Chapter 7

Radio Signhals and Measurements
Section 7.1 AC Waveforms
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Types of Waveforms

DC Voltage

ADC Voltage
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http://motleypot.blogspot.com/2010_12 01 archive.html
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Sine Wave

A Single frequency
AMathematical curve

A Generated
rotationally or by an
oscillator
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https://en.wikipedia.org/wiki/Sine_wave




Sine Wave
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https://giphy.com/gifs/mathematicssin-pi-NKLdcghwo2f8A




Sine Wave Measurements

A Amplitude

AFrequency o I

A Period

AWave travel at the
Speed of Light =
Wavelength
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y http://www.songsofthecosmos.com/encyclopedia_of modern_music/S/sine_wave.html



Sine Wave Measurements

http://www.tpub.com/neets/book2/1e.htm
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Sine Wave Measurements

A Amplitude ... Pesk value [V, or V,,,} Relative to zero
i v
A Peak to Peak M\ RMSvalue (V) =V, x 0.707
A Peak .. TN, Average value (V) =V x 0.637

A RMS Voltage
(multlply Peak by .........................................................................

0.707)
Peak lo peak
value [V.)
A Average Voltage
(multiply Peak by Y -
0.636) - Periodic time T (Frequency = 1/T) N
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Sine Wave Measurements

A RMS = Heating
Effect

A Equivalent to what
DC voltage is
required to heat a
resistor to the
same temperature

RS Voltaiee Equivalent

https://www.quora.com/Whatis-the-meaningof-415-V-rating-of-a-machine



Sine Wave Measurements

Areas under
Vaoltage the curve
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https://www.electronicstutorials.ws/accircuits/averageoltage.html




SawtoothWave
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SawtoothWave

https://commons.wikimedia.org/wiki/File:Synthesis_sawtooth.gif




Square Wave
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A Made up of a sine wave at a fundamental frequency plus the
odd harmonics

https://www.sfu.ca/soniestudio/handbook/Square_Wave.html



Square Wave
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https://commons.wikimedia.org/wiki/File:Fourier_series_square_wave_circles_animation.gif
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UnmodulatedSignal Power

AUnmodulatedSine Wave is called theverage Power

A Calculate using the Power Formula with RMS values
for Voltage and Current

Pavg= Vrmssquared/Impedance

https://en.wikipedia.org/wiki/Root_mean_square



Amplitude Modulation

Fo=15kHz, Fr=2kHz,
Amp Fo=280mY
Amp=1,5% max

hodulzated zignal
Zin, Fm=1kHz,

http://www.tmatlantic.com/encyclopedia/index.php?ELEMENT _ID=10390

< -0t

o



Amplitude Modulation

MODULATED
MODULATING SIGNAL
SIGNAL
AMPLITUDE
“™_"_/| MoDULATOR W

CARRIER

http://www.ilmondodelletelecomunicazioni.it/argomento.php?lang=en&id_lezione=43&id_capitolo=285
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Modulated Signal Power

A Peak Envelope Power

A Use the RMS value of %“”‘\\ CW’Q’ eSS

the Peak Voltage to
calculate PEP

A PEP is typically 2.5
times the Average

A Voice processing
Increases the output
power

R

https://www.youtube.com/watch?v=AJG4GTrwO5Q



Modulated Signal Power

e

Fig.2. SSB waveforms: (a)
unprocessed speech (the repeat-
ed word “three”) with 16dB peak-

fo-average ratio; (b) the same
word with 6dB of compression
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http://www.ab4oj.com/icom/ssbcomp.html



Modulated Signal Power

APeak Envelope Voltage
APeak Envelope Power

PEP = (PEV x .707) Squared/Impedance



Questions

Section 7.1



E8AQ2. What type of wave has a rise time significantly faster than its fall time (or
vice versa)?

[ A. A cosine wave

B. A square wave

[ C. A sawtooth wave
( D. A sinewave

R N N




E8AQ2. What type of wave has a rise time significantly faster than its fall time (or

vice versa)?

(

A. A cosine wave

B. A square wave
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C. A sawtooth wave (
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D. A sine wave
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ESA03. What type of wave does a Fourier analysis show to be made up of sine waves
of a given fundamental frequency plus all of its harmonics?

[ A. A sawtooth wave

B. A square wave

[ C. A sinewave

( D. A cosine wave

R N N




ESA03. What type of wave does a Fourier analysis show to be made up of sine waves
of a given fundamental frequency plus all of its harmonics?

[ A. A sawtooth wave (l—

N

B. A square wave

[ C. A sinewave

( D. A cosine wave

R N N




ESAOS. What would be the most accurate way of measuring the RMS voltage of a
complex waveform?

[ A. Byusing a grid dip meter

B. By measuring the voltage with a D'Arsonval meter

C. Byusing an absorption wavemeter

D. By measuring the heating effect in a known resistor

R N I o N




ESAOS. What would be the most accurate way of measuring the RMS voltage of a
complex waveform?

[ A. Byusing a grid dip meter

B. By measuring the voltage with a D'Arsonval meter

C. Byusing an absorption wavemeter

A%

D. By measuring the heating effect in a known resistor <
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EBAO0G. What is the approximate ratio of PEP-to-average power in a typical single-
sideband phone signal?

[ A. 25tol
B. 25to1l

[ C. 1to1

( D. 100to1
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EBAO0G. What is the approximate ratio of PEP-to-average power in a typical single-
sideband phone signal?
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ESAO07. What determines the PEP-to-average power ratio of a single-sideband phone
signal?

[ A. The frequency of the modulating signal

B. The characteristics of the modulating signal

C. The degree of carrier suppression

D. The amplifier gain

R N N




ESAO07. What determines the PEP-to-average power ratio of a single-sideband phone
signal?

[ A. The frequency of the modulating signal

A%

B. The characteristics of the modulating signal <

N

C. The degree of carrier suppression

D. The amplifier gain
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https://www.pinterest.com/pin/60446819979403635/



Section 7.2

Test Equipment



Multimeters

ANo matter whether Analog or Digital
A Accuracy= Calibration to a standard
A Precision= Markings on a scale

A Resolution= Smallest difference that can be
distinguished



Multimeters

http://www. kerrywong.com/2011/09/11/mytakeon-bk—2709bmultimeter/



=)

< =

Ohms Per Volt

AOld analog meters were rated this way
ATypical 20,000 Ohms per volt

AOn a Ten Volt scale, meter impedance was
200,000 Ohms

http://electronics.stackexchange.com/questio
ns/214016/whyis-analogvoltmeter-
sensitivityis-definedasohm-volt

R4 R3 R2 R1
R 8 MQ 1.8 MQ 180 kQ 15kQ

50 uA FULL SCALE
AM1 5k
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VTVMs

AVacuum Tubes have a
High Impedance

ADoes not load the

circuit down as much af®

a VOM

https://www.youtube.com/watch?v=GR3rR7tc30Y



Grid Dip Meters

A Used to find the
resonant frequency of
L-C circuit.

A Loosely coupled to the
circuit
A Millen 90651 from 194
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http://www.isquare.com/millen/eqpicts/90651.html |
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Impedance Bridges

A A Balanced Bridge of known
values

A Add an unknown

A Adjust the variable elements
to find the unknown value

http://www.ebay.com/itm/GeneralRadie1650-B-ImpedanceBridge
Must-SeeConditior/361937571520



RF Bridge Circuit

A An RF Source at a
single frequency

A An RF Detector
(Null Indicator)

A Calibrated bridge
components

http://www.tpub.com/neets/book21/88b.htm
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Noise Bridge

A Wideband Noise as signal source

A Uses a Radio as a single frequency
detector

A Adjust bridge for a null in the
noise.

A Read the values from the
calibrated dials

http://ham.stackexchange.com/questions/1375/noieidge-
usein-antennaconstruction

RVI

1]
‘unXnown

load
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Antenna Analyzers

A All have an internal RF
bridge circuit

A Many are a Single port
Vector Network Analyzer

https://www.gigaparts.com/mfj
259c.html?gclid=Cj0KEQjwwoLHBRDDObeVheu3ItOBEIQAvU4CKolD
OVUEzOKGIiJsorz2NPNnTGQ9BgBr_xC3XAAaAmM1k8P8HAQ
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Frequency Counters

A Time base accuracy

TEKCOWER TP3165 HIGH RESOLUTION COUNTER

measured in Parts Per r'\
Million
A You pay for accuracy!
A Stability also in PPM

A Input impedance
typically 1M Ohm

R https://www.amazon.com/TekPoweTF P3168ntelligentFrequency

resolution/dp/BO06VHPG8M



Period Counter

Alnverse of Frequency

A Better resolution of very
low frequency signals
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Prescaler
ALY ONBI asa |
frequency range

ADivides the incoming
frequency by a known
factor (typically by ten)

http://www.ebay.com/itm/RamseyPS10B1-5-GHzPrescaleffor-FrequencyCounter
BNCHamRadiePowersOn/172476322053?_trksid=p2385738.m2548.14275
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Osclilloscopes

A Analog versus Digital

Analog Oscilloscope
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Oscilloscopes

AMeasures Amplitude versus Time
A+ ASga 2 BST2NX¥a Ay GKS
A Controls adjust the input amplitude sensitivity, the

time base per division, when the trace starts
(triggering) and the trace characteristics (focus,

Intensity, position).
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Probes

A Keep the ground lead
as short as possible

Aal G§OK GKS
Impedance input

A Voltage Divider (x10)

A Low capacitance

A Rated Bandwidth

{ 02 LIS Qa

https://www.avexelectronics.com/probes_510series.html
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