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Introduction

Through a manipulation of signals, an AM/FM radio can distinguish sound information embedded in a radio wave sent out by a radio station sending out appropriate signal frequencies.  In this project, we constructed the various demodulation and heterodyning components of a radio to decipher the sound signal, along with a speaker to project it.  The resistors, capacitors, transistors, diodes, inductors, and other components of the radio were provided by the Elenco Superhet 108 AM/FM radio kit.  The radio’s printed circuit board allowed for easy construction, while the manual outlines various tests to prove that the circuit was functioning correctly.  This report outlines the role of each component in the radio with respect to signal manipulation, including the theory behind each major component and how it affects the present signal.  For this lab, three partners worked together on all sections:  Mike Durbin, Yashar Pirzadeh, and Sean Huffman.  Upon completion of the Radio Project, we have found that amplitude modulation allows for successful transmission of sound waves embedded in radio signals.  

Purpose


In the classroom, we have studied signal manipulation in both the time and frequency domains.  Using mathematical operations in these domains, we learned that in theory it was possible to send a signal through a process of modulation/demodulation, filter the result, and obtain the desired signal.  The purpose of this Radio Project was to correctly assemble the demodulation portion of the aforementioned process in the form of an AM/FM radio receiver.  The radio receiver successfully allowed us to implement and utilize in practice the concepts we have learned in theory in the classroom.  

Construction of the Radio


Once the radio signal is sent from the station, it is received by the radio antenna. It subsequently induces a current and voltage in the antenna. This signal is then received by the mixer and oscillator stage of the radio. The oscillator is linked to the tuning of the antenna through the dial. The oscillator acts as a local clock by adding 455 kHz to the desired radio frequency signal and returning the sum of these signals. The mixer in turn, takes these two signals, the oscillatory and the incoming radio signal, and formulates their difference and sum signals. It then selects the “difference” frequency signal to be the intermediate frequency (455 kHz). 


The signal then travels to the 1st AM IF amplifier. This amplifier’s gain is controlled by the AGC state of the audio amplifier. This DC feed back from the audio amplifier regulates the relative gain of the system. If the feed back is high, the gain of the IF amplifier will be low to compensate and vice versa. This is necessary for maintaining a constant volume level for varying stations.The signal is then introduced in the 2nd AM IF amplifier. This amplifier has a set gain of 50 and acts as a bandpass filter at 455 kHz with a 6 kHz bandwidth.


Followed by the 2nd AM IF amplifier is the AM detector, which demodulates the amplitude modulated signal to a low level audio signal. This is accomplished through the mechanism of envelope detecting. By having a pair of resistors in parallel with capacitors, a small time constant for charging and a large time constant for discharging the voltage accumulated on the capacitors will envelope the given signal. Once the low level audio signal has been distinguished it is sent to the audio amplifier, which has a set gain of 150 and amplifies the audio sound to be played through the membrane of the speaker. Prior to being sent to the speaker, a capacitor removes the DC offset from the signal to be altered into an AC signal. Thus creating vibrations, and thus music.

A more technical description of the radio components follows:

Audio Amplifier:

Increases the power of the audio signal received from either detector to a power level capable of driving the 8 ohm speaker. To do this, DC (direct current) from the battery is converted by the amplifier to an AC (alternating current) in the speaker. The efficiency of this amplifier is based on the ratio of power output to the speaker versus input power from the battery. 


Capacitor C40 couples the audio signal from the volume control to the input of the audio amplifier. Capacitor C43 blocks the DC to the speaker, while allowing the AC to pass.

AM Detector:

Converts the amplitude modulated IF signal to a low level audio signal through a process called demodulation. The diode cause only the negative portion of the signal to remain.


When the diode is conducting (“on”), it will force C33 and C38 to charge to approximately the same voltage as the negative peak of the IF signal, depending on the time constant. Once the diode is off, the capacitors will discharge through R36 and R42. The discharge time constant must be small enough to follow the audio signal or high frequency audio distortion will occur. This constant must also be large enough, however, to remove the intermediate frequency (455 kHz) and leave only the audio.

AGC Stage:

Feeds back a DC voltage to the first AM IF amplifier in order to maintain a near constant level of audio at the detector. Without AGC, the volume control would have to be adjusted for each station and even moderately strong stations would clip causing audio distortion. Thus the larger the incoming signal, the more negative the DC component of the bias voltage.


At TP5, the audio is removed by a low pass filter, R36 and C32, leaving only the DC component. Resistor R35 is used to shift the voltage at TP5 high enough to bias the base of Q8 to the full gain position when no signal is present. Resistors R35 and R 36 also forward bias diode D4 just enough to minimize “On Condition” threshold voltage.

Second AM IF Amplifier:

Tuned to 455 kHz and has a fixed gain at this frequency of 50. This gain however is also accompanied by selectivity. Selectivity is the ability to “pick out” one radio station while rejecting all others. In this way, it acts as a bandpass filter with a 3dB bandwidth of approximately 6 kHz.


The gain is fixed by the AC impedance of the primary side of T8, and the DC current in Q9. This current is set by resistors R39, R40, and R41. Q9 is a common emitter amplifier because C36 and C37 bypass the IF signal to ground. This second amplifier is connected to the first through T7.

First AM IF Amplifier:

Has a variable gain that depends on the AGC voltage received from the AGC stage and it is also tuned to 455 kHz. It basically decreases to keep the audio output constant at the detector and prevent overloading of the second amplifier.


By making the voltage at the base of Q8 decrease as the signal strength increases this is accomplished. Since the voltage from base to emitter is fairly constant, the drop in voltage at the base produces a similar drop in voltage at the emitter of Q8. This drop lowers the voltage across R37 and thus, reduces the DC current through R37. Since all of the DC current from the emitter of Q8 must go through R37, the DC current in Q8 is therefore lowered. This increases the transistor’s effective emitter resistance. The AC gain of Q8 is equal to the voltage at its collector divided by its effective emitter resistance. So raising this resistance will decrease the AC gain.

AM Mixer and Oscillator:

When the radio wave passes through the antenna, it induces a small voltage across the antenna coil. This voltage is coupled to the mixer, or converter, stage to be changed to a frequency of 455 kHz. This change is accomplished by mixing (heterodyning) the radio frequency signal with the oscillator signal.


Q7 not only amplifies the incoming RF signal, but also simultaneously oscillates at a frequency 455 kHz above the desired radio station frequency (which is controlled by the dial). Positive feedback from the collector to the emitter of Q7 is provided by L5 and C31. During the mixing (heterodyning), four frequencies are present at Q7’s collector:

1. The local oscillator frequency, OF.

2. The radio station frequency, RF.

3. The sum of these two, OF + RF.

4. The difference of these two, OF – RF.

It is number “4”, the “difference frequency” that is used as the intermediate frequency in Am radios. The collector of Q7 also contains T6 which is tuned only to 455 kHz (the “difference” frequency) and rejects all others. T6 also couples the 455 kHz signal to the base of Q8 to be processed by the IF amplifiers. It is important that the antenna rejects the station that is 455 kHz above the oscillator frequency, but rather selects the station 455 kHz below the oscillator frequency. The “above” frequency is referred to as the image frequency. The tracking accuracy of the circuit is based on how accurate the circuit keeps the oscillator frequency right at 455 kHz above the tuned antenna.

Final Adjustments:

For antenna alignment, the “magic wand” is created by shrink tubing an iron and a brass slug to the ends of a plastic tube. When the brass end of the “magic wand” is placed near the AM antenna, the antenna coil will react as if inductance has been removed. When the iron end of the “magic wand” is near the antenna, the coil will react as if inductance has been added. When aligning the antenna and oscillator circuits, L4 and L5 are adjusted at the lower end of the band, while the oscillator and antenna trimmer capacitors are adjusted at the higher end of the band. This is done so that the antenna and the oscillator will track correctly.

Performance Analysis

  
Our radio was able to pick up about three AM stations on the higher frequency (1400-1600 kHz) end of the AM spectrum and about three AM stations on the lower frequency (540-700 kHz) end of the spectrum. These stations were detected on a Friday morning, meaning it would probably be more likely to pick up even more stations on “peak” AM times like Sunday afternoon. The stations that picked up sounded strong on a medium volume setting, although the volume strength varied slightly based on the direction the antennae was pointing. There were no real intermediate frequency stations (800-1200 kHz) that were heard. Anecdotally, AM stations generally tend towards the higher and lower frequency ends of the AM frequency spectrum, and this was generally the pattern we detected while testing the radio with few exceptions.

Conclusions


The Radio Project successfully achieved the purpose of introducing modulation and demodulation concepts learned in the classroom, while providing valuable experience in engineering design and construction. We felt that by the end of the project we had a good sense of the inner workings of the AM/FM radio, in terms of what was going on mathematically (from classroom experience) and conceptually (from the actual construction).


For future ECE students, we would recommend concentrating on the “big picture” of what the signal is undergoing as it progresses through the system. Knowing why components are being built and knowing the logical order of where the signal travels will facilitate long-term understanding of the project. In terms of construction, we would tell future students to maintain consistent and patient soldering techniques. Assuming that no parts are broken, soldering blunders are the worst errors possible in the entire project. Along those lines, all tests of parts should be conducted thoroughly and as early as possible to prevent future anxiety. We learned this the hard way by having to replace an antennae either because of soldering problems or because it was defective (see journal for details). 


The Radio Project taught us several new skills and challenged several of our already-existing abilities. The main skill developed was the use of the soldering iron to create a conducting connection between the various parts. As the project moved on, we had less and less “cold” or incomplete solders on our board. The project also proved to be a lesson in teamwork, which we learned when Mike had to leave for family reasons in the middle of the project. Sean and Yashar kept up the pace of the work until Mike returned, yet tasks were reassigned and divided up in such a manner that Mike was still able to provide his share of the work. In terms of team management, we consider this a major success. Also, we had problems with the radio antennae for the AM portion of the radio for several days but were able to trouble shoot it with the help of lab equipment (and advice from Drs. Huettel and Gustafson).  This proved to be a test of our patience and our ability to persevere when the radio was not “perfect” right away.


If we were ECE64 teachers or TAs, we would probably have integrated the radio project more fully with other classroom experiences. Circuit analysis is a prerequisite for the class, and as such it would be a valuable lesson to actually derive possible values for the resistors/capacitors wherever possible to feel as though we had more of a role in constructing the actual unit. Possibly integrating a component into each homework assignment leading up to the introduction of the radio project, including calculating nominal values for any components possible, would greatly enhance the project. 
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