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MASTERING THE
FUNDAMENTALS
OF STANDING
WAVES

Physics can sometimes
feel  l ike  a  fore ign
language,  especially
when  you  are  first
in t roduced  to  the
c o n c e p t  o f  w a v e
behavior.  Among  the
most  visually  intuitive
yet  mathematically
rich  topics  in  wave
p h y s i c s  i s  t h e
p h e n o m e n o n  o f
standing  waves.  For

many high school and
introductory  college
students,  the  go-to
resource for practicing
these  concepts  has
been  the  worksheets
created  by  Stephen
Murray.  If  you  have
been  searching  for
clarity  on  Standing
Waves  Worksheet
Answers  Stephen
Murray ,  you  have
come  to  the  r igh t
place.  This  article  is
designed  to  break
d o w n  t h e  c o r e
principles  of  standing
waves,  explain  the
logic  behind  common
worksheet  problems,
and help you develop a
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deeper  understanding
that  goes  beyond
simply finding the right
answer.
Whether  you  are  a
student struggling with
homework,  a  teacher
l o o k i n g  f o r
s u p p l e m e n t a r y
explanations,  or  a
c u r i o u s  l e a r n e r
revisiting  the  basics,
this  comprehensive
guide  will  walk  you
through everything you
need to know. We will
explore  what  standing
waves  are,  how  they
form, the mathematics
that governs them, and
how Stephen  Murray's
w o r k s h e e t s  h e l p
solidify these concepts
through  pract ica l
problem-solving.  Let's
d i v e  i n t o  t h e
fascinating  world  of
wave  superposition
and  resonance.

WHAT EXACTLY

ARE STANDING
WAVES?

To  understand  the
a n s w e r s  o n  a n y
s t a n d i n g  w a v e s
worksheet,  you  first
need  to  grasp  the
fundamental  concept.
A standing wave,  also
known as a stationary
wave,  is  a  wave  that
remains  in  a  constant
pos i t ion.  Unl ike  a
traveling  wave  that
moves from one point
to another, a standing
wave  osci l lates  in
place.  This  occurs
when two waves of the
same  frequency  and
amplitude  travel  in
opposite directions and
interfere  with  each
other.
Imagine  holding  one
end of a rope while a
friend holds  the  other
end.  If  you  both  give
the  rope  a  flick  at  the
same time, the waves
will travel toward each



Standing Waves Worksheet Answers Stephen
Murray 3

3

other .  When  they
meet,  they  combine
through  a  process
called superposition. If
the  condit ions  are
right,  the  rope  wil l
appear  to  vibrate  in
fixed  loops.  These
loops  are  the  visual
representation  of  a
standing  wave.  The
points where the rope
remains  completely
still  are  called  nodes,
and the points where it
reaches  maximum
disp lacement  are
called  antinodes.

Key
Character
istics of
Standing

Waves
Nodes: Points of
zero
displacement
where
destructive
interference
occurs
consistently.
Antinodes:
Points of
maximum
displacement
where
constructive
interference is
strongest.
Fixed Ends: In
most
introductory
problems, the
wave is confined
between two
fixed boundaries,
such as a string
tied at both ends
or a tube closed
at one or both
ends.
Resonance:
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Standing waves
form only at
specific
frequencies,
known as
resonant
frequencies or
harmonics.

W h e n  y o u  w o r k
through  a  Standing
Waves  Worksheet
Answers  Stephen
Murray  resource,  you
are  typically  asked  to
identify  these  nodes
a n d  a n t i n o d e s ,
calculate  wavelengths,
a n d  d e t e r m i n e
harmonic  numbers.
M a s t e r i n g  t h e
identification  of  these
features  is  the  first
step  toward  solving
any  problem  correctly.

THE MATHEMATICS
OF STANDING
WAVES

While the visual aspect
of  standing  waves  is
e n g a g i n g ,  t h e

mathematics  is  what
turns  observation  into
p r e d i c t i o n .  T h e
f u n d a m e n t a l
relationship  you  need
to  remember  is  the
connection  between
wavelength, frequency,
and the length of  the
medium.  For  a  string
fixed at  both ends,  the
length of the string (L)
is  directly  related  to
the  wavelength  (λ)  of
the standing wave.
For  the  fundamental
frequency,  or  the  first
harmonic, the length of
the  string  is  equal  to
half a wavelength: L =
λ/2.  For  the  second
harmonic,  L  =  λ.  For
the third harmonic, L =
3λ/2,  and  so  on.  The
general  formula  for  a
string  fixed  at  both
ends  is:
L = nλ/2,  where n is
the  harmonic  number
(1, 2, 3...).
S i m i l a r l y ,  t h e
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f requency  of  each
harmonic can be found
u s i n g  t h e  w a v e
equation v = fλ, where
v  is  the  wave  speed.
Since the wave speed
is constant for a given
m e d i u m ,  a s  t h e
wavelength  decreases
(higher harmonics), the
frequency increases.

Common
Workshee
t
Scenarios
Stephen  Murray 's
worksheets  o f ten
present  diagrams  of
strings  with  specific
numbers of nodes and
antinodes.  A  typical
question might ask: "If
a  string is  2.0 meters
long and is vibrating in
its  third  harmonic,
w h a t  i s  t h e

wavelength?"  Using
the formula above, you
know that n=3, so L =
3λ/2.  Therefore,  λ  =
(2L)/3 = (4.0 meters)/3
≈  1.33  meters.  This
logical  step-by-step
approach  is  exactly
what  the  Standing
Waves  Worksheet
Answers  Stephen
Murray  sets  aim  to
teach.  It  is  not  just
about  get t ing  the
number;  it  is  about
understanding why you
divide by the harmonic
number.

OPEN AND CLOSED
TUBES: A
DIFFERENT SET OF
RULES

Standing waves are not
limited to strings. They
a l s o  f o r m  i n  a i r
columns,  such  as  in
wind instruments. This
is a common topic on
worksheets by Stephen
M u r r a y ,  a n d  i t
introduces  a  sl ight
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twist.  For  tubes,  the
boundary  conditions
depend on whether the
end is open or closed.

Open-Open
Tube: Both ends
are antinodes.
The fundamental
wavelength is 2L,
and harmonics
follow L = nλ/2
(just like a
string).
Closed-Closed
Tube: Both ends
are nodes. This
behaves
identically to the
open-open tube
and the string
fixed at both
ends.
Open-Closed
Tube: One end
is an antinode
(open), and the
other end is a
node (closed).
This is the
trickiest case.
The fundamental
wavelength is 4L,

and only odd
harmonics are
present: L =
nλ/4, where n =
1, 3, 5, 7...

When  you  l ook  a t
Standing  Waves
Worksheet  Answers
Stephen  Murray  for
tube  problems,  pay
close  attent ion  to
whether  the  tube  is
open  at  both  ends  or
open at one end. This
single  detail  changes
the entire answer set.
For  example,  a  1.0-
meter  tube  open  at
b o t h  e n d s  h a s  a
f u n d a m e n t a l
wavelength  of  2.0
meters. The same tube
open at one end has a
f u n d a m e n t a l
wavelength  of  4.0
meters.  This  doubling
of  the  wavelength
m e a n s  t h e
fundamental frequency
i s  h a l f ,  w h i c h
completely  shifts  the
harmonic  series.
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WHY STEPHEN
MURRAY'S
WORKSHEETS ARE
SO EFFECTIVE

Stephen  Murray  is  a
well-known  name  in
physics  education
b e c a u s e  h i s
w o r k s h e e t s  a r e
designed  with  a  clear
pedagogical  purpose.
They do not simply ask
for answers; they guide
students  through  the
reasoning process. The
Standing  Waves
Worksheet  Answers
Stephen  Murray
resources  are  popular
because they typically
include:

Clear1.
Diagrams:
Visual
representations
of strings and
tubes with nodes
and antinodes
labeled.
Progressive2.

Difficulty:
Problems start
with simple
harmonic
identification and
progress to
complex
calculations
involving wave
speed and
tension.
Real-World3.
Applications:
Many problems
relate to musical
instruments,
making the
physics tangible
and interesting.
Repetition of4.
Core Concepts:
The same
fundamental
ideas are
revisited in
different
contexts,
reinforcing long-
term memory.

Using  the  Standing
Waves  Worksheet
Answers  Stephen



8

8 Standing Waves Worksheet Answers
Stephen Murray

2024-05-16

M u r r a y  g u i d e
effectively  means
using it as a check on
your own work. Try to
solve  each  problem
independently  first.
D r a w  y o u r  o w n
diagram.  Label  the
nodes  and  antinodes.
W r i t e  d o w n  t h e
harmonic  number.
Then,  compare  your
reasoning  with  the
provided answers. This
a c t i v e  l e a r n i n g
approach  will  serve
you  far  better  than
simply  copying  the
solutions.

COMMON
MISTAKES
STUDENTS MAKE

Even  with  excellent
resources like Stephen
Murray's  worksheets,
students often fall into
predictable  traps.
Being  aware  of  these
errors  can  help  you
avoid  them when you
use Standing Waves

Worksheet  Answers
Stephen  Murray
materials.

Mistake
1:
Confusing
Nodes
and
Antinodes
Remember,  nodes  are
points  of  zero motion.
I n  a  d i a g r a m  o f  a
st r ing ,  the  po ints
w h e r e  t h e  s t r i n g
crosses the equilibrium
line are not necessarily
nodes.  A  node  is  a
fixed  point  that  never
moves.  Antinodes  are
the points of maximum
displacement.  Always
label  these  carefully
be fo re  do ing  any



Standing Waves Worksheet Answers Stephen
Murray 9

9

calculations.

Mistake
2:
Incorrect
Harmonic
Numberin
g
The  fundamental  is
always  n=1.  The  first
overtone is the second
harmonic  (n=2)  for
strings and open-open
tubes,  but  the  first
overtone  is  the  third
harmonic (n=3) for an
open-closed  tube.
Students often mix up
the  term  "overtone"
with  "harmonic."  In
Stephen  Murray 's
worksheets,  pay  close
a t t e n t i o n  t o  t h e
terminology  used  in

the  question.

Mistake
3:
Forgettin
g to
Convert
Units
Wave lengths  and
lengths are often given
in  cent imeters  o r
millimeters, while wave
s p e e d  i s  g i v e n  i n
meters  per  second.
A l w a y s  c o n v e r t
everything to standard
S I  un i t s  (mete r s ,
s e c o n d s )  b e f o r e
plugging numbers into
equations.  A  simple
conversion  error  can
lead to an answer that
is  off  by  a  factor  of
100.
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Mistake
4:
Applying
the
Wrong
Formula
for Tubes
As  mentioned  earlier,
the open-closed tube is
the  most  common
sou rce  o f  e r ro r s .
Because  on ly  odd
harmonics  exist,  you
cannot simply use L =
nλ/2 for all n. You must
use L = nλ/4, where n
is odd. When checking
Standing  Waves
Worksheet  Answers
Stephen  Murray
problems,  double-
check  the  tube  type

before  accepting  the
answer.

STEP-BY-STEP
PROBLEM SOLVING
STRATEGY

To  make  the  most  of
your study session with
a  s tand ing  waves
worksheet,  follow  this
systematic approach:

Identify the1.
System: Is it a
string fixed at
both ends? An
open-open tube?
An open-closed
tube? Write this
down.
Draw the2.
Wave: Sketch
the standing
wave pattern for
the given
harmonic. Label
all nodes (N) and
antinodes (A).
Count the3.
Loops: For a
string, the
number of loops
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(or segments)
equals the
harmonic
number. Each
loop is half a
wavelength.
Relate Length4.
to Wavelength:
Use the
appropriate
formula (L = nλ/2
or L = nλ/4) to
find the
wavelength.
Calculate5.
Frequency: Use
v = fλ. If wave
speed is not
given, you may
need to calculate
it using v =
√(T/μ), where T is
tension and μ is
linear mass
density.
Check Your6.
Answer: Does
your answer
make physical
sense? Higher
harmonics should
have shorter

wavelengths and
higher
frequencies.

T h i s  s t r u c t u r e d
a p p r o a c h  a l i g n s
perfect ly  with  the
methodology  behind
Stephen  Murray 's
teaching materials.  By
internalizing  these
steps, you will find that
the  Standing  Waves
Worksheet  Answers
Stephen  Murray
become  predictable
and logical, rather than
mysterious.

REAL-WORLD
APPLICATIONS OF
STANDING WAVES

U n d e r s t a n d i n g
standing waves is  not
just  about  passing  a
test .  Th is  phys ics
concept  has  profound
real-world  applications
that make the subject
exciting.
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Musical
Instrume
nts
E v e r y  s t r i n g
instrument,  from  the
guitar  to  the  violin,
rel ies  on  standing
waves  to  produce
sound.  The  length  of
the string,  its  tension,
and its mass determine
the pitch.  By pressing
down on the string at
different  frets,  the
player  shortens  the
v ib ra t ing  length ,
c h a n g i n g  t h e
w a v e l e n g t h  a n d
t h e r e f o r e  t h e
f r e q u e n c y .  W i n d
instruments  like  the
flute  and  clarinet  also
operate  on  standing
wave  principles  within
air columns.

Engineeri
ng and
Structural
Analysis
Bridges  and  buildings
have  natural  resonant
f requencies .  I f  an
earthquake  or  strong
wind hits a structure at
its resonant frequency,
the  resulting  standing
w a v e s  c a n  c a u s e
catastrophic  failure.
E n g i n e e r s  m u s t
c a l c u l a t e  t h e s e
frequencies during the
design phase to ensure
sa fe ty .  The  same
principles  you  learn
from  a  high  school
worksheet are used by
professionals to protect
lives and property.
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Quantum
Mechanic

s
At the cutting edge of
phys ics ,  s tanding
w a v e s  a p p e a r  i n
quantum  mechanics.
The  wave  function  of
an electron in an atom
can be thought of as a
t h r e e - d i m e n s i o n a l
standing  wave.  The
allowed  energy  levels
o f  a n  e l e c t r o n
correspond  to  the
harmonics  o f  th i s
w a v e .  T h i s  d e e p
connection shows that
learning  the  basics  of
standing  waves  opens
a  d o o r  t o
understanding  the
entire  universe  at  its

most  fundamental
level.

HOW TO USE
ANSWER KEYS
EFFECTIVELY

Having  access  to  the
Standing  Waves
Worksheet  Answers
Stephen Murray  can
be  a  double-edged
sword. It is tempting to
simply  glance  at  the
answer  and  move  on.
However,  research  in
educational psychology
s h o w s  t h a t  t h i s
approach  leads  to
sha l low  learn ing .
I n s t e a d ,  u s e  t h e
a n s w e r  k e y  a s  a
diagnostic  tool.
First,  attempt  every
p r o b l e m  w i t h o u t
looking at the answers.
Treat your initial


