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Unlocking the Secrets of Longitudinal Waves: Answers to the Longitudinal
Waves Gizmo

When you first encounter the term “longitudinal waves,” your mind may immediately jump to the sound of a drum or
the rumble of an earthquake. These waves travel through materials by compressing and rarefying the medium in

the direction of travel, unlike their transverse cousins that swing sideways. For students and educators alike,
grasping the nuances of longitudinal waves can be challenging—especially when theoretical explanations feel
abstract. Fortunately, interactive tools like the Longitudinal Waves Gizmobring these concepts to life, letting
learners manipulate variables, visualize waveforms, and witness phenomena in real time.

What Is a Longitudinal Wave?

Longitudinal waves are disturbances that move parallel to the direction of propagation. In everyday life, the most
familiar example is a sound wave traveling through air. When a speaker vibrates, it pushes air molecules together,
creating a region of high pressure (compression). The adjacent molecules then move into the high-pressure zone,
causing a region of low pressure (rarefaction). This alternating pattern propagates outward, transmitting sound
energy.

Other instances include seismic P-waves generated by earthquakes, ultrasound used in medical imaging, and even
pressure waves in fluids. Key characteristics of longitudinal waves include:

e Propagation Direction: Parallel to the wave vector.

 Particle Motion: Oscillates in the same direction as wave travel.

* Medium Requirement: Requires a material medium (solid, liquid, or gas); cannot travel through a vacuum.
* Speed Determinants: Depends on the medium’s density and elastic properties.

Introducing the Longitudinal Waves Gizmo

The Longitudinal Waves Gizmois an interactive simulation built on the PhET Interactive Simulations platform.
Designed for high school and introductory college physics, the Gizmo allows users to:

Visualize wave propagation in one-dimensional media.

Adjust fundamental parameters such as frequency, amplitude, and medium density.
Observe the effects of boundary conditions—fixed or free ends, reflective surfaces.
Measure wave characteristics like wavelength, period, and speed.

Experiment with interference patterns by introducing multiple sources.
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Because it runs in any modern web browser, the Gizmo is a versatile tool for classroom demonstrations, homework
assignments, and self-paced learning.

Getting Started: How to Use the Gizmo

Before diving into advanced experiments, it's helpful to master the basic controls. Follow these steps to launch a
successful session:



1. Open the Simulation: Navigate to the PhET website and select the Longitudinal Waves Gizmo. Click “Open”
to load the interactive.

2. Familiarize Yourself with the Interface: The main panel displays a 1 D bar representing the medium. Controls
appear on the right, including sliders for frequency, amplitude, and medium density.

3. Set Initial Conditions: Start with default settings: medium density of 1.0 /kg/m3, frequency 1 /Hz, amplitude
0.5 /m. These values produce a clear, slow-moving wave.

4. Run the Simulation: Press the “Play” button. Watch the wave propagate from the left end toward the right.

5. Observe Key Features: Notice the compression (bright regions) and rarefaction (dark regions) as they travel.
The wave’s wavelength equals the distance between two successive compressions.

Once you're comfortable, experiment by altering one parameter at a time to see how the wave changes. This
hands on approach solidifies the relationship between physical variables and wave behavior.

Decoding the Gizmo’s Parameters

The Longitudinal Waves Gizmo offers several adjustable knobs. Understanding each one is essential for designing
meaningful experiments.

Frequency (Hz)

Frequency determines how many oscillations occur per second. Increasing the frequency shortens the wavelength,
while decreasing it lengthens the wave. In the Gizmo, you can set values from 0.1 /Hz to 10 /Hz.

Amplitude (m)
Amplitude reflects the maximum displacement of particles from equilibrium. A higher amplitude yields a more
pronounced wave, but the speed remains unaffected.

Medium Density (kg/m3)

Density influences wave speed: denser media transmit longitudinal waves more slowly. The Gizmo’s density slider
lets you simulate different materials—from air ("H1.2 /kg/m3) to steel ("H7850 /kg/m3).

Wave Speed (m/s)

The simulation calculates speed using the formula v = sqrt( E / <, where E is the Young’s modulus (set to a

constant in the Gizmo) and is the medium density. This relationship demonstrates why sound travels faster in steel
than in air.

Boundary Conditions

Choose between fixed ends (nodes) and free ends (antinodes). Fixed ends reflect the wave, producing standing
wave patterns when the wave’s frequency matches a resonant mode of the system.

Interpreting Wave Visuals and Data

The Gizmo’s visual output is rich with information. Below are key elements to focus on:

¢ Waveform Graph: The main bar shows the displacement of each point in the medium. Bright regions
represent compressions; dark regions represent rarefactions.

* Wavelength Indicator: A ruler on the bar displays the distance between two adjacent compressions.

e Speed Display: Real time speed value appears on the side panel, updating as density changes.

¢ Phase Markers: When multiple sources are introduced, the Gizmo highlights phase relationships—
constructive or destructive interference zones.



By correlating these visuals with the underlying physics equations, students can develop an intuitive grasp of
longitudinal wave behavior.

Common Questions & Answers

1. How do | create standing waves in the Gizmo?

Set one end of the medium to be fixed (node) and the other free (antinode). Increase the frequency until the wave's
wavelength fits exactly into the medium length (i.e., an integer number of half wavelengths). The wave will then
bounce back and forth, forming a stationary pattern.

2.What happens when | change the medium density?

Increasing density reduces wave speed, elongating the wavelength for a constant frequency. In the Gizmo, you'll
observe the wave traveling slower and the spatial distance between compressions increasing.

3. Can | simulate sound in a real-world material like steel?

Yes. Set the medium density to 7850 kg/m3 and adjust the Young’s modulus accordingly (if the Gizmo allows). The
wave will propagate at roughly 5000 /m/s, reflecting the high speed of sound in steel.

4. How does interference appear in the simulation?

By adding a second source (via the “Add Source” button), you can observe how waves superimpose. When the two
waves are in phase, peaks align, producing constructive interference. When out of phase, peaks cancel, producing
destructive interference.

5.What is the significance of nodes and antinodes?

Nodes are points of zero displacement; antinodes are points of maximum displacement. In standing waves, nodes
remain stationary, while antinodes oscillate with maximum amplitude. They are critical for understanding resonance
in musical instruments and engineering structures.

Step by Step Experiment: Measuring the Speed of Sound

Use the Gizmo to determine the speed of sound in a given medium by following these steps:

1. Set a Known Frequency: Choose a frequency of 440 /Hz (A4 note).

2. Adjust Medium Density: Set to 1.225 /kg/m3 (standard air).

3. Measure Wavelength: Use the ruler to find the distance between two successive compressions.

4. Calculate Speed: Multiply frequency by wavelength: v = f x ;2a Verify that the Gizmo’s speed display matches
your calculation.

5. Repeat for Other Media: Increase density to simulate water ("H1000 /kg/m3) and steel ("H7850 /kg/m?). Note the
changes in speed.

Document your results in a table, then discuss how material properties influence wave propagation. This exercise
reinforces the link between theory and simulation.

Advanced Exploration: Phase, Interference, and Resonance

Once comfortable with basic settings, dive into more complex phenomena:

Phase Control

Introduce a second source and set its phase relative to the first. Observe how constructive and destructive



interference patterns shift as you adjust the phase angle.

Resonant Frequencies

With fixed ends, gradually increase frequency until you notice a dramatic amplification of amplitude—this is
resonance. Record the resonant frequency and compare it to the theoretical value: f n=n x v/ 2L, where nis an
integer mode number.

Energy Transfer

Measure the energy of the wave by integrating the square of the amplitude over the medium. Observe how energy
density changes with amplitude and frequency.

Tips & Tricks for Maximizing Learning

e Save Your Sessions: Use the “Save” button to bookmark configurations. This allows you to revisit experiments
or share them with classmates.

« Use the Data Log: Export wave data (displacement vs. time) for spreadsheet analysis. Plot graphs to visualize
trends.

e Experiment with Non Linear Media: Some Gizmos allow you to introduce non linear elasticity. This can reveal
phenomena like shock waves.

e Collaborate: Pair up with a peer and compare results. Discuss discrepancies and refine your understanding.

« Integrate with Curriculum: Align experiments with lesson objectives—e.g., tying wave speed to sound intensity
in physics labs.

Troubleshooting Common Issues

Even with a robust simulation, users may encounter hiccups. Here are quick fixes:
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