𝑑 = 2 𝑑𝑑𝑑𝑑

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔
10

𝐸𝐸𝐸𝐸𝐸𝐸 = 𝑃𝑃 × 10

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔
2
= 𝑃𝑃 × 𝑙𝑙𝑙𝑙𝑙𝑙−1 �
� = 200 × 𝑙𝑙𝑙𝑙𝑙𝑙−1 ( ) = 317 𝑊𝑊
10
10

where: ERP = effective radiated power
P = power output
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E9A17: What is the effective radiated power of a repeater station with 200 watts transmitter power
output, 2 dB feed line loss, 2.8 dB duplexer loss, 1.2 dB circulator loss, and 7 dBi antenna gain? (p. 9-28)
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = −2𝑑𝑑𝑑𝑑 − 2.8 𝑑𝑑𝑑𝑑 − 1.2 + 7 𝑑𝑑𝑑𝑑 = 1 𝑑𝑑𝑑𝑑

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔
10

𝐸𝐸𝐸𝐸𝐸𝐸 = 𝑃𝑃 × 10

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔
1
= 𝑃𝑃 × 𝑙𝑙𝑙𝑙𝑙𝑙−1 �
� = 200 × 𝑙𝑙𝑙𝑙𝑙𝑙−1 ( ) = 252 𝑊𝑊
10
10

where: ERP = effective radiated power
P = power output

E9F05: What is the approximate physical length of a solid polyethylene dielectric coaxial transmission
line that is electrically one-quarter wavelength long at 14.1 MHz? (p. 9-33)
𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿ℎ = 𝑉𝑉𝑉𝑉 ×

300
300
= 0.66 ×
= 14.1 𝑚𝑚
14.1
𝑓𝑓

1
𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿ℎ 𝑓𝑓𝑓𝑓𝑓𝑓 𝜆𝜆 = 0.25 × 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿ℎ = 0.25 × 14.1 = 3.5 𝑚𝑚
4

where: VF = Velocity Factor for solid polyethylene dielectric coaxial transmission, 0.66
f = frequency in MHz
E9F06: What is the approximate physical length of an air-insulated, parallel conductor transmission line
that is electrically one-half wavelength long at 14.10 MHz? (p. 9-33)
𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿ℎ = 𝑉𝑉𝑉𝑉 ×

300
300
= 0.95 ×
= 20.2 𝑚𝑚
14.1
𝑓𝑓

1
𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿ℎ 𝑓𝑓𝑓𝑓𝑓𝑓 𝜆𝜆 = 0.5 × 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿ℎ = 0.5 × 20.2 = 10 𝑚𝑚
2

where: VF = Velocity Factor for air-insulated, parallel conductor transmission line, 0.95
f = frequency in MHz
E9F09: What is the approximate physical length of a solid polyethylene dielectric coaxial transmission
line that is electrically one-quarter wavelength long at 7.2 MHz?
𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿ℎ = 𝑉𝑉𝑉𝑉 ×

300
300
= 0.66 ×
= 27.5 𝑚𝑚
7.2
𝑓𝑓

1
𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿ℎ 𝑓𝑓𝑓𝑓𝑓𝑓 𝜆𝜆 = 0.25 × 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿ℎ = 0.25 × 27.5 = 6.9 𝑚𝑚
4

where: VF = Velocity Factor for solid polyethylene dielectric coaxial transmission, 0.66
f = frequency in MHz
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