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INTRODUCTION: DEMYSTIFYING
THE STANDING WAVES
WORKSHEET 121 ANSWERS

Physics students often encounter a
moment of frustration when they open a
worksheet titled "Standing Waves 121."
The patterns of nodes and antinodes, the
formulas for harmonic frequencies, and
the interplay of wavelength, tension, and
speed can feel overwhelming. If you are
searching for "Standing Waves
Worksheet 121 Answers," you are likely
looking for more than just a final
number—you want to understand the
reasoning behind each step. This article
provides a thorough, step-by-step guide
to mastering standing waves, specifically
tailored to the types of problems
typically found on a Worksheet 121. We
will explore the fundamental concepts,
break down common question formats,
and present clear solutions. By the end,
you will not only have the answers but
also the confidence to tackle any
standing wave problem.

UNDERSTANDING STANDING
WAVES: THE FOUNDATION

Before diving into the specific answers
on Worksheet 121, it is essential to
solidify your understanding of what a
standing wave actually is. A standing
wave is a wave pattern that remains
stationary—it does not appear to travel

through a medium. Instead, it oscillates
in place. This phenomenon occurs when
two waves of identical frequency and
amplitude travel in opposite directions
and interfere with each other. The most
common examples are waves on a string
fixed at both ends (like a guitar string) or
sound waves inside a tube.

Nodes and
Antinodes: The
Language of
Standing Waves

Every standing wave pattern is defined
by specific points:

* Nodes: Points on the wave that
remain at zero displacement. They
are locations of destructive
interference where the two
oppositely traveling waves cancel
each other out. In a string fixed at
both ends, the endpoints are
always nodes.

e Antinodes: Points where the
displacement is maximum. They
occur halfway between nodes and
are the result of constructive
interference.

The number of nodes and antinodes
directly relates to the harmonic (or
mode) of vibration. On a string fixed at
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both ends, the nth harmonic has n
antinodes and n+1 nodes. For a tube
open at both ends, the pattern is similar,
but for a tube closed at one end, the
closed end is a node and the open end is
an antinode. Worksheet 121 often asks
students to draw these patterns or count
these points for a given harmonic.

KEY FORMULAS FOR STANDING
WAVES WORKSHEET 121

The answers to most standard problems
on Standing Waves Worksheet 121 rely
on a handful of core equations.
Memorizing these is useful, but
understanding their derivation is even
more important.

Wave Speed on a
String

The speed of a wave traveling along a
string is given by:

v =vV(F;/R)

where v is wave speed (m/s), F; is the
tension in the string (N), and u is the
linear mass density (kg/m) - mass per
unit length of the string. Worksheet 121
problems frequently provide two of
these values and ask you to solve for the
third. For example, if a string has a
tension of 100 N and a linear density of
0.02 kg/m, the wave speed is V(100 /
0.02) = V5000 = 70.7 m/s.

Relationship
Between

Wavelength,
Frequency, and
Speed

This universal wave equation applies to
all waves:
v=FfA

where f is frequency (Hz) and A is
wavelength (m). Combined with the
harmonic condition, this allows you to
find the frequencies of standing waves.

Harmonic
Freguencies for
Strings Fixed at
Both Ends

For a string of length L fixed at both
ends, the wavelengths of the standing
waves are:

A, =2L/n,wheren=1,2,3,..
The corresponding frequencies are:
f,=nv/(2L)

Here, the fundamental frequency (first
harmonic) is f, = v / (2L). The second
harmonic is 2f;, the third is 3f;, and so
on. This harmonic series is a classic
pattern you will see on Worksheet 121.

COMMON PROBLEM TYPES ON
STANDING WAVES WORKSHEET
121

While every worksheet is slightly
different, most "Worksheet 121" versions
available in textbooks and online
resources cover a predictable set of
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question categories. Below we walk
through typical questions and provide
the reasoning behind the answers.

Question 1:
dentifying
Harmonics from
Diagrams

Sample problem type: A diagram shows
a string with three antinodes. What
harmonic is this? What is the wavelength
in terms of the string length L?

Reasoning and Answer: If there are
three antinodes, this is the third
harmonic (n=3). For a string fixed at
both ends, the wavelengthis A = 2L/ n
= 2L/3. So the standing wave pattern
has two loops? Actually, for n=3, the
string has three antinodes and four
nodes (including the ends). The
wavelength is two-thirds of the string
length. Many Worksheet 121 answers
will show the diagram and require you to
label the nodes and antinodes.

Question 2:
Calculating
Frequency Given
Length and
Tension

Sample problem type: A guitar string of
length 0.65 m has a mass of 3.2 g and is
under a tension of 72 N. Find the
fundamental frequency.

Step-by-step solution:

1. First, calculate linear mass density
M. Mass = 3.2 g = 0.0032 kg.
Length = 0.65 m. 4 = mass/length
= (0.0032/0.65 = 0.004923 kg/m.

2. Calculate wave speed: v = V(F,/u)
=v(72/0.004923) = V(14624) =
121 m/s.

3. Fundamental frequency: f; = v/
(2L) =121 /(2 x 0.65) =121/1.3
=~ 93.1 Hz.

Answer: The fundamental frequency is
approximately 93 Hz. Some versions of
Worksheet 121 might ask for the second
harmonic, which would be double that:
186 Hz.

Question 3: Open
and Closed
Tubes

Sample problem type: An open tube
(open at both ends) has a length of 0.34
m. The speed of sound in air is 340 m/s.
What are the frequencies of the first
three harmonics?

Reasoning and Answer: For an open
tube, the harmonic condition is the same
as a string fixed at both ends: A, = 2L/n,
f,=nv/(2L). Here L=0.34 m, v=340
m/s.

e Fundamental n=1:f, =1 x 340/
(2 x 0.34) =340/ 0.68 = 500 Hz.

e Second harmonic n=2:f, =2 x
500 = 1000 Hz.

e Third harmonic n=3: f; = 1500 Hz.

If the tube were closed at one end, the
pattern changes: A, = 4L/n (n odd only),
so only odd harmonics exist. Worksheet
121 often includes a comparison



between open and closed tubes.

TROUBLESHOOTING COMMON
MISTAKES ON WORKSHEET 121

Many errors in standing wave problems
come from misidentifying boundary
conditions or using the wrong formula.
Here are typical pitfalls and how to avoid
them.

Mixing Up
Harmonics and
Overtones

The "first harmonic" is the fundamental.
The "first overtone" is the second
harmonic. On some worksheet
guestions, they ask for the overtone
number. Always clarify: overtone
number = harmonic number - 1. For
example, the third harmonic is the
second overtone. Double-check your
definitions before answering.

Forgetting to
Convert Units

Linear mass density must be in kg/m. If a
problem gives mass in grams and length
in cm, you must convert to Sl units. A
common mistake on Worksheet 121 is
using grams for mass and forgetting to
convert to kilograms, which yields a
wave speed that is off by a factor of
v1000.

Confusing Nodes

and Antinodes at
Boundaries

For a string fixed at both ends, both
ends are nodes. For a pipe open at both
ends, both ends are antinodes. For a
pipe closed at one end, the closed end is
a node and the open end is an antinode.
Drawing a quick sketch can help you
visualize the pattern and avoid errors.

PRACTICE PROBLEMS WITH FULL
SOLUTIONS

To give you a deeper grasp of the
answers on a real Standing Waves
Worksheet 121, here are two additional
problems with detailed solutions.

Problem A: String
with Given
Frequency

Question: A 1.2 m long string produces a
standing wave with a frequency of 240
Hz in its fourth harmonic. What is the
wave speed on the string?

Solution:
e Fourth harmonic means n=4. For a
string fixed at both ends, A, = 2L/n
=2(1.2)/4 = 2.4/4 = 0.6 m.

e Wave speed v =f A = 240 Hz X
0.6 m = 144 m/s.

Answer: 144 m/s.

Problem B:
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Changing
Tension

Question: A string vibrates at 200 Hz in
its fundamental mode. If the tension is
increased by a factor of 4, what will the
new fundamental frequency be?

Solution: Wave speed v « VF;. So if
tension is multiplied by 4, speed
doubles. Frequency f « v (since L and n

are unchanged), so frequency doubles.
New frequency = 400 Hz.

Answer: 400 Hz.

HOW TO CHECK YOUR
WORKSHEET 121 ANSWERS

Even with full confidence in your
solutions, it is wise to verify. Here are
quick sanity checks:

e Higher tension always increases
frequency (because speed
increases).

e Longer strings or tubes produce
lower frequencies (inverse
relationship).

e For a given string, the second
harmonic is exactly double the
fundamental frequency.

 Closed tubes only have odd-
numbered harmonics - a quick
check for that problem type.

If your answer violates any of these
basic patterns, re-examine your work.

ADVANCED APPLICATIONS:
SEEING BEYOND THE
WORKSHEET

The principles behind Standing Waves
Worksheet 121 are not just academic
exercises. They explain how musical
instruments produce sound - different
harmonics create timbre. They are
crucial in engineering for understanding
resonance in bridges and buildings. They
also appear in modern physics, such as
guantum mechanics, where standing
waves describe electron orbitals in
atoms. By mastering these simple
problems, you are building intuition for
more advanced physics.

Resonance and
Damping

In real-world standing waves, energy is
lost due to damping. However, at
resonance frequencies, even a small
driving force can produce large
amplitude standing waves. The problems
on Worksheet 121 assume ideal,
undamped conditions. Remember that in
a lab, you might observe slight
deviations.

CONCLUSION: MASTERING
STANDING WAVES, ONE
PROBLEM AT A TIME

Working through a "Standing Waves
Worksheet 121 Answers" search is a rite
of passage for physics students. The key
is not just to copy final numbers but to
understand the logic behind each
calculation. We have covered the
essential definitions (nodes, antinodes,
harmonics), the core formulas (wave
speed, frequency, wavelength), and how

they apply



