Champlain College - St-Lambert Physics 203-NYC

Lab #2
Period of a mass-spring system

Part A: Using the Science Workshop Interface

1. Objectives
¥ To learn the use of the computerized SciaNoekshop interface for data acquisition.
¥ To calculate the spring constant of a spring from a graphical analysis.

2. Equipment
¥ Stand with ruler ¥ Hooked weights
¥ Universal clamp ¥ SciencéNorkshop interface
¥ Pulley rod ¥ Force sensor
¥ Masking tape ¥ Motion sensor
¥ Large spring ¥ Stopwatch

3. Setup

1.
2.

> w

Turn on the Scienc@/orkshop interface (black box next to the computer screen)
Login to your accounton the computer Use the login and passwordwritten on your
schedule. Start the Sciendfrkshop (SW) program.
START:PROGRAMS:SCIENCEBNORKSHOP: SCIENCBVORKSHOP
Build the setup illustrated in figure 1.

Connect the force sensorto Analog

channelA.

In the SW window, click and drag the

analog plug (on the right) to Analog - @
channelA. Force Sensor Pulley
Choose analogorce Sensor
Connectthe yellow digital connectorof
the motion sensorto the digital channel

1 and the black connector to channel 2.
In the SW window, click and drag the Weight
digital plug (on the left) to digital R

channel 1. :

Choose motion sensor

You must now calibrate the speedof
sound for the sensorto work properly
With the motion sensor measurea  -----
known distanceof at least20 cm, and Masking tape
preferablycloserto 1 m, using a fixed \
objectsuchasthe wall or your logbook

Spring

Motion Sensor

Stand
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heldat oneendof thetable.Write the measuredlistancen the correctbox andclick OK.
The motion sensoris now calibratedandyou shouldhavea speedof soundcloseto 343
m/s. Recordthe speedof soundin your logbook. If the speedof soundis far from the
expectedvalue, verify the distance,the positioning of the motion sensorand the
calibration procedure. If you are still farfohsk the professor

7. Calibration of the force sensor
Click anddragthedigitsicon onthe AnalogA, to displaythe valueof the measuredorce
in newton. Click on the icon MON (play).

Removethe hookedweightsand pushthe TARE buttonon the force sensorThis should
zero the value measured by the force sensor

8. Set sampling options for the motion sensor
Click on the buttorsampling options...

Periodic Sample: choose 10 Hz
Click: FAST
Stop/Start condition: NONE

9. GRAPH
Click and drag the graphicon onto the Analog ChannelA to display a graph of the
measuredorce. The y-axis shouldbe FORCE(N) andthe x-axis TIME (S). Click onthe
clock to change the x-axis to: digitall, position (m).

Double-clickon the axis to changethe scale.Choosean appropriatescaleto display all
your data points.
4. Data acquisition

1. Stretch your spring-mass system and release it, it will start to oscillate up and down.
WARNING: make surethe massdoesnttbounceoff the spring and fall on the motion
sensoryou could damage the device.

2. To monitor your datapoints without recordingthem, pushthe MON button. Whenyou
click STOR the points are not kept into memory Use this to make sure all is setup
correctly

3. Torecordasetof datapointspushREC. Keeprecordinguntil you haveenoughpointsto
see a straight line (~ 10s), then pusiO8T

4. Onthegraphwindow in thelower left you haveseveraldisplayoptionsbuttons.Click on
the tiny graph with connected dots.

A graph setupwindow opens.Changethe name of the window to: your name and
uncheckconnected points

5. Maximize the window and click on the autoscale button.

6. Click onthe! button and choosecurvefit: linear fit. Al your data points may not
follow a straightline, but if you select(by click and drag) only the areain your graph
which follows a linear behaviouy the computerwill recalculatehe bestfit ONLY onthe
selectedpoints. The slope of this graph should representthe spring constantof the
system.

7. To print your graph go to FILE: Print active displBgaste this graph into your logbook.
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8. Redothe experimentwith 3 other massesMake a table of all your results.find the
average spring constant from these resMita.do not need to print a graph each time.

Part B: Period of a mass-spring system

1.

2.

Objective
To verify the period equation of a mass-spring system.

Theory

Imaginea springthatis hangingvertically from a support Whenno masshangsat the end
of the spring,it hasa lengthL (calledits restlength). Whena massis addedto the spring,
the spring®equilibriumlengthincreasedy AL . The newequilibrium positionof the mass-
springsystemis L+ ! L from the spring®support.If the massis pulled down a small dis-
tancex from the equilibrium position, the spring®exertsa restoringforce F = ! kx (where
i is the displacemenbf the massandk is the springconstant) The negativesign indicates
that the force points opposite to the direction of the displacement of the mass.

The restoringforce causeghe massto oscillateup anddown. If the position of the mass
with respectto the equilibrium is graphedas a function of time, a sinusoidalgraphis ob-
tained.For a real-life massivespring,the periodof oscillationdependson the springcon
stant, and both the hanging mass and the mass of the spring as follows:

Mg
T=on M, where Merf = m+ -

mis the hanging mass and the spring mass.

3. Procedure

=

In partA, you have measured the spring constant of your system.

2. Usingthe ScienceWorkshopinterface,measurdghe periodof the systemfor a hangingmass

of 100 g. What arethe uncertaintien this value?It is not necessaryto print a graph, but
you mustrecordthe relevantinformationin your logbook. Calculatethe theoreticalperiod
and record it next to your measured value in a table.

Add 25 g to the hangingmassand measurehe period again.Continueto add massin 25 g
increments until you have reached a total mass of 250 g.

Using the datarecordedn your logbook,plot a graphof T vs mesr. Includeerrorbarsin your
graph.Paste this graph into your logbook.

Using Excel,transformthe data,soyou canplot it asa straightline. Usetherulesof propaga
tion of uncertaintiego find the new error bars.Pastethis graph into your logbook.Find the
slopeand interceptand their uncertaintieausing the function LINEST. From thesevalues,
obtain a value for the spring constant and compare it to the one obtainedAn part

Make a list of errors that can influence your results.
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