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When analyzing the forces acting on objects at rest, one of the key forces to consider is static friction. Static
friction is the force that opposes the initiation of motion between two surfaces in contact. A common
question in physics involves understanding how static friction behaves when multiple objects are at rest,
particularly when comparing the static friction forces acting on different objects. Specifically, if Boxes A and
B both remain at rest, is the static friction force on Box A larger than, smaller than, or equal to the static
friction force on Box B? This article explores this question in depth, analyzing the factors influencing static
friction and providing a clear understanding of the relationship between static friction forces on multiple

objects.

Understanding Static Friction

Definition of Static Friction

Static friction is a resistive force that acts parallel to the contact surface between two objects, preventing
relative motion. It must be overcome for an object to start moving. The magnitude of static friction varies
up to a maximum value, which depends on the normal force and the coefficient of static friction.

Mathematically, the maximum static friction force is given by:

° Fstatic, max = }'Ls N

where:
e 1, is the coefficient of static friction, a property of the surfaces in contact.

¢ N is the normal force, typically equal to the weight of the object when on a horizontal surface.



Static Friction Force in Equilibrium

When an object remains at rest under an applied force, the static friction force adjusts to match the applied
force up to its maximum limit. If the applied force is less than or equal to the maximum static friction, static

friction equals that applied force, preventing motion.
This means:

e If the applied force <F, .., = F then static friction force < F . = F

static, max> static applied

e If the applied force > F the object begins to move, transitioning from static to kinetic friction.

static, max?

Comparing Static Friction on Boxes A and B

Scenario Description

Consider two boxes, Box A and Box B, both at rest on similar horizontal surfaces. Suppose forces are applied
to each box, but neither has started moving. The question is: is the static friction force acting on Box A

larger than, smaller than, or equal to that on Box B?

The answer depends on various factors, including the applied forces, the properties of the surfaces, and the

normal forces involved.

Factors Influencing Static Friction

To understand the relationship between the static friction forces on the two boxes, it’s essential to analyze
the factors that influence static friction:
e Applied Force: The external force attempting to move the box.

e Normal Force (N): The force exerted by the surface supporting the box, usually equal to the weight
of the box (mass gravity).

« Coefficient of Static Friction (p): The surface property determining maximum static friction.

¢ Surface Conditions: Roughness, cleanliness, and material properties affect ..



Case 1: Equal Applied Forces and Surface Conditions

If both boxes are subjected to the same applied force and rest on identical surfaces with the same coefficient

of static friction, then:

¢ The maximum static friction force on both boxes is identical, calculated as p, N.

e If the applied force to each box is less than or equal to this maximum, then each static friction force

equals the applied force, and thus are equal.

In this case, the static friction forces are equal when the applied forces are equal and do not exceed their

maximum limits.

Case 2: Different Applied Forces or Normal Forces

When the applied forces differ or the normal forces vary (for example, due to different masses), the static
friction forces will correspond to the applied forces, provided they do not surpass their maximum static

friction.

e If Box A experiences a larger applied force than Box B, and both are within their static friction

limits, then the static friction force on Box A will be larger than that on Box B.

o If the applied forces are the same but the normal forces differ, the maximum static friction values
will differ proportionally, and the actual static friction forces will match the smaller applied force

(assuming both are at equilibrium).

Key Insights: Is Static Friction Larger, Smaller, or Equal?

Static Friction Force Is Not Always Equal

Contrary to a common misconception, static friction forces on different objects are not necessarily equal,
even if both objects are at rest. Instead, static friction is a reactive force that adjusts to match the applied

force up to its maximum limit.

Summary:



¢ If the applied forces are the same and within limits, static friction forces are equal.

e If the applied forces differ, the static friction forces will differ accordingly, with the larger applied

force resulting in a larger static friction force.

o The static friction force on each object is less than or equal to p, N; it only reaches this maximum if

necessary to prevent motion.

When Do the Static Friction Forces Equal Each Other?

Static friction forces on Boxes A and B are equal when:
e The applied forces are equal and do not exceed their respective maximum static friction thresholds.

¢ Both boxes are under similar conditions, with the same surface properties, normal forces, and applied

forces.

When Is One Static Friction Force Larger Than The Other?

Static friction force on one box will be larger than on the other if:
o The applied force on that box is larger, but still within the maximum static friction limit.

¢ The normal force (and therefore the maximum static friction) is larger for that box, and the applied

force approaches or reaches this maximum.

Real-World Examples and Applications

Example 1: Pushing Two Boxes with the Same Force

Imagine pushing two boxes of different masses with the same force. If both are stationary:

e The static friction force on each matches the applied force, provided it does not exceed the maximum

static friction.

¢ The heavier box (larger mass and thus larger normal force) has a higher maximum static friction, but



the actual static friction force depends on the applied force.

If the applied force is small enough, static friction forces are equal to the applied force and less than the

maximums.

Example 2: Inclined Surface and Static Friction

On inclined surfaces, normal force decreases, affecting static friction:
¢ The maximum static friction is reduced, making it easier for the box to start moving.

¢ The static friction force adapts to the component of gravitational force parallel to the incline, up to its

maximum.

Conclusion

Understanding whether the static friction force on Box A is larger than, smaller than, or equal to that on
Box B depends heavily on the applied forces, surface properties, and normal forces involved. When both
boxes are at rest and subjected to different or similar forces, the static friction forces adjust accordingly —

matching the applied forces up to their maximum limits.
Key takeaways:
e Static friction forces are reactive and adaptive, not fixed.
e The forces are equal when applied forces are equal and within static friction limits.

e They differ when applied forces differ, with the larger applied force producing a larger static friction

force (up to its maximum).

By understanding these principles, students and professionals can accurately analyze static equilibrium
scenarios involving multiple objects, ensuring correct application of static friction concepts in real-world

physics problems.



Frequently Asked Questions

When two boxes A and B are both at rest and in contact, how does the

static friction force compare on each box?

The static friction force on each box depends on the applied forces and normal forces, and it acts to prevent
relative motion. If the boxes are at rest and no external horizontal force is acting, the static friction force on

each is zero or equal in magnitude but opposite in direction if a horizontal force is applied.

If boxes A and B are at rest and a force is applied to box A, how does the

static friction force on box A compare to that on box B?

The static friction force on box A may be larger or smaller than on box B depending on the magnitude of
the applied force and the normal forces. Generally, the static friction force adjusts up to its maximum value
to prevent motion, but without movement, the forces are equal in magnitude and opposite in direction

between the contact surfaces.

Is the static friction force on box A greater than, less than, or equal to the

static friction force on box B when both are at rest?

If the boxes are not moving relative to each other and no external horizontal forces are acting, the static

friction force on each box is equal in magnitude but acts in opposite directions at the contact point.

Can the static friction force on one box be larger than on the other if both

boxes are at rest?

Yes, if external forces are applied unevenly or if normal forces differ, the static friction force on one box
can be larger. However, in the case of equilibrium and identical normal forces, the static friction forces are

equal in magnitude.

How does the concept of maximum static friction relate to the comparison

of static friction forces on boxes A and B?

Maximum static friction is the upper limit of static friction force before motion begins. When both boxes are
at rest and no motion occurs, the actual static friction forces are less than or equal to this maximum and are

typically equal in magnitude for contact surfaces in equilibrium.

If an external horizontal force is applied to box A causing it to remain at



rest, how does the static friction force compare on boxes A and B?

The static friction force on each box adjusts to prevent motion, but the force on box A must match the
external force applied. The static friction force on box B depends on the contact force exerted by box A, but
in equilibrium, the forces are balanced and the static friction forces are equal in magnitude at the contact

surfaces.

In a scenario where boxes A and B are in contact and at rest, is the static

friction force on A larger, smaller, or equal to that on B?

In static equilibrium, the static friction forces at the contact points are equal in magnitude but act in opposite

directions. Therefore, the static friction force on A is equal to that on B.

Additional Resources

Boxes A and B Both Remain At Rest. Is The Static Friction Force On A Larger Than, Smaller Than, Or
Equal?

When analyzing forces in physics, particularly those involving static friction, a common question arises: If
both boxes A and B are at rest, is the static friction force on one larger than, smaller than, or equal to that on
the other? This question touches on fundamental principles of static friction, equilibrium, and force
interactions. Understanding the nuances behind this scenario is crucial for students, educators, and

professionals alike, as it deepens comprehension of how frictional forces behave under different conditions.
In this article, we'll explore the concepts underpinning static friction, analyze a typical scenario involving
two boxes at rest, and clarify whether the static friction forces are larger, smaller, or equal on the two

objects. We'll break down the physics step-by-step, employing diagrams, examples, and logical reasoning to

provide a comprehensive guide.

Understanding Static Friction: The Basics

Before delving into the specific question, it’s essential to clarify what static friction is and how it functions.
What Is Static Friction?

Static friction is the force that opposes the initiation of relative motion between two surfaces in contact. It
acts parallel to the contact surface and adjusts its magnitude to counteract applied forces, up to a maximum

value given by:

Fsmax = Ms N



‘Where:
- W is the coefficient of static friction (a property of the surfaces in contact).

- N is the normal force (perpendicular to the contact surface).

Key Characteristics of Static Friction

- Adjustable Magnitude: Static friction can vary from zero up to its maximum value (Fyp.y). It self-adjusts to
match applied forces, preventing motion until the maximum static friction is reached.

- Direction: It always acts opposite to the applied force attempting to cause motion.

- No Motion, No Kinetic Friction: When objects are at rest and static friction isn’t at its maximum, the

frictional force is less than or equal to Fymax.

Scenario Setup: Two Boxes at Rest

Consider a situation where Box A and Box B are sitting on a horizontal surface, and both are initially at rest.

Common Assumptions:
- The surfaces in contact are rough enough to generate static friction.
- External forces are applied to either or both boxes.

- The system is in equilibrium — meaning neither box is moving.

Possible Force Conditions:

- External forces applied are balanced by static friction.

- The normal forces are determined by the weight of each box, i.e,, N = m g (mass times acceleration due to
gravity).

- The applied forces could be different on each box or the same, but both remain at rest.

Analyzing Static Friction on Both Boxes

The Core Question

When both boxes are at rest, is the static friction force on Box A larger than, smaller than, or equal to that

on Box B?

This depends on several factors:
- The magnitude and direction of external forces acting on each box.
- The normal forces on each box.

- The coefficients of static friction between each box and the surface.



Key Point: Static Friction Is a Reactive Force
Since static friction is a reactive force, it only acts to oppose the applied forces attempting to move the

object. It does not have an intrinsic magnitude independent of the applied force; instead, it adjusts to match

the applied effort up to its maximum value.

When Are the Static Friction Forces Equal?

Case 1: No External Horizontal Force or Equal Forces

If neither box has any external horizontal force applied (or if both experience the same force), and both are

at rest, then:

- The static friction forces are zero because there is no tendency for motion.

- Therefore, static friction force on each box is equal (zero).

Case 2: Equal and Opposite Applied Forces

Suppose you apply an equal force on both boxes, but in opposite directions, and both remain at rest:

- The static friction on each box will match the applied force (in magnitude) to prevent movement.

- Since the applied forces are equal, the static friction forces are equal in magnitude.

Summary:

- When no external horizontal forces act, static friction forces are zero, hence equal.

- When equal forces are applied, static friction forces are equal in magnitude (matching the applied forces).

When Are the Static Friction Forces Different?

Case 3: Unequal External Forces

If Box A experiences a larger applied force than Box B:

- Static friction on each box acts to oppose the applied force.

- The static friction force on Box A will be larger (in magnitude) than that on Box B, assuming both remain

at rest.

Case 4: Different Normal Forces and Coefficients



If the boxes have different masses or the surface interactions differ:

- The maximum possible static friction for each box is different because Fmax = ps N.
- The actual static friction force on each depends on the applied force, but both will be less than or equal to
their respective maximums.

- The static friction force on the box with the larger applied force will be larger, provided both stay at rest.

Practical Examples and Diagrams

Example 1: Equal Forces, Same Surface

- Both boxes are on the same horizontal surface.

- Equal external forces are applied in opposite directions.

- Both remain at rest.

- Result: Static friction forces are equal in magnitude, matching the applied forces (assuming both are

within the maximum static friction).

Example 2: Different Forces, Same Surface

- Box A experiences a force of 20 N.

- Box B experiences a force of 10 N.

- Both remain at rest.

- Result: Static friction on Box A is approximately 20 N; on Box B, approximately 10 N, assuming they are

within static friction limits.

Diagram Illustration:

Imagine two blocks on a table with arrows showing applied forces and the reactive static friction forces

acting opposite to those forces.

Critical Points to Remember

- Static friction adjusts to match the applied force, up to its maximum.

- When both boxes are at rest, the static friction force on each depends on the external forces acting on
them.

- If no external forces are applied, both static friction forces are zero.

- When forces are unequal, the static friction forces are not necessarily equal; they tend to be proportional

to the applied forces, constrained by the maximum static friction.



Summary: Is The Static Friction Force On A Larger Than, Smaller Than Or Equal?
In conclusion:

- If both boxes are at rest with no external horizontal forces applied, the static friction forces on both are
zero and thus equal.

- If external forces are applied, the static friction force on each box is equal to the applied force (assuming
the boxes do not move), meaning:

- The static friction force on the box with the larger applied force is larger.

- The static friction force on the box with the smaller applied force is smaller.

- Therefore, the static friction force on one box can be larger, smaller, or equal to that on the other,

depending on the applied forces and the situation.

Understanding these principles is crucial for correctly analyzing static friction in real-world systems, from
simple pulley problems to complex machinery. Recognizing that static friction is a reactive, self-adjusting

force helps clarify why its magnitude varies and how it relates to the forces attempting to move the objects.

Remember: Always consider the actual forces acting on each object, their magnitudes, directions, and the

limits set by the coefficients of static friction to determine the static friction force accurately.
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