The sine wave and how it works - dissecting
and reassembling it with vectors.

By Paul Chappell
are a number of ways of representing a sine wave.
T here
Fig. 1 shows two possibilities. The first is the usual
graphical representation. A diagram like this gives a good
deal of information about the wave: its shape, amplitude, frequency and phase at the chosen starting point, just about all
you could ever want to know about it.
Fig.lb shows a more abstract representation of the same
wave. The frequency is shown by the position of the line
along the horizontal scale and amplitude is given by the
height of the line. This diagram is more concise than Fig. la
(and takes less drawing skill) but some of the information is
lost. The shape of the wave is not shown, so to interpret the
diagram you have to know what a sine wave looks like.
Another loss is phase information. There's also a slightly less
obvious loss - see if you can spot it. (Look for a way to alter
Fig. 1a to give another wave which would have the same representation in Fig. 1b).
The loss of phase information means that if two or more
sine waves are shown on the same diagram, it is impossible
to say exactly what time domain waveform they represent.
Fig. 2a may represent either Fig. 2b or Fig. 2c or something
else entirely. Without knowing the relative phases of the two
sine waves, there is no way to decide. (Strictly speaking it
makes no sense to speak of the phase difference between
two waves of different frequencies since it changes at every
instant. What you can do is to compare each component
with a sine or cosine of its own frequency at a particular instant in time which will give enough information to decide
the time relationship of the two waves.
For example, if both waves were exactly in phase with the
sine of their own frequency at some instant in time, Fig. 2c
would be the correct time domain waveform. On the same
pedantic note, I'd better explain that I'm using the phrase
"sine wave" to mean "any wave which is sinusoidal in shape"
and unadorned "sine" and "cosine' to mean waves that
begin at 0 and 1 respectively at some instant t = 0. Phase
relationships are difficult to talk about without sounding too
text-booky and I don't want to confuse you in my attempts to
do so.
In many situations the frequency spectrum of a wave form
is the most important characteristic. An example is frequency interlacing in colour TV systems. The frequency spectrum
of a monochrome TV signal has the strongest frequency
components at multiples of the line frequency on either side.
Fig. 3a is an idealized diagram of a portion of this spectrum.
The gaps in the spectrum allow a rather clever trick to
reduce the bandwidth needed for colour TV transmission.
Instead of avoiding interference by putting the colour subcarrier at some frequency way above the monochrome information, it can be slotted in to fill up the gaps.
Suppose the colour subcarrier frequency was chosen to
be 200.5 times the line frequency. The main additional fre14
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Fig. l(a). The normal view of a sine wave, and (b) an
alternative representation.
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Fig. 2 (a). Two sine waves which can represent either of the
waves (b) or (c).
quencies introduced would be the subcarrier and its
sidebands separated by multiples of the line frequency,
which neatly fills the gaps left by the monochrome spectrum
(Fig3b). The half-line offset means that the subcarrier frequency will cancel out to some extent on successive pictures
and too high an amplitude would still cause some very unpleasant effects.
The moral is that it is very important to keep an eye on
the practical interpretation of abstract information. The offset used in the European PAL system, by the way, is 1/4 line
rather than 1/2 line; this simple explanation leaves out some
other rather significant considerations which mean that 1/2
line offset is not the best choice, but the principle still applies.
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Fig. 3 (a). A portion of the PAL TV spectnun (mono), (b)
the colour subcarrier slotted in the gaps, and (c) the effect on
the mono picture.

ness (don't ask me where you can buy it). The photographic
strip is moved along by the same invisible motor which is
turning the baton (I said you'd need a good imagination.).
When the paper is developed, it will have a trace on it as
Fig.4b. A Sine wave!
A complete cycle of the sine wave corresponds exactly to
one rotation of the baton. The amplitude will be equal to the
longest shadow cast by the baton which will happen when it
is horizontal and so will be equal to its length. The phase
relative to a cosine will be equal to the angle the baton
makes with the horizontal when the machine is started up. 1n
other words, if I gave you a photograph (or a diagram) of
the initial position of the baton and told you the speed of
rotation, you could predict exactly what sine wave the
machine would draw. That brings us back to Fig.4a.
The direction of rotation of sine-wave drawing machines
is important. Figure 4a could draw either Fig. 4c or Fig. 4d
depending on which way it was turned. By convention, sine
wave drawing machines always turn counterclockwise, so
Fig.4c is correct.
Diagrams like Fig.4a are called vectors. The most significant loss of information here is frequency; I have to tell
you how fast the rod is rotating. This may seen like rather
an important piece of information to lose but often it can be
assumed from the context. At other times it can be useful to
know how a circuit responds to a certain frequency. In all
these cases, frequency is part of the background information
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Fig. 4 (a) A vector, (b) the wave-drawing machine, (c) a
counterclockwise wave and (d) a clockwise wave.

Yet another representation of a sine wave is shown in Fig.
and it's this one I really want to concentrate on. If you
haven't seen this kind of diagram before, it will take a little
imagination to see how it works. Just suppose for a moment
that the arrow on the diagram is actually a piece of wood
baton pivoted at the origin, which its free end moving steadily in an counterclockwise circle. Now suppose that there's a
spotlight above it and a screen below. As the baton moves,
the shadow on the screen will shorten until the rod becomes
vertical, then lengthen again in the opposite direction, then
shorten again until the rod is pointing downwards, and so
on.
Now suppose that instead of a screen, the shadow is cast
on a strip of photographic material that is exposed by dark-
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Fig. 5 (a). Adding two waves on the vector diagram, (b) th
resultant wave, (c) adding out of phase waves, (d) the wron
result, (e) the correct answer, and (f) cancellation.
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and it's the phase and amplitude of the waves that we want
to investigate.
This is where vector diagrams come into
their own.
Just as several waves of different frequencies can be included in the same frequency spectrum diagram, waves at
the same frequency but with different amplitudes and phase
can be drawn on the same vector diagram (Fig.Sa). Since
both waves are at the same frequency, the two rods are locked together and rotate at the same speed. This gives an easy
graphical way to fmd the sum of the sine waves of the same
frequency.
To fmd the result of adding the two waves of Fig.5a, we
want a rod which casts shadow equal to the sum of the two
individual shadows. A crooked rod that will do the trick can
be made simply by nailing the two rods together, keeping
their angles with the horizontal axis the same. The result is
shown in Fig. Sb.
The fmal step is to notice that a straight rod from the
origin to the tip of the crooked rod will cast the same
shadow, so this is the vector representing the sum of the two
original waves.
If you think about it for a moment, you'll see that it makes
no difference which vector is drawn first when adding. If you
try both ways on the same diagram, you'll end up with a
parallelogram with the sum as one of the diagonals.
One thing to remember is that you must draw the vectm:s
in the right direction. Take the extreme case of Fig.5c, .for instance. The sum of these vectors is Fig.5d and not Fig.5e. If
the two vectors had the same length, adding them would
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Fig. 6 (a). The vectors for sine, cosine, -sine and -cosine, and
(b) expressing a wave as a sum of sine and cosine.

bring the end point rigi;t back to the origin (Fig.5f). This is
the equivalent to saying that two sine waves of the same frequency and amplitude but 180° out of phase will cancel each
other out when added.
The vectors for a sine, cosine, -sine and -cosine are shown
in Fig.6a. A sine wave of any phase you choose can be expressed~ as the sum of a sine and a cosine. Figure 6b shows a
particular example:
2 cos(wt + ~·) = sin(wt)- .,l3cos(w 5 )

The phase angle 13pi/12 disappears. The Fourier series contain both sine and cosine terms to avoid the need for phase
angles and this is how the trick is done. Another piece of the
jigsaw falls into place. It's rather like resolving a force into
two orthogonal components.
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FROM LINGER ENTERPRISES
A second generation, low cost, high performance, mini
sized, single board for making your own RS232 Video
Terminal. This highly versatile board can be used as a
stand alone video terminal, or without a keyboard, as a
video console. VT100, VT52 Compatible.
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Uses the new CRT9128 Video Controller driven by a 6502A CPU
On-Screen Non-Volatile Configuration
10 Terminal Modes: ANSI, H19,
ADM-5, WYSE 50, TVI-920, KT-7,
HAZ-1500, ADDS 60, QUME-101, and
Datapolnt 8200
Supports IBM PC/XT, and Parallel
ASCII Keyboards
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25 X 80 Format with Non-Scrolling
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Jump or Smooth Scroll
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RS-232 at 16 Baud Rates from 50 to
19,200
On Board Printer Port
Wide and Thin Line Graphics
FULL KIT
Normal and Reverse Screen Attributes
w/1 00 Page Manual
Cumulative Character Attributes: De-lnten, ADD $40 FOR A&T
Reverse, Underline and Blank
OPTIONAL EPROM FOR
10 Programmable Function Keys and
PC/XT STYLE SERIAL
Answerback message
KEYBOARD: $1 5
5 X 8 Character Matrix or 7 X 9 for
IBM Monitors
SOURCE DISKETTE:
Mini Size: 6.5 X 5 Inches
PC/XT FORMAT
Low Power: 5VDC@ .7A, ± 12VDC
5'/, IN. $15
@ 20mA.

$7995
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Digital Research Computers
P.O. BOX 381450 • DUNCANVILLE, TX 75138 • (214) 225-2309
Call or write for a free catalog on Z-80 or 6809 Single Board
Computers, SS-50 Boards, and other S - 1 00 products.
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TERMS: Add $3.00 postage. We pay balance. Orders under $15 add 754 handling. No
C.O.D. We accept Vlaa and MuterCard. Texas Rea. add 6-1/4% Tax. Foreign orders
(except Canada) add 20% P & H. Orders over $50 add 85¢ for ln1urance.

Circle No. 11 on Reader Service Card

"Instead of just pulling in satellite
TV signals, I'm going to pull in the
whole satellite."
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