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Post-IGCSE Physics Course:

A Experimental Physics using
Data Loggers and Computers




Experimental setup

PASCO data logger with pressure
sensor and force meter attachments.
USB connection to PC
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Lemonade bottle rocket. In this
experiment no water is present,
merely air is compressed.

Rings prevent unwanted lateral
movement.

The rocket thrust is measured
using the see-saw assembly.

To avoid exceeding the maximum
thrust measureable by the sensor,
a mechanical disadvantage of 2 is
used. i.e. the rocket is half as close
to the pivot as the force sensor.

Therefore to calculate the rocket
thrust, the sensor measurement
must be multiplied by two.
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PASCO data logger with
pressure sensor and force

meter attachments. USB
connection to PC
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Windows PC running
CAPSTONE software




The default data measurement
rates are insufficient to capture
the force and pressure vs time
during the launch event (about 0.2s)

W Both sensors should be set at the
B maximum data rates as shown.



[Table title herel

@ Run #1

Absolute Pressure
(kPa)

1 |159738
159739
159740

159741
[ 159742
0 30 40 50 60 70 3
: (159743
Time (s) i

Absolute Pressure (kPa)

(159744

C& L-DE-AFSRAN- L MY EkEXE 28 Jmezan|

|

EETT e

Run #1

: Force (N)

0

c[G\'aph(me here]

e —

& - 011998 High Resolution Force Sensorv 200 ki = . 3.4 Yk K €5 L

e e o - £ e (V5" Recunding' Biep RS RRU B S
&dy e Conditions ) P

Pressure vs time and Force vs time traces in CAPSTONE software.

To export data, select all data in the table, copy to the clipboard (ctrl+C) and
paste into a text editor such as Notepad. This file can then be imported into
MATLAB. Note there will likely be too many data points for Excel to handle!
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%rocket analysis

Loads in CAPSTONE dataloger output saved in space delimited .txt file
rocket.txt. Columns are time /s, Force /N and Pressure /KkPa.

Pressure data is interpolated at the same times the higher data rate
Force measurements are recorded. Both force and pressure are then plotted
against time.
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LAST UPDATED by Andy French May 2017
function rocket analysis

%5et fontsize for graphs

fsize = 16; MATLAB code to

%$Time range /s for launch close up

tstart = 75.75; analyse rocket data

tstop = 76.5;

3Time range /s for thrust extremeclose up
ttstart = 7eé;
ttstop = 76.25;

-
o

%$Load data

[t,F,P] = textread('rocket.txt',... Text file is three columns of numerical data

'BESLRLY, ...

‘delimiter’,’ ', ... (hence the %f%f%f syntax) with a space ‘delimiter.’

'emptyvalue',NaN, ...
'headerlines',2);

%$Double force F to take into account mechanical disadvantage of pivot
F = 2*F;

$Remove NaN values from Pressure Data Interpolation IS required

nons < tenan (p); since the force sensor records at
anens) = 1V 2KHz, ten times the rate of the
Tnterpolate using ¢ times pressure sensor. Interpolation

P = interpl( tE, P, t); means they can both be plotted

% Plot whole range of data against the same vector of times.



%Plot Pressure vs time and save a PNG file

plot(t,P);

xlabel ("time /s', 'fontsize', fsize):

ylabel ('Pressure /kPa', 'fontsize',fsize):

title('Air pressure inside rocket', 'fontsize',fsize);
set (gca, 'fontsize', fsize);

grid on

print (gcf, 'pressure vs time.png','-dpng','-r300');
clf

%Plot Force vs time

plot (t,F):

xlabel ('time /s', 'fontsize', fsize):

ylabel ('"Force /N','fontsize', fsize):
title('Rocket thrust', 'fontsize',fsize);

set (gca, 'fontsize', fsize);

grid on

print (gcf, 'thrust vs time.png', '-dpng', '-r300');
clf
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% Close up on launch

%$Plot Pressure vs time and save a PNG file

plot(t,P);

xlabel ("time /s', 'fontsize',fsize):

ylabel ('Pressure /kPa', 'fontsize',fsize);

title('Air pressure inside rocket', 'fontsize',fsize);
set (gca, 'fontsize', fsize);

xlim( [tstart,tstop] )

grid on

print (gcf, 'launch pressure vs time.png','-dpng', '-r300");

clf

%Plot Force vs time

plot(t,F):

%xlabel ("time /s', 'fontsize',fsize):

ylabel ('"Force /N','fontsize',fsize);

title('Rocket thrust', 'fontsize', fsize):

set (gca, 'fontsize', fsize);

xlim( [tstart,tstop] )

grid on

print (gcf, 'launch thrust vs time.png', '-dpng', '-r300");
clf

%¥Plot Force ws time extreme close up
plot (t,F):

xlabel ("time /s', 'fontsize',6 fsize):
ylabel ('"Force /N','fontsize', fsize):
title('Rocket thrust', 'fontsize', fsize):
set (gca, 'fontsize', fsize);

xlim( [ttstart, ttstop] )

grid on

print (gcf, 'launch thrust vs time close up.png', '-dpng', '-r300'");

clf
close (gcf) ;

$End of code

MATLAB plot routines

to generate 300dpi

PNG images of the
pressure and force vs time
graphs.

The whole experiment
and a close up on the
launch event are specified.



Max pressure is over four

The up and down motion atmospheres

IS a consequence of the

pumping!
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Rocket thrust
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Air pressure vs time during launch event

Air pressure inside rocket
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Force vs time during launch event
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Force vs time during launch event (close up). Significant mechanical oscillations
observed due to the ‘impulse response’ of the see-saw rig
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