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A.M. RADIO DESIGN LAB

BEFORE YOU BEGIN

PREREQUISITE LABS

» PassiveandActive FiltersLab

» Fourer TrandormsLab

» Introdudionto Oscilloscope

» Introdudionto Arbitrary/Fundion Generator

EXPECTED KNOWLEDGE

» Laplace trandorm circuit andysis
» Andog filters
» Op-Amp applications

EQUIPMENT

» TDS3034BSeries Digital Phogphor Oscilloscope
» AFG3000Series Arbitrary/Fundion Generator

» Programmable Power Supply

» Spesker Switch Box

» Computer Speakers

MATERIALS

Indudor Bobbin and Wire
Variable Capacitor (8.5D120pF)
2X 7410p Amps

Germanium Diode

Condenser Microphone

20 feet of wire

Solderless Breadboad
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OBJECTIVES

After completing this lab you should know howto:

» Modulate an A.M. signd
» Demodulate an A.M. signd
» Build asimple A.M. receiver

INTRODUCTION

AMPLITUDE MODULATION

Radio stationstranamit electromagndic waves at different frequendes. When you turn thetuning
dial on your car radio, you change the frequency that your radio receives. For example, when
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your radio receives an FM station at 1075 MHz, it is tunad to receive only signds with
frequency content tha iscloseto 107.5 MHz.

Y ou can not hear electromagneic waves and, even if you could, you can not hear frequendes as
high as 1075 MHz. Your can only hear audible frequendes up to about 20 kHz. Radio
trangmitters OnixO the sound waves into the 1075 MHz signd and convet it to an
electromagndic wave. This process of mixing two signds at different frequendes is caled
modulation. Your car radio receives the electromagndic waves, convats them to electrica
signds, separates theaudio and radio signds, and sendsthe audio signd to your speakers.

Radios use one of two methodsto GnixOaudio frequency soundsinto a radio signd. They are
frequency moduletion (F.M.) and amplitude modulation (A.M.). The scopeof this lab is limited
to amplitudemodulation.

A.M. modulation changes the amplitudeof a highfrequency, sinuidd electromagneic wave by
an amount propottiond to the amplitude of the sound wave. Figure 1 shows a radio signd with
no modulation.
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Figure 1: Radio wavewith no modulaton
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Figure 2: Radio wavewith amplitude modulation

Figure 2 shows a radio signd with amplitude modulation. The amplitude of the radio wave
follows the amplitudeof thesoundwave asin Figure 2.

A.M. DEMODULATION

In this lab, we will be usng a diodeto convat the received signd into an audio signd. This
processis called A.M. demodulation.

A diodeis a device tha only alows current flow in onedirection. If we apply an AC signd to
oneend of adiodg asin Figure 3, we will only see the postive portion of tha signd at Vout

Diode
P +

Vin ,9 § §Vout

Figure 3: Diode Demonstration Circuit
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Sine Wave Input

Vout (after the

Figure 4: Rectified Sine Wave
Asyou can see in Figure 4, the dioderemoves the negative portion of theincoming signd. This

is called hdf wave rectification. The lower waveform in Figure 4 is said to be hadf wave
rectified.
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LA
Incoming Radio Signal
24
Diode Rectified Radio Signal 7 Audio Signal
: / (after filtering)

Figure5: A.M. Radio Wave Rectification

Dioderectificationis asimple way to hdp demoduate an A.M. radio signd. Figure 5 shows how
an incoming radio wave is effectively cut in haf when it passes through a diode Since the
current can only flow in onedirection we will only see positive voltages. Theremainingsignd is
low passfiltered to removetheradio frequency, leaving only thelow-frequency audio signd.
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PRELAB

AUDIO SIGNAL GENERATION

To geneate our audio signd, we will use a condenser microphoneand an op-amp as shown in
Figure 6. The condenser microphoneneedsa small DC current to make it opeate correctly. This
current is controlled by R3.

+10 VDC
R3
22 uF
\ Iu RI  R2
Microphone ‘ /1 WV
A4 I o0+
Vout (To AFG A.M. Input)

v J7 '
Figure 6: Microphone and Amplifier Circuit

In this configuration, the microphoneacts like a sound controlled variable resistor. The sound
waves tha the microphonepicks up control the resistance of the microphone The changing
resistance causes the voltage on the microphonés ungroundel pin to change according to the
amplitude of the soundwave on the microphone This produees an audio frequency AC voltage
signd at the microphoné ungoundea pin. The audio AC signal then passes throughthe large
capecitor to block al DC voltages, andis amplified by theinverting amplifier circuit.

Answer Questions1D2.

A.M. RADIO TRANSMISSION

To tranamit A.M. signds, we will be usng the Arbitrary/Fundion Generator (AFG). The AFG
has a modulation input and it will amplitude modulate any signd. The only remaining
component is the antenna Radio signals are waves with a specific frequency and wavelength.
For an antennato efficiently broadcast radio waves, it has to be a specific length. According to
wave theory, v = f! wherevisthevelodty of thewave (in our case, 300M m/s), f is frequency

of the wave (in hertz), and A is the wavelength (in meters). An efficient antenna has a length
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* 6
equd to hdf of a wavelength. For a 1 MHz wave (! :¥,A:%, A=300 meters) an

efficient antennawould be 150 meters long.
Answer Question 3.

Other dightly less efficient antennas are A/4 and A/8 meters long. We are not concerned with
making the mog efficient antenna, so any antenna length tha is 3 meters or longe will work
fine Theantennawill be connected to the postive termind of Channd 1 outputof the AFG.

How an Antenna Works

Charged paticles emit radiation when they are accelerated and radio waves are one type of
radiation. The AC voltage from your AFG forces electronsinto and out of the antenna ThisAC
voltage accelerates the electrons and causes the electrons to emit radio waves tha travel

perpendicular to the broadcasting antenna Therefore, it isbest to set up you transmitting antenna
soitisoriented parallel to your receiving antenna

IS THIS LEGAL?

In radio talk, a andOis a group of frequendes that are all used for the same purpose. The A.M.
band on your radio starts at 500kHz and ends at 1800 kHz. Commercial radio stationsuse these
frequendes. Usudly, the U.S. Government requires a person or company to obtain a license
before they can tranamit on any frequency. However, the govenment does make some
exceptions. Anyonecan transmit on the A.M. band as long as ther tranamissions do not cause
any harmful interference to existing stations and as long as ther trangmissions are not too
powerful. The smal amount of power tha are used in this experiment are within the legd
limits.
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A.M. RADIO RECEIVER

Antenna
i Tank \‘\\
E Circuit L
[ B Ve Ve "o W I N
| | Germanium | Amplifier
i \,}" i DI,Ode LTI ! i n i To Speakers
i 74 T ;: L o -
| - l f i - :
: 12 pF - 120 pF | : X : Vout
S 1 4.7 nF 100kQ i ,
4 | 3 R2 |
! Low Pass Filter | i RI |
S i

Figure 7: Receiver Circuit

Figure 7 shows the circuit you will build for your radio receiver. This circuit conssts of four
basic sections a Qank circuitQ adiode alow passfilter, and a norrinverting amplifier.

Theindudor-capecitor parallel combinaionis commonly called atank circuit. Thetank circuit is
a band peass filter with a fairly high Q value To andyze the tank circuit, we can modd the

antennaas asinusida current source, as in Figure 8. For this circuit, \g =H(s).
S

S
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Figure 8: Tank Circuit Analysis

Answer Questions 4 5.
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Figure9: Low PassFilter Analysis

The capacitor-resistor paralel combinaion in the receiver circuit is acting as a low pass filter.
The current throughthe diodeis acting as the current source in this case.

Answer Question 6.

The op-amp in the receiver circuit is acting as a norrinverting amplifier. We will need a gan
greater than 50 to amplify our audio signd enoughfor us to hear the received signd in the
speakers.

Answer Question 7.

BUILDING THE RECIEVER

Y our teaching assistant will assign you oneof thefollowing frequendes:

1 MHz

1.15MHz

1.4 MHz

1.8 MHz

2.5 MHz

Youwill beshaingthefrequency with oneother groupin your lab section.
Answer Question 8.

Unfortunaely, factors induding parasitic capacitance and resistance change the vaue you
actudly need for your indudor. Wrap your inductor bobbn with 150 wraps Do not use the
ceramic core to increase the indudance. The ceramic core is intended for use only at low
frequendes (<10 kHz). If you use the core, it will greatly decrease the Q value of your tank
circuit, making it unsuitable for tuning your radio. You will need to use wire-wrapping wire
(AWG 30 or smaller). Connect theindudor and capacitor asin Figure 10.
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Figure 10: Tank Test Circuit

Changethefundion onthe AFG to Noise and theamplitudeto 1 V. At this setting, the AFG will
produe white noise that you will feed throughyour tank circuit. Perform an FFT andysison the
voltage across the 1 MQ resistor. Set Channd 1 to 100 us pe division and set the FFT to 500
kHz per divison. For best results, you will need to have your probeset on 1X and the Channd 1
impedance on the Scopeset to 1 MQ. You should see something like Figure 11 when you have

everything set correctly.

Figure 11: FFT of Noise through Tank Circuit

Figure 11 shows an oscilloscope with Channd 1 activated, and the math plot set to FFT. The
bump on the FFT plot correspondsto the resonae frequency of the tank circuit. If you were
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usng this circuit to tunein a radio station, the station you would be hearing would be the one
trangmitting on frequency corresponding to the maximum in your FFT plot. As you adjus your
capecitor, you will see the bunp onyour FFT move left and right If you do not see this, you are
looking at thewrongbump ontheFFT. The correct bump will probably be between 100kHz and
5MHz.

Answer Questions9b10.

Solder Blob

Mazimum Capacttance Minumum Capacitance

Solder Blob

Half Capacitance Half Capacitance

Figure 12 Variable Capadtance Adjustment

Set your capacitor to hdf capecitance as in Figure 12. You will need to adjug your indudor so
tha your circuit resondes at the frequency assigned to you when the capacitor is set near its
hdfway point. If your indudor is too small, the frequency will be too high. You will need to
increase the number of wraps on your indudor. If your frequency is too low, you will need to
decrease the number of wrapson yourindudor.

When you actually combine this tank circuit with the rest of your radio, the tunable frequency
range will decrease somewha due to parasitic capacitance in your solderless breadboad. The
frequency assignal to you should still bewithin your tunéblerange

Connect the Receiver Circuit in Figure 7. Use a 10-foot piece of wire for the antenna Connect
the output of theamplifier to the speakers. Use 10V to power the op-amp.

TESTING THE RECEIVER

Follow thefollowing stepsto configurethe AFG as an AM trangmitter.
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Connect the Channd 2 outputto themodulation input for Channd 1 ontheback of the AFG.

Set Channd 2 to produce a1 kHz sinewave at 1 volt pesk to peak.

Turn ontheoutputof Channd 2.

Connect aBNC to Bananaadgpter to Channd 1.

Set Channd 1 to produce a2 V pesk-to-peak sine wave at the frequency assigned to you by

your teaching assi stant.

6. Turn ontheoutputof Channd 1.

7. Connet abananato aligator lead to the postive side of your BNC to Banana adgpter. This
will serve as your tranamitting antennawhile you test your receiver.

8. PresstheModulation button, select Modulation Type AM, and AM Source Externd.

Keep the Channd 1 amplitude bdow 2 V to avoid caugng interference to othe groups Scan
from 700kHz to 3 MHz with the AFG untl you hear atonefrom your speakers. You will need
to keep the receiver antennawithin onefoot of your tranamitting antenna while you test your
receiver.

arwnE

Answer Questions11D12
Theanswersto Questions11 and 12 give you thetunable band for your radio.

Set Channd 1 of your AFG to the frequency assigned to you by your TA. Adjug your capecitor
untl thetonein your speakersisloudest. Thiswill tuneyour receiver to your assignal frequency

BUILDING THE TRANSMITTER

Build thecircuit in Figure 6. Use the values you calculated for R3 and R2 in the prelab. Use +10
V to power the op-amp. Use the +10V op-amp supply as theinputvoltage for your microphone
Test your circuit by connecting the output of the op-amp to the speakers at your bench. You
should be able to talk into the microphoneand hear it amplified throughspeakers. If you set the
speaker volume too high, the speakers will produce a high pitched squed. This is called
feedback. Turn the spesker volume down to eliminate this problem.

Connect the output of your trangmitter circuit to the modulation input for Channd 1 on yowr
AFG. Inaease the amplitude of Channel 1 to 10 V. Lengthen your tranamitting antenna by
connecting 3 more bananato aligaor leadsto the bananato alligator lead aready connected to
Channd 1. Yourtrangmitting antennashould be about 12 feet long.DO NOT use any cables with
BNC connectionsfor your trangmitting antenna These cables are shielded and will not transmit
radio waves.

You should now be able to have a radio convesation with the group sharing your frequency.
When you tranamit, disconnect the power from your receiver and shut off your speakers. When
you receive, disconnest power from trangmitter and turn off the Channd 1 output onyour AFG.
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