Champlain College - St-Lambert! Physics 203-NYC

Lab #3
Standing waves on a string

1. Objective
Study and understandhe propertiesof transversestandingwaveson a vibrating string
fixed at both ends.

2. Theory
Standingwavesare producedby the superpositiorof two sinusoidaltravelingwavesof the
samewavelengthand speedtravelingin oppositedirections.The fixed endsof a string,
mustnecessariljhavezerodisplacemenandareby definition nodes.This forcesthe string
to oscillate in very specific modes illustrated below
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The wavelength! of the standingwave is determinedby the numberof antinodesor
segmentgn) in the string. In generalthe wavelength=f the variousnormal modesfor a

string of lengtH fixed at both ends are

2]
==  n=123,...
n

[ /1

fife

;,a\

since! f = v, wherethe propagatiorspeedn the stringv = ' Tl u dependn thetension
T in the stringandits linearmassdensity! , it is possibleto expresshe naturalfrequencies
of a taut string as
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In thefollowing experimentthefrequencywill remainunchangedwhile the tensionin the
string is changed by changing the hanging mass

3. Apparatus
¥ 120 Hz motor
¥ string
¥ slotted weights and hanger
¥ meter stick
¥ triple beam balance
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4. Procedure
1) Obtaina pieceof thin black string a bit longerthanthe table. Measureits exactlengthas

preciselyas possible,making surethat thereare no loops or knots. Measurethe massof
your string on the balance From your measuremendeterminethe linear density ! , of the

string.
2) Attach one end of the string to the weight hangerandthe otherto the motor asshownin

figure 1. Connectthe motorto a socketandadd massto the hangeruntil a stablestanding
wave of 8 segments/loopé = 8) is producedRecordthe total amountof mass,ncluding
the hangerThe systemwill be sensitiveto massdifferencesf aslittle as1 gram.Repeat
for 7, 6, 5, 4, and 3 segmenO NOTATTEMPT LESS THAN 3 SEGMENTS!!

3) Measurethe exactvalueof thelengthl, shownin figure 1. This is not the samelengththat

you measured in step 1.

5. Analysis (done in yourlogbook)
1) Make a table giving the valuesmf! , m, T, A2, and their associated uncertainties.

2) Makeagraphof ! 2 versusT. Fromthe slopeof your graph,andthe calculatedvalueof the
linear density obtaina valuefor the frequencyof vibrationf, with uncertaintiesCompare

the obtained value to the theoretical value of 120 Hz.
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