
two blocks on top of each other free body
diagram
Two blocks on top of each other free body diagram is a fundamental concept in physics and
engineering that helps to analyze the forces acting on objects in static and dynamic situations.
Understanding how to create and interpret free body diagrams is essential for students and
professionals alike, as it allows for a clear visualization of the forces involved, which is crucial for
solving problems related to motion, equilibrium, and friction. In this article, we will delve into the
intricacies of free body diagrams (FBDs), particularly focusing on the scenario of two blocks stacked
on top of each other.

Understanding Free Body Diagrams

A free body diagram is a simplified representation of an object, showing all the external forces
acting upon it. The purpose of an FBD is to isolate the object and to visualize the interactions with
its environment. Here are some key components of a free body diagram:

Object Representation: The object is typically represented as a simple shape, like a box or a
dot.

Force Vectors: Arrows are used to represent forces, where the length indicates the
magnitude and the direction of the arrow indicates the direction of the force.

Coordinate System: Often, a coordinate system is established to help define the direction of
forces clearly.

The Importance of Free Body Diagrams

Creating a free body diagram is an essential step in solving problems in physics. Here are some
reasons why:

1. Clarity: FBDs provide a clear and concise way to visualize the forces acting on an object.
2. Problem Solving: They help in applying Newton’s laws of motion to determine unknown forces or
accelerations.
3. Error Reduction: By isolating the object and its forces, FBDs help minimize mistakes in
calculations and assumptions.

Scenario: Two Blocks on Top of Each Other



Let’s consider a practical scenario involving two blocks stacked on top of each other. This situation
can be analyzed using a free body diagram to understand the forces acting on each block.

Setting Up the Problem

Assume we have two blocks: Block A (on the bottom) and Block B (on the top). Each block has a
mass, with Block A having a mass \( m_A \) and Block B having a mass \( m_B \). The blocks are
resting on a flat surface, and we will analyze the forces acting on both blocks.

Forces Acting on the Blocks

When creating the free body diagrams for both blocks, we need to identify the various forces acting
on them:

1. Weight Force: The force of gravity acting on each block, calculated as \( F_g = m \cdot g \), where
\( g \) is the acceleration due to gravity (~9.81 m/s²).
2. Normal Force: The force exerted by a surface that supports the weight of an object in contact with
it, acting perpendicular to the surface.
3. Friction Force: If there is any horizontal motion or the potential for motion, friction will be a
factor. The friction force can be calculated using \( F_f = \mu \cdot N \), where \( \mu \) is the
coefficient of friction and \( N \) is the normal force.

Creating the Free Body Diagram

To create the free body diagrams for both blocks, follow these steps:

Step 1: Free Body Diagram for Block B

1. Identify Forces:
- Weight \( F_{gB} = m_B \cdot g \) acting downward.
- Normal force \( N_B \) acting upward from Block A.

2. Draw the Diagram:
- Represent Block B as a box.
- Draw an arrow pointing downward for the weight and label it \( F_{gB} \).
- Draw an arrow pointing upward for the normal force \( N_B \).

Step 2: Free Body Diagram for Block A

1. Identify Forces:
- Weight \( F_{gA} = m_A \cdot g \) acting downward.



- Normal force \( N_A \) acting upward from the surface.
- Normal force \( N_B \) acting downward from Block B.

2. Draw the Diagram:
- Represent Block A as a larger box.
- Draw an arrow pointing downward for the weight \( F_{gA} \).
- Draw arrows for the normal forces: one pointing upward \( N_A \) and one pointing downward \(
N_B \).

Finalizing the Diagrams

Once the forces are drawn, ensure that they are labeled correctly and that the magnitudes are
indicated where possible. The FBDs for both blocks should clearly show the interaction between
them and the forces due to gravity and the surface.

Analyzing the Free Body Diagrams

After creating the free body diagrams, it's essential to analyze them to derive equations of motion or
equilibrium:

1. Block B Equilibrium: Since Block B is in equilibrium (not moving), we can set up the equation:
\[
N_B - F_{gB} = 0 \implies N_B = m_B \cdot g
\]

2. Block A Equilibrium: Similarly for Block A:
\[
N_A - F_{gA} - N_B = 0 \implies N_A = m_A \cdot g + m_B \cdot g
\]

Friction Considerations

If there is a horizontal force applied to Block B, the frictional force will also play a role. The
maximum static friction force before Block B starts to slide can be calculated as:
\[
F_f = \mu_s \cdot N_B
\]
Where \( \mu_s \) is the coefficient of static friction. This can help determine whether Block B will
move or remain stationary when a horizontal force is applied.

Conclusion

In summary, the concept of a two blocks on top of each other free body diagram is an



invaluable tool in physics and engineering. It allows for the clear visualization of forces acting on
objects, facilitates problem-solving, and aids in understanding the principles of motion and
equilibrium. By mastering the creation and analysis of free body diagrams, students and
professionals can effectively tackle a wide range of problems in mechanics and beyond. Whether you
are learning the fundamentals of physics or applying these concepts in real-world engineering
scenarios, the ability to interpret and utilize free body diagrams is essential for success.

Frequently Asked Questions

What is a free body diagram in physics?
A free body diagram is a graphical representation used to visualize the forces acting on an object. It
simplifies the analysis of the forces by isolating the object and drawing arrows to represent the
magnitude and direction of each force.

How do you create a free body diagram for two blocks on top
of each other?
To create a free body diagram for two blocks stacked on top of each other, first isolate each block.
For the top block, draw arrows for the gravitational force downward and the normal force from the
bottom block upward. For the bottom block, include the gravitational force downward and the
normal force from the ground upward, as well as the normal force exerted by the top block.

What forces act on the top block in a two-block system?
The forces acting on the top block include the gravitational force acting downward (weight) and the
normal force exerted by the bottom block acting upward.

What forces act on the bottom block in a two-block system?
The forces acting on the bottom block include its own gravitational force acting downward (its
weight), the normal force from the ground acting upward, and the normal force exerted by the top
block acting downward.

How do you determine the normal force exerted by one block
on another?
The normal force exerted by one block on another can be determined by analyzing the weight of the
top block. It is equal to the weight of the top block if there are no additional vertical forces acting on
it.

What happens to the free body diagram if an external force is
applied to the top block?
If an external force is applied to the top block, this force should also be included in the free body
diagram as an arrow in the direction of the applied force. The balance of forces will then need to be



re-evaluated to account for this additional force.

How do frictional forces affect the free body diagram of two
stacked blocks?
Frictional forces can be included in the free body diagram as arrows opposing the direction of
motion or potential motion. For the top block, static friction acts upward if there is an external force
trying to slide it down, while for the bottom block, kinetic or static friction acts horizontally if there
is a tendency to slide.

What is the significance of the free body diagram in solving
problems involving two blocks?
The free body diagram is crucial for systematically identifying and analyzing all forces acting on
each block, allowing for the application of Newton's laws to solve for unknowns like acceleration,
tension, or normal forces.

Can the free body diagram of two blocks be used to predict
motion?
Yes, the free body diagram can be used to predict motion by applying Newton's second law, F=ma,
to determine how the net force acting on the system influences the acceleration and movement of
the blocks.
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