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Understanding the behavior of kinetic energy in simple harmonic motion (SHM)
is fundamental in physics, especially when analyzing oscillatory systems such
as pendulums, springs, or vibrating strings. When studying these systems, a
common question arises: which graph accurately depicts how the kinetic energy
varies with time T during SHM? This article delves into the characteristics
of kinetic energy in simple harmonic motion, explores the graphical
representations, and provides insights into identifying the correct graph
that illustrates the variation of kinetic energy with time.

Basics of Simple Harmonic Motion and Kinetic
Energy

What is Simple Harmonic Motion?

Simple harmonic motion is a type of periodic motion where an object
oscillates back and forth about an equilibrium position. The restoring force
acting on the object is directly proportional to its displacement but in the
opposite direction, mathematically expressed as:

where F is the restoring force, k is the force constant, and x is the
displacement from the equilibrium position.

Energy in SHM: Kinetic and Potential

In SHM, the total mechanical energy (E) remains constant (assuming no
damping), and it is the sum of kinetic energy (KE) and potential energy (PE).
These energies interchange during oscillation:

e At maximum displacement (amplitude), the kinetic energy is zero, and
potential energy is maximum.

e At the equilibrium position, potential energy is zero, and kinetic
energy 1s maximum.

Mathematically, for an object of mass m oscillating with amplitude A:



e Potential energy: PE = (1/2) k x?
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e Kinetic energy: KE = (1/2) m v

where v is the velocity at a given position.

Variation of Kinetic Energy with Time in SHM

Relationship Between Velocity and Time

In SHM, the velocity v as a function of time t can be described by:

e v(t) = A w sin(w t + wp)

- A = amplitude,
- w = angular frequency,
— yp = phase constant.

Since kinetic energy depends on velocity:

e KE(t) = (1/2) m v(t)? = (1/2) m A® w? sin’(w t + v)

This indicates that the kinetic energy varies sinusoidally with time,
proportional to the square of the sine function.

Graphical Representation of KE vs. Time

The key features of the kinetic energy variation include:
e It oscillates between zero and a maximum value, which occurs when the
object is at the equilibrium position, moving fastest.

e The maximum kinetic energy (KE_max) is given by:

o KE_max = (1/2) m A? w?

e At maximum displacement (+A), KE is zero because the velocity is zero at
these points.

e The KE vs. time graph is a sinusoidal wave squared, often resulting in a
wave that varies between zero and KE_max with a period T = 2n/w.



Identifying the Correct Graph for Kinetic
Energy Variation

Characteristics of the Correct Graph

The correct graph illustrating KE variation with time in SHM should display:

e Periodic oscillations with a regular period T.

Values oscillate between zero and a maximum KE value.

Graph shape resembles a squared sine wave, with positive values only
(since KE cannot be negative).

e Maximum KE occurs at the equilibrium position, corresponding to the sine
function being 1.

Zero KE at maximum displacement points where velocity is zero.

Common Graph Types and Their Features

When analyzing multiple—-choice options or different graphical
representations, look for:

1. Sine Wave (oscillating between positive and negative): Not correct for
KE, because KE cannot be negative.

2. Squared Sine Wave (oscillating between zero and maximum) : Correct, as KE
is proportional to sin®’(w t + w).

3. Cosine or Sine Wave (oscillating between positive and negative): Not
suitable as KE must be positive or zero.

4. Constant or Flat Line: Incorrect, as KE varies over time in SHM.

Visualizing the Graphs: Step-by-Step Approach

Step 1: Identify the Period and Maximum KE

The graph should repeat every period T and reach its maximum at specific
points in time. The maximum KE corresponds to the maximum velocity at the
equilibrium point.



Step 2: Check the Shape of the Graph

The KE graph must resemble a squared sine wave, which looks like a series of
"hills" that are always above the time axis, with no negative values.

Step 3: Examine the Zero Points

At maximum displacement (x = £A), KE should be zero. The graph should touch
the time axis at these points.

Step 4: Confirm the Amplitude

The highest points on the graph should match the maximum KE value, which can
be calculated using system parameters.

Conclusion: Which Graph Best Shows KE Variation
in SHM?

The most accurate graph demonstrating the variation of kinetic energy with
time in simple harmonic motion is a sinusoidal squared wave, oscillating
between zero and a maximum value. It reflects the physical reality that
kinetic energy is zero at maximum displacement (where velocity is zero) and
reaches its peak at the equilibrium position (where velocity is maximum) .

When selecting the correct graph, ensure it satisfies the following criteria:

e Only positive values, no negative oscillations.

Periodic with period T.
e Maximum at points where velocity is maximum.

e Zero at points where displacement is maximum.

In summary, understanding the nature of KE in SHM and recognizing the squared
sine wave pattern in the graph are essential for correctly interpreting how
kinetic energy varies with time. This insight not only aids in academic
assessments but also enhances comprehension of oscillatory systems prevalent
in physics and engineering.
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Frequently Asked Questions

What does the graph of kinetic energy versus time
typically look like for an object undergoing simple
harmonic motion?

The graph of kinetic energy versus time in simple harmonic motion is a
sinusoidal wave that varies periodically, reaching maximum values when the
object passes through the equilibrium position and minimum (zero) at the
turning points.

How does the kinetic energy of an object in simple
harmonic motion relate to its displacement?

Kinetic energy is maximum when the displacement is zero (at equilibrium
position) and minimum when displacement is maximum (at the turning points),
following a sinusoidal variation over time.

Which graph correctly depicts the variation of
kinetic energy with time for simple harmonic motion?

The correct graph is a sinusoidal wave oscillating between zero and a maximum
value, in phase with the wvelocity, showing periodic increase and decrease
over time.

Why does the kinetic energy reach zero at the turning
points in simple harmonic motion?

At the turning points, the velocity of the object is zero, so its kinetic
energy, which depends on velocity, also drops to zero at these points.

How is the phase difference between kinetic energy
and potential energy represented in the graph?

Kinetic and potential energy graphs are out of phase by 90 degrees; when
kinetic energy is maximum, potential energy is minimum, and vice versa,
resulting in their graphs being shifted relative to each other.

What role does the amplitude of oscillation play in
the maximum kinetic energy shown in the graph?

The maximum kinetic energy is proportional to the square of the amplitude of
oscillation; larger amplitudes lead to higher maximum kinetic energy in the
graph.

In the context of simple harmonic motion, how can one
identify the correct kinetic energy vs. time graph
from multiple options?

The correct graph will show a smooth, sinusoidal wvariation with periodic
maxima and zeros aligned with the velocity pattern, and it will be in phase



with the square of the velocity of the oscillating object.

Additional Resources

Graph of Kinetic Energy Variation Over Time in Simple Harmonic Motion

Understanding the behavior of kinetic energy in objects undergoing simple
harmonic motion (SHM) is fundamental to grasping the dynamics of oscillatory
systems. When analyzing how kinetic energy varies with time, physics students
and researchers often encounter various graphical representations that depict
different aspects of the motion. Selecting the correct graph requires a
thorough understanding of the underlying principles of SHM, the energy
transformations involved, and how these are visually represented. This
article aims to explore the key features of kinetic energy variation in SHM,
identify the characteristics of the correct graph, and analyze why certain
graphical forms accurately depict this relationship.

Fundamentals of Simple Harmonic Motion and
Energy Transformation

Definition and Characteristics of SHM

Simple harmonic motion is a type of periodic motion where an object
oscillates back and forth about an equilibrium position, following a
sinusoidal pattern. It is characterized by the following features:

— Restoring Force: The force acting to bring the object back to equilibrium
is proportional to its displacement and acts in the opposite direction,
expressed as \( F = —kx \) (Hooke's Law for springs).

— Periodic Nature: The motion repeats identically after each cycle, with a
fixed period \( T \).

— Sinusoidal Displacement: The displacement \( x(t) \) with respect to time
is sinusoidal, often given by \( x(t) = A \cos(\omega t + \phi) \), where \(
A \) 1s amplitude, \( \omega \) is angular frequency, and \( \phi \) is phase
constant.

Energy Components in SHM

In simple harmonic systems such as mass-spring or pendulum systems, the total
mechanical energy remains constant (assuming no damping). This total energy
comprises:

— Kinetic Energy (KE): The energy associated with the motion of the object,
given by \( KE = \frac{1}{2}mv"*2 \), where \( v \) is the velocity.

- Potential Energy (PE): The energy stored due to displacement, given by \ (
PE = \frac{1}{2}kx"2 \).

At different points in the cycle:



— At maximum displacement (amplitude): The object has maximum potential
energy and zero kinetic energy.

— At equilibrium position: The object has maximum kinetic energy and zero
potential energy.

- Intermediate points: Both kinetic and potential energies are present,
sharing the total energy according to their respective proportions.

Mathematical Relationship Between Kinetic
Energy and Time in SHM

Expression for Velocity in SHM

The velocity of an oscillating object undergoing SHM is derived from its
displacement:

\ [

v(t) = \frac{dx(t)}{dt} = -A \omega \sin(\omega t + \phi)

\]

This sinusoidal velocity varies between \( —-A \omega \) and \( +A \omega \).

Deriving Kinetic Energy as a Function of Time

Using the velocity expression, the kinetic energy at any instant is:

\ [

KE(t) = \frac{1}{2} m v*"2(t) = \frac{1}{2} m (A \omega)”"2 \sin”2(\omega t +
\phi)

\1

Since \( \omega \), \( A \), and \( m \) are constants, the kinetic energy
varies sinusoidally with time, following the \( \sin”2 \) function:

KE(t) = KE_{max} \sin”2(\omega t + \phi)

\ [
KE_{max} = \frac{1}{2} m (A \omega)"2
\1

This maximum kinetic energy occurs when the object passes through the
equilibrium position, where velocity is maximum.



Graphical Characteristics of KE vs. Time

The key features of the graph of kinetic energy over time are:

— Shape: A sinusoidal wave, specifically a squared sine function, which
results in a wave oscillating between zero and maximum KE.

- Period: The same as the period of the oscillation, \( T =
\frac{2\pi}{\omega} \).

- Maxima and Minima:

- Maxima at points where \( \sin”2(\omega t + \phi) =1 \), i.e., when \(
\sin (\omega t + \phi) = \pm 1 \).

- Zero points where \( \sin”2(\omega t + \phi) = 0 \), i.e., when \(

\sin (\omega t + \phi) = 0 \).

In essence, the kinetic energy graph over time is a smooth, periodic wave
that reaches zero at the turning points (maximum displacement) and peaks at
the equilibrium position.

Identifying the Correct Graph: Features and
Analysis

Common Graphical Forms and Their Features

When presented with multiple graphs depicting the variation of kinetic energy
over time, the following features are crucial in selecting the correct one:

— Sinusoidal Pattern: The graph should exhibit a periodic pattern consistent
with \( \sin”2 \) wvariation.

— Zeroes at Turning Points: The kinetic energy should be zero at maximum
displacement points, corresponding to the turning points of the motion.

— Peaks at Equilibrium: The maximum KE should occur when the object passes
through the equilibrium position with maximum velocity.

- Symmetry: The graph should be symmetric about the horizontal axis,
reflecting the periodic and oscillatory nature.

Why a \( \sin”2 \) Function Represents KE in SHM

The kinetic energy variation is proportional to \( \sin”2(\omega t + \phi)
\) . The properties include:

- Periodicity: The function repeats every \( T \).

- Non—-negativity: Since KE cannot be negative, the graph oscillates between
zero and \( KE_{max} \).

— Shape: The graph resembles a series of "humps" or peaks, with smooth zero-
crossings.

Any graph that matches these features is a strong candidate for correctly
depicting KE wvariation.



Incorrect Graphs and Common Misconceptions

Some typical errors or misconceptions include:

— Linear or non-periodic graphs: These do not reflect the oscillatory nature.
— Graphs with maxima at displacement points: These incorrectly depict KE as
maximum when potential energy is maximum.

— Inverted sinusoidal graphs: The kinetic energy should be zero at maximum
displacement, so a graph showing maxima at these points is incorrect.

Analytical Comparison and Visualization

Graphical Representation of KE vs. Time

Visualizing the graph:

- The wave oscillates between 0 and \( KE_{max} \).

— The minima (zero KE) align with the maximum displacement points.

— The maxima (peak KE) are at the equilibrium position, aligning with maximum
velocity.

Implications for Physical Systems

Understanding the graph helps in:

— Predicting Energy Exchange: As KE increases, potential energy decreases,
and vice versa.

— Designing Oscillatory Systems: Engineers can optimize parameters to
maximize or minimize energy transfer.

— Analyzing Damping Effects: Though the ideal SHM assumes no damping, real
systems show diminishing KE amplitudes over time, which would modify the
graph accordingly.

Mathematical Confirmation

The sinusoidal form of KE:
KE(t) = KE_{max} \sin”2(\omega t + \phi)

can be rewritten using the double-angle identity:

\ [
KE(t) = \frac{KE_{max}}{2} (1 - \cos(2\omega t + 2\phi))
\1

This form emphasizes the periodicity with double the frequency, but the key



takeaway is that KE varies as a squared sine or a cosine function, confirming
the sinusoidal wave pattern.

Conclusion: The Correct Graph Depiction

The graph that accurately depicts the variation of the kinetic energy of an
object undergoing simple harmonic motion with respect to time should be a
smooth, periodic wave oscillating between zero and a maximum value. It must
exhibit zero KE at maximum displacement points and maximum KE at the
equilibrium position. The shape is a sinusoidal curve following the \( \sin”"2
\) function, ensuring the non-negative and periodic nature of KE variation.

In practical or examination contexts, identifying this graph involves
recognizing these key features and understanding the energy transformations
inherent in SHM. Visually, such a graph resembles a series of humps, with the
amplitude determined by the maximum kinetic energy, and the periodicity
matching the oscillation period. Recognizing these characteristics allows
students and physicists alike to interpret the energy dynamics of oscillatory
systems accurately.

In summary, the graph showing the variation of kinetic energy over time in
simple harmonic motion is a sinusoidal wave following a \( \sin”2 \) pattern.
It peaks at the equilibrium position, drops to zero at maximum displacement,
and repeats periodically. This understanding is essential for analyzing
oscillatory systems in physics, engineering, and related disciplines.
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