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(a) Calculate The Force (in N) The Woman In The Figure Below Exerts To Do A Push-up At
Constant Speed, is a classic physics problem that involves understanding the concepts of force,
work, energy, and Newton’s laws of motion. To accurately determine the force exerted by the
woman during a push-up at a constant speed, it is essential to analyze the physical parameters
involved, including her body weight, the movement mechanics, and the forces acting against her.

In this comprehensive guide, we will explore the fundamental principles needed to perform this
calculation, break down the problem into manageable parts, and provide step-by-step methods for
deriving the force in newtons (N). Whether you're a student studying physics or an enthusiast
interested in biomechanics, this article aims to clarify the concepts and help you understand how to
approach similar problems.

---

Understanding the Physics of a Push-up

Before diving into calculations, it’s important to understand what happens physically when a woman
performs a push-up at a constant speed.

What is a Push-up?
A push-up is a bodyweight exercise that involves lowering and raising the body using the arms.
During a push-up at constant speed:

- The woman exerts an upward force to counteract gravity and lift her body.
- The movement is controlled, meaning her velocity remains constant.
- The muscles perform work to overcome gravitational forces and any resistive forces.

Why is Force Important?
The force exerted by the woman determines how much effort she applies during the push-up. At
constant speed, the net force on her body is zero, meaning the upward force she applies equals the
downward gravitational force (her weight), adjusted for other factors like acceleration or resistance.

---



Key Concepts and Principles

To perform the calculation, several physics principles are involved:

Newton’s Second Law
This law states that:

\[
\sum F = m \times a
\]

where:
- \(\sum F\) is the net force,
- \(m\) is the mass,
- \(a\) is the acceleration.

For movement at constant speed:

\[
a = 0
\]

which implies that the net force is zero, but the force exerted by the woman must balance the weight
and any other resistive forces.

Force and Weight
The weight \(W\) of the woman is:

\[
W = m \times g
\]

where:
- \(m\) is her mass,
- \(g\) is acceleration due due to gravity (~9.81 m/s²).

When she pushes up, she must exert a force at least equal to her weight to support her body during
the push-up.

Constant Speed and Equilibrium
Since the push-up is performed at constant speed, the acceleration is zero, and the forces are
balanced:

\[



\text{Force exerted by woman} = \text{Weight of her body} + \text{Additional resistive forces}
\]

In most cases, resistive forces like air resistance and internal muscular resistance are minimal
compared to her weight, especially in typical push-up scenarios.

---

Step-by-Step Calculation Process

To determine the force the woman exerts, follow these steps:

1. Gather Necessary Data
- Body Mass (\(m\)): The woman's mass in kilograms.
- Height and Position: To determine the part of her body involved, although for force, her total
weight is most relevant.
- Movement Parameters: Distance moved during push-up, if needed for work calculations.
- Gravity (\(g\)): Standard value 9.81 m/s².

Note: Since the figure is not provided here, assume typical values or that the problem provides her
mass.

2. Calculate Her Body Weight
Assuming her mass is, for example, 60 kg:

\[
W = m \times g = 60\, \text{kg} \times 9.81\, \text{m/s}^2 = 588.6\, \text{N}
\]

This is the force due to gravity acting downward.

3. Determine the Force Needed to Support Her Body
At constant speed, her muscles must exert an upward force equal to or slightly greater than her
weight to prevent acceleration:

\[
F_{\text{exerted}} \approx W = 588.6\, \text{N}
\]

However, because push-up motion involves moving her body vertically, the actual force can be
slightly higher depending on the biomechanics, muscle engagement, and resistance.



4. Consider the Mechanical Advantage and Resistance
- Mechanical advantage: Body positioning may alter the force needed. When her body is close to
horizontal, the leverage could reduce the necessary force.
- Additional forces: Air resistance and internal muscular resistance are typically small.

For simplicity, assume the force exerted equals her weight during the push-up at constant speed:

\[
F \approx 588.6\, \text{N}
\]

---

Factors Affecting the Force Required

While the calculation above provides an estimate, several factors can influence the actual force
exerted:

1. Body Position and Angle
- The more horizontal her body is, the more her muscles must work against gravity, increasing the
force.
- At the top of the push-up (arms extended), force is mainly supporting her weight.
- At the bottom (chest close to the ground), the force may be slightly higher due to the leverage.

2. Speed of Movement
- At constant speed, no acceleration occurs, so force equals weight.
- If acceleration occurs (not in this case), additional force would be required.

3. Resistance and Friction
- Friction between hands and the floor or internal muscular resistance can slightly increase the force
needed.

4. Muscle Efficiency and Technique
- Proper technique ensures more efficient force application.
- Poor technique may require exerting more force.

---



Practical Implications and Applications

Understanding the force exerted during push-ups is valuable for multiple fields:

1. Fitness and Training
- Knowing the force helps in designing strength training programs.
- It enables athletes to measure effort and progress quantitatively.

2. Biomechanics Research
- Helps analyze movement efficiency and muscular engagement.
- Assists in rehabilitation programs to ensure safe load levels.

3. Engineering and Design
- Inform the design of exercise equipment.
- Improve ergonomic features for safety and effectiveness.

---

Summary and Key Takeaways

- The force exerted by the woman during a push-up at constant speed is approximately equal to her
body weight, assuming minimal resistive forces.
- The calculation hinges on her mass, gravity, and movement mechanics.
- For a woman weighing 60 kg, the force is roughly 588.6 N.
- Variations in body position, technique, and environmental factors can slightly alter this value.
- Understanding these principles aids in optimizing training, assessing muscular effort, and
designing better fitness equipment.

---

Final Notes

Calculating the force exerted during a push-up is a fundamental physics problem that combines
principles of mechanics, biomechanics, and physiology. While simplified models provide good
estimates, real-world scenarios can involve complexities like muscle fatigue, joint angles, and
individual differences. Nonetheless, grasping the core concepts allows for better analysis, training,
and understanding of human movement.

Always remember, safety first: performing exercises with proper form and considering individual
capabilities is essential. If you're working on personal fitness goals or conducting research,



consulting with professionals or using precise measurement tools can provide more accurate data.

---
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If you have the figure or specific data points, applying these principles directly will yield precise
results tailored to the scenario.

Frequently Asked Questions

What is the primary force the woman exerts during a push-up
at constant speed?
The primary force she exerts is equal to the gravitational force (weight) of her body, which balances
the downward force of gravity during the movement.

How do you calculate the force exerted by the woman during a
push-up at constant speed?
You calculate it by multiplying her mass (m) by the acceleration due to gravity (g), using the formula
F = m × g.

If the woman weighs 60 kg, what is the force she exerts during
a push-up at constant speed?
F = 60 kg × 9.8 m/s² = 588 N.

Does the force exerted change if the push-up is performed at a
faster or slower speed?
No, at constant speed, the force exerted equals her weight; if the speed changes but the movement
remains controlled and steady, the force remains approximately the same.

What role does biomechanics play in understanding the force
exerted during a push-up?
Biomechanics helps analyze the forces, muscle activation, and movement dynamics involved,



enabling accurate calculation of the force exerted during the exercise.

Why is it important to know the force exerted during a push-
up at constant speed?
Knowing this force helps in designing effective training programs, understanding muscular effort,
and preventing injury by ensuring proper technique and appropriate load.

Additional Resources
Calculate The Force (in N) The Woman In The Figure Below Exerts To Do A Push-up At Constant
Speed

---

Introduction

In the realm of physical fitness and biomechanics, understanding the forces involved in everyday
exercises such as push-ups offers profound insights into human physiology and mechanical
principles. The question at hand—Calculate The Force (in N) The Woman In The Figure Below Exerts
To Do A Push-up At Constant Speed—may seem straightforward at first glance. However, it
encapsulates complex interactions between biomechanics, physics, and physiology. This
investigation aims to dissect the problem in depth, elucidating the principles and calculations
necessary to determine the force exerted by a woman performing a push-up at a steady pace.

While no figure is provided here, typical push-up biomechanics involve the woman’s body acting as a
dynamic system where forces balance to sustain motion at constant velocity. This analysis will
explore the relevant physics concepts, assumptions, and step-by-step calculations to arrive at an
accurate estimation of the force.

---

Understanding the Physics Behind Push-ups

Fundamental Principles

At its core, performing a push-up at constant speed is a dynamic equilibrium situation where the net
force acting on the woman’s body is zero. According to Newton’s First Law, if the woman moves at a
constant velocity, the sum of forces in the vertical direction must be zero, meaning the upward force
exerted by her arms balances the downward force of gravity (the weight of her body).

Forces Involved

- Gravity (Weight): \( W = mg \), where:
- \( m \) is the mass of the woman,
- \( g \) is the acceleration due to gravity (~9.81 m/s\(^2\)).

- Applied Force (Push-up Force): The force exerted by her arms on the ground (and correspondingly
on her body).



- Reaction Force: The ground provides an equal and opposite force to her push-up effort.

Key Assumptions

To simplify the calculation, certain assumptions are necessary:

- The woman’s body is modeled as a uniform system with effectively constant mass.
- The push-up is performed at a steady, constant speed, implying zero acceleration at the moment of
measurement.
- External factors such as air resistance are negligible.
- The only significant forces are gravity and the applied force from the arms.

---

Analyzing the Mechanics of a Push-up at Constant Speed

The Position of the Body During a Push-up

In a typical push-up, the body moves along a vertical axis. When performing at constant speed:

- The acceleration in the vertical direction is zero.
- The force exerted by the woman’s arms must precisely counteract her weight during the upward or
downward movement phase, depending on the position.

Force Calculation Framework

Given that the movement occurs at constant velocity, the key physics principle simplifies to:

\[
\text{Applied Force } (F) = \text{Weight } (W)
\]

However, the actual force exerted by the woman may be slightly more than her weight due to the
need to overcome initial inertia during movement or to maintain steady motion, especially if the
movement involves any acceleration or deceleration phases.

Considering Dynamic Factors

If the push-up involves pure steady movement (no acceleration), then:

\[
F_{\text{exerted}} \approx W = mg
\]

But in many real-world scenarios, especially during muscle exertion, the force exerted often exceeds
the weight due to factors such as:

- Muscle force generation above the minimum required,
- Frictional effects,
- Slight acceleration during the movement.



In this analysis, we will assume an idealized scenario where the force exerted equals the weight, and
then discuss the implications if the movement involves minor accelerations.

---

Step-by-Step Calculation

1. Determine the Woman’s Mass

Suppose the woman’s mass is known or estimated. For illustration, assume:

- \( m = 60\, \text{kg} \).

2. Calculate Her Weight

Using:

\[
W = mg
\]

\[
W = 60\, \text{kg} \times 9.81\, \text{m/s}^2 = 588.6\, \text{N}
\]

3. Adjust for Movement Conditions

Since the push-up is performed at constant speed:

- The force exerted by her arms must balance her weight during the movement phase.

- Therefore, the force exerted:

\[
F = W = 588.6\, \text{N}
\]

4. Consider Additional Factors

In real conditions, the actual force might be slightly higher due to:

- Muscle force over the minimum weight (to generate tension),
- Frictional forces between hands and ground,
- Minor acceleration/deceleration phases.

Suppose a small additional force factor accounts for these, say 10%:

\[
F_{\text{total}} = 1.10 \times W = 1.10 \times 588.6\, \text{N} \approx 647.5\, \text{N}
\]



5. Final Estimation

Thus, the estimated force exerted by the woman during a push-up at constant speed, considering
realistic factors, ranges approximately from 588.6 N to 648 N.

---

Broader Implications and Discussion

The Role of Muscle Force and Energy Expenditure

Understanding the force exerted during a push-up is not merely an academic exercise but provides
valuable insight into muscular effort and energy expenditure. The force exerted directly correlates
with muscle activation levels, which can be measured via electromyography (EMG). High force levels
imply greater muscle recruitment, which is relevant for designing training programs or
rehabilitation protocols.

Biomechanical Optimization

From a biomechanical perspective, optimizing push-up technique involves minimizing unnecessary
force expenditure while maintaining effectiveness. Factors such as hand placement, body alignment,
and movement speed influence the forces involved.

Practical Applications

- Training Regimens: Athletes or fitness enthusiasts can tailor their workouts based on force
calculations to enhance strength or endurance.
- Rehabilitation Programs: Precise force estimations help in designing safe exercise intensities for
injury recovery.
- Design of Assistive Devices: Understanding the forces involved can inform the development of
equipment like push-up bars or resistance bands.

---

Limitations and Future Directions

While the analysis provides a fundamental understanding, it simplifies many real-world complexities:

- Dynamic Movements: Real push-ups involve varying accelerations, making force calculations more
complex.
- Body Composition: Variations in body fat and muscle distribution affect the effective mass involved.
- Individual Differences: Strength, technique, and fatigue levels influence exerted forces.
- Measurement Challenges: Accurately measuring forces during exercise requires specialized
equipment like force plates or wearable sensors.

Future research could involve experimental measurements using force sensors or motion capture
systems to refine these estimations and account for biomechanical nuances.

---

Conclusion



The force exerted by a woman performing a push-up at constant speed predominantly equals her
body weight, which, for an estimated mass of 60 kg, is approximately 588.6 N. Accounting for
realistic factors and minor accelerations, the actual force may be slightly higher, around 650 N. This
calculation exemplifies the intersection of physics and physiology, providing insights into muscular
effort and biomechanical efficiency during common exercises.

Understanding these forces not only enriches scientific knowledge but also enhances practical
applications in fitness training, rehabilitation, and ergonomic design. As biomechanics continues to
evolve with technological advances, future studies will undoubtedly offer even more precise and
comprehensive insights into the forces involved in human movement.
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