A Block Of Mass 8.00 G On The End Of
Spring Undergoes Simple Harmonic
Motion With A Frequency Of 6.00

A Block Of Mass 8.00 G On The End Of Spring Undergoes Simple Harmonic
Motion With A Frequency Of 6.00 is a classic physics scenario that illustrates
fundamental principles of oscillatory motion. Such systems are essential in understanding
how restoring forces, mass, and frequency interact to produce predictable, periodic
behavior. This article delves into the physics behind simple harmonic motion (SHM),
explores relevant formulas, and discusses practical applications related to the given
parameters.

Understanding Simple Harmonic Motion (SHM)

What Is Simple Harmonic Motion?

Simple Harmonic Motion is a type of periodic motion where an object oscillates back and

forth along a straight path, with its acceleration always directed towards the equilibrium

position and proportional to its displacement from that point. Its defining characteristic is
that the restoring force follows Hooke's Law, given by:

\[ F {restoring} = -k x \]

where:
- \(k\) is the spring constant,
-\(x\) is the displacement from equilibrium.

The motion is sinusoidal in nature, which means the displacement, velocity, and
acceleration vary sinusoidally with time.

Importance of SHM

SHM models many physical systems, including pendulums, vibrating strings, and
molecular vibrations. Understanding these oscillations is foundational for fields such as
acoustics, electronics, and mechanical engineering.

Analyzing the Given System

Parameters Provided

The problem states:
- Mass of the block, \(m = 8.00\, \text{g} = 0.008\, \text{kg}\)



- Frequency of oscillation, \(f = 6.00\, \text{Hz}\)

Given these, we can analyze the system’s characteristics and derive important quantities
like the spring constant, amplitude, and angular frequency.

Calculating the Spring Constant

The relationship between the frequency \(f\), mass \(m\), and spring constant \(k\) for a
mass-spring system undergoing SHM is:

\[ £ = \frac{1}{2\pi} \sqrt{\frac{k}{m}} \]
Rearranging for \(k\):

\[k=2\piH)"2m\]

Plugging in the known values:

\[
k = (2\pi \times 6.00)" 2 \times 0.008

\]
Calculating step-by-step:

1.\(2\pi \times 6.00 \approx 37.699\, \text{rad/sec}\)
2. Square this value: \(\approx 37.699”2 \approx 1420.5\)
3. Multiply by \(0.008\, \text{kg}\):

\[

k \approx 1420.5 \times 0.008 \approx 11.364)\, \text{N/m}
\]

Result:

The spring constant \(k \approx 11.36\, \text{N/m}\) indicates the stiffness of the spring
involved in the oscillation.

Key Quantities in SHM

Angular Frequency \(\omega\)

The angular frequency relates to the frequency via:
\[ \omega = 2\pi f\]
Using the given frequency:

\[
\omega = 2\pi \times 6.00 \approx 37.699\, \text{rad/sec}



\]

This quantity describes how rapidly the system oscillates in radians per second.

Amplitude and Maximum Displacement

The problem does not specify the initial amplitude \(A\), but in general, the amplitude is
the maximum displacement from equilibrium. The amplitude influences the maximum
speed and acceleration but does not affect the frequency or period directly, assuming
linear behavior.

Period of Oscillation

The period \(T\) is the time for one complete oscillation:

\[
T = \frac{1}{f} = \frac{1}{6} \approx 0.167\, \text{seconds}
\]

This indicates the system completes approximately six oscillations every second.

Energy in SHM

Kinetic and Potential Energy

The total mechanical energy in SHM remains constant (assuming no damping):

\[

E =\frac{1}{2} kA"2
\]

where:

-\(A)) is the amplitude,
- \(k\) is the spring constant.

At maximum displacement, kinetic energy is zero, and potential energy is maximized.
Conversely, at equilibrium, potential energy is zero, and kinetic energy reaches its peak.

Maximum Speed and Acceleration
- The maximum speed:
\[

v_{max} = \omega A
\]



- The maximum acceleration:

\[
a {max} = \omega”™2 A
\]

These quantities are essential in understanding the forces acting on the mass during
oscillation.

Practical Applications and Considerations

Designing Mechanical Oscillators

Knowing the relationship between mass, spring constant, and frequency helps engineers
design systems like watches, sensors, and suspension systems to operate at desired
frequencies and amplitudes.

Real-World Factors Affecting SHM

In practical scenarios, damping due to friction or air resistance gradually reduces
amplitude over time. Engineers account for this by selecting materials and conditions that
minimize energy loss.

Experimentation and Measurement

To verify theoretical predictions:

- Measure the period \(T\) directly using timing devices.

- Calculate the spring constant based on measured frequency and known mass.
- Observe how changes in mass or spring stiffness affect oscillation behavior.

Summary

This detailed analysis of a mass-spring system with a mass of 8.00 g oscillating at 6.00 Hz
reveals the fundamental relationships governing simple harmonic motion. The calculated
spring constant of approximately 11.36 N/m, the angular frequency of about 37.7 rad/sec,
and the period of roughly 0.167 seconds provide a comprehensive understanding of the
system’s dynamics. Recognizing these principles enables scientists and engineers to
design and analyze a broad range of oscillatory systems effectively.

Conclusion

Understanding the physics of simple harmonic motion is crucial across various scientific
and engineering disciplines. The example of an 8.00 g mass attached to a spring
oscillating at 6.00 Hz encapsulates core concepts such as the relationship between mass,
spring stiffness, frequency, and energy. By mastering these fundamentals, one can predict



system behavior, optimize designs, and troubleshoot practical oscillatory devices with
confidence.

Frequently Asked Questions

What is the amplitude of the block's oscillation if the
maximum displacement is 2.00 cm?

The amplitude is the maximum displacement from equilibrium; if given as 2.00 cm, then
the amplitude A = 2.00 cm.

What is the period of the block's simple harmonic
motion?

The period T is the reciprocal of the frequency: T =1/ 6.00 Hz = 0.167 seconds.

What is the angular frequency of the oscillation?
The angular frequency w = 2nf = 2 x 6.00 = 37.70 rad/s.

What is the spring constant if the mass is 8.00 g and the
frequency is 6.00 Hz?

Using f = (1/2m)v(k/m), solve for k: k = (2uf)~2 X m. Convert mass to kg: 8.00 g = 0.008
kg. So, k = (2 x 6)72 X 0.008 = (37.70)"2 x 0.008 = 1426.7 x 0.008 = 11.41 N/m.

How much potential energy is stored in the spring at
maximum displacement?

Potential energy at maximum displacement is U = (1/2)kA”™2. For example, with A = 2.00
cm=0.02mandk=11.41 N/m, U= 0.5 x 11.41 x (0.02)"2 = 0.5 x 11.41 x 0.0004 =
0.00228 Joules.

What is the velocity of the block at the equilibrium
position?

The maximum velocity v.max = wA. With w = 37.70 rad/s and A = 0.02 m, v_max = 37.70
x 0.02 = 0.754 m/s.

How does the mass of the block affect the frequency of
oscillation?

The frequency is inversely proportional to the square root of the mass: f « 1/vm.
Increasing the mass decreases the frequency.



If the spring is stretched by 5 cm, what is the restoring
force at this displacement?

Restoring force F = -k x displacement. With k = 11.41 N/m and displacement = 0.05 m, F
=-11.41 x 0.05 = -0.5705 N.

What is the total mechanical energy of the system
during oscillation?

The total energy E = potential energy at maximum displacement = (1/2)kA~2 = 0.00228
Joules, assuming maximum displacement A = 2.00 cm.

Additional Resources
Simple Harmonic Motion (SHM): An In-Depth Analysis of a Mass-Spring System

Introduction

In the realm of classical mechanics, Simple Harmonic Motion (SHM) stands out as a
fundamental concept that describes oscillatory systems exhibiting periodic motion.
Whether it's a pendulum swinging, a vibrating guitar string, or a mass attached to a
spring, SHM provides a unified framework to analyze these phenomena. Today, we delve
into a specific scenario: a block of mass 8.00 grams attached to a spring, undergoing SHM
with a frequency of 6.00 Hz. This detailed exploration aims to shed light on the underlying
physics, the mathematical foundation, and the practical implications of such a system.

Understanding the System: The Mass and Spring

The setup involves a small mass, specifically 8.00 grams (which is 0.008 kg in SI units),
connected to a spring, and set into oscillatory motion. The key parameters provided
include the mass (m) and the frequency (f), which is 6.00 Hz.

This configuration is a classic example of a simple harmonic oscillator (SHO). The primary

goal is to understand how these parameters influence the motion and what physical
properties can be derived from them.

Fundamental Concepts of SHM
What is Simple Harmonic Motion?

SHM is characterized by a restoring force that is directly proportional to the displacement
from equilibrium and acts in the opposite direction. Mathematically, this is expressed as:



\[F=-kx\]

where:

-\( F) is the restoring force,

-\( k) is the spring constant,

-\( x\) is the displacement from the equilibrium position.

The negative sign indicates the force opposes displacement, aiming to restore the mass to
equilibrium.

Key Parameters in SHM

- Amplitude (A): Maximum displacement from equilibrium.

- Period (T): Time taken for one complete oscillation.

- Frequency (f): Number of oscillations per second; \( f = \frac{1}{T} \).

- Angular frequency (\( \omega \)): Related to frequency as \( \omega = 2\pi f'\).

- Spring constant (k): Stiffness of the spring, dictating how much force is needed for a

given displacement.
- Mass (m): The inertial property of the object, influencing the system's dynamics.

Mathematical Foundations

Deriving the Spring Constant (k)

Given the frequency \( f'\), the angular frequency \( \omega \) is:

\[ \omega = 2\pi f\]

Substituting \( f = 6.00\, \text{Hz} \):

\[ \omega = 2\pi \times 6.00 \approx 37.70\, \text{rad/sec} \]

The relationship between \( \omega \), \( k), and \( m \) in a mass-spring system is:
\[ \omega = \sqrt{\frac{k}{m}} \]

Rearranged to solve for \( k \):

\[ k = m \omega™2\]

Using the given mass:

\[ m = 8.00\, \text{g} = 0.008\, \text{kg} \]

Calculating \( k \):

\[ k = 0.008 \times (37.70)"2 \approx 0.008 \times 1420.09 \approx 11.36\, \text{N/m} \]

Thus, the spring constant is approximately 11.36 N/m, reflecting a relatively stiff spring



capable of supporting rapid oscillations.

Oscillatory Motion: Displacement, Velocity, and Acceleration

The displacement \( x(t) \) of the mass over time can be expressed as:
\[ x(t) = A \cos (\omega t + \phi) \]

where \( A\) is the amplitude, and \( \phi \) is the phase constant depending on initial
conditions.

The velocity \( v(t) \) and acceleration \( a(t) \) are:
\[ v(t) = -A \omega \sin (\omega t + \phi) \]
\[ a(t) = -A\omega”™2 \cos (\omega t + \phi) = -\frac{k}{m} x(t) \]

This sinusoidal behavior underscores the periodic nature of SHM.

Practical Implications and Observations
Energy Considerations
In SHM, energy oscillates between kinetic and potential forms:

- Potential Energy (PE): \( PE = \frac{1}{2} kx™2)
- Kinetic Energy (KE): \( KE = \frac{1}{2} m v~2)

At maximum displacement (\( x = A\)), KE is zero, and PE is maximum. Conversely, at
equilibrium position, PE is zero, and KE reaches its maximum.

Amplitude and Initial Conditions

While the problem statement does not specify the amplitude, it's a vital parameter
influencing the maximum velocity:

\[ v_{\text{max}} = A \omega \]

Knowing \( A \) enables calculation of the maximum speed and kinetic energy.

Advanced Analysis: Damping and Real-World Considerations

In ideal conditions, SHM persists indefinitely. However, real systems experience damping
due to air resistance and internal friction, gradually reducing amplitude. The damping
factor influences the quality of oscillations and is essential for practical applications, such
as in designing timekeeping devices or shock absorbers.



For the current scenario, assuming negligible damping, the system exhibits perfect SHM,
making it an ideal candidate for educational demonstrations or precise measurements.

Significance of the 6.00 Hz Frequency

A frequency of 6.00 Hz indicates rapid oscillations—six full cycles per second. This high
frequency suggests a stiff spring and a small mass, consistent with the calculated spring
constant. Such systems are relevant in various technological applications:

- Vibration analysis in engineering
- Design of musical instruments
- Timekeeping mechanisms

The ability to precisely control and predict SHM parameters like frequency and amplitude
is crucial for optimizing these applications.

Summary of Key Calculations

| Parameter | Value | Explanation |

| | | |

| Mass (\( m)) | 0.008 kg | Converted from grams to SI units |

| Frequency (\( f\)) | 6.00 Hz | Provided in the problem statement |

| Angular frequency (\( \omega \)) | 37.70 rad/sec | Calculated as \( 2\pi f\) |
| Spring constant (\( k\)) | 11.36 N/m | Derived from \( k = m \omega”™2\) |

Final Remarks

The analysis of a mass-spring system undergoing SHM at 6 Hz with an 8.00 g mass reveals
fundamental insights into oscillatory physics. The high frequency indicates a dynamic
system with significant stiffness, and the mathematical relations enable precise prediction
of motion characteristics.

Understanding these principles is not only academic but also practically vital in
engineering, design, and technology fields. Whether designing sensitive measurement
instruments or exploring the basics of wave motion, appreciating the intricacies of such
simple systems forms the foundation for more complex explorations in physics and
engineering.
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In conclusion, this detailed review of a mass-spring system exemplifies the elegance of
classical mechanics, illustrating how a small mass and a spring can produce predictable,
periodic motion governed by clear mathematical relationships. Mastery of these concepts
is essential for anyone seeking a deep understanding of oscillatory phenomena and their
applications across science and engineering.
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