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A Horizontal Force Of 200 N Is Applied To A 55 Kg Cart Across A 10-m Level
Surface. If The Cart Accelerates — these words set the stage for an
exploration into the fundamental principles of physics involving forces,
mass, acceleration, and motion. Understanding how a force influences an
object's movement is crucial in fields ranging from engineering and mechanics
to everyday problem-solving. This article aims to provide a comprehensive
analysis of the scenario, delving into Newtonian physics, calculations, and
real-world applications.

Understanding the Scenario

Before diving into calculations, let's clearly define the situation:

— Force applied (F): 200 N (horizontal force)

— Mass of the cart (m): 55 kg

- Surface type: Level (flat, horizontal surface)

— Distance traveled (d): 10 meters

— Nature of motion: The cart is initially at rest or moving, but the applied
force causes it to accelerate.

The core question: "What is the acceleration of the cart?" and "How much work
is done, and what is its final velocity after moving 10 meters?"

Fundamental Principles Involved

This problem involves Newton’s Second Law of Motion, which states:
> F = ma

Where:

- F: net force applied to the object
- m: mass of the object

— a: acceleration produced

In real-world scenarios, additional forces such as friction might oppose the
applied force, but since the problem doesn't specify friction, we'll assume
an idealized situation with no friction or other resistive forces.



Calculating the Acceleration

Given the net force and mass, the immediate step is to find the acceleration:

Step 1: Apply Newton's Second Law

\ [
a = \frac{F}{m}
\]

Substituting the known values:

\ [
a = \frac{200\, \text{N}}{55\, \text{kg}} \approx 3.636\, \text{m/s}"2
\1]

Result: The cart accelerates at approximately 3.636 meters per second
squared.

Understanding Motion Over 10 Meters

Having the acceleration, we can analyze how the cart’s velocity changes over
the 10-meter distance. Several kinematic equations relate the initial
velocity, acceleration, distance, and final velocity.

Assumption: Starting from Rest

If the cart starts from rest (initial velocity u = 0), then the final
velocity after traveling distance d with constant acceleration a is given by:

\ [
vh2 = ut2 + 2ad
\]

Since \( u =0 \):
\ [

v = \sqgrt{2ad}

\1

Substituting the known values:

\ [

v = \sqgrt{2 \times 3.636\, \text{m/s}"2 \times 10\, \text{m}} = \sqrt{72.72}
\approx 8.53\, \text{m/s}

\]

Final velocity after 10 meters: approximately 8.53 m/s.



Calculating the Work Done

Work is the transfer of energy by force. The work done by the applied force
over the distance can be calculated as:

W = F \times d \times \cos \theta

Since the force is applied horizontally and the displacement is also
horizontal:

\ [
\cos 0"\circ = 1

\]

So,
W = 200\, \text{N} \times 10\, \text{m} = 2000\, \text{J}

Work done: 2000 Joules.

This work results in an increase in the kinetic energy of the cart. To
verify, we can compare this work with the kinetic energy at the end:

\ [
KE = \frac{l}{2} m v*2
\]

Calculating KE:

\ [

KE = \frac{1}{2} \times 55\, \text{kg} \times (8.53\, \text{m/s})"2 \approx
0.5 \times 55 \times 72.72 \approx 2000\, \text{J}

\1

This confirms that all the work done on the cart converts into kinetic
energy, consistent with the work-energy theorem.

Additional Considerations

While the above calculations assume ideal conditions, real-world scenarios
often involve additional factors:

Frictional Forces

- Static and kinetic friction oppose motion.
— The coefficient of friction (p) determines the amount of resistive force:

\ [



F_{friction} = \mu \times N

\]

Where:
- \( N =mg \) (normal force on a level surface)
- \( g \approx 9.81\, \text{m/s}"2 \)

If friction exists, the net force becomes:

\ [
F {net} =F - F_{friction}
\]

And the acceleration would be:

\ [
a = \frac{F - F_{friction}}{m}
\]

Including friction reduces acceleration and final velocity.

Implications for Real-World Applications

— Designing transport systems: Understanding how applied forces influence
acceleration.

- Engineering safety: Ensuring that vehicles or carts can accelerate safely
within physical constraints.

— Energy calculations: Estimating the energy required for movement.

Example List of Factors Affecting Motion

e F'riction between wheels and surface
e Air resistance (drag)

Incline or decline of the surface

Mass of the object

e Magnitude and direction of applied force

Practical Applications and Real-World Examples

Understanding the physics behind force and motion has numerous practical
applications:



1. Transportation Engineering

— Calculating the force required to accelerate vehicles.
— Designing efficient braking systems considering kinetic energy.

2. Robotics and Automation

- Programming robots to apply correct force for movement.
— Ensuring precise control over acceleration and speed.

3. Sports Science

— Analyzing the force athletes exert to accelerate objects or themselves.
— Optimizing techniques for maximum efficiency.

4. Physics Education

— Demonstrating fundamental principles of motion.
— Developing problem-solving skills with real-world relevance.

Conclusion

Applying a horizontal force of 200 N to a 55 kg cart across a 10-meter level
surface results in an acceleration of approximately 3.636 m/s?. If the cart
starts from rest, it reaches a final velocity of around 8.53 m/s after
covering 10 meters, with the work done equaling 2000 Joules—entirely
converted into kinetic energy.

While simplified models neglect factors like friction and air resistance,
understanding these core principles provides a foundation for analyzing more
complex systems. Whether designing machinery, analyzing movement, or solving
physics problems, grasping how forces influence acceleration and energy
transfer is fundamental.
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Frequently Asked Questions

What is the acceleration of the cart when a 200 N
force is applied to a 55 kg cart across a level
surface?

The acceleration can be calculated using Newton's second law: a = F / m = 200
N / 55 kg ~ 3.64 m/s?.

How does the applied force affect the motion of the
cart on the level surface?

The applied force causes the cart to accelerate in the direction of the
force, increasing its velocity over time.

What role does friction play in this scenario,
assuming the surface is level and friction is
negligible?

If friction is negligible, the entire 200 N force contributes to accelerating
the cart; otherwise, friction would reduce the net force and acceleration.

How long will it take for the cart to reach a certain
velocity under this force?

Using the formula v = a t, where initial velocity is zero, time t = v / a. To
find t for a specific velocity, divide that velocity by 3.64 m/s?.

What is the work done on the cart after moving 10
meters under this force?

Work done = force distance = 200 N 10 m = 2000 Joules.

What is the kinetic energy of the cart after moving
10 meters with this acceleration?

Kinetic ener = (1/2) m v?. First, find velocity after 10 m using v? = 2 a
gy

s, then calculate KE.

If the applied force remains constant, what is the
velocity of the cart after moving 10 meters?

Using v = 2 a s, v =7V (2 3.64 m/s® 10 m) ~ ¥ (72.8) ~ 8.54 m/s.

How would the acceleration change if the applied
force increased to 300 N?

Acceleration would increase proportionally: a = 300 N / 55 kg ~ 5.45 m/s?.



What are the assumptions made in calculating the
cart's acceleration in this scenario?

Assumptions include negligible friction, constant force, level surface, and
the mass of the cart remaining unchanged.

Additional Resources

Understanding the Dynamics of a 200 N Horizontal Force on a 55 kg Cart Moving
Across a Level Surface

In the realm of physics and mechanical analysis, understanding how forces
influence the motion of objects is fundamental. Today, we delve into a
practical scenario: a horizontal force of 200 N applied to a 55 kg cart
traversing a flat, level surface over a distance of 10 meters. This case
offers an excellent opportunity to explore concepts such as acceleration, net
force, friction, and work-energy principles. Whether you're a student,
educator, or enthusiast, this detailed examination will shed light on the
intricate interplay between applied forces and motion.

Fundamental Concepts at Play

Before dissecting the specific problem, it's essential to establish a solid
foundation of the key physics principles involved.

Newton's Second Law of Motion

At the core of this analysis lies Newton's Second Law, which states:

> The acceleration (a) of an object is directly proportional to the net force
(Fnet) acting upon it and inversely proportional to its mass (m).

Mathematically:
\[ F_{net} = m \times a \]

This principle enables us to determine the acceleration when the net force
and mass are known, or vice versa.

Force Components and Friction

— Applied Force (Fapp): The 200 N force exerted horizontally on the cart.
— Frictional Force (Ffriction): The resistive force opposing motion,
generally proportional to the normal force via the coefficient of kinetic
friction.

On a level surface, the normal force (N) equals the weight of the cart:



\[ N =m \times g \]

where g is acceleration due to gravity (~9.81 m/s?).
The kinetic friction force is often expressed as:

\[ F_{friction} = \mu_k \times N \]

where pk is the coefficient of kinetic friction.

Calculating the Acceleration of the Cart

The first step involves understanding whether the applied force is sufficient
to overcome any opposing forces and induce acceleration.

Assessing the Role of Friction

In real-world scenarios, friction is a predominant resistive force. To
determine the net force and subsequent acceleration, knowledge of the
coefficient of kinetic friction is essential. Let's consider two cases:
1. Frictionless Surface: Idealized scenario where no friction opposes the
motion.

2. Friction Present: Realistic scenario with a given or estimated coefficient
of kinetic friction.

Case 1: Frictionless Surface

Calculations:

— Since there's no friction, the net force is simply the applied force:
\[ F_{net} = F_{app} = 200\, \text{N} \]

— Applying Newton's second law:

\[ a = \frac{F_{net}}{m} = \frac{200\, \text{N}}{55\, \text{kg}} \approx
3.636\, \text{m/s}"2 \]

Implication:

- The cart accelerates at approximately 3.636 m/s?, which is a significant
acceleration for such a mass.



Case 2: Presence of Friction

Suppose the coefficient of kinetic friction (upk) is known or estimated. For
example, assume:

- pk = 0.1 (typical for smooth surfaces and plastic wheels).
Calculations:
— Normal force:

N[ N =m \times g = 55\, \text{kg} \times 9.81\, \text{m/s}”"2 \approx
539.55\, \text{N} \]

— Frictional force:

\[ F_{friction} = \mu_k \times N = 0.1 \times 539.55\, \text{N} \approx
53.96\, \text{N} \]

— Net force:

\[ F_{net} = F_{app} - F_{friction} = 200\, \text{N} - 53.96\, \text{N} =
146.04\, \text{N} \]

— Resulting acceleration:

\[ a = \frac{146.04\, \text{N}}{55\, \text{kg}} \approx 2.655\, \text{m/s}"2
\]

Analysis:

— The presence of friction reduces acceleration but still results in a
substantial acceleration (~2.66 m/s?).

Estimating the Time to Cover 10 Meters

An important practical aspect involves understanding how long it takes the
cart to traverse the 10-meter distance given the acceleration.

Using kinematic equations:

\ [

s = ut + \frac{l1l}{2} a t"2

\]

where:

- s = 10 m (distance traveled)

- u = initial velocity (assuming starting from rest, u = 0)
- a = acceleration (from previous calculations)

-t = time elapsed



For the frictionless case:

\ [

10 = 0 + \frac{1}{2} \times 3.636 \times t"2

\]

\ [

t*2 = \frac{2 \times 10}{3.636} \approx 5.51

\]

\ [

t \approx \sqgrt{5.51} \approx 2.35\, \text{seconds}

\]

For the case with friction:

\ [

10 = \frac{l1l}{2} \times 2.655 \times t"2

\]

\ [

t*2 = \frac{2 \times 10}{2.655} \approx 7.54

\]

\ [

t \approx \sqgrt{7.54} \approx 2.75\, \text{seconds}

\1]
Summary:
— The cart takes approximately 2.35 seconds to cover 10 meters in a

frictionless environment.
— With friction, the time increases slightly to about 2.75 seconds.

Work Done and Energy Considerations

Understanding the energy transfer during this process enhances the analysis.

Work Done by the Applied Force

Work (W) is calculated as:
W =F \times d \times \cos{\theta}

Since the force is horizontal and in the same direction as the displacement:

\ [

\theta = 0”\circ, \quad \cos{\theta} = 1

\]

\ [

W = 200\, \text{N} \times 10\, \text{m} = 2000\, \text{J}
\]

This work contributes to increasing the kinetic energy of the cart.



Kinetic Energy of the Cart

Kinetic energy (KE) is:

\ [
KE = \frac{1}{2} m v"2
\]

where v is the final velocity after traveling 10 meters. Using the equation:

— Frictionless case:

\ [

v =0 + 3.636 \times 2.35 \approx 8.55\, \text{m/s}

\1]

\ [

KE = 0.5 \times 55 \times (8.55)"2 \approx 0.5 \times 55 \times 73.2 \approx
2010\, \text{J}

\1]

— With friction:

\ [

v =0 + 2.655 \times 2.75 \approx 7.3\, \text{m/s}

\]

\ [

KE \approx 0.5 \times 55 \times (7.3)72 \approx 0.5 \times 55 \times 53.3
\approx 1466\, \text{J}

\]

Observation:

— The work done by the force closely matches the increase in kinetic energy,
considering minor losses and assumptions.

Practical Implications and Real-World
Applications

This analysis isn't just theoretical; it translates to real-world engineering
and operational considerations.

Design of Moving Systems

— Material Selection: Choosing low-friction wheels and surfaces can maximize
acceleration and efficiency.

- Motor Power Requirements: Calculating the force necessary to achieve
desired acceleration and travel times informs motor selection.



— Energy Efficiency: Understanding how much work is needed helps optimize
energy consumption in transportation and machinery.

Vehicle and Equipment Testing

- Testing carts or vehicles under controlled forces provides valuable data on
performance metrics.

— Measuring acceleration and travel times can verify computational models and
simulations.

Safety and Handling

— Recognizing the impact of friction and applied forces ensures safety in
handling equipment, preventing unexpected accelerations or stalls.

Concluding Insights

Applying a 200 N force to a 55 kg cart across a level surface over 10 meters
involves a complex interplay of physics principles. The acceleration depends
heavily on the presence or absence of friction, with idealized scenarios
predicting accelerations exceeding 3.6 m/s?
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