A | NEET
PIGKE}E] PHYSICS
ESSENTIALS

UNDERSTAND
THE PHYSICS

NEET PHYSICS ESSENTIALS
CONCEPT SUMMARY ©)]

KEY CONCEPTS | FORMULAS | RECOGNITION CUES TRHEECSETNTlEZ:N
MISCONCEPTIONS | EXAM TRAPS | QUICK CHECKS

lll |
SOLVE WITH
CONFIDENCE

SAME PHYSICS.
A HIGHER SCORE.



Waves — NEET Physics Essentials
1. Chapter Introduction

Waves describe how disturbances propagate, carrying energy
without bulk transport of matter. This chapter connects wave
propagation, superposition, interference, standing waves,
resonance, beats, and the Doppler effect through a small set of
powerful Physics ideas.

2. Chapter in One View

Central Idea: A wave is a disturbance propagating through
successive regions. In a mechanical wave, medium particles
oscillate locally while the disturbance pattern travels. Mental
Map:

« Identify disturbance propagation.

« Classify transverse vs longitudinal.

o Represent mathematically.

o Attach speed to medium model.

o Apply superposition and interference.

« Use boundary conditions for standing waves.

« Recognize resonance, beats, Doppler effect.
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3. Must-Know Concepts
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Wave identity: A disturbance propagates; in a mechanical
wave, medium particles oscillate locally.

Classification: Transverse (motion L propagation),
Longitudinal (motion || propagation).

Travelling-wave representation: y(x,t) = A sin(kx - wt + ¢),
for propagation in the +x direction.

Wave parameters: A, A, f, w, phase.

Wave speed: The medium/model sets the wave speed; the
exact relation depends on the medium (string, fluid, solid,

gas).
Superposition: Add signed displacements.

Interference: Coherent sources — stable
constructive/destructive patterns.

Reflection: Fixed end — node + phase reversal; free end —
antinode + no phase reversal.

Standing waves: Nodes and antinodes remain at fixed
positions; boundary conditions select the allowed modes.

Modes/harmonics: Open pipe — all harmonics; closed
pipe — odd harmonics only.



« Resonance: Maximum response occurs when driving
frequency matches the natural frequency (ideal resonance
condition).

o Beats: Two close frequencies — periodic amplitude
variation.

« Doppler effect: Observed frequency changes when source
and/or observer moves relative to the medium.

4. Formula + Meaning
v="fA
« Meaning: Connects speed, frequency, wavelength.

o Use when: A wave model is established and you need to
connect speed, frequency and wavelength.

o Do not use blindly when: You are trying to determine the
wave speed from the properties of the medium.

« Condition: For a given wave mode/medium, the speed is
fixed by the relevant physical properties.

o Exam Trap: In the same medium, changing frequency
changes wavelength; it does not automatically change
wave speed.

y(x,t) = A sin(kx - wt + ¢)

« Meaning: Gives the displacement of the wave at position x
and time t.
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» Use when: The question asks for displacement/phase at a
particular position and time, or asks about wave
parameters.

o Trap: Particle velocity u is not the same as wave speed v.
foeat = |f1 - le

« Meaning: The number of amplitude variations (beats) per
second produced by two close frequencies.

« Trap: Use the absolute frequency difference, not the
average frequency.

nv

Standing-wave modes: Fixed string / open pipe — f,, = —

(Zn 1)v

Closed pipe — f, = =1,2,3,.

Gas (adiabatic): v f /yp

Solid bar:v = \g — speed depends on Young's modulus Y and

density p.
Fluid: v = \E — speed depends on bulk modulus B and density
p.

String: v = \E — speed increases with tension T and decreases

with linear mass density p.
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5. Formula Selection Guide

SEE THIS
SITUATION
Travelling-wave
equation

String under tension

Two close
frequencies

Coherent waves

Fixed/free boundary

Moving
source/observer

THINK THIS
MODEL

Wave
representation
Wave on a
stretched string

Beats

Interference

Reflection /
standing wave

Doppler effect

6. When to Use / When Not to Use

Superposition Rule

« Use when: Linear wave model applies.

USE THIS
RELATION

y(x,t) = A sin(kx -
wt + )

. T
.U = N
i

fbeat = |f1 N le

Use phase/path
difference
Apply boundary
condition

Use the Doppler
relation

o Do not use blindly when: The situation is outside the linear

superposition model, or when the question asks you to

combine intensities as though they were displacements.

o Why: In linear superposition, signed

displacements/amplitudes combine first. Intensity is
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related to the resultant amplitude and must not be added
as if it were displacement.

Doppler effect — Use when: Source/observer motion changes the
observed frequency. First draw the source—observer—medium
geometry and decide approaching/receding before choosing
signs.

Standing-wave modes — Use when: Boundary conditions and a
finite system select allowed wavelengths. Do not use blindly for a
freely propagating wave.

Travelling-wave equation — Do not use blindly when: The given
expression is not a travelling-wave form or the question is about
a standing-wave pattern.

7. Common Misconceptions

o Wrong idea: “Wave = material flow.” — Correct:
Disturbance propagates; medium oscillates locally. —
Why: Prevents confusion between energy transport and
matter transport.

o Wrong idea: “Destructive interference destroys waves.” —
Correct: Waves continue; resultant displacement may be
zero at a point. — Why: Avoids misinterpretation of
interference.
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« Wrong idea: “Frequency sets wave speed.” — Correct:
Medium properties set speed; frequency affects
wavelength. — Why: Prevents wrong speed calculation.

8. Exam Traps
o Formula before identifying model.
« Particle velocity confused with wave velocity.

» Adding intensities directly when the Physics requires
amplitude/displacement superposition.

« Misreading graph axes.

» Using the open-pipe mode relation for a closed pipe.

« Confusing harmonic number with overtone number.
9. See This — Think This

« One point oscillating — Not enough evidence to establish
wave propagation.

» Successive regions responding — Wave propagation.
o Two close frequencies — Beats.

o Coherent sources — Interference.

o Fixed boundary — Node + phase reversal.

« Standing-wave pattern — ldentify boundary conditions
first, then select allowed modes.
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o Graph given — Read the axes first: position x or time t?

Open vs closed pipe — Boundary condition — Check which
harmonics are allowed.

Source/observer moving — Doppler effect — Draw the geometry
before selecting signs.

10. Key Diagrams / Graphs
Pulse Propagation
« Notice: Disturbance moves, medium oscillates locally.

o Exam Use: Distinguish propagation vs local motion.

[ (A) Pulse Propagation ]

\% Medium
t=0 { —_— particle
| oscillates
! locally

?
: !

! :

Notice: Disturbance moves, medium oscillates locally.
Exam Use: Distinguish propagation vs local motion.
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Standing Wave Pattern
o Notice: Nodes and antinodes fixed.

o Exam Use: Harmonics, boundary conditions.

[ (B) Standing Wave Pattern ]

Antinode

" (mxo amplitude)
15t Harmonic
(n=1) 0 :

M. T s — BT
Node Node
(zero amg}itude) L= A/Z (zero ar_nplitude)

Antinode Antinode

S ———

L=A

Antinode Antinode Antinode

Notice: Nodes and antinodes fixed.
Exam Use: Harmonics, boundary conditions.

11. Quick Checks

o Q: What does a wave transport? — Disturbance + energy,
not matter.

o Q: Crest-to-trough distance? — 2A.
o Q: Node-to-antinode spacing? — A/4.
e Q:Closed pipe harmonics? — Odd only.

« Q:Beat frequency formula? — foeat = |f, - f,.
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Q: A graph is given. What should you do before applying a
formula? — Identify what each axis represents.

Q: A fixed end is shown. What boundary condition should you
expect? — Node with phase reversal on reflection.

Q: Two close frequencies are given. What should you check first?
— Recognize beats and use fpeat = |f; = f,|.

Q: A string problem gives T and p. Which model should you

select? - v = "

Q: A wave equation contains kx - wt. What should you recognize?
— A travelling wave moving in the +x direction.

12. Mini Exam Reasoning

Clue: Travelling-wave equation given. — Physics situation:
Propagation. — Model: Sinusoidal travelling wave. — Relation:
y(x,t) = A sin(kx - wt + ¢). — Check: Identify A, k, w, .

Clue: String under tension. — Physics situation: Transverse wave.
— Model: String-speed relation. — Relation: v = \E—> Check:
Tension and p given.

13. One-Minute Recall
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o Wave — disturbance propagates, medium oscillates
locally.

o Phase — AB = kAx (space), AB = wAt (time).

o Speed — medium properties decide v.

e Superposition — add signed displacements.

» Interference — phase difference — resultant amplitude.

« Standing waves — boundary — allowed A — frequency.

« Resonance — driving frequency = natural frequency.

» Beats — close frequencies — periodic amplitude variation.

o Doppler effect — observed frequency depends on
source/observer motion relative to the medium.

Purchase the Complete NEET Physics Essentials Books

Want to go deeper?

Get the complete NEET Physics Essentials Concept Books and
MCQ Practice Books for detailed learning and exam practice.

Website: www.pickprep.com
WhatsApp: +919737240300
Email: pickprep03@gmail.com

Understand the Physics — Recognize the Pattern — Solve with
Confidence

PICK 53 11


http://www.pickprep.com/
mailto:pickprep03@gmail.com

The complete NEET Physics Essentials Concept Book goes
further with:

Understand the Physics — Recognize the Pattern — Solve with

Full concept development. Step-by-step explanations

Detailed diagrams and graphs, Microquestions after
concepts

Solved examples
Deeper exam reasoning
Integrated problem-solving

Complete exam playbook

Confidence

LEARN « THINK « GROW
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    f  n =   n v  2 L


    f  n =    ( 2 n − 1 ) v  4 L


  v   =      𝛾 P  𝜌   =      𝛾 P T  M .


  v   =      Y  𝜌


  v   =      B  𝜌


  v   =      T μ


  v   =      T μ


  v   =      T μ


  v   =      T μ

