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2. Introduction

Amplitude moduationis used sincethe first days of the 20" century mainly for transmitting
voice and signals through the mnventional broadcast band li ke the long-, medium- and short-
wave bands because of its easy and cheap way of reali sation.

Besides the mnsumption d bandwidth in comparisonto usual FM isrelatively small andthe
recavers could be made up very smple.

3. Amplitude M odulation Systems
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Figure 1 showsthe block diagram of an AM moduation and demoduation system. The major
blocks are the two muilti pliers and the low passfilter to remove the high frequency parts of the
down-mixed signal.

AM moduation simply means the shifting of asignal frequency to ancther (usually higher)
frequency. The information, a better the content of the original (moduating) signal is
transferred to ancther frequency, the carrier.

Frequency shifting is dore by multiplication d two signal in the time domain. Multiplicaion
in the time-domain correspondents with frequency shifting in the frequency (w) domain.
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figure2 - Standard Amplitude modulation



a) Mathematical justification for the frequency shifting

The Frequency shifting can be proofed by applying the Fourier Transform to a function f(t)
multi plied with an cosine function.

f (t) cosw,t = %(f (t)e'™" +f (t)e""*’f’t) wheref(t) = modulatingsignalandw, = carriersignal

f(t)cosw,t = %(F(w—wo)ﬂz(w—wo))

This dhows that multiplicaion d asignal f(t) by asinusoid frequency wy shifts the spedrum
F(w) by +wy. Multiplicaion d asinusoid cosuyt by f(t) anourts to moduating the sinusoid
amplitude. Thiskind d moduationis cdled (balanced) amplitude moduation.

b) Standard amplitude modulation

Balance anplitude moduation, like shown above resultsin lossof the crrier signal, which
cariesonly redundant information. But for diff erent reasons the carrier is transmitted at
standard amplitude moduation. Therefore an off set is added to the carrier andthe crrier is
transmitted as well .

Mathematical justification for standard amplitude modulation:

mMmodulating signal
= X

NN

mMmodulated signal
A |

where m is called the moduationindex (ratio of pe&k moduating signal to pe&k carier
signal), and A isthe anplitude of the carier signal.

Standard amplitude moduated signals can be demoduated by means of simple. diodes.



c¢) Balanced Amplitude M odulation

The oppatunity of balanced amplitude moduationisthe suppresson d the carrier signal,
which contains no wseful information and consumes alot of energy, when transmitting.
Hence balanced Amplitude Moduation can be described as.

V m=Af(t)cos(wariert) Where f(t) isthe moduating signal and w.4rier the carrier frequency.

The main dfference in generating balanced amplit ude moduation to standard amplitude
moduation is the missng off set of the (1) off set in the moduating signal.

Mathematical justification for balanced amplitude modulation:
(see &so a) Mathematical justificationfor the frequency shifting)

V., = Asin(wct)m co wmodt)

V. = A% 2% Eejw & _ @mod ) % (eiw mod 4 @ Mmod )

V = _A_m (e] (WC+{’0mOd)t — e_j(Wc"'L‘omod)t + e] (Wc_‘~‘orn()d)te_j(Wc_(‘)mod)t )
m 4]
Vm = _A_IT' i-Sin(("‘)c +wmod)_i-5in(wc _wmod)
4 2j 2j

Vm = _Aé_T(_ jSin(("‘)c + wmod)_ jSin(wc - wmod))

Vm = A >2<m (Sin(wc + wmod)+8in(wc - wmod))

where m isthe moduationindex and A the anplitude of the carrier signal.



d) Modulation index (depth) m

The moduationindex (depth) m is defined astheratio of the pe&k signal amplitude to the
pe&k carrier amplitude.

m= peaksignalvoltage _ \:/Signau
peakcarriervoltage V

Carrier

The &owe figure shows the @nredion between the moduating signal, the carrier signal and
the moduationindex m and hawv to measure via ausual oscill oscope.



Trapezium display

Anocther easier and more precise way to measure the moduationindex isto use an trapezium
display. The moduating signal is conrected to the X-amplifier and the moduated signal to Y -
amplifier of the oscill oscope. By switching the oscill oscope to XY -mode the deflection d the
eledron ray depends only onthe anplitude of the moduating signal and the amplitude of the
occurring trapezoid is diredly depending of theratio of carrier to moduating signal.

=
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The &owe figures show threedifferent values of the moduationindex m.
1.) overmoduated (m>100%)

2.) fully moduated (m=100%)

3.) mid moduation (m= ca30%)

The moduation depth viathe trapezium display is calculated by:
— Vmodmax - V
= =

\Y

modmin

modmax modmin




4. Lab Equipment
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figure 3 - Lab Equipment

The Lab Equipment consists of amoduator for standard and balanced AM, two sinewave
generators for the moduating and the carier signal, a standard oscill oscope, a HP spectrum
anayser and a Fluke voltage meter to measure the anplitude of the carier signal.

This could na be dore exadly with the provided measuring instrument, because it’ s higher
cut-off frequency is 20kHz and nd as needed 200kHz.

5. Lab Objectives

The objedives of the Lab were

a) To measure depth of moduation by trapezium display

b) To measure depth of moduation wsing a spedrum analyser

¢) To olbserve the time domain descriptions of conventional and doulbe sideband carrier
signals and relate this to frequency domain results.



6. ThelLab

a) Measuring of the modulation depth via oscill oscope

First part of the lab was to measure the depth of standard amplitude moduation wsing the
spedrum analyser at diff erent amplit udes of the moduating signal.

The foll owing table shows the measured values for different moduation depths. The
moduationindex was read ou from the spedrum analyser asratio pesk signal amplitude to
ped carrier amplitude.
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figure 4 - Modulation depth graph

Figure 4 shows the anplitude of the sideband (Vsig) over the moduation depth m. For best
moduating results the mnnedion between these both shoud be linear to prevent moduation
interferences.



b) Measuring of the modulation depth via trapezium display

Ancther more exad way of measuring the moduation depth is the trapezium display. The
moduating signal is fed into the X-inpu of the oscill oscope and the moduated signal to the
Y -inpu. Then the oscill oscopeis %t to the XY -mode.

(See &so 3d) Moduationindex (depth) m)

m= Vmodmax B Vmodmin
Vmodmax + Vmodmin
V min/DIV V max/ DIV m/%

0.4 4.2 83

0.8 3.8 65

1.6 3.0 30
2 25 11

2.25 2.25 0

m/%
90,00
80,00 —*
70,00
60,00 //V//
50,00
40,00
30,00
20,00
10,00
0,00
0 0,50 1,40 3,00 3,80

Vsignal

The @dowve graph shows the moduation depth versus the signal amplitude obtained from the
trapezium display.

The trapezium display is much more exadly than the obtaining of the moduation index via an
oscill oscope in time mode.
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c) Standard and balanced amplitude modulation

Like shown in ¢) Balanced Amplitude Moduationthe crrier can be switched off and onby
adding a DC-unbalanceto the moduating signal. On transmisson d standard amplitude
moduation alarge part of the transmisson pawer is needed ony for the carrier.

So professonal amplitude moduating systems work wit balanced amplitude moduation,
which sometimesis cdled suppressed carrier AM. The carrier isonly needed for better
transmisson d very low frequent signals and for rectifier demoduation.

a) Balanced b) Standard AM  (Spectral Plots)
The two figures above show the output plots of the spectral analyser with balanced and

unbalanced AM.
The sidebands are bath locaed at 4.8VIHz and 5.2ViHz. The moduation depth m is 50%.

7. Conclusion

Although amplitude moduation is used sincethe first days of the 20" century, it is dill very
popdar. The alvantages of AM are the easy and cheg way of redisation and thelittl e
consumption d bandwidth. The disadvantages are the poar signal to ndseratio and the
pronenessto amplit ude distortions.

An important part of amplitude moduationis the measuring of the moduation depth m. The
moduation depth can be ather determined by diredly obtaining theratio of the moduating
andthe arrier signal or to oltain the moduation depth via atrapezium display. The
trapezium display is more exadly, because the moduation depth is directly readable from the
oscill oscope’'s sreen.

Linear moduationisvery nessesary to oltain anct interfered signal at the recever.
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