A 50 G Particle That Can Move Along
The X-axis Experiences The Net Force
Fx=2.0t2N, Where T Is In S.

Understanding the Dynamics of a 50 G Particle
Moving Along the X-Axis

A 50 G Particle That Can Move Along The X-axis Experiences The Net Force
Fx=2.0t"2 N, Where T Is In S. This statement introduces a fascinating scenario in
classical mechanics, involving a particle of mass 50 grams subjected to a time-dependent
force along a single spatial dimension. Analyzing such a problem offers insights into
Newton's laws of motion, force-time relationships, and the resulting particle's motion. In
this article, we explore the physics behind this scenario, develop the mathematical
framework, and discuss the implications of the particle's behavior over time.

Basic Concepts and Definitions

Mass and Units

- The particle's mass: 50 grams (g), which can be converted into kilograms (kg) for SI
consistency:

-50 g =0.050 kg

- The force: \( F x = 2.0 t~2\) Newtons, with time \( t \) measured in seconds.

Force and Newton’s Second Law

Newton's second law states:

\[
F=ma
\]
where:

-\( F ) is the net force applied to the particle,
-\(m) is the mass,
-\(a\) is the acceleration.

In this case, since the force varies with time, the acceleration \( a(t) \) also varies:
\[

a(t) = \frac{F x(t)}{m} = \frac{2.0 t~2}{0.050}

\]



Mathematical Analysis of the Particle's Motion

Calculating the Acceleration as a Function of Time

Using the given force:

\[

a(t) = \frac{2.0 t~2}{0.050} = 40 t~2 \quad \text{(m/s} "~ 2\text{)}
\]

Determining Velocity as a Function of Time

Since acceleration is the derivative of velocity:

\[

v(t) = v 0 + \int 0"t a(t') dt'

\]

Assuming the particle starts from rest (\(v 0 = 0)):
\[

v(t) = \int 07t 40 t'~2 dt' = 40 \int 0°t t'~2 dt' = 40 \left[ \frac{t'~3} {3} \right] 0"t =
\frac{40} {3} t~3

\]

Thus:

\[

v(t) = \frac{40} {3} t~3 \quad \text{(m/s)}

\]

Calculating Displacement Along the X-axis

Displacement \( x(t) \) is obtained by integrating velocity:

\[

x(t) =x 0 + \int 07t v(t') dt’

\]

Assuming initial position \(x 0 = 0):
\[

x(t) = \int 0~t \frac{40} {3} t'~3 dt' = \frac{40} {3} \int 0"t t'~3 dt' = \frac{40} {3} \left[
\frac{t'~4}{4} \right] 0~t = \frac{40} {3} \times \frac{t"~4}{4} = \frac{10}{3} t™4
\]

Therefore:

\[

x(t) = \frac{10}{3} t~4 \quad \text{(meters)}
\]

Physical Interpretation of the Motion



Velocity and Displacement Over Time

- The particle's velocity increases rapidly as \( t~3 ), indicating a non-linear acceleration
growth.

- The displacement follows a \( t~4 \) dependence, showing that the particle accelerates
more rapidly as time progresses.

Implications of the Force Function

- Since the force is proportional to \( t~2 ), the longer the particle moves, the greater the
force acting on it.
- This results in a super-quadratic increase in velocity and super-quartic displacement.

Energy Considerations

Work-Energy Theorem

The work done by the force over time converts into the kinetic energy of the particle:
\[

W =\int 0"t F x(t') v(t') dt'

\]

- The instantaneous power:

\[

P(t) = F x(t) v(t) = 2.0 t~2 \times \frac{40} {3} t~3 = \frac{80} {3} t~5

\]

- Total work done:

\[

W(t) =\int 07t P(t') dt' = \int 0™t \frac{80} {3} t'~5 dt' = \frac{80} {3} \times
\frac{t'"6}{6}\Big| 0™t = \frac{80}{3} \times \frac{t~6}{6} = \frac{80}{18} t~6 =
\frac{40} {9} t™6

\]

Kinetic Energy of the Particle

- Kinetic energy:

\[

KE(t) = \frac{1}{2} m v~ 2(t) = \frac{1}{2} \times 0.050 \times \left( \frac{40}{3} t~3
\right)~2

\]

\[

KE(t) = 0.025 \times \frac{1600}{9} t~6 = \frac{0.025 \times 1600} {9} t™6 =
\frac{40} {9} t~6
\]

This matches the work done, confirming energy conservation.



Practical Applications and Real-World Relevance

Engineering and Design

Understanding how particles respond to time-dependent forces is crucial in various
engineering fields:

- Particle accelerators: Precise control of particle motion.

- Robotics: Movement planning where forces vary with time.

- Material testing: Applying variable forces to test structural responses.

Physics Education

This problem serves as an excellent example for students learning about:
- Force-time relationships

- Calculus applications in mechanics

- Non-uniform acceleration analysis

Advanced Topics and Further Considerations

Impact of External Factors

- Friction or air resistance: Real-world scenarios often involve resistive forces, which
would modify the net force.

- Variable mass: If the particle gains or loses mass, the analysis would need adjustment.

- Relativistic effects: For extremely high velocities approaching the speed of light, classical
mechanics would need modification.

Extending the Problem

- Calculate the particle's velocity and displacement at specific time intervals.

- Determine the force required to keep the particle within certain velocity or displacement
limits.

- Explore the scenario with initial velocity \( v_0 \neq 0 ).

Conclusion

The analysis of a 50 G particle subjected to a force \( F x=2.0 t~2 N \) reveals a rich
interplay between force, acceleration, velocity, and displacement. The time-dependent
nature of the force leads to increasing acceleration and rapid growth in velocity and
displacement over time. Such problems exemplify fundamental principles of classical
mechanics and underscore the importance of calculus in understanding dynamic systems.
Whether in academic contexts or practical engineering applications, mastering these
concepts enables a deeper comprehension of motion under variable forces.



Summary of Key Results

- Mass: 0.050 kg

- Force: \(F x=2.0t"2\)N

- Acceleration: \( a(t) = 40 t™2\) m/s\(™2))

- Velocity: \( v(t) = \frac{40}{3} t~3\) m/s

- Displacement: \( x(t) = \frac{10}{3} t~4\) m

- Work done and kinetic energy: \( \frac{40} {9} t~6)

By understanding these relationships, scientists and engineers can better predict and
control the motion of particles subjected to complex force functions, paving the way for
advancements in technology and scientific research.

Frequently Asked Questions

What is the expression for the net force acting on the
particle along the x-axis?

The net force acting on the particle along the x-axis is given by Fx = 2.0 t2 N, where t is
the time in seconds.

How can we determine the acceleration of the particle
at any time t?

Using Newton's second law, acceleration a = Fx / m. If the mass m is known, substitute Fx
= 2.0 t2 to find a(t) = (2.0 t2) / m.

What is the velocity of the particle at time t, assuming it
starts from rest?

Integrate the acceleration over time: v(t) = fa dt = [ (2.0 t2/ m) dt = (2.0 / (3m)) t3 + vo.
Assuming initial velocity vo = 0, then v(t) = (2.0 / (3m)) t3.

How do we find the displacement of the particle after
time t?

Displacement x(t) can be found by integrating the velocity: x(t) = fvdt = (2.0 / (12m)) t* +
Xo. Assuming initial position xo = 0, then x(t) = (2.0 / (12m)) t*.

At what time t does the particle reach a velocity of 10
m/s, assuming it starts from rest and has a mass m?

Setv(t) =10m/s: (2.0/(3m)) t3 = 10. Solve fort: t =[ (10 3m) / 2.0 1™(1/3).



Additional Resources
Analysis of a 50 g Particle Moving Along the X-Axis Under a Time-Dependent Force

Understanding the dynamics of particles subject to time-dependent forces is fundamental
in classical mechanics. In this review, we analyze the motion of a particle with a mass of
50 grams that moves along the x-axis, experiencing a net force defined as \( F x = 2.0 t~2
\) (in Newtons), where \( t\) is measured in seconds. This scenario offers an excellent
context to explore concepts such as Newton's second law, equations of motion, velocity
and acceleration profiles, and energy considerations.

Physical Description and Initial Conditions

Before delving into the mathematical analysis, it’s essential to clarify the physical setup
and initial conditions:

- Particle Specifications:

- Mass \( m = 50\, \text{g} = 0.050\, \text{kg} \)

- Initial position \( x(0) = x_0\) (assumed to be zero unless specified)
- Initial velocity \( v(0) = v_0) (assumed zero unless specified)

- Force Characterization:

-\(F x=2.0t"2\, \text{N} )

- The force increases quadratically with time, indicating an acceleration that will grow
over time.

- Coordinate System:
- The particle moves along the x-axis, with positive x in the direction of the force.

Mathematical Framework and Equations of
Motion

Newton’s Second Law
The fundamental relation governing the particle's motion is Newton's second law:

\[
F x(t) = m a(t)
\]

where:
-\( a(t) \) is the acceleration at time \( t ).



Given the force:

\[
a(t) = \frac{F x(t)}{m} = \frac{2.0 t~2}{0.050} = 40 t~2\, \text{m/s} "2
\]

This expression indicates that acceleration is not constant but increases quadratically with
time.

Velocity as a Function of Time
Since acceleration is the time derivative of velocity:

\[
v(t) = v 0 + \int 0~t a(t') dt’
\]

Assuming the particle starts from rest:

\[
v o=

\]

then:

\[

v(t) = \int 0°t 40 t'~2 dt' = 40 \int 0°t t'~2 dt' = 40 \left[ \frac{t'~3} {3} \right] 0"t =
\frac{40} {3} t~3 \approx 13.33\, t~3

\]

Thus,

\[
v(t) = \frac{40}{3} t73\, \text{m/s}
\]

which indicates that the particle's velocity increases very rapidly as time progresses, given
the cubic dependence.

Position as a Function of Time

Position \( x(t) \) is obtained by integrating velocity:
\[

x(t) =x 0 +\int 07t v(t') dt’

\]

Assuming \(x 0 = 0\):

\[
x(t) = \int 0~t \frac{40} {3} t'~3 dt' = \frac{40} {3} \int 0~t t'~3 dt' = \frac{40} {3} \left[



\frac{t'~4}{4} \right] 0~t = \frac{40} {3} \times \frac{t"~4}{4} = \frac{10}{3} t™4
\]

Therefore,

\[

x(t) = \frac{10} {3} t™4)\, \text{meters}
\]

This quartic dependence reveals that the particle’s displacement accelerates rapidly over
time, which is consistent with the increasing force.

Analyzing the Particle’s Behavior Over Time

Velocity and Acceleration Profiles

- Velocity:

\( v(t) = \frac{40} {3} t~3)

- Starts from zero at \( t=0\).

- Increases rapidly with time, with the cubic dependence indicating a steep rise.

- Acceleration:

\(a(t) =40t"~2))

- Zero at \(t=0\).

- Grows quadratically, meaning the particle experiences increasingly larger accelerations
as time progresses.

Displacement Over Time

- Position:

\(x(t) = \frac{10}{3} t~4 )

- Starts at zero.

- The quartic dependence signifies an extremely rapid displacement increase, especially
after moderate time intervals.

Graphical Insights

Plotting these functions (theoretically) would show:

- An acceleration curve starting at zero and steepening quadratically.
- Velocity curve starting from zero and rising cubically.

- Displacement curve starting from zero and increasing as the fourth power of time.

These behaviors underscore the importance of the force's quadratic time dependence,
leading to super-accelerated motion.



Practical Implications and Physical
Considerations

Force Magnitude Over Time
At various time points:

| Time (s) | Force \( F x =2.0t"2\) N |
I | |
|1]2.0N|

|2 8.0N |

| 3] 18.0 N |

| 4| 32.0N |

| 5] 50.0N |

The force becomes significantly large as \( t\) increases, which could lead to:

- Material or structural limitations if this were a physical object.
- Non-ideal effects like air resistance or other dissipative forces if considered in real-world
applications.

Energy Considerations
The work done by the force over time is related to the kinetic energy acquired:

\[
W(t) = \int 0~t F_x(t") v(t') dt’
\]

Given the expressions:

\[

F x(t) =2.0t"2

\]

\[

v(t) = \frac{40}{3} t~3
\]

the power at any instant:

\[
P(t) = F x(t) v(t) = 2.0 t~2 \times \frac{40} {3} t~3 = \frac{80} {3} t°5
\]

The total work done (and hence kinetic energy) at time \( t \):

\[
W(t) =\int 0°t P(t') dt' = \int 0™t \frac{80}{3} t'~5 dt' = \frac{80} {3} \times
\frac{t'~6}{6} \Big| 0™t = \frac{80} {3} \times \frac{t~6}{6} = \frac{80}{18} t~6 =



\frac{40}{9} t™6
\]

This matches the kinetic energy:

\[

K(t) = \frac{1}{2} m v~2 = \frac{1}{2} \times 0.050 \times \left(\frac{40}{3}
t~3\right)"~2

\]

\[

= 0.025 \times \frac{1600} {9} t~6 = 0.025 \times \frac{1600}{9} t~6 = \frac{40}{9}
t™6
\]

which confirms the energy transfer calculations.

Real-World Applications and Limitations

Although the scenario is primarily theoretical, it provides insights into systems where
forces increase rapidly with time, such as:

- Controlled propulsion systems: where force profiles can be designed to vary
quadratically or otherwise over time.

- Particle accelerators: understanding how variable forces influence particle acceleration.
- Material testing: applying increasing forces to test material response under dynamic
loads.

However, real-world applications must consider:

- Force limits: infinite or very large forces are not physically sustainable.

- Friction and drag: these dissipative forces would significantly alter the motion.

- Structural integrity: ensuring the particle or system can withstand large accelerations.

Considerations for Numerical Simulation

For detailed modeling, numerical methods such as Runge-Kutta could be employed to
simulate the particle’s trajectory when forces or conditions become more complex.

Summary and Key Takeaways

- The particle, with a mass of 50 grams, experiences a force increasing quadratically with
time, \(F x =2.0t72\, \text{N} \).



- Its acceleration, \( a(t) = 40 t~2), also increases quadratically, leading to rapid growth
in velocity and displacement.

- The velocity as a function of time is \( v(t) = \frac{40} {3} t~3), indicating a cubic
increase.

- The position follows \( x(t) = \frac{10} {3} t~4 ), showcasing a quartic growth.

- These relationships highlight the profound impact of time-dependent forces on motion,
emphasizing the importance of understanding such dynamics in various physical and
engineering contexts.

- Energy analysis confirms the consistency between work
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