1.	Check the filter; the gain is calculated and displayed on the Data sheet. 

	Also try frequencies above 70, and note that the filter misbehaves and apparently gives garbage results.



�dc�amplitude�frequency�phase��v1�0.2�4.8�Enter 1-30�0��v2�1�0�0�0��v3�0�0�0�0��v4�0�0�0�0��v5�1�0�0�0��



2.	Multiplying two sine waves gives Fourier components at sum and difference frequencies.



�dc�amplitude�frequency�phase��v1�0�2�12.5�0��v2�0�2�17.5�0��v3�0�0�0�0��v4�0�0�0�0��v5�1�0�0�0��



3.	Compare multiplying two sine waves with adding two sine waves.



�dc�amplitude�frequency�phase��v1�0�2�5�0��v2�1�0�0�0��v3�0�2�30�0��v4�1�0�0�0��v5�1�0�0�0��



4.	If the two sine waves are at the one frequency, the product contains a dc component whose level depends on the phase difference and a second harmonic whose 'phase' depends on the phase difference. Investigate this; the dc level of the output is calculated, and displayed, on the Data sheet.



�dc�amplitude�frequency�phase��v1�0�2�5�0��v2�0�2�5�120��v3�0�0�0�0��v4�0�0�0�0��v5�1�0�0�0��



�5.	Multiplying a modulation signal and a carrier gives two sidebands (cf. 2; DSBSC).



�dc�amplitude�frequency�phase��v1�0�2�2�0��v2�0�1�20�0��v3�0�0�0�0��v4�0�0�0�0��v5�1�0�0�0��



6.	Adding an in-phase carrier to DSBSC gives normal AM.



�dc�amplitude�frequency�phase��v1�0�2�2�0��v2�0�1�20�0��v3�0�3�20�0��v4�1�0�0�0��v5�1�0�0�0��



7.	Alternatively, make normal AM by dc shifting the modulation and multiplying by �a carrier.



�dc�amplitude�frequency�phase��v1�3�2�2�0��v2�0�1�20�0��v3�0�0�0�0��v4�0�0�0�0��v5�1�0�0�0��



8.	Adding a quadrature carrier to DSBSC gives narrow-band FM.



�dc�amplitude�frequency�phase��v1�0�2�2�90��v2�0�1�20�90��v3�0�3�20�0��v4�1�0�0�0��v5�1�0�0�0��



�9.	Multiplying AM by an in-phase carrier gives a component at modulation frequency.



�dc�amplitude�frequency�phase��v1�3�2�2�0��v2�0�1�20�0��v3�0�0�0�0��v4�0�0�0�0��v5�0�1�20�0��



10.	Multiplying AM by a quadrature carrier gives no component at modulation frequency.



�dc�amplitude�frequency�phase��v1�3�2�2�0��v2�0�1�20�0��v3�0�0�0�0��v4�0�0�0�0��v5�0�1�20�90��



11.	Multiplying AM by a carrier at the wrong frequency gives no component �at modulation frequency (worse!).



�dc�amplitude�frequency�phase��v1�3�2�2�0��v2�0�1�20�0��v3�0�0�0�0��v4�0�0�0�0��v5�0�1�21�0��



12.	DSBSC may be synchronously demodulated.



�dc�amplitude�frequency�phase��v1�0�4�2�0��v2�0�1�20�0��v3�0�0�0�0��v4�0�0�0�0��v5�0�1�20�0��



�13.	DSBSC synchronous demodulation relies on an inphase carrier.



�dc�amplitude�frequency�phase��v1�0�2�2�0��v2�0�2�20�0��v3�0�0�0�0��v4�0�0�0�0��v5�0�1�20�90��



14.	DSBSC synchronous demodulation relies on the correct carrier frequency.



�dc�amplitude�frequency�phase��v1�0�2�2�0��v2�0�2�20�0��v3�0�0�0�0��v4�0�0�0�0��v5�0�1�21�0��



15.	SSBSC signals may be made if quadrature carrier and modulation signals are available.



�dc�amplitude�frequency�phase��v1�0�4�2.5�0��v2�0�1�17.5�0��v3�0�4�2.5�90��v4�0�1�17.5�90��v5�1�0�0�0��



16.	A single inversion can give the other sideband.



�dc�amplitude�frequency�phase��v1�0�4�2.5�0��v2�0�1�17.5�0��v3�0�4�2.5�90��v4�0�1�17.5�270��v5�1�0�0�0��



�17.	SSBSC may be synchronously demodulated.



�dc�amplitude�frequency�phase��v1�0�2�2.5�0��v2�0�2�17.5�0��v3�0�2�2.5�90��v4�0�2�17.5�90��v5�0�1�17.5�0��



18.	SSBSC may be synchronously demodulated.



�dc�amplitude�frequency�phase��v1�0�2�2.5�0��v2�0�2�17.5�0��v3�0�2�2.5�90��v4�0�2�17.5�270��v5�0�1�17.5�0��



19.	Synchronous demodulation of SSBSC may even use the wrong carrier frequency without truly serious results.



�dc�amplitude�frequency�phase��v1�0�2�2.5�0��v2�0�2�17.5�0��v3�0�2�2.5�90��v4�0�2�17.5�90��v5�0�1�17.55�0��



20.	Two modulation signals may use quadrature carriers, and one be recovered �by synchronous demodulation.



�dc�amplitude�frequency�phase��v1�0�2�2�0��v2�0�1�20�0��v3�0�3�4�90��v4�0�1�20�90��v5�0�1�20�0��



�21.	The other is recovered by multiplying by a quadrature carrier.



�dc�amplitude�frequency�phase��v1�0�2�2�0��v2�0�1�20�0��v3�0�3�4�90��v4�0�1�20�90��v5�0�1�20�90��



22.	The wrong carrier phase gets a mixed output.



�dc�amplitude�frequency�phase��v1�0�2�2�0��v2�0�1�20�0��v3�0�3�4�90��v4�0�1�20�90��v5�0�1�20�45��



23.	Multiplying a complex waveform by a cosine wave and filtering only gives a dc component in the result if the multiplier wave is right on a Fourier component, both in frequency and (for maximum dc) phase. Try various waveforms, including the DSBSC one below; try various values of frequency (e.g. 11, 12, 23, 35) and phase (e.g. 0(, 45(, 60(, 90() for the multiplier waveform; note that the dc value of the output is calculated and displayed on the Data sheet. (Beware components with frequency greater than 70, for which the filter misbehaves and gives garbage results.) 



�dc�amplitude�frequency�phase��v1�0�2�12�0��v2�0�2�23�0��v3�0�0�0�0��v4�0�0�0�0��v5�0�1�35�0��



24.	Second-order distortion deals with the peaks and troughs differently. �	(Use frequency f=2 to observe waveform, f=7 to observe spectrum.)



�dc�amplitude�frequency�phase��v1�0�4�7�0��v2�1�0�0�0��v3�0�0.8�7�0��v4�0�1�7�0��v5�1�0�0�0��



25.	Third-order distortion deals with the peaks and troughs identically.



�dc�amplitude�frequency�phase��v1�1�0�0�0��v2�1�0�0�0��v3�0�0.2�7�0��v4�0�1�7�0��v5�0�4�7�0��
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