
work physics khan academy
work physics khan academy offers an unparalleled resource for understanding the fundamental
concept of work in physics. Whether you're a student grappling with introductory mechanics or
seeking to deepen your comprehension, Khan Academy provides clear, concise, and comprehensive
explanations. This article will delve into the core principles of work as taught on Khan Academy,
exploring its definition, how it's calculated, the factors that influence it, and its crucial relationship
with energy. We'll cover the basic formula, the role of angles, and the distinction between positive,
negative, and zero work. Get ready to demystify this essential physics concept with a structured
approach designed for maximum learning.
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What is Work in Physics?

In the realm of physics, the term "work" carries a very specific meaning that's often different from our
everyday usage. We might say we're "working hard" to lift a heavy box, but in physics, work is only
done when a force causes an object to move a certain distance. Think of it this way: if you push
against a brick wall with all your might, but the wall doesn't budge, you haven't done any physical
work, no matter how tired you feel. This distinction is crucial for understanding how energy is
transferred or transformed in a system.

The core idea behind work in physics is the transfer of energy. When work is done on an object, its
energy changes. This energy can be kinetic energy (the energy of motion), potential energy (stored
energy), or some other form. Khan Academy emphasizes this energy transfer aspect, making it a
central theme in their lessons on work. It's not just about applying a force; it's about that force doing
something to change the state of motion or position of an object.

Calculating Work: The Basic Formula

At its simplest, the calculation of work is straightforward. Khan Academy introduces the fundamental
formula for work (W) as the product of the force (F) applied in the direction of motion and the
displacement (d) of the object. This can be expressed as: W = F d. It's important to remember that
both the force and the displacement are vectors, meaning they have both magnitude and direction.



However, in the most basic scenario, we consider forces applied parallel to the direction of motion.

Let's break down the units. Force is typically measured in Newtons (N), and displacement is measured
in meters (m). Therefore, the unit of work is the Newton-meter (N·m), which is also known as the Joule
(J), named after the English physicist James Prescott Joule. So, if you apply a force of 10 Newtons to
an object and it moves 5 meters in the direction of the force, you have done 50 Joules of work. Khan
Academy provides numerous examples to solidify this understanding.

The Importance of Direction: Force and Displacement

The crucial element that distinguishes physics work from our everyday notion is the directionality
involved. For work to be done, the applied force must have a component that acts in the same
direction as the object's displacement. If you're pushing a box across the floor, and you're pushing
horizontally, the work done is related to how far the box moves horizontally. If you also happen to be
lifting upwards slightly, that upward force component isn't contributing to the horizontal work being
done.

Khan Academy meticulously explains that only the component of the force that is parallel to the
displacement contributes to the work done. This is why understanding vectors and their components
is so vital in physics. Imagine trying to drag a suitcase with a handle. You pull upwards and forwards.
The upward pull does no horizontal work on the suitcase as it slides across the floor, but the forward
pull does. This concept is fundamental to understanding more complex scenarios.

When Angles Matter: Work with Trigonometry

What happens when the force isn't perfectly aligned with the displacement? This is where
trigonometry comes into play, and Khan Academy dedicates significant attention to this scenario.
When an angle (θ) exists between the force vector and the displacement vector, the work done is
calculated using the formula: W = F d cos(θ). The cosine function effectively isolates the component
of the force that is acting in the direction of the displacement.

For instance, if you're pulling a sled with a rope angled upwards, the force you exert with the rope
isn't entirely contributing to the sled's horizontal movement. The cosine of the angle between the
rope and the ground tells you what fraction of your pulling force is actually pulling the sled forward. If
the angle is 0 degrees (force and displacement are parallel), cos(0) = 1, and we get back to our basic
formula W = F d. If the angle is 90 degrees (force is perpendicular to displacement), cos(90) = 0,
meaning no work is done by that force.

Types of Work: Positive, Negative, and Zero

Understanding the sign of work is as important as its magnitude. Khan Academy categorizes work into
three types: positive, negative, and zero. Positive work is done when the force component is in the



same direction as the displacement. This typically means the force is adding energy to the object,
often increasing its speed.

Negative work, on the other hand, is done when the force component acts in the opposite direction to
the displacement. A common example is friction. When you push a box and it slides, friction acts in
the direction opposite to the motion, slowing the box down. This frictional force is doing negative
work, removing energy from the box. Zero work is done when the force is perpendicular to the
displacement (as we saw with cos(90) = 0) or when there is no displacement at all (like pushing the
unmoving wall).

Work Done by Multiple Forces

In most real-world situations, an object is acted upon by more than one force simultaneously. Khan
Academy teaches that the net work done on an object is the sum of the work done by each individual
force. This is a crucial concept, especially when relating work to the work-energy theorem, which
states that the net work done on an object is equal to the change in its kinetic energy.

So, if you're pushing a box (positive work) and friction is acting against it (negative work), the net
work is the sum of these two. If another force is pulling it upwards at an angle, you'd calculate the
work done by that force and add it to the others. Understanding how to sum these contributions
allows us to analyze the overall effect of forces on an object's motion and energy state.

Work and Energy: A Powerful Connection

The relationship between work and energy is one of the most profound concepts in physics, and Khan
Academy excels at illustrating this link. Work is essentially the mechanism by which energy is
transferred. When you do positive work on an object, you are transferring energy to it, typically
increasing its kinetic energy. Conversely, when negative work is done on an object (e.g., by friction or
air resistance), energy is removed from it, usually dissipated as heat.

The work-energy theorem is a cornerstone of this relationship. It states that the total work done on an
object equals the change in its kinetic energy: W_net = ΔKE. This means that if you want to increase
an object's speed, you need to do positive net work on it. This theorem simplifies many physics
problems by allowing us to bypass detailed force and acceleration calculations and focus directly on
the energy changes involved.

Khan Academy's Approach to Learning Work

Khan Academy’s strength lies in its pedagogical approach. They begin with the foundational definition
of work, gradually introducing more complex aspects like the influence of angles and multiple forces.
Their video lessons are typically short, focused, and accompanied by clear visual aids and relatable
examples. They emphasize conceptual understanding before diving into complex problem-solving.



Furthermore, Khan Academy offers practice exercises that allow learners to test their comprehension
and apply the formulas they've learned. These exercises often range in difficulty, providing immediate
feedback to help students identify areas where they need further study. This iterative process of
learning, practicing, and reinforcing is key to mastering topics like work in physics.

Practical Applications of Work in Physics

The concept of work in physics isn't just an academic exercise; it has widespread practical
applications in various fields. In engineering, understanding work is essential for designing machines,
calculating the efficiency of engines, and determining the forces required to move objects. When
lifting heavy loads with cranes, for example, engineers need to calculate the work done to ensure the
machinery is capable and safe.

In sports, physics principles, including work, explain concepts like the trajectory of a ball, the force
generated by a swing, or the energy expended by an athlete. Even in everyday tasks, like walking or
cycling, we are constantly doing work and transferring energy. Khan Academy’s explanations help
bridge the gap between theoretical physics and these real-world scenarios, making the subject more
relevant and engaging.

FAQ

Q: What is the most basic formula for work in physics as
taught on Khan Academy?
A: The most basic formula for work (W) is W = F d, where F is the force applied in the direction of
motion, and d is the displacement of the object. This formula assumes the force is parallel to the
displacement.

Q: How does Khan Academy explain the role of angles in
calculating work?
A: Khan Academy explains that when the force is not parallel to the displacement, the work done is
calculated using W = F d cos(θ), where θ is the angle between the force vector and the displacement
vector. The cosine term isolates the component of the force acting in the direction of motion.

Q: Can you give an example of when negative work is done,
according to Khan Academy?
A: Yes, Khan Academy often uses friction as a prime example of negative work. When an object
moves, friction acts in the opposite direction of motion, doing negative work and removing energy
from the object, typically as heat.



Q: What is the significance of "net work" in Khan Academy's
lessons on work?
A: Net work is the total work done on an object by all forces acting on it. Khan Academy emphasizes
that net work is crucial because it is directly related to the change in an object's kinetic energy
through the work-energy theorem.

Q: Does Khan Academy cover the work done by gravity?
A: Yes, Khan Academy covers the work done by gravity. Depending on the direction of displacement
relative to the gravitational force, gravity can do positive or negative work. For example, when an
object falls, gravity does positive work, and when an object is thrown upwards, gravity does negative
work.
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