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Laboratory Exercise

- FREQUENCY DIVISION MULTIPLEXING
TRAINER FAMILIARIZATION

Performance Objectives

A. Demonstrate the operation of the
FREQUENCY DIVISION MULTIPLEXING
TRAINER.

B. Investigate the fundamentals of synchronous
detection for amplitude modulation.

Basic Concepts

1. Multiplex is the transmission of two or more

channels of information by a single, composite

signal. :

A beat frequency oscillator (BFO) signal is a

reference signal for a synchronous detector.

3. Frequency division multiplex channels occur at
the same time but at different locations in the
frequency speetrum,

g

4. IFrequency division multiplex systems use
separate subcarriers for cach channel in a
primary group.

5. Subcarriersin a primary group are suppressed.

6. A primary group consists of two or more

channels of information. Each channel has a
subcarrier with a different frequency.

7. A mixer adds and subtracts the frequencies of
two signals applied to it.

8. A summer adds the amplitudes of two signals
applied to it.

1l
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Introductory Information

Multiplex operation is the transmission of two or
more signals separated by either frequency, phase, or
time, There are two basic categories of multiplex
operation: time division and frequency division
multiplex.

Time division multiplex systems send two or more
sets of information in tandem over a common
channel: one set of information is sent at a time, The
amount and how often the information is sent varies
widely and depends upon the needs of the system, The
chop mode on an oscilloscope is an example of time
division multiplexing where channel 1 and channel 2
alternately control the trace. Electronic switching
between channels is rapid, so that gaps in the trace
caused by the off times are not observabie.

Frequency division multiplex systems send two or
more sets of information over the same channel at the
same time. Figure 1-1 illustrates a telephone system
using frequency division multiplex technigues to send
multiple voice channels over a single pair of wires.
Here, each voice channel is used to modulate a
separate carrier. The first carrier is 8140kHz. The
frequency of each additional carrier increases in 4kHz
increments. The use of balanced modulators
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1-2 Frequency Division Multiplexing Trainer Familiarizalion

eliminates the carrier from the modulated signals. If
the lower sideband is eliminated from the balanced
modulator output as well, all that remains for each
channel is a single, 4kHz-wide sideband. The three
sidebands, which make up the three-channel FDM
signal, will appear between 8140kHz and 8152kHz
after the individual channels are combined in a
summing amplifier.

A basic frequency division multiplex telephone
system has twelve separate voice channels in its
primary group. Fifty primary groups can be multi-
plexed together into one master group for a total of
600 voice channels. By expanding these basic
multiplexing techniques, tens of thousands of voice
channels are sent over a single transmission link.

In order to send thousands of channels over the same
transmission link, primary groups of 12 channels are
shifted in frequency and placed within larger groups.
Techniques that shift multiplexed signals without
distrubing their intelligence use mixers. Figure 1-2
shows the three-channel frequency division multi-
plexed signal from Figure 1-1 being down-converted
(from its 8140- to 8152-kHz range) to between 96 and
108 kilohertz.

The FREQUENCY DIVISION MULTIPLEXING
TRAINER consists of nine different circuits in eleven
different blocks. Because multiplexing requires
multiplé channels of information, many circuits are
repeated. For example, two balanced modulators,
two product detectors, two post detection filters, and
two predetection filters are located on the trainer. In
addition to the preceding primary circuits and the
SUMMING IF AMPLIFIER, support circuits are
included on the trainer. These consist of a TONE
GENERATOR, an FM GENERATOR, an FM DETECTOR,
and a SUBCARRIER GENERATOR.
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Figure 1-2

The tone generator (Figure 1-3) is used to supply an
audio test signal for a two-channel frequency division
multiplex demonstration. A second test tone is
obtained from the AF generator. The tone generator
supplies a 1Vp-p sine wave at approximately 800Hz
from J1.

Two balanced modulators (Figure 1-4) generate
double sideband signals for the multiplex system. A

modulation signal applied to J2 will modulate a
carrier applied to J3. The CARRIER ADJ control can
be varied to cancel the carrier so that only sidebands
ofthe carrier appear in the output at J4. For balanced
modulator 2, amodulation signal can be.applied to J5,
the carrier to J6, and the output taken from J7.

TONE GENERATOR

]

Figure 1-3
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The summing amplifier (figure 1-5) is a summer. It is
used to add (not multiply) the signals from the
balanced modulators together. Input jacks J8 and J9
accept the AM or DSB (double sideband) signals, and
their sum appears at J10.
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Figure 1-4

A subcarrier generator (Figure 1-6) supplies carriers
for the balanced modulators. These square wave
signals are available at J31,J32, and J33. The signal at
J31 is always twice the frequency of the signals at J32
and J:i33. The phase between the signals at J32 and J33
is always 90 degrees, but their frequency is always the
same. lxperiments in this student manual use 10kHz
and/or 20kHz carriers, The FREQ ADJ control is used
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toset the outputofthe generator at J31 to 20kHz. J32
" and J33 are the 10kHz signal outputs which are 90

degrees apart in phase but identical in frequency.

The FM generator and FM detector are used tosend a
frequency division multiplex signal over an RF link,
They are the final two of the four support circuits on
the frequency division multiplex trainer.

A pair of product detectors (Figure 1-9) are used to
demodulate the 10kHz and 20kHz subcarrier signals,
A modulated signal is applied to J21 and a carrier to
J22. The demodulated output is available at J23. Note
that a product detector can demodulate both AM and
double- or single-sideband signals.
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An FM generator (Figure 1-7) modulates a carrier by
varying the frequency of that carrier. The modulation
signal is applied to J11 and a modulated sine wave
carrier is taken from J13. Carrier frequency is a
nominal 200kHz and can be adjusted by the FREQ
ADJ control. Another control, the SYMM ADJ, is used
to adjust the carrier for minimum sine wave
distortion. J12 is a test point for the amplified
modulation signal.
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The FM detector (Figure 1-8) is a phase-locked loop
circuit. It accepts a frequency modulated carrier from
the FM generator circuit and demodulates it. The FM
detector has a dual frequency range selected by (he
FREQ SEL slide switch. A high (HI) position centers
the phase-locked loop free-running frquency around
200kHz. The low (LO) position places the center
frequency at approximately 10kHz. The only other
control is the PHASE ADJ potentiometer. It is used in
the LO frequency range to shift the phase of a 10kHz
test signal at its input (J14) approximately 20 to 160
degrees. The shifted signal is at J16. Frequency
modulated input signals at J14 will be demodulated
and appear at J15,
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Figure 1-9
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Predetection filters (Figure 1-10) are bandpass filters
which are tuned to pass one of the subecarriers and
reject the other. These filters have a gain of four for
signals within their passband. The signal inputis J17.
The output is J18.
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Figure 1-11

Post detection filters (Figure 1-11) are low pass filters
used to remove high frequency noise and other
products of detection from a product detector
output. These active low pass filters attenuate
frequencies above 4kHz.

Additional Reading

See the bibliography at the back of this manual for
additional reading material on frequency division
multiplex systems and their practical uses in
communication.

Equipment and Materials

Frequency Division Mult plexing Trainer
Power Source +15Vde, 100mA
Power Source  -15Vde, 100mA
Frequeney Counter
Dual Trace Oscilloscope '
AF Generator '




Exereise Procedure

Objective A. Demonstrate the operation of the

FREQUENCY DIVISION MULTIPLEXING
TRAINER.

Preparatory Information

Before beginning an in-depth study of frequency
division multiplex systems using the frequency
division multiplexing trainer, you will become
familiar with the trainer by investigating some
characteristics of predetection and post detection
filters.

Both pre- and post-detection filters are a part of the
receiver circuits in an FDM (Frequency Division
Multiplex) system, If you look at the FDM trainer, the
filters are physically located before and after the
detectors along the bottom of the board. These filters
are placed to reflect signal flow in a working FDM
circuit: a modulated subcarrier is filtered before
detection (predetection); a demodulated signal is
filtered after detection (post detection).

The predection filter is a bandpass filter designed to
pass asubcarrier and/or its sidebands. There are two
filters. — one for each subearrier in the FDM system
you will develop on this board.

The post detection filter is a low-pass filter designed
to pass a detected signal and block any of the sum
signal that may remain alter detection.

[C 1. a) Connectthe circuit shown in Figure 1-12.
Set the power supply outputs to +15Vde and -15Vdc
and connect them to the FREQUENCY DIVISION
MULTIPLEXING TRAINER. Be sure to observe
polarity. The plus lead from the power supply is
connected to the terminal marked +15. The common
lead for both power supplies is connected to the GND
terminal located between the +15 and -15 terminals.

J29 POST J30
O——— DETECTION |—0
T0O FILTER
FREQUENCY
COUNTER
TO AF J13 PREDETECTION Jeo
GENERATOR FILTERS
TO 5COPE TO SCOPE
CHANNEL 1 CHANNEL 2

Figure 1-12

O b) Trigger the oscilloscope on channe] 1. Set
the AF generator for 4Vp-p at approximately 20kHz.
Vary the frequency control for maximum output from
the predetection filter. What is the frequency of this
bandpass filter, and what can you conclude about the
frequency of the subcarrier?

I voquency Diviswon Multiplecing 1ratner Familiarizalion

10 AF a7 PREDETEGTION 419
GENEHATOR | FILTERS
TO SCOPE TO SCOPE
CHANNEL 1 CHANMEL 2
Figure 1-13
O ¢) Connect the circuit shown in Figure 1-13.

Vary the frequency control for maximum output from
the predetection filter, What is the center frequency
of this bandpass filter, and what can you conclude
about the frequency of the subcarrier?

O d) Connect the circuit shown in Figure 1-14.
Set the AF generator to 300Hz at 1Vp-p. Measure the
output level at J28 and enter it in Table 1-1. Repeat
the procedure for each frequency in Table 1-1. What
can you conclude about the characteristics of the
post detection filter from this experiment?

TO AF J27 POST J28 TO SCOPE
GENERATOR DETECTION —|———O——— cuanneL 2
FOUHL 0 1V p-p FILTERS

TO SCOPE

CHANNEL ¥

Figure 1-14

f(Hz) |300 | 1000 | 2000 | 3000 | 4000 [10,000 20,000

Vout(p-p) | 1.7 0.05

Table 1-1
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Objective B. hwestigate the fundamentals of
synchronous detection for amplitude modulation.

Preparatory Information

There are several ways to recover intelligence from an
amplitude modulated signal. The envelope detector
(see Figure 1-15) is probably the most popular, but it
contains some fundamental faults. Foremost amony
them is the inability to detect an amplitude
modulated signal that does not have a carrier. Since
frequency division multiplex systems use suppressed-
carrier amplitude modulation techniques, a simple
envelope detector can not be used.
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eyt T g o/ N/ T\

Oo——+—+—20O

ENVELOPE

Figure 1-15

Asolution to the problem of demodulating suppresscd-
carrier AM signals is found in the synchronous
detector. It is capable of detecting any type of
amplitude modulation: double sideband with carrier,
doublesideband with reduced carrier, double sideband
suppressed carrier, and single sideband. However,
synchronous detectors require a reference signal,
called a BFO (Beat Frequency Oscillator), that must
be identical in frequency to the carrier of the AM
signal being demodulated (refer to Figure 1-16). But
because synchronous detectors are the only means of
demodulating suppressed carrier signals, and because
they produce considerably less distortion in the
demodulated signal, synchronous detectors are in
widespread use. In order for a synchronous detector
to work, the frequency of the BFO must equal the
carrier frequency of the signal being demodulated.
When detecting AM signals without carriers, the
frequency of the BFO must still equal the frequency of
the suppressed carrier. Also, the phase of the BIFO
must match the phase of the carrier exactly; that is,
the amplitude of the BFO signal must rise and fall in
perfect synchronization with the carrier. If it does
not, the demodulated output will distort or be entirely
suppressed, The product detector in this trainer is a
Lype ol synchronous detector.

AM SYNCHRONOUS INTELLIGENCE
SIGNAL ] M | ———=  sIGNAL
DETECTOR out
[TMHz MODULATED 11000Hz TONE)

WITH 1000Hs TONE)

BFO
N
(AL L

Figure 1-16
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When BFO and carrier signals are mixed, the output is
the sum and difference of the two frequencies (see
Figure 1-17). Since the two signals are the same
frequency, the difference between them is zero, The
demodulation process is shown in Figure 1-18 as it
occurs on the [requency division multiplexing trainer,
where the low-pass filter is an external part of the
detector. When an AM signal is applied to the input of

f1

( f1+ 12
x
f1 - f2

f2

Figure 1-17

a product detector, its output signals are equal to the
sum and difference of the BFO and carrier frequencics
and the BFO and any AM sideband frequencies which
may be present. The post detection filter is a low pass
filter which removes the sum [requencies of 19, 20,
and 2lkHz; therefore, the only signal left is the 1kHz
intelligence signal,

On the frequency division multiplexing trainer, an
amplitude modulated signal is generated from a
carrier signal and an intelligence signal by a balanced
modulator. It is possible to produce an AM signal
consisting of carrier and sidebands at 100 percent
modulation, a double sideband signal without its
carrier (DSB-5C), or at any percentage of the two
variables: modulation and carrier suppression.
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Figure 1-18
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In this objective, d balanced modulator and a product
detector will be used. One will generate an AM signal
consisting of a carrier modulated by lkHz, and the
second will be operated as a synchronous detector to
recover the lkHz.

0 2. a) Connect the frequency counter to J3I.
Apply power to the trainer, Use the FREQ ADJ control
on the subcarrier generator to set the frequency of the
signal at J31 to 20kHz. Measure and record the
frequency of the signal at J32 and J33.

O b) Connect the circuit shown in Figure 1-19.
Adjust the AF generator for a 1kHz sine wave at 1Vp-p.
Trigger the oscilloscope on channel 1 and set the
sweep speed to 0.5ms/cm. Use the CARRIER ADJ
control to adjust the output of the balanced modu-
lator for a 100 percent modulated AM waveform from
J4. Describe the waveform.

O ¢) Move the oscilloscope channel 2 probe
from J4 to J23. Describe the signal. Explain.

-0 Frequency Division Multiplexing Trainer Familiarization

O d) Remove the connection between J22, the
BFO input, and J31. Describe the signal at J23, the
output of the product detector, and explain your
observation,

d e) Replace the connection between J22 and
J31 and confirm the return of the 1kHz intelligence
signal. What happens when the wire between J22 and
J31 is moved from J31 to J32? Explain,

Summary

In this Laboratory Exercise you examined the Fre-
quency Division Multiplexing Trainer and investi-
gated some of its circuits. You learned that FDM
systems send two or more channels of information
over one transmission link at the same time. This is

1O AF He BALANCED 43 22l PRODUCT "023
GENERATOR “_‘T‘ MODULATOR _([’_ 0 DETECTOR
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Ja
SUBCARRIER
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Figure 1-19
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accomplished by placing each channel at a different
location in the frequency spectrum. Each channel has
a separate subcarrier which is modulated and com-
bined with other subcarriers into a group. You dis-
covered that predetection filters are bandpass filters
tuned to pass one subcarrier from a group of FDM
subcarriers. You also discovered that a post detection
filter blocks subcarrier frequencies but can pass a
demodulated signal, And finally, you investigated a
synchronous detector and discovered that a BFQ
signal is a reference signal which must be equal in
frequency to the modulated carrier being detected,

Quiz

1. Frequency division multiplex systems separate

channels

a. within specific periods of time.

b. in tandem over a common channel.
¢. Bothaandb.

d. Neither a norb.

2. A post detection filter used in FDM systems

a. [lilters demodulated signals from subcarriers.
b. passes subcarrier frequencies to a detector,

c. filters FM from the linear mixer output.

d. passes demodulated signals from detectors.

3. The subcarrier generator on the frequency divi-
sion multiplex trainer

is readjusted for each FDM channel.
supports a two-channel FDM system,
does not supply balanced modulators.
provides multiple modulation signals.

e FeE

4. A post detection filter is an effective filter for
blocking subcarrier frequencies.

a. This statement is false.

b. The statement would be true if it referred to
predetection filters.

¢. Thestatement would be false il it referred to
predetection filters.

d. The statement can only be made true if it

names subcarrier frequencies.

e e S e o e e e e susa- e

5. Describe the function of a summer.

a. To multiply signals from product detectors.

b. To divide signals from the subcarrier gener-
ator.

¢. To add signals from balanced modul: tors.

d. To subtract signals from the suriming
amplifier,

6. A synchronous detector

a. demodulates AM signals.
b. requires a reference signal.
c. Bothaandb.

d. Neither a norb.




Laboratory Exercise 2

FDM TRAINER SUPPORT CIRCUITS

Performance Objectives

A. Demonstrate and test the operation of the
SUBCARRIER GENERATOR and TONE
GENERATOR.

B. Demonstrate and test the POST DETEC-
TION FILTER.

Basic Concepts

1. Subcarrier generators used in frequency divi-
sion multiplex systems generate a different
frequency for each channel in the priveary
group.

2. A primary group is a basic FDM unit, or set of
channels, from which larger groups of
channels are assembled.

3. Subcarrier generator output signals are all
derived from a common oscillator.

4. Frequency division multiplex systems are
aligned or tested with signals from tone
generators, 4

5. Post detection filters pass intelligence fre-
quencies but block FDM subcarrier fre-
quencies.

Introductory Information

A typical FDM signal contains a group of sidebands
whose carriers were suppressed during the modu-
lation process. These sidebands occupy carefully
controlled segments of the spectrum so that many
sidebands can be packed into as little spectrum space
as possible. To accomplish this high-density packag-
ing of FDM sidebands, frequency division multiplex
systems require precise subcarrier signals,

The location of FDM subcarriers within the frequency
spectrum is important. Frequency stability of sub-
carrier signals is important in the demodulation
process. Many FDM telephone systems use single
sideband signals. During demodulation, the fre-
quency of the signal used as the BFO (beat frequency
oscillator, see Figure 2-1) must be typically within
15Hz of the subcarrier used to generate the SSB
signal. Figure 2-1 shows the same SSB signal applied
to two product detectors. When properly demod.
ulated, 45 shown on Figure 2-1(a), a 1kHz tone
results.If the BFO is shifted up in frequency by 100Hz
(8140kHz to 8140.1kHz) as shown in Figure 2-1(b),

the pitch of the demodulated signal is reduced by a
proportional amount. Without a close frequency toler-
ance between the BFO and the subearrier used to
generate the SSB signal, the pitch of a demodulated
voice wave shifts, becomes unnatural, and difficult to
understand. When a double-sideband suppressed-
carrier FDM system is considered, both frequency
and phase of the BFO signal become critical. They
must be identical to the frequency and phase of the
original carrier. Without phase coherence between
the BFO and the subcarrier used to generate the DSB
signal, proper demodulation is impossible, Therefore,
Lhe subcarriers in an FDM system are generated with
attention to frequency accuracy and stability.
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Figure 2-1

Subcarrier signals are produced by subcarrier gener-
ators. A master oscillator generates a stable [re-
quency from which the individual subcarriers are
derived. As shown in Figure 2-2, flip flop stages can be
used to digitally divide thi: output of a master
oscillator into the two subcarrier frequencies, 10kHz
and 20kHz. Locking the individual subcarrier fre-
quencies to a single oscillator insures that the sub-
carriers will keep their relative positions to one
another even though the master oscillator drifts
within its limits. If every subcarrier had its own
oscillator, individual drifting among the oscillators
would make large FDM systeins impractical,
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Figure 2-1 showed a typical FDM system using single
sideband. It contained an 8141kHz SSB signal which
was produced by a 8140kHz carrier and a 1kHz
intelligence signal. Often, communications systems
are tested and aligned using test signals rather than
the intelligence signals they ordinarily carry. This is
because the intelligence signals are often random in
frequency and amplitude, and, therefore, make poor
signals lor alignment or troubleshooting. A tone
generator on the [requency division multiplex trainer
produces an audio test tone,
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AOJ 40kMz
‘2
20kkiz
Figure 2-2

Filters play an important roll in analog and digital
communication circuits. They are necessary where
signals must be separated, where noise must be
eliminated, or where subcarrier feedthrough or leak-
age must be attenauted from the intelligence signal.
They are used after a synchronous detector where the
subcarrier sum signal must be attenuated from the
intelligence signal, and they are used in many other
locations. Filters once consisted exclusively of re-
sistors, inductors, and capacitors in networks. These
were quite often resonant circuits which required
careful attention to tuning, and which were often
quite bulky and heavy, particularly at the low and mid
audio [requency ranges. Today, these LC-type filters

UG

can be replaced with active filters which rely on
simple resistor-capacitor networks working in con-
junction with operational amplifiers. These filters,
particularly in the audio range used by communica-
tion systems, are much less expensive, do not require
difficult tuning procedures, are stable under varying
environmental conditions, and are small and light. In
addition, they can be designed to provide gain, some-
thing that LC-type filters could not do. Active filters
are used on the frequency division multiplexing
trainer to separate and filter subcarrier signals.

Additional Reading

See the bibliography at the back of this manual for
additional reading material related to frequency
division multiplex subcarrier circuits and post detec-
tion filters.

Equipment And Materials

Power Supply +15Vde, 100mA
-15Vde, 100mA

Al" Generator

Dual-trace Oscilloscope

Frequency Division Multiplexing Trainer

Exercise Procedure

Objective A. Demonstrate and test the operation of
the SUBCARRIER GENERATOR and TONE
GENERATOR.

Preparatory Information

The circuit schematic of the subcarrier generator is
shown in Figure 2-3. Integrated circuit U6 is a 555-
type timer used in a 40kHz oscillator circuit. Resistors
R28, R29, and R30 control the charge and discharge
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Figure 2-3




time of capacitor C26 to set the basic frequency of
oscillation. Resistor R29 is made variable to serve as a
frequency adjust (FREQ ADJ) control to set the
subcarrier oscillator to the desired frequency, Capuc-
itor O26 decouples the power aupply from the os-
cillator,and C27 keeps the unused control voltage pin
5at ground for ac.The output of the timer oscillator is
applied Lo the clock input of flip flop U7A. All the Nip
flops trigger on a positive edge only; refer to Figure 2-4
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|
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Ug-81qQl I I

=

Figure 24

also. A 20kHz square wave at pin 1, the @ output,
results from the divide-by-two action of the flip flop.
This 20kHz signal is applied to J31 to serve as one of
the subcarrier signals, and to the clock input of flip
flop UBA. A second flip flop, U8B is triggered by the
inverted 20kHz signal at pin 2 of UTA. As a resull of
the two-out-of-phase signals from UTA, one of the U8
flip flops is triggered every 180 degrees. This results in
10kHz signals that are 90 degrees out of phase with
each other. These signals are applied to J32 and J33
as the 10kHz quadrature subcarrier signals.

L

c1 c2
100pF 0.001,F

Figure 2-5
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A schematic diagram of the tone generator is shown
in Figure 2-5. Integrated circuit Ul is an operational
amplifier operated at slightly above unity gain, The
frequency of oscillation of this sine wave oscillator is
determined by capacitors C3 and C4, and resistors R1
and Rb. To insure reliable oscillation, the total series
resistance of R3 and R4 is slightly larger than R2, and
capacitor C2 is padded slightly with C1. It is these
extra components that place the op amp slightly
above unity gain and insure reliable operation. Re-
sistors R6 and R7 divide the oscillator output.to
approximately 1Vp-p, and capacitors C5 and C6 form
a low-pass filter to shape the output sine wave. The
capacitors are electrolytic and, therefore, are polarity
sensitive. Because the output of the oscillator circuit
is bipolar, the electrolytic capacitors are returned to
-12Vdc to prevent them from being back biased by the
output signal.

O 1. a) Adjust the power supplies to +15Vde and
-15Vdc, then connect them to the trainer. Be sure to
observe polarity. The plus lead from the power supply
is connected to the terminal marked +15. The
common lead for both power supplies is connected to
the GND terminals located between the +15 and -15
terminals.

J31

TO

FREQUENCY
WREAT o o
J33
Figure 2-6
& b) Connect the circuit shown in Figure 2-6.

Use the FREQ ADJ control on the subcarrier gener-
ator toset the frequency at J31 to 20kHz. Measure the
frequency of the signals at J32 and J33. Are your
results correct? Explain.

O ¢) Sync the scope externally on the 20kHz
signal at J31. Connect oscilloscope channel 1 to J31
and channel 2 to J32. What can you observe about the
two signals? Explain.
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) d) Connect the circuit shown in Figure 2-7.
Observe, measure, and record any phase difference
between the 10kHz signals.

O ¢) Connect the circuit shown in Figure 2-8.
Use the oscilloscope to conflirm the output frequency
and amplitude of the tone generator at J1.

O ) Observe the output of the tone generator
at J1 and describe the waveform.

J31
0
SUBCARRIER 'Jon o TO OSCILLOSCOPE
GENERATOR 133 CHANNEL 1.
——O———= 70 05CILLOSC OPE

CHANNEL 2.

Figure 2-7

Objective B. Demonstrate and test the POST
DETECTION FILTER.

Preparatory Information

The circuit schematic of the post detection filter is
shown in Figure 2-9. Integrated circuit Ul5 is an
operational amplifier used in an active low-pass filter
circuit. Resistors R66 and R67, and capacitors C50
and C51 contribute to the cut-off frequency. Resistors

J1
TONE O a TO OSCILLOSCOPE
GENERATOR CHANNEL 1

Figure 2-8

R68 and R69 are the input and feedback resistors
which set the gain of the op amp to approximately
1.75. An input signal applied to J27 is dc coupled to
the noninverting input of the op amp. The output is
also de coupled and appears at J28. The second post
detection filter input is at J29 and its output is J30.
Both circuits are electrically identical; only the input,
and output jacks and reference designations change.

[#:3]
470pF

L_ona

R70
100K

J7H O

Figure 2-9

O 2. a) Connect the circuit shown in Figure 2-10.
Set the AF generatorto 1000Hz at 1Vp-p. Measure the
oulput of the post detection filter at J28.

O b) Calculate the voltage gain (G) of the filter

at 1ktlz by using the ratio of output voltage to input
voltage,

O ¢) Setthe AF generator to 1000Hz and adjust
the AFF LEVEL control for 1Vp-p at J28. Increase the
frequency of the AF generator until the output of the
filter (J28) drops to 0.7Vp-p, the 3dB-down point.
Record the frequency. Explain.
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= d) Reset the AF generator frequency control
to 1kHz and check the AF GAIN control adjustment
for a 1Vp-p output at J28. Increase the frequency of
the AF generator to 10kHz (switch the MULTIPLIER
control from =10 to *100). Measure and record the
amplitude of the signal at J28. Explain.

TO AF 27 POST Jz8 10
GENERATOR DETECTION ——O——— OSCILLOGCOPE
1000ME ATV pop FILTER CHANNEL 2
0o
OSCILLOSCOPE
CHANMNEL 1

Figure 2-10

Summary

In this laboratory Exercise you examined and demon-
strated the operation of the subcarrier generator, the
tone generator, and the post detection filter on the
frequency division multiplexing trainer. You observed
the output signals of the subcarrier generator that
were derived from a master oscillator. You adjusted
the frequency of the master oscillator and measured
the frequency of the subecarrier generator output. The
phase difference between the 10kHz subcarrier
signals was measured and found to be 90 degrees. The
output signal waveform and frequency of the tone
generator was determined to be a sine wave at
approximately 770Hz. Finally, you demonstrated the
operation of the post detection filter and saw that this
circuit blocked subcarrier frequencies, passed audio
signals, and had a 3dB-down point of approximately
4kHz.

Quiz

1. The subcarrier generator master oscillator is
adjusted for

a. bHkHz at the output.

b. 10kHz + 90 degrees at the output.

¢. 10kHz or 20kHz at the appropriate output.
d. 40kHz at the output.

2. The 10kHzoutputs from the subcarrier generator
are

a. synchronized.

b. in quadrature.

¢. 90 degrees apart.
d. All of the above.

3. The output of the tone generator

O e) Remove the AF generator from the input
of the filter and connect the tone generator in its
place (J1 to J27). Describe the signal on channel 2 of
the oscilluscope. Explain.

is not attenuated by the post detection filter,
contains square waves,

is a subsonic signal.

serves as a third subcarrier.

aoFp

Post detection filters

a. are used to separat: and filter subcarrier
signals. '

b. become unworkable .t audio frequencies.

c. are used to no particular advantage in FDM
systems. :

d. become efficient at subcarrier frequencies.
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To eliminate subcarrier sum signals from deteet-
ed intelligence signals use a

a. predetection filter.

b.lincar summing amplifier,

¢. post detection filter.

d. nonlinear mixer,

The subcarrier generator used on the frequency
division multiplexing trainer maintains phase
relationships among its outputs with

a. phase locked loop techniques.

b. stable free running oscillators.

c. flip flop circuits.

d. digital phase detectors.



Laboratory Exercise

TRANSMITTER CIRCUITS

Performance Objectives

A. Determine the operating characteristics of
a balanced modulator.

B. Determine the operating characteristics of
a summing amplifier.

C. Determine the operating characteristics of
the FM Generator and demonstrate its
operation.

Basic Concepts

1. Balanced modulators generate suppressed
carrier DSB signals from a carriersignal and a
modulation signal.

2. A linear summing amplifier adds a pair of
signals together without generating the sum
and difference frequency components that
occur with a nonlinear mixer.

3. A summing amplifier is used to combine the
separate carrier frequencies used in an FDM
system.

4. A phase locked loop FM generator is a

method of producing frequency modulation,

A double sideband suppressed carrier signal

exists only under conditions of modulation.

on

Introductory Information

In theory, any type of modulation scheme can be
used for FDM systems. The subcarrier can employ
amplitude, frequency, phase, double-sideband sup-
pressed carrier, or single sideband modulation. The
main carrier can also use any of the modulation
methods. Frequency modulation is often used in
telemetry for both the sub-carrier and main carrier
modulation. A television station sends the color
portion of its signal on two DSB (double sideband
suppresse carrier) signals. Stereo FM broadecast sta-
tions send a suppressed carrier AM signal containing
the stereo information,

The trainer has three basic transmitter circuit
functions used in frequency division multiplex
systems. The double sideband, suppressed carrier
modulators (BALANCED MODULATOR 1 and 2), a
summing circuit (SUMMING IF CIRCUIT) which
linearly mixes two or more subcarrier signals, and an
FM generator (FM GENERATOR) for the main carrier
signal.

Figure 3-1 is a simplified diagram of the balanced
modulator integrated circuit. It includes a four
quadrant multiplier (a bipolar balanced modulator),
an operational amplifier, and a buffer amplifier. All
three functions are independent. When used as a
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Figure 3-1

balanced modulator, the 1C works similarly to the
simple diode balanced modulator shown in Figure
3-2. In a balanced condition, equal carrier current
flows through diodes A and D, or when carrier
polarity reverses, equal carrier current flows through
B and C. As a result, magnetic fields at the primary of
transformer Tour cancel each other, so nothing is

Tour
MODULATION 3::”‘
SIGNAL

e 11

O o
CARRIER
INPUT

Figure 3-2

induced into the output circuits. With modulation,
diodes C, D (or, when the modulation polarity is
reversed, B, A) will conduct the modulation signal.
This will unbalance the carrier current flow through
diodes A, D (or B, C) since both modulation current

3-1
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and carricer current flow through diode D (or A). As a
result of the unbalance, a signal will appear at the
output. However, the signal that appears is not the
carrier, the carrier is still suppressed. The presence of
a modulation signal results in sideband signals that
are the sum and dilference ol the inputs. This is
analagous to an AM signal. When there is no
modulation signal, there are no sidebands. In both
regular (with carrier) AM and DSB suppressed
carrier, the presence of a modulation signal results in
sidebands at the output.

MODULATION FODU[&‘ED
INPUT 1 BALANCED SUBCARRIER
O——1 moDuLATGR
SUBCARRIER £\ suMMER
GENERATOR C
TO MAIN
CARRIER
GENERATOR
i MODULATOR
T INPUT
MODULATION
INPUTZ HALANCED
MODULATOR AT
SUBCARRIER
(a)
1o b
1
MULTIPLIER 1
INOMNLINEAR MIXER) ' f
Lt QUTPUT
FREQUENCIES

SUMMER
(LINEAR MIXER)

(b)
Figure 3-3

Subcarriers are carrier frequencies which are
modulated with the information to be conveyed by
the FDM system. A basic frequency division multiplex
baseband generator illustrated in Figure 3-3(a)
shows a pair of modulated subcarriers applied to a
summer, The plus sign in the summer symbol
indicates linear mixing, or summing, where the
output wavelorm is a function of the sum of the
instantancous amplitudes of the original two
frequencies, Thisis unlike nonlinear mixers where the
original frequencies appear in the output along with
the sum and difference of the frequencies of the two
original frequencies., See Figure 3-3(b). If the
nonlinear mixer is balanced, only the sum and
difference frequencies appear in the output.
Nonlinear mixers are indicated symbolically by a
multiplication sign within the circle. A summer is
used to combine the individual subcarrier frequeéncies
in an I'DM system Lo prevent products of nonlinear
mixing [rom appearing,

The FM generator is used to produce a main carrier
signal which contains the individual modulated
subcarrier frequencies. A block diagram of the
precision waveform generator IC used in the trainer
to generate an 'M signal is shown in Figure 3-4. A
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timing capacitor connected to IC pin 10 governs the
basic period of oscillation in conjunction with the
Duty Cycle Adjust resistance network at pins4 and 5.
A de level or ac signal applied to the FM sweep input
will alter the frequency.

On the trainer, a center frequency adjust (CTR FREQ
ADJ) potentiometer adjusts the de level, and a
modulation signalat J11 varies the ac level at IC pin 8,
the FM Sweep Input. This is accomplished in a
summing amplilier whose output is connected to pin
8 of the 1.

Refering to Figure 3-4, the waveform generator 1C
produces a triangular wave across the timing
capacitor, The waveform is then buffered internally
and applied to a triangle-to-sine converter with an
output at [C pin 2. The sine wave is made available at
J13 of the trainer.

Additional Reading

See the bibliography at the back of this manual for
additional reading material related o frequency
division multiplex transmitter circuits.

Equipment and Materials

+15Vde, 250mA
-15Vde, 250mA

Power Source
Power Source
APF Generator
Frequency Counter

Dual-trace Oscilloscope

Frequency Division Multiplex Trainer

Exercise Procedure

Objective A. Determine the operating character-
istics of a balanced modulator.
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Preparatory Fnformeation

Practical frequencey division multiplexing systems use
suppressed-carrier AM signals for each channel of
information. Also known as double sideband (DSB)
and DSB suppresed carrier (DSB-SC), the circuit
most often used to achieve DSB modulation is the
balanced modulator.

Balanced modulators produce an output signal
proportional to the product of a modulating signal
and a carrier. Lowest distortion in a simple balanced
modulator occurs when the modulating signal is
much smaller than the carrier. Because the balanced
modulator output is the product of the input signals,
the modulator is also called a multiplier. When a
multiplier (balanced modulator) is combined with an
operational amplifier in the same integrated circuit
the combination is called an operational multiplier.

1

Balanced Modulators 1 and 2 on the frequency
division multiplexing trainer use operational
multipliers. In addition to built-in buffer and
operational amplifiers, the gain of the multiplier can
be externally adjust. Figure 3-5 shows a simplified
block diagram of the operational multiplier and the
method used to vary the gain. As resistance between
pins 8 and 9 is increased, gain of the modulation
input is decreased. Notice the short between pins 6
and 7. This sets the gain of the carrier input to
maximum. The carrier can be either a sine wave or a
square wave. The carrier input of the operational
multiplier is operating in the saturated mode. In this
circuit, the carrier is a square wave; the gain of the
carrier input has been raised to maximum for
optimum saturated mode sensitivity.

B.BK

MODULATION 5 .
e 2 -
INBUF OPERATIONAL ouTPUT
MULTIPLIER
CARRIER . el o
LT T
s
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Figure 3-5

Simply stated, the output of a multiplier is a scaled
product of the two input voltages. In other words, the
output voltage is the product of the two input
voltages times a scaling factor such as 0.1, 0.5, 0.01,
etc. As shown in Figure 3-6, an operational multiplier
with two-volt modulating and four-volt carrier
signals would have an output of not eight, but 0.8 volts
if the multiplier had a 0.1 scale factor (2 x 4 x 0.1 =
0.8). The figure shows the actual transfer® char-
acteristics of one quadrant of a type XR-2208 4-

aundrant multiplier 1€ with a seale faetor of 0,1, In
preactice, moare than ane quadeant g waed shien the
bipolar signals are applied to the multiplier 1C.

When an AM signal is demodulated, there are two
signals which result: a de output proportional to the
carrier strength, and the original modulating signal
recovered from the sidebands. In double sideband
suppressed carrier systems, the absence of a carrier
eliminates the de component from the demodulated
signal, which then consists of only the original
modulation signal.

Balanced modulators used for generating DSB-SC
communication signals incorporate some method of
adjusting the circuit balance. The trainer uses a
potentiometer to apply a variable de level to the
modulation input of the operational multiplier. By
observing the DSB modulator output on an oscillo-
scope, the CARRIER ADJ control can be used to add
carrier to, or climinate carrier from, the output.
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Figure 3-6

When a balanced modulator is adjusted to suppress
the carrier, there will be no output when there is no
modulation. When modulation is applied, the balance
is upset, and sum and difference frequencies are
gencrated, Since a balanced modulator is not
balanced for these sum and dilference frequencies,
they appear at the output of the modulator. These
sum and difference frequencies are the sidebands
defined by the carrier frequency and modulation
frequency. An interesting phenomenon occurs if only
the carrier of an amplitude-modulated signal from a
balanced modulator is reduced: the percentage of
modulation will increase. Even though the absolute
sideband power remains constant, the relative
percentage of power in the sidebands increases in
proportion to the carrier power decrease.

* A plot showing an input-output relationship.
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A characteristic double-sideband, suppressed-
carrier oscilloscope display results as the carrier is
reduced to where only the modulation envelope of the
AM signal remains. As the carrier is reduced, the
envelope appears to fall in upon itself, see Figure 3-7,
until only the overlaping envelope remains.

B A e

000

100% AM SLIGHTLY FURTHER CARRIER
REDUCED CARRIER COMPLETELY
CARRIER AEDUCTION SUPRESSED
Figure 3-7

A schematic of a balanced modulator used on the
trainer is shown in Figure 3-8(a). The modulation
input at J2 is ac coupled to pin 3, the X input, of the
type XR-2208 operational multiplier. Similarly, the
carrier is ac coupled to pin 5, the Y input, of the 1C, A
dc component for carrier adjust is summed with the
modulation signal at 1C pin 3. Potentiometer R12
applies a de voltage to the modulation input through
100k-ohm isolation resistor R11. A short between IC
pins 6 and' 7 achieves highest gain for the chopper
mode used by the carrier input. A 6.8k-ohm resistor
between IC pins 8 and 9 reduces the gain of the
modulation input for lower distortion with sine wave
inputs. Capacitor C10 ac couples the balanced
moduliior output to J4 of balanced modulator 1.
Note that balanced modulator 2 is identical in circuit
and function to balanced modulator 1. Only the
reference designations change as shown in Figure
3-8(b).

CARRIER
A

5K R12
-1zv +12v

412V

Figure 3-8(a)
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Figure 3-8(b)

LJ 1. a) Connect the circuit shown in Figure 3-9.
Set the AF generator to 1kHz at 1Vp-p. Set the
oscilloscope vertical sensitivity to 1V/cm and the
sweep to 0.5ms/cm. Turn trainer power on and turn
the CARRIER ADJ control completely counter
clockwise. Set the FREQ ADJ on the subcarrier
generator fully clockwise. Adjust the AF generator
slightly if necessary to stabilize the waveform. What
does the waveform at J4 represent?

A 52 i
SENERATON -rwe— O ANEED score
TkHz @ 1Wp.p
SINE WAVE
43
J3z
SUB-
CARRIER
GENERATOH_
Figure 3-9
O b) Slowly turn the carrier adjust control

clockwise, stopping when the valleys of the wave-
forms touch. What does the waveform at J4 now
represent and why?




L ¢) Reduce the AF level to zero while
observing the waveform on the oscilloscope. Then
restore the system to one hundred percent
modulation using the AF level control, Describe the
effect your actions had on the signal.

O d) The oscilloscope display should show an
AM signal at 100 percent modulation. If it is not,
repeat steps la, b, and c. Reduce the carrier further
using the CARRIER ADJ control until the carrier is
eliminated from the signal. Identify the type of signal
that results and describe its appearance on the
oscilloscope.

Transmitler Circuils 3-5

O e) Sketch an AM signal (100% modulation)
and a DSB-SC as they arc represented on an
oscilloscope.

| f) Connect the circuit shown in Figure 3-10.
Set the AF generator to 1kHz at IVp-p, and the
oscilloscope 1V/em and 0.5ms/sec. The vertical
inputs of the oscilloscope must be de coupled. What
does this circuit accomplish?

J2

TO AF O BALANCED |
GENERATOR MODULATOR

Hr @ Vp-p
SINE WAVE

CH 1

SCorE

PRODUCT
DETECTOR < CH. 2

sSum.
CARMIER
GENENATOR

Figure 3-10
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O £) Usethe CARRIER ADJ control to obtain a
DSB suppressed carrier signal. Identify and describe
the signal at J23.

| h) Use the vertical position control to place
the demodulated wavelorm at a convenient reference
point. Rotate the CARRIER ADJ control to observe a
dc level shift in the demodulated wavelorm. What is
the approximate range of the de level shift and why
does the de level shift occur?

Object B. Determine the operating character-
istics of a summing amplifier.

Preparatory Information

A linear mixer consists of an operation amplifier with
multiple inputs applied to the inverting op amp
input. A simple resistor adder circuit shown in Figure
3-11 is used to add the inputs together. Since the
input signals are combined in a circuit which uses
only linear devices, sum and difference signals which
occur when signals are mixed in non-linear mixers,
are not generated.

The operational amplifier is used as a buffer-
amplificr for the already mixed input signals. The
amplificr has a 68k-ohm feedback resistor (This will
be seen in Figure 3-13 later in this exercise.) which
sets the gain in conjunction with each input resistor
to approximately 1.4 (G = Rrs/Rin = 68K/47K = 1.4).

Signals are added in a resistive mixer as shown in
Figure 3-12. The resultant signal developed across
the load resistor, which is common to both input
resistors, is shown. Notice that when a signal is
present at each inpu# at the same time, the output
voltage is equal to the sum of the amplitude at each
input.

N1 OV

N2 Oy VA

ouT(1+2}

Figure 3-11

Two sine waves of different frequency such as 100Hz
and 1000Hz will have their instantaneous values
added algebraically when mixed in a lincar device.
When applied to a non-linear mixer, the same two
signals appear on an oscillocope as the familiar AM
modulation envelope.

The ability of the linear mixer, or adder, found in your
trainer to combine a wide range of frequencies is
governed by the response of the operational
amplifier used as a buffer-amplifier. This device is a
JFET input op amp with wideband, low noise, and low
drift characteristics.

A schematic of the summing amplifier used on the
traineris shown in Figure 3-13. Aninput at J8or J9is
ac coupled to an input resistor by Cl4 or Cl15,
respectively. A 47k-ohm input resistor (R20 or R21) in
conjunction with feedback resistor R22 provide a
gain of approximately 1.4 for an input signal. The
summed inputs are applied to the inverting input of
an op amp (U4). The non inverting input is returned
to ground. Capacitor C16 rolls off the gain of the
summer for frequencies above the useful range of the
systern.
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0 2. a) Connect the cireuit shown in Figure 3-14,
Set the AF generator to 1kHz at 1Vp-p.

O b) Use the oscilloscope to measure the
output versus the input amplitude for each input (J8
and J9). What is the gain of the summing amplifier?

g e¢) Connect input J8 to the 20kHz signal
source at J31, and connect J9 to 10kHz at J32.
Complete the waveform of the J10 output signal
shown in Figure 3-156(a). The actual signal at J10 is
inverted by the summing amplifier. Ans. on pyg. 8-11

O f) Connect input J8 to J1, the 7T70Hz, 1Vp-p

output of the tone generator, and connect J9 to a
10kHz, 1Vp-p sine wave from the AF generator. With
the oscilloscope set for a 0.5ms/cm sweep rate,
carefully adjust the AF generator frequency if
necessary Lo stabalize the pattern shown in Figure
3-16(b). Does the waveform illustrate addition of

these two frequencies? Explain.

& ¢) ConnectinputJ9toJ8. What is the gain of
‘the summing amplifier in this configuration?

NOTE: It may be helpful to use the 770Hz signal
to externally trigger the oscilloscope.

Figure 3-13

) d) Remove the jumper between inputs J8§
and J9. Measure the bandwidth of the summing
amplifier at the 3dB down points by noting the
frequency at which the output voltage drops to 70.7
percent of its IkHz value. 'I

I i J10 (INVERTED)

(a)

O J8

AF —_—— J10
GENERATOR SUMMING o
1kHz @ 1Vp-p a8 AR
SINE WAVE V————

(b)
Figure 3-14

Figure 3-15
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Objective C. Determine the operating character-
istics of the FM Generator and demonstrate its
operation.

Preparatory Information

Frequency division multiplex system baseband
signals are used to ‘modulate a higher-frequency
carrier signal. In this system, two double-sideband
supprossed carrier signals centered around 10klz
and 20kHz are the baseband signal. The FM Generator
section of the trainer uses a precision waveform
genera or IC to produce asine wave that serves as the
carrier for the baseband signal. The [requency of the
generator is directly proportional to a control
voltage. By altering this voltage, frequency
modulation is performed. In addition, a de control
voltage from the center frequency adjust (CTR FREQ
ADJ) potentiometer is added to the modulation
input to control the carrier frequency.

This precision waveform generator IC has provision
for minimizing distortion of the output waveform. A
potentiometer (SYMM ADJ) supplies a positive voltage
to each timing resistor, R29 and R30 (see Figure 3-16).
The potentiometer is adjusted for best wavelorm
symmetry as viewed on an oscilloscope. Since timing
resistors 29, R30 and timing capacitor C20 form an
RC circuit which sets the center frequency of
oscillation, any adjustment of symmetry also shifts
the output waveform frequency.

When timing resistors are equal in value, the
frequency of oscillation is = 0.3/RC. For example, il
the potentiometer (SYMM AD.J) is set to its center,
total resistance is 7.2k-ohms (2.5 + 4.7). Therefore,

f=03/RC
=03/72 x1(Fx LHx 109
=0.3/108 x 107
=297 x 10%
= 27TkHz

SR PRECISION g
c Bl wWavEFORM
VOLTAGE O————— cinpRatOR [———QO0OUTPUT
INPUT ue
10
czo 150pF
Figure 3-16

A modulating voltage is summed with the CTR FREQ
ADJ dc control voltage in an operational amplifier,
then applied to the control voltage input of the
waveform generator, Figure 3-17 shows a simplified
diagram of the summer circuit. The modulation is
applied to a 33k-ohm input resistor which, in
conjunction with the 22k-ohm feedback resistors,
provides a gain of 2/3. The dc¢ voltage for carrier
frequency control of approximately 4 to 10 volts is
developed between the wiper and ground of a center-
frequency adjust (CTR FREQ ADJ) potentiomenter,
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Figure 3-17

This de control voltage is applied to the 22k-ohm
mput resistor which results in unity gain at Lhis inpul.
The inverted algebraic sum of these two input signals
appears at theoutput of the op amp and is applied to
the control voltage input of the waveform generator.
The op amp bandwidth must be wide enough to pass
the 10kHz and 20kHz subcarrier sidebands of the FDM
signal. Also, the frequency response of the op amp is
modified to increase gain at higher modulating
frequencies to compensate for a lower sensitivity at
the modulation input of the waveform generator IC.

A schematic ol the FM generator used on the trainer is
shown in Figure 3-18. Integrated circuit U6, a
precision waveform generator, is capable of pro-
ducing sine, square, triangular, sawtooth and pulse
waveforms up to 1MHz. The generator can be
frequency modulated with an external control
voltage at pin 8. The frequency of oscillation if set by
an RC network consisting of C20 and the resistance of
the poirentiometer circuit R29, R30, and R31
connected to IC pins 4 and 5. An 82k-ohm fixed
resistor between pin 12 and -12Vdc serves to reduce
sine wave distortion.

Op amp U5 drives the FM sweep input. Two voltages
are sumined at the inverting input: a de voltage from
the wiper of the center frequency adjust poten-
tiometer, and the modulation input at J11. Gain for
the center frequency input is unity since the input
and feedback resistors are both 22k-ohm (R26 and
R28). Gain is slightly above unity at this modulation
input. Resistor R27, the 33k-ohm input resistor, and
the 22k ohm feedback resistor, R28, provide a




2——0413

ADJ

cao

Figure 3-18

nominal gain of 0.67. Capacitors C18 and C19
.compensate for reduced sensitivity of the waveform
’ generator IC at higher modulation frequencies.

Capacitors C21 and C22 are power supply decoupling
capacitors. The IC output at pin 2 is connected to J13
ofthe trainer. The frequency determining RC network
consisting of C20 and R29, R30, and potentiometer
R31 allows the user to adjust the output sine wave to a
nominal 200kHz for use in the laboratory exercises.

O 3. a) Connect channel 2 of the oscilloscope to
J13 of the FM GENERATOR. Vary the symmetry
adjust (SYMM ADJ) control for best symmetry of the
sine wave. Once this control is set, it should not be

readjusted since it affects the center frequency
control in the next step.

= b) Connect a frequency counter to J13.
_Connect frequency control voltage test point J12 to
channel 1 of the de-coupled oscilloscope. Rotate the
~ CTR FREQ ADJ (center frequency adjust) control
fully counterclockwise and place a point on the graph
- of Figure 3-19 at the intersection of the voltage and
frequency values as read on the scope and counter
respectively. Complete the graph using control
voltage increments of 1 volt. What does the graph
show?

200kHz

16OpF

1]
|

12
11

10

CONTROL g
VOLTAGE
(VOLTS)

8
7
6
5
4

50 75 100 125 150 175 200 225 250 276 300 3256 350

OUTPUT FREQUENCY (kHz)
Figure 3-19

) ¢) Determine the input versus output charac-
teristic of the FM Generator control voltage stage..
Adjust the AF generator to 0.5Vp-p at J11 foreach
frequency and measure the output atJ12 to complete
Table 3-1. What can you conclude about there-
sponse of the control voltage stage.
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O d) Connect the counter to J13 and use the
CTR FREQ ADJ control to set the frequency to
200kHz. Apply 1000Hz at 0.2Vp-p to the modulation
input jack J11. Observe the output of the FM
generator at J13 and explain the waveform.

O e) Increase the modulation frequency to
100kHz. Increase the AF generator output to
approximately one volt. Carefully adjust the AF
generator frequency and AF level slightly if necessary
to stabalize the oscilloscope display shown in Figure
3-20. Interpret the modulated waveform displayed on
channel 2 of the oscilloscope.

20Hz 500Hz 1000Hz

10kHz

Summary

In this Laboratory Exercise you were introduced to
the operation of transmitter circuits used in the
frequency division multiplexing trainer. You examined
the operation of the balanced modulator, the
summing amplifier, and the FM generator. You saw
that the balanced modulator is used to generate a
double sideband, suppressed-carrier signal from the
modulation signaland a carrier. Next, you determined
the characteristics of a linear summing amplifier
where the output is a sum of the input voltage levels.
The linear summing amplifier has asmall gain, and its
main function is to combine modulated subcarrier
signals. Finally, you set up and demonstrated the
operation of the FM generator. You found that an
input signal would frequency modulate the 200kHz
carrier. The FM generator is used as an FM carrier for
the basvband signal.

AVAVA\
VIV

Figure 3-20
QUIZ

1. With AM and DSB signals, the presence of a
modulation signal results in

a. linear mixing.

. carrier suppression,
sideband generation.
phase modulation.

Bo g

2. A [requency division multiplex generator

produces

a. triangular waveforms,

b. modulated subcarrier signals.

c¢. the main carrier signal,

d. unmodulated products of nonlinear mixing.

3. The carrier input to an operational multiplier
uscd as a balanced modulator can be a

4.  square wave,

b. sine wave,

c¢. Bothaandb.
d. Neither a nor b.

20kHz 50kHz 100kHz 200kHz

Vpp@J11 | 0.5 0.5 0.5

Vpp @ J12

0.5 0.5 0.5 0.5 0.5

Table 3-1
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4. A summing circuit used in frequency division
’multiplex systems does not generate
a. sum and difference signals.
b. linear mixing.
¢. algebraically added instantaneous amplitude
values.
d. None of the above,

b. Frequency division multiplex system baseband
signals

a.  are never used to modulate carriers.

b. aredirectly proportional to modulation index.
¢. control bandwidth with a dc control voltage.
d. modulate a high frequency carrier.

, The frequency division multiplex technique is

. restricted to DSB subcarriers.

- notrestricted to DSB.

only a laboratory curiosity.

not suited to telemetry applications.

[
o e i

@




Laboratory Exercise

Performance Objectives

A. Determine the lock range of the PLL FM
demodulator and demonstrate its oper-
ation.

B. Determine the operating characteristics of
predetection filters.

C. Determine the operation of product detec-
tors and determine the effect a reference
phase change has on the demodulated
signal.

Basic Concepts

1. A phase locked loop can be used to directly
demodulated an FM signal.

2. The phase locked loop FM detector output is
a sample of the VCO control voltage.

3. Predetection filters are active bandpass
filters tuned to help recover individual FDM
channels from a baseband signal.

4. Active filters use operational amplifiers and

RC networks in efficient filter circuits that do

not require bulky LC circuits.

Voltage gain in decibels is equal to twenty

times the log of the output voltage divided by

the input voltage (dB = 20 log Eout/Ein).

6. Product detectors mix a modulated carrier
with an unmodulated carrier of equal fre-
quency and phase.

7. Product detectors are also known as synch-
ronous or heterodyne detectors.

8. Quadrature multiplexing places two FDM
subcarriers on the same frequency but dis-
placed in phase by ninety degrees.

5.',.-"!

Introductory Information

A frequency division multiplex system (FDM system)
will have at least two channels of information. When
two or more of these information channels are
combined into one composite signal, it is called a
baseband signal. The reception of FDM signals re-
quires a minimum of two separate detection circuits,
one for each channel as shown in Figure 4-1(a). If this
2-channel (baseband) system is used to modulate a
third carrier, then a baseband detector is needed to
recover the baseband signal containing the two
original channels. The FM detector on the trainer is
used to recover a baseband signal as shown in Figure
4-1(b).

RECEIVER CIRCUITS

MODULATED
SIGNAL Aaition DETECTION DEMODULATED SIGNAL
CHANNEL 1 CIRCuIT CHANNEL 1
e DETECTIO DEMODULATED SIGNAL
BIGNAL ECTION
CHANNEL 2 CIRCUIT CHANNEL 2
(a)
MODULATED ¥
SIGNAL DETECTION Dmc:o::a:uo
CHANNEL 1 CIRcun - cus.\tl:mu ;
2.CHANNEL
BASEBAND
A DETECTOR
SIGNAL MODULATED |
sinal " [Tomecnion | Pevpovareo
CHANNEL 2 CIRCUIT Poy el
(b))
Figure 4-1

Itis the function of the product detectors to separate
the baseband signal into its two separate channels
and to demodulate each channel to recover the
intelligence it contains. Actual separation of the
individual channels from the baseband signal is
accomplished with product detectors. Predetection
filters aid the product detectors by filtering noise
from baseband channels. There is one product de-
tector for each channel in the system. As shown in-
Figure 4-2, the baseband signal (which contains the
two channels of information) and a separate refer-
ence signal are input to each product detector.

The product detector is a mixer. The result of mixing
is sum and difference signals. If the reference signal
and one of the two information channels are the same
frequency when they are mixed, the difference fre-
quency will be zero. What remains is the information
and the sum signal. The sum signal can be easily
removed with a low pass filter.

PRODUCT

DETECTOR e DEMODULATED

SIGNALCH.\ | sors tue

REFERENCE SIGNALS
ARE EQUAL IN
FREQUENCY AND
PHASE TO THE
CARRIERS USED TO
GENERATE THE
BASEBAND SIGNAL

BASEBAND

SIGNAL CH. 1" REFERENCE

D ATED

OETECTOR SIGNALCH. 2

CH.2 REFERENCE

Figure 4-2
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This trainer uses double sideband suppressed carrier
(DSB-SC) baseband channels. It is possible to use
other types of modulation, but modulation systems
withou! a carrier have certain advantages over those
with carriers, such as more efficient use of power. An
AM carrer contributes no information, yet contains
two-thirds the energy of a 100-percent modulated AM
signal. i1 addition, two signals can be multiplexed in
quadratiure when carriers are suppressed.

Quadrature modulation places two signals on the
same carrier frequency, but shifts one of the carriers
ninety degrees, as shown in Figure 4-3. Double side-
band suppressed carrier, single sideband, and sup-
pressed carrier signals in quadrature, find wide use in
frequency division multiplex systems.

CH.1
CHANNEL 1 BALANCED |DSB
INFORMATION =1 e ATOR
{400Hz2)
* SUMMER 2
: QUADRATURE
11 REFERENCE (10kHz} G BASEBAND
SIGNAL
P CH. 2
NNEL 2 DSB8
BALANCED
INFORMATION ———=
{800Hz] MODULATOR
11 + 90"
REFERENCE
(10kHz shitted
90 degrees
from 1)
Figure 4-3

Additional Reading

See the bibliography at the back of this manual for
additional reading material related to frequency
divisio . multiplex receiver circuits.

Equi r ent And Materials

+15Vde, 100 mA
-15Vde, 100 mA

*ower Source
Power Source
AR Generator
RF Generator
Frequency Counter
Dual-trace Oscilloscope
FFrequency Division Multiplexing Trainer

Exercise Procedure

Objective A. Determine the lock range of the PLL
FM demodulator and demonstrate its operation.

Preparatory Information

Frequeney Division Multiplexing systems use a variety
of modulation methods for the baseband and carrier
signals. This trainer uses frequency modulation to
add a baseband signal to the main carrier. To recover
the baseband signal from the FM carrier, a Phase

Locked Loop (PLL) FM detector is used. A block
diagram of a phase locked loop used to detect an FM
signal is shown in Figure 4-4.

The comparator develops an error signal only if the
VCO and carrier phases are different. Under normal
PLL operation, a difference between the VCO and
carrier phase oceurs only when modulation shifts the
carrier frequency. The greater the frequency shift, the
greater the errorsignal. The faster the frequency shift,
the faster the error signal shift.

FILTER e DEMODULATED

oUTPUT
comp TOR veo 1
ERROR
SIGNAL

Figure 44

M
CARRIER =t
INPUT

The result of this action is an error signal that varies
in direct proportion to the modulation. However, the
comparator error signal is not an analog recreation of
the modulation. Rather, it is a rectangular wave
whose duty cycle changes with the modulation. A
low-pass filter must be used to recreate the original
analog modulation signal by integrating the changing
duty cycle. The time constant of a filter is chosen so
the oulput voltage is the dc average of the input
signal. Refer to Figure 4-5. The average (dc) value of
the waveform is

Vav = (t1/T)V
Duty cycle is defined as the ratio of time tl to total
period T
D=tl/T

The average dc value of a pulse train is directly
proportional to its duty cycle.

Vav = DV
The average value of the error signal from the PLL

phase comparator is equivalent to the original modu-
lating signal.

Figure 4-5

A schematic of the FM detector used on the trainer is
shown in Figure 4-6. The input signal is ac coupled to
the PLL input at pin 14 by C22. Capacitor C21
provides power supply decoupling. The VCO fre-
quency is set to its low range by switching capacitor
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C20 in parallel with C23. Without C23 in the circuit,
the VCO high frequency range is set by C23 alone. The
actual VCO frequency is determined by: the voltage at
VCO IN pin 9, the capacitance between pins 6 and 7,
and by the resistance at pin 11. Variable resistor R27
in series with R24 will adjust the VCO phase approxi-
mately 90 degrees.

t ]
0.002uF FREQ
cz20 SEL
g oA .LT:II
23 mo;»
c22
LR o €23 |y

14 10
414 H l__ , e
R26
ve 10K
3 a
) 0 J16
5
R24
A28 < jok
47K
rm
c24 100K
EEGpF
FHASE
nm
Figure 4-6

The output of the internal phase comparator appears
at pin 2 where an external low pass filter (the loop
filter), consisting of R25 and C24, provides the error
signal to the VCO input (VCO IN, at pin 9). The VCO
output at pin 4 is externally connected to the com-
parator input at pin 3. This point is made available on
the trainer at J16 as a signal for externally synchron-
izing an oscilloscope and for use in a phase-shift
experiment. And finally, the output of the FM de-
tector at pin 10 is developed across R26 and made
available at J15 on the trainer.

O 1. a) Connect J14 to GND. Set the FREQ SEL
switch to HI and adjust the PHASE ADJ potentio-
meter for 200kHz at J16. Connect the circuit shown in
Figure 4-7. Set the RF generator to 200kHz at 1Vp-p.

Does the phase locked loop appear to be locked?
Iixplain.

fiecetver Clrowits 4-3
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O b) Confirmthelock range of the FM detector
PLL: Increase the RF generator frequency until the
PLL goes out of lock. Determine and note the RF
generator frequency at the point just before the loop
goes out of lock.

TO RF 414 J16

T0
GENERATOR | FM DETECTOR FREQUENCY
COUNTER

TO OSCILLOSCOPE
CHANNEL 1

TO OSCILLOSCOPE
CHANNEL 2

Figure 4-7

a c) Connect the AF generator to J14. Set the
AF generator for 200kHz at 1Vp-p. Decrease the AF
generator frequency until the PLL goes out of lock.
Record the frequency just before it goes out of lock.

O d) Change the FREQ SEL switch to LO. Set
the AF generator to 10kHz at 1Vp-p. Trigger the
oscilloscope on the VCO output at J16. Rotate the
PHASE ADJ and describe what happens.

NOTE: The phase shift can be varied above and
below 90 degrees.

O e) Use the center frequency adjust (CTR
FREQ ADJ) and symmetry adjust (SYMM ADJ) for a
200kHz sine wave at J13 of the FM generator (note
that these controls interact: the SYMM ADJ affects
the CTR FREQ ADJ). Set the AF generator to 1kHz at
1Vp-p. Set the PHASE ADJ potentiometer on the FM
detector for 200kHz at J16.
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- ) Connect the circuit shown in Figure 4-8.
Describe the operation of the system.

O g) Turn the AF LEVEL control on the AF
generator fully counterclockwise to reduce the
modulation to zero. Connect, in turn, scope channe] 1
to the output of the FM detector (J15), and the VCO
output (J16). Describe your findings.

-

O h) Connect channel 1 of the oscilloscope to
J28, the output of the post detection filter. Connect
channel 2 of the oscilloscope to J27, the input to the
post dviection filter. Set the oscilloscope trigger to
channel 2, the sweep speed to 1us/cm, and set the
verticil sensitivity of channel 1 to 0.1V/em and
channcl 2 to 1V/em (using X10 probes). Explain the
input and output waveforms of the post detection
filters.

O i) Add modulation to the FM generator by
increasing the AF LEVEL control on the AF generator
until the channel 1 trace shows a lem deflection.
Alternately switch the TIME/DIV control on. the
oscilloscope between 1us/cm and 0.5ms/cm, Explain
the action of the post detection filter in terms of the
input and output waveforms.,

O J) Set the oscilloscope trigger to channel 1
and the sweep speed to 0.5ms/cm. Adjust the AF
generator to 2000Hz, then use the AF LEVEL control
to set the level at J28 to 1Vp-p. Find the 3dB-down
point by increasing the AF generator frequency until
the output signal drops to 0.7 times its original
amplitude.

J11 J13 J14

M
DETECTOR

J1G 427 POST JZ8

TO AF FM
GENERATOR I GENERATOR [ ——o——O—

e B | DETECTION ouT
FILTER
l A6 a0

OSCILLOSCOPE
CHANNEL 2

Figure 4-8
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Objective B. Determine the operating character-
istics of predetection filters,

Preparatory Information

Predetection filters are bandpass filters (see Figure
4-9), which peak at one frequency and roll off on
either side of peak. They are used in frequency
division multiplex systems to filter noise and separate
a subcarrier from its baseband signal. The trainer
uses two subcarriers: one at 10kHz and another at
20kHz, There are, therefore, two predetection filters.
See Figure 4-10. One has a center pass [requency of
10kHz, and the other has a center pass frequency of
20kHz. By design, the 10kHz filter has maximum gain
for the 10kHz subcarrier. But at 20kHz, the 10kHz
filter has less than one-half as much gain. The result is
an output from the 10kHz predetection filter which
consists predominately of the 10kHz subcarrior
signal. Similiarly, the output from the 20kHz filter is
predominately the 20kHz subcarrier.

'
|
1
1
i
VOLTAGE :
'
1
I

10 20 30 a0
FREQUENCY {kHz}

Figure 4-9

A schematic of the predetection filters used on the
trainer is shown in Figure 4-11. It is a noninverting
active bandpass filter. Its center frequency is set by
the time constant of an RC network consisting of R45,
R46, R47, C38, and C39. (See Figure 4-11(a)). Doubl-
ing the time constant of the network will lower the
center frequency of the filter by one half. The values
shown in Figure 4-11(a) result in a center frequency

PREDETECTION

FILTERS
10kHz
10kHz = SUBCARRIER
BASEBAND ouT
SIGNAL
CONSISTS OF
10kHz AND 20kHz *
SUBCARRIERS
20kHz
CARRIE
20kHz | BEwsit gﬂ?“n R
Figure 4-10

of 20kHz. Doubling the value of each resistor or each
capacitor in the time constant network will double
the time constant. The center frequency of the 20kHz
filter was lowered to 10kHz when the value of C38 and
C39 was doubled by adding a second capacitor of
equal value in parallel as shown in Figure 4-11(b).

Resistors R48 and R49 serve as input and feedback
resistors to set the gain of the filter. Because the time
constant network and the gain network resistors
interact in this type bandpass filter, gain of the filters
i5 not equal to Rout/Rin. There is controlled positive
feedback from the output to the input of UL2 via R47
which results in a center frequency gain of four.

A4
22K

a9 0——’\»@———%

J/ €3z
c36
R40 500pF T G00pF
22K
7 3
otol

ECO?):\F CSDSF e
g e B0Op 22K
] 3 10KHz
QUTPUT
PAVAYAN b———O J18

A42

10K 22K

(1)

Figure 4-11

Except for the extra set of 500pF capacitors to lower
the center frequency to 20kHz, only the reference
designations change for the 10kHz predetection filter
as shown in Figure 4-11(b),

TO FREQUENCY

COUNTER
—
HoiaE 47 PREDETECTION L] 10
FILTER OSCILLOSCOPE
GENERATOR P CHANNEL 2

TO OSCILLOSCOPE
CHANNEL 1

Figure 4-12

0 2. a) Connectthe circuit shown in Figure 4-12.

& b) Set the AF generator for approximately
10kHz at 1Vp-p. Adjust the AF generator frequency
for maximum amplitude of the output signal at J18.
Describe the characteristics of this filter by observing
the amplitude of the filter output as you adjust the
frequency above and below the peak amplitude.
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O ¢) Compute the gain of the filter at its center
frequency.
O d) Check the center pass frequency and gain

of the second predetection filter. Transfer the AF
generator, frequency counter and scope channel 1
from J17 to J19. Remove the scope channel 2
connection from J18, and reconnect it to the 10kHz
predctection filter output at J20. Determine the
center pass frequency of this bandpass filter.

O e) Compute the gain of this filter at its center
frequency.
a i) Increase the AF generator output to

4Vp-p. Compute the probable output of the predetec-
tion filter at J20 and verify your results with the
oscilloscope.

GENERATOR
20kHz =2Vp-p
JB
Jio
¥ SUMMING
suscapmien | 132 427 DE:F?CST‘EON e, i AMPLIFIER
GENEHATOR
10kHz FILTER

LJET J18 O:
[

-—._0 0
03
i PREDETECTION 3 &
y FILTERS __JGZ;-‘_____,_-—
FREQUENCY

COUNTER X100

Figure 4-13

O g) Connect the circuit shown in Figure 4-13,
Measure and record the amplitude of the 10kHz sine
wave at J9. Set the AF generator to 20kHz at the same
level you measured at J9. Measure the frequency of
the predominate wavelorm at J20.

NOTE: The post detection filter is used in this
procedure to generate a sine wave from the 10kiz
square wave at J32.

] h) Remove the connection at J28. Describe
the input to the predetection filters.

(| i) Usethe oscilloscope to measure the 20kHz
signal amplitude at the output of each predetection
filter (118, J20 respectively). Explain.




| J) Replace the connection between J28 and
J9. Use the oscilloscope to measure and record the
frequency of the signals at J18 and J20. Explain.

Objectvie C. Determine the operation of product
detectors and determine the effect a reference
phase change has on the demodulated signal.

Preparatory Information.

A product detector can be used to demodulate all
types of amplitude modulation. A regular AM carrier
with two sidebands, double sideband supressed-
carrier modulation, and single sideband modulation
can all have their intelligence recovered with a
product detector. Specifically, a product detector
performs synchronous, or coherent, demodulation.
The product detector is a mixer. It demodulates all
types of AM signals by mixing the AM signal with a
reference signal (a BFO, or beat frequency oscillator
signal) which is identical in frequency to the AM
signal carrier. The result of mixing is a sum and
difference signal. When the two signals (the AM and
reference) are the same frequency, their difference is
zero. The sum signal is easily removed by a simple low
pass filter. What remains is the intelligence signal.

Product detectors can also be used to recover
intelligence signals which are modulated in quadra-
ture. That can occur when two intelligence-carrying
signals occupy the same spectrum space because
their carriers are at precisely the same frequency but
shifted in phase by ninety degrees. One of its signals is

Receiver Circuits 4-7

called in-phase; the other, the quadrature signal, as
shown in Figure 4-14. When an in-phase reference
signal is applied to the product detector, the
quadrature component will be ignored, but the in-
phase signal will be demodulated. Similarly, the
quadrature signal can be demodulated by a
quadrature reference signal which ignores the in-

phase signal.
\ | INPHASE
ISINE WAVE)
/ \‘ e

'\ /| auaomature
i ¢ | (COSINE WAVE)

\ s
v I

+] a0 1BO 270 360 460

Figure 4-14

Refer to Figure 4-15. An amplitude modulated signal
tobedemodulated is applied to J21, and the reference
signal from a subcarrier generator is applied to J22.
Capacitor C40 ac-couples the input signal and Cdl
ac-couples the reference to pins 3 and 5 respectively,
of the integrated circuit. The jumper between pins 6
and 7 of integrated circuit Ul3 sets the gain of the
reference input to maximum, while the gain of the
input signal channel is reduced somewhat by the 22
kilohm resistor (R55) between pins 8 and 9. The
reference input is operating in its saturated mode as
did the balanced modulators (Laboratory Exercise 3)
which use the same integrated circuit. Pins 2 and 1 of
the IC are the differential output of the multiplier
section of the amplitude demodulator. Each output is
coupled to an input of the internal operational

-12v a1V

REG
22K

ca3
7l |o e |s g BeE
}l%}——r——o.ﬂ:

RS6
18K

uiz 14
AS7
12K
2
T3
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0.002,F
RAE3 AGa
MV -
12K 18K

Figure 4-(5
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amplifier which is part of the operational multiplier
IC. Resistor R57 serves as the input resistor for the
inverting input of the op amp at pin 14 of the IC, and
R566 is the feedback resistor which is connected
between 1C pins 14 and 11, the op amp output.
Capacitor C44 operates in conjunction with an in-
ternal 6 kilohm resistor to form a low pass filter to
reduce ripple at the subcarrier frequency. The second
input to the operational amplifier, the noninverting
input, is at IC pin 13. Input resistor R53 connects
between the noninverting input of the op amp and the
differential output of the balanced modulator. Re-
sistor R54 from the op amp input to ground com-
pletes the noninverting input circuit. Capacitor C42
acts as the low pass filter element for this noninvert-
ing input. The output of the IC is applied to J23.
Capacitor C43 is a compensating capacitor for the IC
and, as such, has no direct effect on the amplitude
demodulator function.

0 3. a) Check the frequency of the subcarrier
oscillator at J32 with the frequency counter. Set the
period of the waveform if necessary to 100us (10kHz)
with the FREQ ADJ control. What is the frequency of
the subcarrier at J31 and J33 as discussed in Labora-
tory Exercise 27

O b) Connect the circuit shown in Figure 4-16.
Set the AF generator to 400Hz at 0.5Vp-p. Set the
oscilloscope vertical sensitivity to 0.2V/cm on channel
l'and 0.1V/cm on channel 2. Adjust the sweep speed
to Ims/cm and trigger the scope on channel 1. Turn
on trainer power and use the BALANCE ADJ control
to obtain a DSB-SCsignal at J4. Describe the signal on
channel 2 of the oscilloscope.,

IR TR T T

O ¢) Remove the oscilloscope channel 2 probe
from J4 and connect it to J23. Explain the waveform.
What is il composed of?

| d) Connect J23 to J27 on the post detection
filter. Connect the oscilloscope channel 2 probe to J27
and then J28. Explain what function the post detec-
tion filter serves in this circuit.

BALANCED
MODULATOR

PRODUCT
DETECTOR

Al Jz Ja Jz21 423
GENERATOR ; O O~ .

TO
OSCILLOSCOPE
CHANNEL 2

TO
OSCILLOSCOPE
CHANNEL 1

J3z

SUBCARRIER
GENERATOR

Figure 4-16

O ¢) Shift the connections at J32 to J33 and
then to Ji31, What effect is there on the demodulated
400Hz output of the post detection filter at J287?




NOTE: There is slightly less ripple at the 20kHz
reference because a low pass filter is more efficient
at the higher frequency.

O f) Separate the reference signals to the sys-
tem by connecting the balanced modulator (J3) to
J32 (10kHz) and by connecting the product detector
(J22) to J33 (10kHz shifted 90 degrees from J32).
What is the effect on the demodulated 400Hz output
at J28 of the post detection filter?

# 8) Connect the circuit shown in Figure 4-17.
What effect does the PHASE ADJ control have on the

demodulated output of the product detector?
Explain.

Receiver Circuits 4-9
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O h) Use the PHASE ADJ control on the FM
detector to place the product detector reference
signal in quadrature with the DSB input signal.
Explain.

Summary

In this Laboratory Exercise you examined and demon-
strated the operation of receiver circuits used in
frequency division multiplex systems. These circuits
included FM demodulators for recovering frequency-
modulated baseband signals, product detectors, and
predetection filters used to both reduce noise and
separate baseband signals before they are applied to a
demodulator. You first determined the lock range of a
PLL FM demodulator and observed VCO control and
output voltages generated by the PLL when it is
locked. Next, you investigated the characteristics of
active bandpass filters used as predetection filters
that reduce noise before the FDM channels are
demodulated. The filters also aid in separating the
individual FDM channels from the baseband signal.
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Figure 4-17
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And finally, you operated the product detector as it is
configured to separate and demodulate an FDM
channel. You found that the output of a product
detector can bereduced to zero simply by swinging its
reference signal 90 degrees from the FDM channel
carrier. This fact can be employed to separate two
channels that occupy the same place in the frequency
spectrum, but which are separated by 90 degrees. The
unwanted channel will not appear in the output since
its phase is 90 degrees displaced from the phase of the
channel you wish to demodulate. This is known as
quadrature modulation and demodulation.

Quiz
1. A predetection filter

a. passes one sideband.
b. filters noise.

c. rejects the carrier.

d. reduces carrier ripple.

2. Important elements of quadrature modulation
are

a. carrier suppression and phase shift.

b. bandwidth and variable phase shilt.

¢. buseband and modulation frequencies.
d. mixing and efficient use of power.

3. The error signal from the phase detector of the
PLL used in FM detection

a. is a waveform whose duty cycle changes with
modulation,

b. is applied to a post-detection filter.
¢. Neither a nor b.
d. Both aandb.

4. Product detectors can be used to demodulate

frequency modulation.
in-phase reference signals.
phase modulation.
quadrature signals.

o Fp

=

If a DSB-SC signal and the reference signal input
to aproduct detector are the same frequency but
not the same phase, the demodulated signal

a. will be amplitude distorted compared to in-
phase conditions.

b. will change amplitude in proportion to the
phase difference.

¢. Both aandb.

d. Neither a nor b.

Frequency division multiplex systems
signals with a

lincar detector,
product detector.
envelope detector.
asynchronous detector.

ot o

KL

recover




Performance Objectives

A. Demonstrate the operation of a two-channel
frequency division multiplex (FDM) base-
band circuit.

B. Demonstrate the operation of a two-channel
quadrature modulation (QM) baseband
circuit.

C. Demonstrate the operation of an FM trans-
mission link modulated with an FDM basec-
band signal and with a QM baseband signal.

Basic Concepts

1. Baseband signals contain all the information
that modulates a given carrier.

2. A baseband signal can consist of just the
intelligence signal or of an encoded signal
such as FDM or QM.

3. Thebasic quadrature modulation system con-
tains two channels.

4. The basic frequency division multiplex sys-
tem can contain more than two channels.

Introductory Information

Frequency division multiplexing systems send two or
more channels of information at the same time over
one circuit. As shown in Figure 5-1, two different
intelligence sigrials (800Hz and 1600Hz, see table in

FDM AND QY COMMUNICA

Laboratory Exercise

Figure 5-1) are modulated by separate subcarriers,
1 and I2, The result is two sets of sidebands — one
centered around subcarrier fl containing channel 1
intelligence and the second containing channel 2
intelligence centered around f2. These sidebands (9.2,
10.8,18.4, and 21.6kHz) are combined by adding them
in a linear mixer. The resulting baseband signal
consists of only sidebands whenever an intelligence
signal is present; the carriers are suppressed by the
balanced modulators in cach channel,

CHANNEL 1
BALANCED
INFELLIGENCE ——#= MoDULATOR CHANNEL 1
DSB-5C
2-CHANNEL
SUBCARAIFA 11, SUMMER  |——#= [aSEgaND
SIGNAL
CHANNEL 2 ; CHANNEL 2
INTELLIGENCE —=  BALANCED L | Tosesc
SIGNAL
SUBCARRIER 1
: INTELLIGENCE SUBCARRIER DSB-SC i
CHANNEL SIGNAL |Hz) FREQUENCY [kHz ] SIDEBANDS [kHr| CARRIER
1 800 =10 9.2, 10.8 SUPPRESSED
2. 1600 2220 184,216 SUPPRESSED

Figure 5-1

CHANNEL 1
h o BALANCED
INTELLIGENCE —%  yopyaT0OR CHANNEL 1
SIGNAL
DSB-SC
2-CHANNEL
SUBCARRIER SUMMER  [—®= BASEBAND
I SIGNAL
CHANNEL 2 CHANNEL 2
BALANCED
INTELLIGENCE —={ 4
ELLGEN MODULATOR DSB-SC
SUBCARRIER
fa
4 INTELLIGENCE SUBCARRIER DSE.SC
CHANNEL SIGNAL (Hz| FREQUENCY (kHz) |SIDEBANDS [kHz)|  CARRIER
1. 80O 1= 10 9.2,10.8 SUPPRESSED
2, 1600 f2=10+80° 84,116 SUPPRESSED
Figure 5-2

As shown in Figure 5-2, a quadrature basebase signal
is generated with balanced modulators and a sum-
mer. The circuit is identical to the FDM bascband
generator in Figure 5-1. Only the subcarriers are
different. They must be the same frequency (10kHz in
this system), but one is shifted by 90 degrees. When
the two DSB-SCsignals are combined into a baseband
signal, both DSB-SC signals occupy the same place in
the frequency spectrum. And, both signals have their
sidebands centered around the suppressed 10kHz
carrier frequency. The sidebands do, however, main-
tain the same 90 degree shift to which their suppress-
ed carriers were held. As a result, although the side-
bands overlap in frequency, they are separated by
phase which makes them recoverable. The special
characteristic of synchronous detectors, which
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allows them to demodulate only those signals that are
the same frequency and phase as the BFO signal, is
used to recover the original intelligence signal.

Frequencey division multiplexing is used to transmit
large group of channels simultaneously. Major tele-
phone systems utilize FDM to transmit thousands of
telephone conversations over one transmission link
al the same time. Transmission links inelude fiher
optic and coaxial cables, microwave relay systems,
and communication satellites, Onee the desired num-
ber of channels have been combined, any one of the
modulation techniques can be used. Pulse modula-
tion is used for fiber optic links. Frequency modula-
tion is used for the communications link in this
trainer. The FDM or QM baseband signal will
[requency modulate a 200kHz carrier. The FM signal
will be aplied to a phase locked loop FM detector
which recovers the baseband signal for the FDM or
QM demodulation circuitry.

Additional Reading

See the bibliography at the back of this manual for
additional reading material related to frequency
division multiplex receiver eircuits,

Equipment And Materials

Power Source
Power Source
AlYRE Generator
Dual-trace Oscilloscope

IFrequency Counter

IF'requency Division Multiplexing Trainer

+15Vde, 100mA
-15Vde, 1ihnA

Exercise Procedure

Objective A. Demonstrate the operation of a two-

channel frequency division multiplex (FDM)
circuit.

Preparatory Information

Individual elements of a frequency division multiplex
system have been investigated and demonstrated in
carlier laboratory exercises. Now you will connect a
complete FDM system and explore its operation,
Figure -3 represents a two-channel FDM system that
can be constructed with the trainer. Modulating
intelligence signals can be in the voice frequency
range ol approximately 300 to 4000Hz. Subcarriers of
10KkHz ind 20kHz are applied to balanced modulators
along with a modulation signal. As shown in Figure
H-3(a), the tone generator provides the intelligence
signalfor channel 1 and an AF generator provides the
intelligence signal for channel 2. The result is a set of
double sideband suppressed carrier signals. A linear
mixer, or summer, combines the two sets of sidebands
into a composite signal which includes upper and
lower sidebands for each channel.

Figure 5-3(b) is a connection diagram of the circuit
that demodulates the composite 2-channel FDM
signal. Predetection filters for each channel remove

£H 1
10
__TONE oot BALANCED 4
GENERATON et O—— MODULATOR
Wi 1
a8
J3
SUMMING 4o
iF
AMPLIFIER
TO A3 (20 kHa) COMPOSITE
2-CHANNEL
18 FDM SIGNAL
LH. 2 5 7
£ BALANCED
- =—O0—1 mouuLaon
AF 2
GENERATOR
1600 Hz
at IV pep
J6
TO J32 (10 kHz}
3 =
Figure 5-3(a)
10 g PREDETECTION 420 421
i FILTER 00—

120 kHe)

PHODUCT

TO J31 {20 hHe)

FPREDETECTION
FILTER
(10 kHz|

DETECTOR

CH. 1

POST J28 i -

DETECTOH  b— DETECTION Ot 5COPE
FILTER Ch 1

J22
PRODUCT 126 Jz9 POST 430 ‘g"r!o?_
o O DETECTION | g
FILTER sccr?lZF

TOQ 432 110 kiHz)

Figure 5-3(b)




noise and unwanted sidebands from the input of each
product detector. Separate BFO signals (to J22 and
J25) for each product detector match a channel
carrier frequency of either 10kHz or 20kHz. The post
detection filters pass the detected intelligence signal
but not the sum component from the product de-
tector, which is twice the subcarrier frequency.

The purpose of any multiplex system is to send
multiple channels of information from one place to
another without using multiple transmission paths.
This trainer sends two channels of information from
one place on the board to another using a single wire
between J10 and J17. Two independent intelligence
inputs are available: channel 1 at J2 and channel 2 at
J5. The system multiplexes the input signals, sends
them by wire to J17, demultiplexes them and makes

channel 1 information available at J28 and channel 2
at J30.

O 1. a) Set the power supply outputs to +15Vdc
and -15Vde and connect them to the trainer. With the
frequency counter connected to J31, use the FREQ
ADJ control to set the subcarrier frequency at J31 to
20kHz. Connect J3 to J32 and use the oscilloscope and
the CARRIER ADJ control to balance the carrier from
the output of balanced modulator 1 at J4. Connect J6

to J32 and balance the carrier from the output of

balanced modulator 2 at J7. Describe the oscilloscope
waveform at J4 and J7.

O b) Connect the circuit shown in Figure 5-
3(a). For convenience, set the AF generator for a
1Vp-p sine wave at approximately double the tone
generator frequency, about 1600Hz. Observe the out-
put of the balanced modulators at J4 and J7. Explain.

[ ¢) Connect the oscilloscope probe to J10,
Describe the signal. Explain.

FDM and QM Communications 5-3

0 d) Trigger the oscilloscope on channel 1.
Connect channel 1 of the oscilloscope to J7 and
channel 2 to J10. Remove the connection between J4
and J8. Observe and explain the oscilloscope display.

O e) Replace the connection between J4 and
J8. Again observe the complex waveform at the
output of the summing amplifier at J10, then remove
the connection between J1 and J2. Explain the
oscilloscope display.

| £) Add the circuit shown in Figure 5-3(b) to
the existing circuit. Trigger the oscilloscope on
channel 2 and observe the waveform. Explain.




5-4 FDM and @M Communications

------------------------------------------------------------------------------------------ Objective B. Demonstrate the operation of a two-
channel gquadrature modulation (QM) baseband
............................................................................... circuit:.

Preparatory Information

The operation of a quadrature multiplex system is
quite dilferent from the frequency division multiplex
system demonstrated in the last exercise procedure,
although their circuits are quite similar,

------------------------------------------------------------------------------------------ Figure H-4 represents a two-channel QM system that

can be constructed with the trainer. Note the similar-
O g) Remove the channel 2 oscilloscope probe ity between the circuit used to generate the composite
from J30 and connect it to J29, the input of the post ~ tWo-channel FDM signal in Figure 5-3(a) and its QM
detection filter. Observe and explain the waveform. counterpart in Figure 5-4(a). The circuit is identical.

Only the frequency of the balanced modulator refer-
_________ ence signals is different. As shown in Figure 5-4(a),
the 10kHz reference signal from J32 of the subcarrier
__________________________________________________________________________________________ generalor is still connected to J6 of balanced modu-
lator 2. However, the reference signal input to bal-
anced modulator 1, which was 20kHz in the FDM
system, is now a 10kHz signal from J33 of the
__________________________________________________________________________________________ subcarrier generator. The phase between these two
10kHz signals is the only significant difference be-
tween them. As discussed in the Introductory In-

NOTE: A sum signal consists of sidebands whose formation, it is a 90 degree phase shift.

frequencies are equal to the sideband frequency

plus the BFO frequency, which is, in this example, on 32 NN
10kHz. - ap S Meon
. 1
5] h) Return the channel 2 oscilloscope probe
to J30. Connect J1 to J2. Observe and explain the 3 .
. v Um, J10
oscilloscope display. IF —Oo——
v . AMPLIFIER
TOJ3I 10 kHep COMPOSITE
2-CHANNEL
............................................................................... s ZiCHANMEL
12 I8 BALANCED
________________________________________________ GENERAT(HL MODUZL“TOH
1600 Hs
otV
___________________________________ -
T g3z
(10 kHz)

Figure 5-4(a)

10 N7 PREDETECTION | J18 Jz1 PRODUCT J23 J27 POST Jza 0
or e ———— FILTER DETECTOR DETECTION  ——(O—= 5COPE
110 kHz) FILTER CH.1
TO J33 (10 kHz)
Jz4 PRODUCT J26 J23 POST 430 TO
DETECTOR O O—————f  DETECTION el el SCOPE
2 FILTER CH. 2

425

TO J32 {10 kHa|

Figure 5-4(b)




Figure 5-4(b) is a connection diagram of the circuit
that demodulates the composite 2-channel QM signal,
Because both sets of sidebands share the same
spectrum space, 10kHz in this system, only the 10kHz
predetection filter is required.

Both product detectors receive the same QM signal
from a common source — the 10kHz predetection
filter. A product detector will demodulate sidebands
that have the same phase as the BFO signal. Side-
bands that are not the same phase as the BFO will not
. *be demodulated. Full suppression of the unwanted
" “sidebands occurs at 90 degrees, and the demodulated
intelligence signal from a product detector is maxi-
mum when the phase difference is exactly zero,
Between the two extremes, the suppression or de-
modulated signal amplitude is proportional to the
actual phase shift.

As the phase of one of the quadrature signals changes,
the unwanted intelligence signal begins to be detected
and appears in the unwanted channel, while, at the
same time, the desired information begins to be
suppressed. The gradual loss of the desired informa-
tion and the concomitant appearance of unwanted
information is crosstalk.

Post detection filters perform the same function in
this system as they did in the FDM system. They pass
the detected intelligence signal but not the sum
component from the product detector.

L 2. a) Set the power supply outputs to +156Vde
and -15Vdc and connect them to the trainer. With the
frequency counter connected to J31, use the FREQ
ADJ control to set the subcarrier frequency at J31 to
20kHz. Connect J3 to J32 and use the oscilloscope and
the CARRIER ADJ control to balance the carrier from
the output of balanced modulator 1 and J4. Connect
J6 to J32 and balance the carrier from the output of
balanced modulator 2 at J7. Describe the oscilloscope
. waveform at J4 and J7,

O b) Connect the circuit shown on Figure
5-4(a). For convenience, set the AF generator for a
1Vp-p sine wave at approximately double the tone
generator frequency, about 1600Hz. Observe the out-
putofthebalanced modulators atJ4 and J7. Explain.

FDM and QM Communications 5-5
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0 ¢) Connect the oscilloscope probe to J10.
Describe the signal. Is there an obvious difference
between this signal and the FDM signal viewed in step
¢ of the last exercise?

O d) Add the circuit shown in Figure 5-4(b) to
the existing circuit. Trigger the oscilloscope on
channel 1 and trim the FREQ ADJ control on the
subcarrier generator for best symmetry and stability
of the channel 1 wavelorm. BExplain the waveforms
displayed on the oscilloscope.

| e) Remove the conneciion between J33 of
the subcarrier oscillator and J2 of product detector
1§,

NOTE: The connection betwecn J3 and J33 must
remain in place.
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O ) Connect a wire between J32 and J14.
Connect another wire between J16 and J22. Figure
5-6 illustrates these changes which control the phase
ofthe 10kHz subcarrier before it is applied to product
detector 1.

SUBCARHMIER
GENERATOR

fr J16 TO

pETECTOR [ O~ |,

NOTE: THE FM DETECTOR 1S
10 USED HERE TO CONTROL THE
43 PHASE OF THE 10 kHz

% SUBCARRIER WITH THE
PHASE ADJ CONTROL BEFORE
ITIS APPLIED TO PRODUCT
DETECTOR 1.

Figure 5-5

O g) Set the FREQ SEL switch on the FM
detector to LO. While monitoring channels 1 and 2 on
the oscilloscope, vary the PHASE ADJ control on the
FM detector. Describe and explain the results.

a h) Return the circuit to its original state as
shown in Figure 5-4(b). Confirm that the intelligence
signals applied to J2 and J5 of the balanced modu-
lators appear, respectively, at J28 and J30 of the post
detection filters.

d i) Reverse the subcarriers applied to the
product detectors (interchange the plug at J22 with
the plug at J25). Describe and explain the results as
seen on the oscilloscope.

Objective C. Demonstrate the operation of an FM
transmission link modulated with an FDM base-
band signal and with a QM baseband signal.

Preparatory Information

The multiplex signals generated by the trainer are
complex waveforms that contain two channels of
information. As more channels are added to a multi-
plex system, that system becomes more efficient. But
for a system to be useful, the complex multiplex
waveform must be sent from where it is generated to
where it will be demodulated and used,

In this exercise, the complex multiplex waveform will
be generated and carried by a wire to the demulti-
plexer on another part of the board, When it is
confirmed that the system is working correctly, an FM
link will be inserted between the two parts ol the
multiplex system as shown in Figure 5-6. The FM
carrier containing the multiplex signal can be sent
over wire, used as aradio link, or used as a subcarrier.
Ifused as a subcarrier, it could modulate a microwave
transmitter for relay by communications satellite to
other parts of the world.

U 3. a) Apply power to the trainer and connect
the oscilloscope to J13 of the FM generator. Vary the
symmetry adjust (SYMM ADJ) control for best sym-
metry of the sine wave. Once this control is set, it
should not be readjusted since it affects the center
frequency control in the next step.

O - b) Connectthe frequency counter to J13. Use
the CTR FREQ ADJ control to set the FM generator
carrier frequency to 200kHz.

O ¢) Connect the frequency counter to J16.
Connect J14 to ground. Set the FREQ SEL switch on
the FM detector to HI. Use the PHASE ADJ control on
the FM detector to set the frequency to 200kHz, What
have you accomplished in these three exercise steps?




FDM and QM Communications 5-7

MULTIPLEXER DEMULTIPLEXER
CH, 1 —= MULTIFLE % S
SIGMNAL
CH. 2 —— o —&= CH. 2
MULTIELEX MULTIPLEX
BIGNAL SIGNAL
CH, 1 ] / \. [t CH. 1
el cotiiion | ey WS
CH.2 | ———CH. 2
200 kHz
CARRIEN,
IAEQUENCY
MODULATED
ay THE
MULTIPLER
SIGNAL
Figure 5-6
O d) Connect the circuit shown in Figure 5-7.
Describe the operation of the system.
------------------------------------------------------------------------- O f) Remove the wire between J10 and J19.
Connect it between J13 and J14.
(] g) Connect a wire between J10 and J11.
Connect another wire between J15 and J19. Describe
the change made to the FDM circuit.
O e) Connect the frequency division multiplex

system shown in Figure 5-8, This is identical to the
FDM circuit you constructed for Objective A, Briefly
explain the operation of the circuit and the oscillo-

scope display.

TO 411
AF GENERATOR™+—O—
1 kHz at IV pop

Fa
GENERATOR

413 414

FOST
—(O——0——{ FMODETECTOR |—O————{ DETECTION |——Q— o

FILTER

!

J16

Figure 5-7
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O i) Convert the FDM system operated in step
h to a QM system with an FM communication link.
cercerceeeeeeeeeee. . Desceribe the three simple steps.

O h) Trigger the oscilloscope on channel 1 and
trim the FREQ ADJ control on the subcarrier gener-
ator for best symmetry and stability of the channel 1
waveform. Explain the waveforms displayed on the
oscilluscope.

Summary

In this Laboratory Exercise you connected and in-
vestigated a two-channel frequency division multi-
plex system. You demonstrated that multiple chan-
nels of intelligence can be transmitted without multi-

cH.1 ple transmission paths using FDM or QM. Frequency
- r(;n(r?u:' a2 PP Ja division multiplex uses a different subcarrier [re-
NERATOR  et———— z i
) MEBkkATIR quency and modulator for each channel in the basic
Ja %) 3
system. The quadrature modulation system uses the
i o same subcarrier frequency for each channel in the
SUMMING
ot O system, but they are separated by a 90 degree phase
T e . . L
R e Sowmwe  shift. A multiplex generator turns multiple trans-
mission paths into one path. A demultiplexer returns
- I p P
£Hig 45 B ANGED 47 the single path back to multiple paths. You also used
o 0] mobutaton an FM cc icati link sisti f an FM
b 2 an communication link consisting ol an
GENERATOR generator and FM detector to demonstrate that FDM
e e and QM baseband signals can be sent over other types

of transmission links.
TO J32 (10 kHz)

(a)

CH. 1
10 PREDETECTION PRODUCT 4w Jz7 POST J28 e
J10 FILTER DETECTOR O  DETECTION | SCOPE
120 ki) FILTER CH, 1
TO J31 {20 KHz)

CH. 2

PREDETECTION J1s Jza PRODUCT 76 428 POST 430 =
FILTER DETECTOR DETECTION | % e o onpe

(LR z FILTER CH. 2

TO J32 (10 kHzl

)
Figure 5-8
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Quiz

I'requency division multiplexing systems send
multiple channels over the same transmission

link

a

b.
c.
d.

Syst

S0 &

in tandem.

at the same time.

to an FM generator.
without regard to baseband.

oms that use quadrature modulation

develop FM signals.

use common subcarrier frequencies.
develop phase coherent sidebands.
use dual subcarrier frequencies.

An FDM system uses a summing amplifier to

remove noise.
detect intelligence.
mix subcarriers.
combine sidebands.

Multiple transmission paths can be reduced to a
single transmission path

a.
b.

C.

with a multiplex generator,

under conditions of double subcarrier
frequencies,

with submultiple sidebands.

under conditions of single quadrature
[requencies.,

Microwave relay, coaxial cable, and communica-
tions satellite are examples of FDM

BFFO generators.
baseband signals.
transmission links.
complex wavelorms.

The FM communication link demonstrated in this
Laboratory Excercise

a.

b.
c.

will carry only demodulated intelligence
signals.
will operate only with QM subcarrier signals,
did not carry demodulated intelligence
signals,
did not operate with FDM subcarrier signals.




ANSWERS TO PROCEDURE QUESTIONS

LABORATORY EXERCISE 1

Objective A

b.

Maximum output of the filter occurred at ap-
proximately 20kHz. Therefore, the frequency of one of
the subcarriers in this FDM system must also be
20IcHz.

. Maximum output of the filter occurred at ap-

proximately 10kHz. Therefore, the frequency of one of
the subcarriers in this FDM system must also be
10kcHz.

. The post detection filter is an effective filter for

bloeking the suboarrier frequencies. It will pass
detected signals up to approxvimately 4kHz.

Objective B

L.

b.

C.

The frequency of the signals al J32 and J33 is 10kHz.
The valleys of a 100-percent modulated amplitude-
modulated waveform fouch but do not overlap.

The signal at J23 is a 1kHz sine wave. It is the
intelligence signal recovered from the AM waveform
by the product detector.

. The outpul of the product detector no longer conlains

the detected HeHz inlelligence signal because the BFO
stgnal was removed. The signal consists of the
undetected AM waveform.

The product detector no longer detects the intelligence
component becawse the BFO signal (now 10kHz) is wo
longer the swme frequency as the modulated carvier
(still 20kiz).

LABORATORY EXERCISE 2

Objective A

b.

d.

€.

Yes. The signals at J32 and J33 are correct if each is
10kHz, Each 10lHz signal is derived from the 20kHz
signal that appears at J31.

The signals at J31 and J32 are synchronized. The
signal at J32 is the output of a flip flop triggered by
the 20kHz signal at J31.

The circuit maintains a constant 90 degree phasc
difference between the two 10kHz signals.

The frequency of thesignal at J1 is nominally 770Hz,
and its amplitude is nominally 0.9Vp-p.

S The waveform at J1 is a sine wave.

Objective B

(.

b.

The output of the post detection filter at J28 is
approximaltely 1.7Vp-p.

Thevoltage gain is typically 1.7.G = Vour/Via = 1.7/1 =
Liv

L The 3dB-down frequency is typically 4kHz. This is

the upper culoff frequency of the post detection filter.

. The 10kHz signal at JJ28 is typically 0.15Vp-p under

the stated conditions. For a given inpul level, the
output of the post detection filter is much less for a
10kHz signal than for a 1kHz signal. The 10kHz
signal is suppressed because it is outside the bandpass
of the post detection filler.

. The signal at J28, the output of the post detection
Silter, is an amplified version of the input signal

Jrom the tone generator. This 770Hz signal is not
suppressed by the post detection filter because it is
within the 4kHz bandpass of the filter.

LABORATORY EXERCISE 3

Objective A

a. The waveform at J4 is an AM signal modulated to

something less than one hundred percent.

b. The waveform at J4 represents an AM signal at one

hundred percent modulation. The carrier adfust
control was used to reduce the carrier power until the
Sized, modulating signal power was adequale to
modulate the carrier to one hundred percent.

c. Reducing the AF level lowered the medulation

percentagefrom ona hundred to goro in the traditional
way, that is, by reducing the power of the modulating
signal while the carrier power remained constant.

d. Thetypeof signalis double sideband with suppressed

carrier (DSB-SC). When the carrier is reduced to
zero, all that remains of an AM signal are the
sidebands; these are depicted on an oscilloscope as
overlapping upper and lower limits of the AM
envelope.

. UPPER ENVELOPE b

LOWER ENVELOPE

S The cirewit converts a signal at J4 to a DSB-SC

caquinatent, and then demodalates the DSB-SC signal
to recover the original, modulating sigral.

g. The waveform at J23 is the demodulated double-

sideband suppressed carrier signal that was
generated by the AM/SSB modulator circuit. The
waveform is a result of the 1kHz modulation signal
Srom the AF generator. The demodulated 1kHz signal
exhibits ripple at the carrier frequency.

h. There is approximately a 0.5 volt shift in the

demodulated output de level above and below the
point of carrier balance. The de level is a result of the
demodulation process and is proportional to the
amount of carrier present.

Objective B

b, The output voltage of the summing amplifier is 1.4

times the input.

¢. The gain is nearly double when the tnputs are tied

together.

d. The 3dB-down bundwidth of the summiing amplifier

is_from approximately 25Hz to between 50kHz and

75kHz.

J. Yes. The oscilloscope disploay shows the high frequency
signal "riding" on the low frequency signal. This is
the characteristic oscilloscope display of signals
which have been added rather than multiplied,

Objective C

b. Thegraphis relatively straight and covers a frequency
ratio of at least 2:1, The straight area of the graph
shows a linear voltage-to-frequency relationship. The

)



ANSWERS TO PROCEDURE QUESTIONS

m

€.

upper frequency value depends upon the setting of
the SYMM ADJ control as well as the CTR FREQ ADJ
control.

. The gain of the control voltage stage gradually

inereases with frequency over its wseful Srequency
range wp to aboul 50kiHz.

At a scope sweep speed of 2us/cm, the 200kHz carrier
can clearly be seen under the influence of 1000Hz
modulating signal. The change in frequency of the
civrier is evident by a gradual thickening of the
weeveform from left to right.

Each half cycle of the 100kHz modulating frequency
aificls the frequency of one cycle of the 200kHz
currier waveform. Therefore, one eycle of the carrier
will be raised in frequency and the next cycle will be
lowered in frequency in a repeating pattern,

LABORATORY EXERCISE 4

Objective A

.

.

.

Yes. The square wave at J16 is the VOO output. As the
RE generator frequency is varied, the square wave
clhanges frequency an equal amownt.

. The VOO square wave oretput and the frequerncy of the

RF generator remain the same wp to approximalely
S00kHz, ]

The PLL remains locked to the AF generator down to
approximalely 60kHz,

The phase of the VOO is shifted with respect o the
COMPATralor frpnid.

A 1O00Hz sine wave modulales a 2006z carrier
Sromthe FM geverator. The FM sigral is demodulated
by the FM detector and filtered. to recover the HeHz
sine wave.

The output of J13 is the 200k Hz unonodulated carrier
wave. The waveform atJ1514s the filtered output of the
PLL phase comparator. The square wave al J16is the
VCO output waveform generated by the PLL.

The inputof the post detection filter is the VCO control
vollage waveform which results from detecting the
unmodulated FM generator carrier. The duty cycleof
this waveform under no modulation is constant, and
50 the output of the post detection filter is zero.

- The dnput waveform is the VOO control waneform

which is varying in step with the modulation and
contains some of the 200kHz carrier frequency. The
post detection filter removes the carrier and passes
ity the ThHz modulation frequency.

Ihe 3dB-down poind of the post detection JSilter is
approximately 4kiHz.

Objective B

b.

€.

A filter whose output peaks at one frequency and
drops off above and below that peak, as this one does,
has the characteristics of a bandpass filter. This
bandpass filter has a center pass Sfrequency of
approximately 10kHz.
gain = Voyu/Vin
=4/1
=4
The center pass frequency of this predelection
bandpass filter is approximately 20kHz.
gain = Vout/Vin
=4/1
=4

S The dnput signal amplitude of 4Vp-p times a filter

gain of four results in a verifiable 16 volts p-p at the
predetection filter output.

g A 20kHz sine wave appears at J20. The center pass

Jrequency of this predetection bandpass filter is
approrimately 20kHz.

k. The input to the predetection filters at J17 and J19 is

a 20kHz sine wave from the AF generator,

& The outpul of the 20kHz predetection filler at J20 is

two lo three times as great as the 10kHz filter output
al J1S. The gain of a predetection filter is maximun
oily al ils center frequency. Other Srequencies are
altenated.

o The frequency at J18 s 10kHz and al J20 i is 20kH .

The prredetection filters separate the baseband stgnal
into its individual 10kHz and 20Hz components.

Objective C

a. The frequency of the subcarrier at J31 is double the

Srequency at J32, and the signal at J33 is the same
Srequency as the signal at J32 but shifted in phase by
90 degrees.

b. Thewaveform alJ4is a double sideband suppressed

carvier signal. With the carrier suppressed, only the
characteristic overlapping-envelope display remains.,
L The waveform at the output of the product detector
consists of two frequencies: the 400Hz intelligence
signal, which resulls from the difference between the
two fnput signals, and the swm of the tuo signals,

. The post detection filter vemoves the the frequency

s signal component with o low pass filter. The
GO0z Intelligence signal is not affected by the low
pass filter.

e. There is no change in the demodulated 400Hz

intelligence signal when the reference Srequency
chanyes between 10kHz and 20kHz (J31) or the phase
changes 90 degrees (J32, J33). :

S Thereis no 400Hz output since the reference signal to

the product detector is 90 degrees from the phase of the
DSE input signal.

9. Theoutput of the product detector changes amplitude

in proportion to the phase difference between the DSB
input signal and the reference signal.

h. The PHASE ADJ control is varied wntil the 400Hz

intelligence signal at 28 of the post detection filteris
reduced to zero. Al thal point, the DSB input signal
and the reference signal to the product detector are
separated by X degrees.

LABORATORY EXERCISE 5
Objective A

t. There is no significant output from the balanced

modulators at J4 and J7. When balanced, there is no
carrier at the output of the balanced modulator.

b. The output at J4 and J7 is the characteristic

overlupping envelope display of a double-sideband
suppressed-carrier signal,

¢. The signal at J10 is a complex waveform. It is u

composite of upper and lower sidebands generated by
the balanced modulators from the two subcarriers
and Lo intelligence signals,

d. The vutpul of the summing amplifier at J10 is the

samae as the input to the summing amplifier at J9.
Renoving the connection between J4 and J8




ANSWERS TO PROCEDURE QUESTIONS

elinvinated one of the two DSB-SC signals from the
outpul of the summing amplifier.

. The output of the summing amplifier atJ10 is again

identical to the input at J9. When a bulanced
modulator is balanced and the intelligence input is
removed, there is no output. Therefore, one of the
DSB-SCsignals was again eliminated from the output
of the summing amplifier,

. The waveform on channel 2 is the intelligence signal

applied to J5 of balanced modulator 2. There is no
signal on channel 1 of the oscilloscope because the
wntelligence signal input was removed in an earlier
step.

. Theinput to the post detection filter is the output of the

product detector. It contains both the intelligence
signal and the sum signal. NOTE: A sum signal
consists of sidebands whose frequencies are equal to
the sideband frequency plus the BFO frequency,
which is, in this example, 10kHz.

. Theoscilloscope displays the two intelligence signals.

The complete 2-channel frequency division multiplex
system is in operation.

Objective B

€.

i

There is no significant outpul from the balanced
modulators at J4 and J7. When balanced, there is no
carrier al the output of the balanced modulator.
The outpul al J4 and J7 is the characteristic
overlapping envelope display of a double-sided
suppressed-carrier signal.

. The signal at J10 is a complex waveform. It is «

composite of upper and lower sidebands. Only the
phase of one of the suppressed subcarriers is different,
which is not obvious in a complex oscilloscope
waveforn,

The waveform on channel 1 s the intelligence signal
applied to J2 of balanced modulator 1. The channel 2

waveform is the intelligence signal applied to J5 of

balanced modulator 2. A complete quadrature
modulation system is in operation.

. As the phase of the 10kHz subcarrier used as a BFO

signal for product detector 1isvaried, the shape of the

demodulated signal on channel I of the oscilloscope
alsovaries. The demodulated signal becomes distorted
by crosstalk as the subcarrier shifts out of its normal
quadrature condition.

h. With the connections shown in Figure 5-4, the nominal
800Hz signal at J2 appears at J28. The nominal
1600Kz signal at J5 appears at J30,

i When the subearriers areveversed, the demodulated
stgnals appear on the opposite channel. A product
detector demodulates the DSB-SC signal that is in
phase with its BFO. Fach detector has a signal to
demodulate since sidebands of both channels are
applied to each balanced modulator.

LABORATORY EXERCISE 5

Objective C

¢. The FM generator and FM detector have been adjusted
to operate at a carrier frequency of 200kHz.

d. A lkHz sine wave modulates a 200kHz carrier at the
FM generator. The FM signal is demodulated by the
FM detector and filtered to recover the 1kHz sine
wave.

e. The circuit develops an FDM signal at J10 consisting
of two DSB-SC signals based on 10kHz and 20kHz
subcarriers. The oscilloscope shows the intelligence
stgnals carried by the system.

g. An FM link has been added to the circwit. The FDM
signal at J10 modulates the FM gencrator whose
200kHz output feeds the FM detector inputl. The FM
signal is demodulated and applied to the input of the
predetection filters,

k. The waveform on channel 1 is the intelligence signal
applied to balanced modulator 1. Channel 2 is the
intelligence signal applied to balanced modulator 2.
A complete FDM system with an FM communication
link is in operation. X

i. (1) Make the subcarriers equal in frequency but
phase shifted 90 degrees by moving the two wires from
J31 to J33. (2) Apply the QM signal to both product
detectors by moving the wire at J20 to J18. (3) Trim
FREQ ADJ control on subcarrier generator for best
symmetry of the demodulated waveforms.
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