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Objectives of the experiment

m  Determination of the frequencies at which standing waves form.

m  Measurement of the corresponding wavelength.

m  Calculation of the velocity of propagation for different tension forces.

Abstract

A cord is excited by a vibration generator. The frequency f is
chosen in such a way that a standing wave is formed whose
wavelength X can be determined with the tape measure.

The frequencies and associated wavelengths are determined
for various attached mass pieces m. This allows the depen-
dence of the propagation velocity ¢ on the tension force F' to
be determined.

Principles

A standing rope wave is generated by moving one end of the
rope up and down and fixing or weighting the other end. This
periodic excitation occurs at a certain frequency f, i.e. move-
ment per unit of time.

The wave is reflected at the fixed end and travels back along
the rope. In this way, certain parts (wave nodes) of the rope
remain at rest while others (wave antinodes) oscillate back
and forth with great amplitude.

The distance between two wave nodes describes half the
wavelength . In the case of ropes with fixed ends, as is the
case here, there must be a vibration node at each end.

Wavelength and frequency are linked via the propagation ve-
locity c.

c=A-f (1)

For transverse waves in thin wires and ropes, the following al-
so applies

c=,|—— (2)

where p is the density of the material and A is the cross-sec-
tional area of the wire or rope.

Or to put it simply:

cxF (3)

wavelength
Equipment
No. Material
1 Demonstration cord
1 Vibration generator
1 Function generator P
1 Pulley @ 100 mm, plug-in
1 Tape measure 2 m/ 1 mm
2 Stand base, V-shaped, large
2 Stand rod, 100 cm, 12 mm
diam.
2 Leybold multiclamp
Support block
Connecting lead, 32 A, 100 cm,
blue
1 Connecting lead, 32 A, 100 cm,
red
1 Driving weights, set
Setup
o
Fig. 1: Experimental setup
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The experiment is set up as shown in Figure 1. The two stand
base are placed at a distance of about 115 cm from each oth-
er and the two stand rods are screwed into them.

The vibration generator is attached to the left-hand stand rod
just above the stand base with a clamp. The second clamp is
attached about 50 cm above.

On the right-hand stand rod, attach the support block approx.
50 cm above the stand base and put on the pulley.

Cut 2 pieces from the demonstration cord, one of 2 m length
and one of approx. 20 cm length.

A loop is knotted from the 20 cm piece of cord, which is at-
tached to the screw of the upper, free clamp. The 2 m piece of
cord is knotted to the screw of the vibration generator, thread-
ed through the cord loop on the clamp, laid over the pulley
and provided with a loop at the end into which the hook of the
driving weight can then be hung. The length of the cord from
loop to pulley is now approx. 1 m.

The set-up is readjusted so that the cord runs as vertically as
possible from the vibration generator to the loop and parallel
to the worktable from the loop to the pulley.

The vibration generator is connected to the function generator
via the two connecting leads.

Experimental procedure

A slotted weight is placed on the hook of the driving weight.

A sine wave is selected on the function generator, the frequen-

cy range is set to 10 and a medium amplitude. The rotary
switch for the frequency is turned all the way to the left and the
device is then switched on.

By slowly adjusting the frequency f on the function generator,
the frequency fr¢ is determined for which a standing wave is

formed on the cord. The wavelength X is measured with the
tape measure and noted with the corresponding frequency

fre.

This measurement is repeated for 2 and 3 slit weights and the
wavelength Aand the frequency frqg are noted in each case.

Evaluation

The propagation velocity ¢ can be calculated with (1).

The tension force F' is the force that tensions the cord with the
attached mass piece m. This is determined via

F=m-g (4)
. m
with g = 9.81 -
S

Once this is done, (3) can be shown.

Measurement examples

Tab. 1: Measured wavelengths and
frequencies for 11.2g at-
tached mass

A/m fra I Hz c/%

1 18.82 18.82
2
- 30.11 20.07
3
0.5 41.54 20.77

Tab. 2: Measured wavelengths and
frequencies for 16.2g at-
tached mass

Am  fre/Hz cl%

1 23.62 23.62
2

- 36.37 24.25
3
0.5 48.12 24.06

Tab. 3: Measured wavelengths and
frequencies for 21.2g at-
tached mass

Am  frelHz c/%

1 28.61 28.61
2
= 43.31 28.87
3
0.5 57.39 28.7

Tab. 4: Propagation velocity as a
function of the attached
mass m or tension force

m/g FIN clg

11.2 109.87 19.9
16.2 158.92 24.0
21.2 207.97 28.7
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Fig. 2. Propagation velocity ¢ as a function of the tension force F'.

@LD DIDACTIC

© by LD DIDACTIC GmbH - Leyboldstrale 1 - D-50354 Hurth - www.ld-didactic.com

Tel: +49-2233-604-0 - Fax: +49-2233-604-222 - Email: info@Id-didactic.de - Technical alterations reserved



LD Physics Leaflets P1.6.1.4 3/3

Result tion velocity is almost the same for different wavelengths or
frequencies.

To observe a standing rope wave, the correct frequency must
be found. The higher the frequency set, the more wave nodes
become visible. With the same attached mass, the propaga-

When comparing the different attached masses, we find that
the greater the mass, the greater the velocity of propagation.

The proportionality (3) between tension force and propagation
velocity could be proven.
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