If The Magnitude Of The Force She
Exerts On The Suitcase Is 25.0 N, And
She Does +1.12 103 J Of Work

If The Magnitude Of The Force She Exerts On The Suitcase Is 25.0 N, And She
Does +1.12 103 J Of Work-these are critical parameters in understanding the
physics of work and energy transfer during physical activity, such as lifting
or moving objects. This scenario offers an excellent opportunity to delve
into the concepts of force, work, and energy in physics, providing insights
applicable to everyday situations and scientific analysis alike.

Understanding the Relationship Between Force
and Work

Fundamental Concepts

In physics, work is defined as the process of energy transfer when a force is
applied to an object, causing displacement in the direction of the force.
Mathematically, work (W) is expressed as:

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

Where:

- F is the magnitude of the force applied,

- d is the displacement of the object,

- 0 is the angle between the force vector and the displacement vector.

When the force is in the same direction as displacement (6 = 0°), the formula
simplifies to:

\[ W= F \times d \]

Units of work are Joules (J), where 1 Joule equals 1 Newton meter (N:m).

Analyzing the Given Scenario

The problem states:



- The force she exerts on the suitcase is 25.0 N,
- The work done by her is +1120 J (since +1.12 x 1073 J equals 1120 J).

This information enables us to determine the displacement during the
activity.

Calculating Displacement

Assuming the force is applied in the same direction as the movement (which 1is
typical in lifting or pushing scenarios), the displacement d can be
calculated as:

\[ d = \frac{W}{F} \]

Plugging in the values:

\[ d = \frac{1120\, \text{J}}{25.0\, \text{N}} = 44.8\, \text{meters} \]

This implies she moved the suitcase approximately 44.8 meters while exerting
a force of 25.0 N to do work of 1120 Joules.

Note: If the force was applied at an angle, the actual displacement would be
larger, depending on the cosine of the angle.

Interpreting the Sign of Work (+1120 J)

The positive sign indicates that the work done by her force adds energy to
the suitcase, consistent with moving it in the direction of the applied
force. If the work had been negative, it would suggest that she was opposing
the motion (e.g., friction or gravity), removing energy from the system.

Physical Context and Real-World Applications
Understanding these concepts has practical applications:
e Calculating the effort needed to move objects efficiently.

e Designing ergonomic tools or techniques to minimize energy expenditure.

e Studying energy conservation in physical activities.



e Analyzing work done in lifting objects, which can relate to lifting
techniques or mechanical advantage systems.

Factors Affecting Work and Displacement

While the calculation above assumes a direct force application, real-world
scenarios often involve additional factors:

1. Angle of Force Application

- If the force is not applied directly in the direction of movement, only the
component of the force in the direction of displacement contributes to work.
- The effective force becomes \( F \cos \theta \).

2. Friction and Resistance

- Frictional forces oppose motion, reducing the net work done on the object.
- She might need to exert more force than the minimal 25.0 N to overcome
friction.

3. Vertical vs. Horizontal Movement

- Moving the suitcase vertically (lifting) involves work against gravity,
calculated as:

\[ W=mg h\]

Where:

- m is the mass of the suitcase,

- g is acceleration due to gravity (~9.8 m/s?),

- h is the height lifted.

In this scenario, the work done (1120 J) could represent lifting, dragging,
or a combination of movements.

Connecting Force, Work, and Energy

In physics, work is directly related to the change in kinetic energy of an



object, expressed through the Work-Energy Theorem:
\[ W = \Delta KE \]

Where:
- A KE is the change in kinetic energy.

If the suitcase started from rest and was moved at a constant velocity, the

work done would primarily increase its kinetic energy or overcome resistive
forces.

Additional Calculations and Considerations

1. Estimating the Mass of the Suitcase

Suppose she lifts the suitcase vertically, and the work done is mostly
against gravity:

\[ W=mg h\]
Rearranging:
\[ m = \frac{W}{g h} \]

Without height information, we cannot directly compute mass, but if she
lifted it 1 meter:

\[ m = \frac{1120\, \text{J}}{9.8\, \text{m/s}"2 \times 1\, \text{m}} \approx
114.3\, \text{kg} \]

which is unlikely for a real suitcase, indicating that the work likely
includes overcoming friction or moving it horizontally over a distance.

2. Power Involved

Power is the rate at which work is performed:
\[ P = \frac{W}{t} \]
If she takes 10 seconds to move the suitcase:

\[ P = \frac{1120\, \text{J}}{10\, \text{s}} = 112\, \text{W} \]



This is a moderate power level, comparable to the power output of a person
during physical activity.

Summary and Key Takeaways

- The force exerted (25.0 N) and work done (1120 J) allow calculation of
displacement, which in this case is approximately 44.8 meters.

- The positive work indicates energy transfer into the system, increasing the
suitcase's energy.

- Factors like force direction, friction, and movement type influence the
overall work and effort involved.

- Understanding these principles aids in optimizing physical tasks, designing
ergonomic solutions, and analyzing energy expenditure.

Conclusion

Analyzing the scenario where a person exerts a 25.0 N force on a suitcase and
does 1120 Joules of work provides valuable insights into the fundamental
physics of force and energy transfer. Whether moving luggage across a room or
performing industrial tasks, these principles help quantify effort, optimize
techniques, and understand energy dynamics in everyday life. Recognizing how
force, displacement, and work interrelate ensures better efficiency and
safety in physical activities, and forms the foundation for advanced studies
in mechanics and energy systems.

If you want to explore further, consider how different angles of force
application or additional resistive forces like friction alter the
calculations and real-world effort involved.

Frequently Asked Questions

What is the relationship between the force exerted
on the suitcase and the work done by that force?

The work done by the force is equal to the product of the force's magnitude,
the displacement, and the cosine of the angle between them. In this case,
with a force of 25.0 N and work of 1.12 x 1073 J, the displacement and
direction determine the work done.



How can we determine the displacement of the
suitcase based on the given work and force?

Using the work formula, Work = Force x Displacement x cos(6), if the force
and work are known and the force acts in the direction of displacement (6 =
0°), the displacement can be calculated as Displacement = Work / Force, which
is approximately 44.8 meters.

What is the significance of the work value 1.12 x
1073 J in this context?

The work value indicates the amount of energy transferred to or from the
suitcase by the force, reflecting how much effort was exerted to move it over
a certain distance.

Assuming the force is applied in the same direction
as the displacement, what is the approximate
displacement of the suitcase?

If the force and displacement are in the same direction, displacement = 1120
J / 25.0 N = 44.8 meters.

What does the positive work done on the suitcase
imply about the direction of the force?

A positive work indicates that the force applied has a component in the same
direction as the displacement, effectively adding energy to the suitcase.

How would the work change if the force exerted was
only 10 N but the same work was done?

If the force were only 10 N, the displacement would need to be larger to
accomplish the same work, calculated as Displacement = Work / Force = 1120 ]
/ 10 N = 112 meters.

Can we determine the angle between the force and
displacement from the given data?

Not directly. Additional information about the displacement or the direction
of the force is needed to find the angle between the force and displacement
vectors.

What physical principles are involved in calculating
work done on the suitcase?

The principles involved include Newton's second law, the work-energy theorem,



and vector components of force and displacement.

If the force exerted is 25.0 N, what minimum
displacement is needed to do 1.12 x 1073 J of work?

Assuming the force acts directly along the displacement (6=0°), the minimum
displacement is approximately 44.8 meters.

How does understanding this problem help in real-
world scenarios involving lifting or moving objects?

It illustrates how to calculate the work required to move objects, helping in
planning effort, energy expenditure, and efficiency in tasks like lifting,
transporting, or physically exerting force.

Additional Resources

If The Magnitude Of The Force She Exerts On The Suitcase Is 25.0 N, And She
Does +1.12 x 103 J Of Work

Introduction

Imagine someone lifting a suitcase and giving it a good shove across the
airport floor. Behind this seemingly simple act lies a complex web of physics
principles that explain how forces translate into work, and ultimately,
energy transfer. In this scenario, a woman exerts a force of 25.0 newtons (N)
on her suitcase, performing work amounting to +1,120 joules (J). This
seemingly straightforward situation offers an excellent window into core
physics concepts such as force, work, energy, and their interrelationships.
Understanding the details behind these numbers not only helps us grasp
fundamental physics but also enhances our appreciation for everyday
activities that involve motion and effort.

In this article, we'll explore what these numbers signify, delve into the
physics concepts involved, and interpret the implications of exerting a force
of 25.0 N to perform 1,120 J of work. Through detailed explanations and

contextual analysis, readers will gain a deeper understanding of how forces
and work interplay in real-world scenarios.

Understanding Force and Work: Basic Concepts

What Is Force?

Force, in physics, is any interaction that tends to change the motion of an



object. It is a vector quantity, meaning it has both magnitude and direction.
The unit of force is the newton (N), where:

-1N=1kgrm/s?

In everyday terms, force can be thought of as a push or pull. When the woman
exerts a force of 25.0 N on her suitcase, she's applying a push that has a
certain strength and direction. This force could be directed horizontally (to
move the suitcase forward or sideways) or at an angle, depending on her
motion.

What Is Work in Physics?

Work is defined as the process of energy transfer when a force causes
displacement of an object in the direction of the force. It is a scalar
quantity, expressed in joules (J), where:

-1J=1N-m

Mathematically, work (W) is given by:

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

where:

- \( F\) is the magnitude of the applied force,

- \( d\) is the displacement of the object,

- \( \theta \) is the angle between the force vector and the displacement

vector,

If the force and displacement are in the same direction (\( \theta = 0™\circ
\)), then:

\[ W= F \times d \]
The positive value (+1,120 J) indicates that she has done work on the

suitcase, transferring energy to it, perhaps to accelerate it or move it
across the floor.

Deciphering the Numbers: Force, Work, and
Displacement

Given Data and What It Tells Us



- Force exerted, \( F = 25.0\, \mathrm{N} \)
- Work done, \( W = +1.12 \times 1073\, \mathrm{J} \) (which is 1,120 J)

From these, we can analyze the relationship and determine the displacement or
other parameters involved.

Calculating Displacement

If we assume that the entire work was done in the direction of the force
(i.e., \( \theta = 0”\circ \)), the formula simplifies to:

\[ W=F \times d \]

Rearranged to find displacement:
\[ d = \frac{W}{F} \]
Substituting the known values:

\[d

\frac{1l,120\, \mathrm{J}}{25.0\, \mathrm{N}} \]

\[ d

44 .8\, \mathrm{m} \]

This suggests that, under ideal conditions, the suitcase was moved
approximately 44.8 meters in the direction of the applied force.

Implication: Moving a suitcase nearly 45 meters while exerting a force of 25
N indicates a prolonged effort, possibly across a large airport terminal or a
significant corridor.

Physical Interpretation and Real-World Context

Is This Scenario Plausible?

While the calculations provide a neat numerical picture, real-world
activities involve additional factors such as friction, air resistance, and
the efficiency of force application. For instance:

- Friction between the suitcase wheels and the floor resists motion.

- The woman must exert more than just 25 N to overcome friction and initiate
movement.

- The net work done includes overcoming resistive forces and imparting
kinetic energy to the suitcase.

Therefore, the 25 N force might be the net force after overcoming friction,



or it might be the applied force, with actual force components and
resistances affecting the total work calculation.

Energy Transfer: From Force to Motion

The positive work indicates that energy has been transferred into the
suitcase, likely increasing its kinetic energy or overcoming resistive
forces. If we assume all the work went into increasing the suitcase's kinetic
energy:

\[ \text{Kinetic Energy} = \frac{1}{2} m v*2 = 1,120\, \mathrm{J} \]

where \( m \) is the mass of the suitcase and \( v \) is its velocity after
displacement.

Suppose the suitcase weighs 20 kg (a typical weight), then:

\[ \frac{1}{2} \times 20\, \mathrm{kg} \times v~2 = 1,120\, \mathrm{J} \]

\[ 10\, \mathrm{kg} \times v~2 = 1,120\, \mathrm{J} \]

\[ v*2 = \frac{1,120}{10} = 112 \]

\[ v = \sqrt{112} \approx 10.58\, \mathrm{m/s} \]

This is a relatively high speed for pushing a suitcase, suggesting that some

of the work might have gone into overcoming resistance or that the actual
mass might be higher, reducing the final velocity.

Deeper Insights: Force, Work, and Efficiency

Work-Energy Theorem

The work-energy theorem states that the net work done on an object equals its
change in kinetic energy:

\[ W {net} = \Delta KE \]

In our scenario, the positive work (+1,120 J) suggests an increase in the
suitcase's kinetic energy. However, real-world inefficiencies imply that not
all the work contributes solely to acceleration; some energy is lost to heat
through friction and deformation.



Impact of Angle and Friction

If the force was applied at an angle \( \theta \) rather than directly in the
direction of motion, the actual work would be:

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

A larger angle reduces the effective work done in moving the suitcase
forward. Similarly, frictional forces oppose motion, requiring additional
force to sustain movement and resulting in less net work contributing to the
suitcase's kinetic energy.

Frictional considerations:

- Coefficient of kinetic friction (\( \mu k \))

- Normal force (\( N=m g \))

- Frictional force (\( F _{fric} = \mu k N \))

In practical terms, the woman must exert a force greater than the frictional
resistance to move the suitcase, and the actual force exerted (25 N) may be

just enough to overcome this resistance, with the remaining work contributing
to acceleration.

Broader Implications and Applications

Understanding Human Effort and Mechanical Work

This scenario exemplifies how human effort translates into mechanical work, a
concept relevant in various contexts:

- Lifting heavy objects
- Pushing carts or trolleys

- Performing manual labor

Quantifying the work done helps in assessing effort, energy expenditure, and
efficiency.

Designing Better Equipment and Environments

Insights from physics calculations influence the design of luggage, wheels,
and flooring:

- Optimizing wheel design to reduce friction
- Creating surfaces that require less force to move objects



- Improving ergonomic standards to minimize human effort

Energy Conservation and Efficiency

Understanding the relationship between force and work informs energy
conservation strategies, such as:

- Using powered assistance (e.g., motorized carts)
- Implementing better materials with lower resistance
- Encouraging techniques that maximize effort efficiency

Conclusion

The scenario of exerting a 25.0 N force to perform 1,120 J of work on a
suitcase encapsulates fundamental physics principles with practical
relevance. The calculation of displacement (~44.8 meters) derived from these
numbers illustrates how force, work, and distance interrelate in real-world
activities. It underscores the importance of considering factors like
friction, force direction, and energy transfer when analyzing such
situations. Whether in everyday life, industrial applications, or engineering
design, understanding these concepts enables us to appreciate the underlying
physics of seemingly simple tasks and optimize them for efficiency and ease.

In essence, this analysis exemplifies how physics transforms everyday actions
into quantifiable phenomena, bridging the gap between theoretical principles
and practical experiences.
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