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Understanding the dynamics of oscillating systems is fundamental to physics,
especially in classical mechanics. In this discussion, we analyze a scenario
involving a mass-spring system: a 1.2-kg mass oscillates without friction on
a spring with a spring constant of 3400 N/m. We explore various aspects such
as the oscillation period, maximum velocity, maximum acceleration, energy
transformations, and the effects of changing system parameters. This
comprehensive examination provides insights into harmonic motion and the
principles governing simple oscillating systems.

Fundamentals of Oscillating Mass-Spring Systems

What Is Simple Harmonic Motion?

- Simple Harmonic Motion (SHM) is a type of periodic oscillation where the
restoring force is directly proportional to the displacement and acts in the
opposite direction.

- The classic example is a mass attached to a spring oscillating back and
forth.

Key Parameters in the System

- Mass (m): 1.2 kg

- Spring constant (k): 3400 N/m

- Displacement (x): varies with time during oscillation

- Velocity (v): varies with time

- Acceleration (a): varies with time

- Total Mechanical Energy (E): remains constant in the absence of friction

Calculating the Oscillation Period



Definition of the Period

- The period (T) is the time it takes for the mass to complete one full
oscillation cycle.

- For a mass-spring system in SHM, the period depends on the mass and the
spring constant.

Formula for the Period
\[ T = 2\pi \sqrt{\frac{m}{k}} \]

Applying the Values
- Substituting m = 1.2 kg and k = 3400 N/m:

\ [
T = 2\pi \sqrt{\frac{1.2}{3400}}
\1

- Calculating the square root:

\ [
\sqrt{\frac{1.2}{3400}} = \sqrt{0.00035294} \approx 0.01878

\1
- Therefore,

\ [

T \approx 2\pi \times 0.01878 \approx 6.2832 \times 0.01878 \approx 0.118 \,
\text{seconds}

\1]

Result: The oscillation period is approximately 0.118 seconds.

Maximum Velocity and Acceleration During
Oscillation

Maximum Velocity (v_max)

- The maximum velocity occurs at the equilibrium position, where the
displacement is zero.

- The energy conservation principle states that the maximum kinetic energy
equals the total potential energy stored in the spring at maximum
displacement.



Calculating Maximum Displacement (Amplitude, A)

- To find maximum velocity, we need the amplitude (A), which is the maximum
displacement from equilibrium.

Assumption: Suppose the amplitude A is given or known, for example, 0.02
meters (2 cm). If not specified, you can analyze for an arbitrary amplitude.

Velocity at Equilibrium

\[ v_{max} = \omega A \]
- \(\omega = \sqrt{\frac{k}{m}}\) is the angular frequency.

Calculating \(\omega\):

\ [

\omega = \sqrt{\frac{3400}{1.2}} \approx \sqrt{2833.33} \approx 53.23 \,
\text{rad/sec}

\1

Maximum velocity:

\ [
v_{max} = \omega \times A = 53.23 \times 0.02 \approx 1.0646 \, \text{m/sec}

\1]

Result: The maximum velocity is approximately 1.06 m/sec for an amplitude of
0.02 meters.

Maximum Acceleration (a_max)

- The maximum acceleration occurs at maximum displacement, where the
restoring force is greatest.

Using Hooke’s Law:

\ [

a {max} = \frac{F {max}}{m} = \frac{kA}{m}
\1

- For the same amplitude (A = 0.02 m):

\ [

a {max} = \frac{3400 \times 0.02}{1.2} \approx \frac{68}{1.2} \approx 56.67
\, \text{m/sec}"™2

\1

Result: The maximum acceleration is approximately 56.67 m/sec? at an
amplitude of 0.02 meters.



Energy Considerations in the Oscillating System

Conservation of Mechanical Energy

- In an ideal frictionless system, the total mechanical energy remains
constant.

- The energy oscillates between potential energy stored in the spring and
kinetic energy of the mass.

Calculating Total Mechanical Energy

\ [

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

\1

- For A = 0.02 m:

\ [

E {total} = \frac{1}{2} \times 3400 \times (0.02)"2 = 1700 \times 0.0004 =
0.68 \, \text{J}

\1]

- This energy remains constant throughout the oscillation.

Energy Distribution at Different Points

- At maximum displacement (A):
- Potential energy = 0.68 J

- Kinetic energy = 0 J

- At equilibrium:

- Potential energy = 0 ]

- Kinetic energy = 0.68 J

Effects of Changing System Parameters

Impact of Increasing Mass

- Increasing the mass (m) affects the period and maximum velocity.
- Period increases with mass:



\ [
T \propto \sqrt{m}
\1]

- Maximum velocity decreases as amplitude A remains constant:

\ [
v_{max} = \omega A = \sqrt{\frac{k}{m}} \times A
\1

- Larger mass results in slower oscillations and lower maximum speed.

Impact of Changing Spring Constant
- Increasing the spring constant (k) shortens the period:
\ [

T \propto \frac{1l}{\sqrt{k}}
\1]

- It also increases maximum acceleration, as \(a_{max} = \frac{kA}{m}\).

Effect of Amplitude Variations

- Increasing the amplitude (A) raises the maximum velocity and maximum
acceleration proportionally.

- However, larger amplitudes mean higher potential energy and greater energy
exchange during oscillations.

Practical Applications and Real-World
Implications

Design of Mechanical Oscillators

- Precise control of oscillation periods can be achieved by tuning the mass
and spring constant.
- Used in clocks, sensors, and vibration absorbers.

Vibration Control in Engineering

- Understanding how parameters influence oscillation helps in designing
systems resistant to unwanted vibrations.



Medical and Scientific Instruments

- Mass-spring systems are fundamental in devices like seismometers and
accelerometers for detecting motion and vibrations.

Summary and Key Takeaways

- The oscillation period of a 1.2-kg mass on a spring with a spring constant
of 3400 N/m is approximately 0.118 seconds.

- Maximum velocity depends on the amplitude and the system's angular
frequency; for an amplitude of 0.02 meters, it's about 1.06 m/sec.

- Maximum acceleration at maximum displacement is roughly 56.67 m/sec? for
the same amplitude.

- Energy conservation principles show a total energy of about 0.68 Joules,
oscillating between kinetic and potential forms.

- Modifying mass, spring constant, or amplitude significantly influences the
system's behavior, affecting oscillation period, velocities, acceleration,
and energy.

Conclusion

Analyzing a mass-spring oscillating system provides valuable insights into
the principles of classical mechanics and harmonic motion. By understanding
how parameters like mass, spring constant, and amplitude influence
oscillations, engineers and physicists can design efficient systems for
various applications. Mastery of these concepts is essential for innovations
in mechanical design, vibration control, and dynamic system analysis, making
the study of such systems both fundamental and practically significant.
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Frequently Asked Questions

What is the maximum velocity of the 1.2 kg mass
oscillating on the spring with a spring constant of



3400 N/m if its maximum displacement is 0.05 m?

The maximum velocity is approximately 14.5 m/s, calculated using v _max =
v(k/m) x max = V(3400/1.2) 0.05 = 14.5 m/s.

How long is the period of oscillation for the 1.2 kg
mass on the spring with a spring constant of 3400
N/m?

The period T is approximately 0.188 seconds, found using T = 2n v(m/k) = 2n
V(1.2/3400) = 0.188 sec.

What is the frequency of oscillation of the mass-
spring system?
The frequency is about 5.32 Hz, calculated as f = 1/T = 1/0.188 = 5.32 Hz.

If the mass is pulled 0.05 m from equilibrium and
released, what is its maximum potential energy
stored in the spring?

The maximum potential energy is approximately 4.25 Joules, given by U = 0.5 Kk
X"2 = 0.5 3400 (0.05)"2 = 4.25 J.

How does increasing the spring constant to 3400 N/m
affect the oscillation period compared to a less
stiff spring?

Increasing the spring constant decreases the period, resulting in faster
oscillations. Specifically, T = 2m v(m/k), so a larger k yields a smaller T.

Additional Resources

A 1.2-kg mass oscillating without friction on a spring with a spring constant
of 3400 N/m is a classic physics scenario that beautifully illustrates the
principles of simple harmonic motion (SHM). This setup is often used in
educational demonstrations and laboratory experiments to explore oscillatory
behavior, energy transfer, and the fundamental properties of springs and
masses. Whether you're a student seeking to understand the underlying physics
or a professional analyzing oscillatory systems, understanding this problem
provides valuable insights into the mechanics of harmonic motion.

In this comprehensive guide, we'll delve into the details of this scenario,
covering key concepts such as the calculation of oscillation frequency,
period, amplitude, and energy considerations. We'll also explore how the



properties of the mass and spring influence the motion and discuss practical
applications and implications of these principles.

Understanding the System

At the core of this problem is a mass-spring system executing simple harmonic
motion (SHM). The absence of friction simplifies the analysis, allowing us to
focus solely on the elastic restoring force provided by the spring and the
inertia of the mass.

Key Parameters:
- Mass (m): 1.2 kg
- Spring constant (k): 3400 N/m

Assumptions:

- No friction or damping forces are present.

- Oscillations are small, ensuring the spring obeys Hooke's Law.

- The system is initially displaced from equilibrium and released without
initial velocity unless specified.

Fundamental Concepts of Simple Harmonic Motion
Before analyzing the specifics, let's review the core principles:

Hooke's Law
The restoring force exerted by the spring is proportional to the

displacement:

\[ F = -k x\]

where:

-\ ( ) is the restoring force,

F\
- \( k \) is the spring constant,
- \( x \) 1is the displacement from equilibrium.

Equations of Motion

The motion of the mass follows:

\[ m \frac{d"2 x}{dt"2} + k x = 0 \]

which leads to solutions describing sinusoidal oscillations.

Key Quantities

- Angular frequency (\( \omega \)):
\[ \omega = \sqrt{\frac{k}{m}} \]

- Period (\( T \)):

\[ T = \frac{2\pi}{\omega} \]

- Frequency (\( f \)):

\[ f = \frac{1}{T} \]

- Maximum velocity (\( v_{max} \)):
\[ v {max} = \omega A \]



- Maximum acceleration (\( a_ {max} \)):

\[ a {max} = \omega™2 A \]

- Total mechanical energy (\( E \)):

\[ E = \frac{1}{2} k A"2 \]

where \( A \) is the amplitude of oscillation.

Step-by-Step Analysis

1. Calculating the Angular Frequency (\( \omega \))

Given:

- \(m= 1.2\, \text{kg} \)

- \( k = 3400\, \text{N/m} \)
Compute:

\ [

\omega = \sqrt{\frac{k}{m}} = \sqrt{\frac{3400}{1.2}}
\1

Let's do the calculation:
- \( \frac{3400}{1.2} \approx 2833.33 \)
- \( \sqrt{2833.33} \approx 53.24\, \text{rad/sec} \)

Interpretation: The system oscillates with an angular frequency of
approximately 53.24 radians per second.

2. Determining the Period (\( T \)) and Frequency (\( f \))

Using:

\ [

T = \frac{2\pi}{\omega} \quad \text{and} \quad f = \frac{1}{T}
\1

Calculate:

\ [

T = \frac{2\pi}{53.24} \approx \frac{6.2832}{53.24} \approx 0.118\,
\text{seconds}

\1

and

\ [
f = \frac{1}{0.118} \approx 8.47\, \text{Hz}

\]



Implication: The mass completes approximately 8.47 oscillations every second,
indicating a rapid oscillation due to the high spring constant and relatively
small mass.

3. Amplitude and Energy Considerations

Suppose the initial displacement (amplitude \( A \)) is specified or
measured. For example, assume an initial displacement of 0.01 m (1 cm).

Calculate the maximum velocity:

\ [

v_{max} = \omega A = 53.24 \times 0.01 = 0.532\, \text{m/sec}
\1

Total mechanical energy stored in the system:

\ [

E = \frac{1}{2} k A”2 = \frac{1}{2} \times 3400 \times (0.01)"2 = 1700 \times
0.0001 = 0.17\, \text{J}

\1]

Note: The energy is proportional to the square of the amplitude. Larger
amplitudes result in higher energy and faster maximum velocities.

Practical Implications and Real-World Applications

Understanding the behavior of a mass oscillating on a spring with given
parameters isn't just academic; it has real-world relevance:

1. Engineering and Design

- Vibration Absorption: Spring-mass systems are used to mitigate vibrations
in machinery and structures. Knowing the natural frequency helps prevent
resonance and potential damage.

- Seismic Isolation: Buildings and bridges employ tuned mass dampers for
earthquake resilience.

2. Measurement and Calibration

- Frequency Response: Precise calculations of oscillation periods assist in
calibrating sensors and measurement devices.

- Timekeeping: Mechanical clocks utilize harmonic oscillators with known
periods.

3. Educational Demonstrations
- Visualizing simple harmonic motion helps students grasp concepts like
energy transfer, phase relationships, and the impact of system parameters.



Advanced Topics and Variations

Damped Oscillations

In real systems, damping forces (like air resistance or internal friction)
reduce amplitude over time. While this problem assumes no friction,
introducing damping complicates the analysis:

\ [
m \frac{d"2 x}{dt"2} + c \frac{dx}{dt} + k x

\1]

0

where \( ¢ \) is the damping coefficient. The motion becomes exponentially
decaying sinusoid, and the system's frequency decreases.

Forced Oscillations
Applying an external periodic force can lead to resonance, dramatically
increasing oscillation amplitude at specific frequencies.

Nonlinear Springs
For larger displacements, springs may not obey Hooke's Law perfectly,
requiring nonlinear analysis.

Summary of Key Results

| Quantity | Formula | Calculation | Result |

SRS RE EE

| Angular frequency (\( \omega \)) | \( \sqgrt{\frac{k}{m}} \) | \(
\sqrt{\frac{3400}{1.2}} \) | ~53.24 rad/sec |

| Period (\( T \)) | \( \frac{2\pi}{\omega} \) | \( \frac{6.2832}{53.24} \) |
~0.118 sec |

| Frequency (\( f \)) | \( \frac{1}{T} \) | \( \frac{1}{0.118} \) | ~8.47 Hz
I

| Max velocity (\( v _{max} \)) | \( \omega A \) | \( 53.24 \times 0.01 \) |
~0.532 m/sec |

| Total energy (\( E \)) | \( \frac{1}{2} k A*2 \) | \( 1700 \times 0.0001 \)
| ~0.17 Joules |

Final Thoughts

The oscillation of a 1.2-kg mass on a spring with a spring constant of 3400
N/m exemplifies the elegance of simple harmonic motion. By understanding how
parameters like mass, spring stiffness, and initial displacement influence
the motion, one can predict behavior, design systems to avoid resonance, and
harness oscillations for practical applications. Whether in engineering,
physics education, or research, mastering these fundamental concepts provides
a solid foundation for exploring more complex dynamic systems.



Remember, the beauty of simple harmonic motion lies in its predictability and
the way it connects forces, energy, and motion into a unified framework—an
essential cornerstone of classical mechanics.
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