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1. Phyphox is an education-centric sensor app developed by H. Heinke, S. Staacks and C. Stampfer, and its official
website is at https://phyphox.org/#.

2. S. Staacks, S. Hiitz, H. Heinke and C. Stampfer, “Advanced tools for smartphone-based experiments: phyphox,”
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MATLABEZ

clc,clear all;

L =(0.5 WA MRREGENMN AR)

g=9.;

dataNum = 120;

iniTheta =[51.20133)pi/180; A AL E)
iniOmega = 0;

timelnc =(0.01666666 A BB MR EENL )
time(1) = 0;

theta(1) = iniTheta;
omega(1) = iniOmega;
speed(1) = L*omega(1);

for n = 2: dataNum
time(n) =time(n-1) +timelnc;
theta(n) = theta(n-1) + omega(n-1)*timelnc;

omega(n) = omega(n-1) - g/L*sin(theta(n-1))*timelnc;

speed(n) = L*omega(n);
end
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MATLABEZ

QuarterT = time(1);
QuarterTpos =1,
% Find the 1st“1/4 period” and its index.

for n = 1: dataNum

if theta(n) < 0 % true = has passed the bottom point where = 0.
QuarterT = time(n-1); QuarterTpos = n-1;

break

end

end

HalfT = time(1); HalfTpos = 1;

% Find the 1st“1/2 period” and its index.

for n = QuarterTpos: dataNum
if theta(n+1)- theta(n) > 0 % true = has passed the left highest point where =-iniTheta.
HalfT=time(n); HalfTpos=n;
break

end

end

thetal1(1) = iniTheta;
omegal(1) = iniOmega;
time1(1)=0;

speedi(1) = L*omegal(1);
Dspeed(1) = abs(speed1(1));
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MATLABEZ

% Note that, decreases with time for the 1st T/2 motion, hence the angular
% velocity (and the speed) < 0. For the convenience in applying the Doppler
% effect, we'll make the speed to be positive and being stored in the array
% Dspeed.

for n = 2: HalfTpos

time1(n) = time1(n-1) + timelnc;

theta1(n) = theta1(n-1) + omegal(n-1)*timelnc;
omegal(n) = omegal(n-1) - g/L*sin(thetal(n-1))*timelnc;
speed1(n) = L*omega1(n);

Dspeed(n) = abs(speed1(n));

end

yyaxis left % Activate the left side y axis (which is the angle (t)) and
plot (time1, theta1*180/pi); % plot (t) vs. the x-axis (which is time t)
ylabel('The object’s angle (deg)') % Label for the left y axis

yyaxis right % Activate the right side y axis (which is the speed) and
plot (time1, Dspeed,'--") % plot speed vs. time with a dashed line style
ylabel('The object’s speed (m/sec)') % Label for the right y axis
xlabel('Time (sec) for the 1st-T/2') % Label for the x axis

title ('pendulum with a large angle = 85 (deg.))
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MATLABEZ

%second part

Sfreq (5000} Vs = 343; h —(T0) WA FOARSSR(HAL #idE) | JE B I MR (AL 25)
for n =1: QuarterTpos % for 0 <time < T/4

alpha(n) = atan(sin(theta1(n))/(1+h/L-cos(theta1(n))));

beta(n) = alpha(n) + theta1(n)-pi/2;

non_collinear(n) = Sfreq*Vs/(Vs- Dspeed(n)*cos(beta(n)));

collinear(n) = Sfreq*Vs/(Vs- Dspeed(n));

end

for n = QuarterTpos+1: HalfTpos % for T/4 < time <T/2; and | | is used for sin function
alpha(n) = atan(sin(abs(theta1(n)))/(1+h/L-cos(theta1(n))));

beta(n) = alpha(n) + abs(theta1(n))-pi/2;

non_collinear(n) = Sfreq*Vs/(Vs+ Dspeed(n)*cos(beta(n)));

collinear(n) = Sfreq*Vs/(Vs+ Dspeed(n));

end

yyaxis left % Activate the left side y axis (which is the non-linear apparent frequency) and
plot (time1, non_collinear); % plot the non-linear apparent frequency vs. the x-axis (which is time)
ylabel('the non-collinear apparent frequency (Hz)') % Label for the left y axis
yyaxis right % Activate the left side y axis (which is the linear apparent frequency) and
plot (time1, collinear,'--") % plot the linear apparent frequency vs. the x-axis (which is time)
ylabel('the collinear apparent frequency (Hz)") % Label for the left y axis
xlabel('Time (sec.) for the 0 < time < T/2") % Label for the x axis
title (‘'The apparent frequencies caused by the pendulum’)
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