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Problem 2 (ii) Graphs

In[25]:=

Out[25]=

In[26]:=

In[27]:=

Out[27]=

You were only expected to do sketches on these problems, but since | have Mathematica handy, | am
giving the solution with high-quality graphs.

Plot[HeavisideTheta[t - 1] - HeavisideTheta[t - 2],
{t, 0, 5}, PlotRange » {Automatic, {0, 1.25}}]
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xi[t_] := Exp[-t] + HeavisideTheta[t-1] (1-Exp[-(t-1)]) -
HeavisideTheta[t-2] (1 -Exp[-(t-2)])

Plot[xi[t], {t, ©, 5}, PlotRange -» {Automatic, {0, 1.25}}]

Problem 2 (iii) Graphs

In[28]:=

In[29]:=

Out[29]=

xii[t_] := xi[t] + HeavisideTheta[t-3] (1 -Exp[-(t-3)]) -
HeavisideTheta[t-4] (1-Exp[- (t-4)])
Plot[xii[t], {t, O, 5}, PlotRange -» {Automatic, {0, 1.25}}]
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Comment — Sawtooth Waves and Triangle Waves

Infe]:=

Infe]:=

Outf+]=

In Problem 1, you examined sawtooth waves. These have many applications, including pulse width
modulation (PWM), which is how a modern inverter makes AC power from DC power (such as that
which might come from a battery or solar cell). This is accomplished with high-frequency switching
power supplies using PWM.

The Problem 2 graph is starting to settle down to something that is close to a triangle wave. It has
mean 0.5 and the ups and downs aren’t perfectly straight, but it is nonetheless pretty close. The trian-
gle wave is a close relative of the sawtooth wave that you studied in the first problem. Below is a plot
with more cycles.

xComment[t_] := xi[t] +
HeavisideTheta[t-3] (1 -Exp[-(t-3)]) -HeavisideTheta[t-4] (1 -Exp[-(t-4)]) +
HeavisideTheta[t-5] (1-Exp[- (t-5)]) -HeavisideTheta[t-6] (1-Exp[-(t-6)]) +
HeavisideTheta[t-7] (1-EXp[-(t-7)]) -HeavisideTheta[t-8] (1-Exp[-(t-8)]) +
HeavisideTheta[t -9] (1-Exp[-(t-9)])

Plot[xComment[t], {t, @, 10}, PlotRange » {Automatic, {0, 1.25}}]
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The radio and computer industries created a lot of demand for waveform generation. As an important
example, waveform generation is what got Hewlett-Packard its start before WWII. In the 1960s, the
specialized test equipment came down in price and percolated into the hands of musicians who were
often professional or amateur electrical engineers.

At first the sound of the new waveforms was just a novelty, but in the hands of geeks who also pos-
sessed musical talent, a new form of music called electronic music evolved. The basic waveforms
(triangle waves, square waves, sawtooth waves) sound lousy until they are patiently mixed. Synthesizer
companies got popular in the 1970s that made adjusting the waveforms easier. As examples of the
genre, try:

* On The Run, https://youtu.be/POKIpg6NGzQ, by Pink Floyd from The Dark Side of the Moon
*The soundtrack to Blade Runner.

The Pink Floyd YouTube link is clickable.


Brian Hill
The Pink Floyd YouTube link is clickable.
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Problem 3 (iv) Table and Graph

X y X| yl
143 149 1/8 1/9
1/3 249 2/3 1/9
1/3 1/3 1 1/9
2/3 1/9 1#3 2/9
2/3 2,49 2/3 2/9
243 Lot S | 219
1 1/9 1/3 =19
1 2/9 28 3/9
1 df S 1 3/9

naz- VectorPlot[{3y, x/3}, {x, 0, 3}, {y, 0, 1}, AspectRatio-» 1/ 3]
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Note that the Mathematica plot above is nice, but isn’t quite what was
asked for. Mathematica makes all the vectors have the same length. In
other words, Mathematica’s vector plot is only showing directions, not
magnitudes.


Brian Hill
Note that the Mathematica plot above is nice, but isn’t quite what was
asked for. Mathematica makes all the vectors have the same length. In
other words, Mathematica’s vector plot is only showing directions, not
magnitudes.
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