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WAVE FORMS op PHASE-SHIFTED SINE PULSES AND
THEIR APPLICATIONS

J. T. TykocrNer AND L. R. Brooa
University of Illinois, Urbana, Ilinois

In the course of development of an
automatic recorder of spectral sensitivi-
ties of bhotoelectric cells, means were re-

developed
main theoretica] and experimenta] results
are given in the tollowing brief report.

The task set for the theoretical in-
vestigation consisted of finding new wave
forms characterized by sharply marked
critical points whose coordinates would
determine the Phase shifts.
Wave forms were derived by the super-
position of two i
sine waves,

Three distinet wave forms have thus
been studied:

(1) Those obtained by the subtraction
of two rectified phase-shifted sine

waves.

Fig. 1.—Graphica] subtraction of
rectified phase-shifted sine
es,

(2) Those obtained by the addition of
two rectified phase-shifted sine
waves.

(3) Those obtained by 4 rectified
Phase-shifted sine Wwave added to
or subtracted from a full sine
wave.,

resultant

a particular
bhase shift ¢, namely, ¢=°, 15°, 30°,
60°, 90°, and 120° respectively. The re.
sultant curve D appears as an alternating
wave of double the frequency of the
original sine wave. The curve has sharp
Peaks marked 4, ¢ and e. It crosses the
X-axis at the points b and 4. Interesting
from the point of view of bractical ap
plication is the broperty which makes the
amplitude of the curve D proportiona
to the sine of the phase angle é. A fur
ther property is that for D=0, Ap,g =
K7/2 + /2, where B=0,3, 2 0 s
that the value of the abscissa for the
maximum is X, = gg + ¢ and for the
minimum, X,,. = K7. With inereasing
phase shifts

wave shape

other types
under (2) and (3) reveal other charac
teristics also depending on the phas
angle.

In order to examine the possibility o
produeing such wave forms in electrica
circuits, the oscillographie method wa
applied in connection with mixing eix
cuits for combining the two rectifie
phase-shifted sine waves,

Fig. 2 is an example of a series of osci
lograms thuys obtained for $=0°, 15
30°, 45°, 60°, ang 90° respectively. Th
left column shows the component rectifie




P=15°

¢=30°

0-45°

¢=90°

Fig.
of two rectified ph:we—.ﬁhil‘lf-(l sine waves.

2. Oscillograms showing subtraction

sine waves each taken by a separate ex-
posure while the gecond column of oscil-
ograms shows the resultant forms chang-
ng as the phase is varied step by step.
These correspond closely to the curves
heoretically predicted.

In order to produce any 1‘equired def-
nite combination of currents it was
jecessary to develop accurate means for
\djusting phase angles of the component
urrents. The oscillograms shown in
tig. 2 were obtained at 60 cycles per
econd by a known method of addition
f electrical vectors in quadrature rela-
ion.

For audible frequencies from f=7500
ycles to f=10,000 cycles per second 2
jore accurate method of obtaining phase-
hifted currents was developed.
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As shown in Fig. 3, in room 1 were
placed the oscillator O, whose frequency
could be varied from 20 to 20,000 cycles
per gecond. The oscillator was coupled
to a transmitter T For frequencies not
exceeding 2,000 cycles this transmitter T
consisted of a high impedence earphone
of the Baldwin type. For higher fre-
quencies it was replaced by 2 high fidel-
ity driving unit of a dynamic speaker
whose voice coil impedance was 16 ohms
and whose audio spectrum extended from
20 to 10,000 cycles. At a distance d. and
d. of uppro,\'imately two wave lengths
were placed two high impedance head-
phones P, and P, jdentical in their char-
acteristics. One of the headphones, P
was fixed in position. The other, Pu
was mounted on @ stand and could be
shifted between guides by means of a
worm-gear G. By turning a crank K, the
distance d: could be varied and set to any
desired position with an accuracy of
+ 0.2mm. For each given phase angle
$, the distance d=drd:= ¢v/mE could be
calculated from the sound velocity v and
frequency f and then adjusted accord-
ingly.

in room 11 Were placed two sets of
measuring equipment. Bach set consisted
of a voltage amplifier (V. oOr Vi), 2
matching transformer (Wa. or W), 2 full-
wave rectifier (Y. or Yo) and a coupling
circuit (Za Or Zv).

The outputs, & and b, of the receiver
headphones Pi and P: were fed through
shielded concentric cables into the re-

Acecstrer!
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Fig. 3.—The
ghifting apparatus.

acoustic phase-



158

Spective amplifiers v, and Vv,
lograph G was used
strument to observe
forms,

For frequencies from 10,000 to 100,000
cycles the method of adjusting cireujt

a screem, it ig
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resultant waye forms ang
termine Phase differences,

wave generators,
tors.

A complete report concerning the math-
ematical ang €xperimenta] investigation
will be published ip a4 Bulletin of the
University of Illinois’ Engineering Ex-
periment Statiop,



