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In the fascinating world of physics, understanding the principles of balance and torque is essential for
grasping how objects maintain equilibrium. A compelling illustration of these principles involves a
meter stick that balances horizontally on a knife-edge at its midpoint, the 50.0 cm mark, with two
identical coins stacked atop each other placed at a specific point along its length. This scenario
provides a rich context for exploring concepts such as the center of mass, moments of force, and the
conditions required for static equilibrium. Whether you're a student preparing for exams, an educator
designing engaging demonstrations, or a curious enthusiast keen to deepen your understanding of
physics, analyzing this setup offers valuable insights into fundamental mechanical principles.

---

Understanding the Setup: The Meter Stick and the Coins

Before diving into the calculations and physics concepts, let's visualize the setup:

- Meter Stick: A uniform, rigid rod measuring 100 cm in length, with its center at the 50.0 cm mark.
- Balancing Point: The stick balances on a knife-edge positioned precisely at the 50.0 cm mark, its
center of mass.
- Coins: Two identical coins, each weighing 5.00 grams, stacked on top of each other, are placed at a
certain point along the stick.

This arrangement prompts questions such as:

- Where should the coins be placed to maintain balance?
- How does the addition of the coins affect the center of mass?
- What are the conditions necessary for the stick to remain balanced?

---

Fundamental Physics Principles Involved

1. Torque and Moments of Force

Torque (\(\tau\)) is the rotational equivalent of force. It depends on:

- The magnitude of the force applied (\(F\))
- The perpendicular distance from the pivot point to the line of action of the force (\(r\))

Mathematically:

\[



\tau = F \times r
\]

In static equilibrium, the sum of torques about any point must be zero:

\[
\sum \tau = 0
\]

2. Center of Mass

The center of mass of an object is the point where the mass can be considered to be concentrated for
translational motion. For a uniform meter stick:

- The center of mass is at the 50.0 cm mark.
- When additional masses are added, the new combined center of mass shifts toward the added
masses.

3. Conditions for Equilibrium

A body remains in equilibrium when:

- The net force acting on it is zero.
- The net torque about any point is zero.

---

Calculating the Effect of the Two 5.00 G Coins on the Balance

Step 1: Convert Masses to Newtons

Since the coins are very light (5.00 grams each), their weight in Newtons can be calculated as:

\[
W = m \times g
\]

where:

- \(m = 5.00\, \text{g} = 0.005\, \text{kg}\)
- \(g \approx 9.81\, \text{m/s}^2\)

Thus:

\[
W = 0.005\, \text{kg} \times 9.81\, \text{m/s}^2 \approx 0.04905\, \text{N}
\]

The total weight of the two coins stacked:

\[



W_{total} = 2 \times 0.04905\, \text{N} \approx 0.0981\, \text{N}
\]

Step 2: Determine the Position of the Coins

Suppose the coins are placed at a distance \(d\) centimeters from the 50.0 cm mark. The goal is to
find \(d\) such that the meter stick remains balanced.

Step 3: Calculating the Shift in Center of Mass

The center of mass of the entire system (meter stick + coins) shifts depending on the position of the
coins.

- The mass of the meter stick is typically assumed uniform, with total mass \(m_{stick}\).
- For simplicity, assume the meter stick's mass is \(m_{stick}\).

The combined center of mass position \(x_{cm}\) (relative to the 0 cm mark) is given by:

\[
x_{cm} = \frac{m_{stick} \times 50\, \text{cm} + m_{coins} \times d}{m_{stick} + m_{coins}}
\]

Where:

- \(m_{stick}\) is the mass of the meter stick (e.g., 100 g or 0.1 kg for typical plastic meter sticks)
- \(m_{coins} = 2 \times 5.00\, \text{g} = 10\, \text{g} = 0.01\, \text{kg}\)

Assuming the meter stick weighs 100 g:

\[
x_{cm} = \frac{0.1\, \text{kg} \times 50\, \text{cm} + 0.01\, \text{kg} \times d}{0.11\, \text{kg}}
\]

The equilibrium condition is that the combined center of mass aligns with the pivot point at 50.0 cm:

\[
x_{cm} = 50\, \text{cm}
\]

So:

\[
50 = \frac{0.1 \times 50 + 0.01 \times d}{0.11}
\]

Calculating numerator:

\[
0.1 \times 50 = 5
\]



Thus:

\[
50 \times 0.11 = 5 + 0.01 \times d
\]

\[
5.5 = 5 + 0.01 \times d
\]

Subtract 5:

\[
0.5 = 0.01 \times d
\]

Solve for \(d\):

\[
d = \frac{0.5}{0.01} = 50\, \text{cm}
\]

Result: To keep the meter stick balanced on the knife-edge at 50.0 cm, the two stacked coins should
be placed at the 100.0 cm mark (the far end of the meter stick).

---

Practical Implications and Real-World Applications

1. Designing Balance Scales

This principle underpins the design of balance scales and weighing machines. Knowing how adding
small masses at specific points shifts the center of mass allows precise measurements.

2. Mechanical Equilibrium in Engineering

Engineers utilize torque calculations to ensure stability in structures, bridges, and machinery.
Understanding how weights and their positions affect balance is crucial for safety and functionality.

3. Educational Demonstrations

Physics educators frequently use meter sticks, coins, and knife-edges to demonstrate concepts like
torque, center of mass, and equilibrium in classroom experiments.

---

Factors Affecting Balance Beyond Theoretical Calculations

While calculations provide ideal conditions, real-world factors can influence actual balance:

- Friction at the pivot: Even minimal friction can affect the balance point.



- Stick imperfections: Slight weight variations along the stick's length.
- Placement accuracy: Precise positioning of coins is necessary for accurate balance.

Understanding these factors is essential for experimental physics and practical applications.

---

Summary of Key Points

- The balance of a meter stick on a knife-edge depends on the distribution of mass and the position of
added weights.
- Two 5.00 g coins, when stacked, total approximately 0.0981 N in weight.
- To maintain equilibrium with the coins stacked, they should be positioned at the 100.0 cm mark—at
the far end of the meter stick—assuming the stick weighs 100 g.
- The combined center of mass shifts toward the added masses, and precise calculation ensures the
stick remains balanced at the 50.0 cm pivot point.
- This scenario exemplifies fundamental physics principles like torque, center of mass, and static
equilibrium, with broad applications in engineering, measurement, and education.

---

Final Thoughts

Understanding how small masses influence the balance of objects provides insight into the delicate
interplay of forces and moments that govern everyday physical phenomena. Whether balancing a
simple meter stick or designing complex mechanical systems, mastering these principles is essential
for innovation, safety, and scientific exploration. The example of the meter stick balancing on a knife-
edge with stacked coins is a classic illustration that encapsulates these concepts beautifully,
demonstrating the elegance and practicality of physics in everyday life.

Frequently Asked Questions

Why does the meter stick balance horizontally at the 50.0 cm
mark when two 5.00 g coins are stacked at the 70.0 cm mark?
The meter stick balances because the combined weight of the coins creates a torque that counteracts
the torque due to the stick's own weight. The balance point occurs when the moments about the pivot
are equal, indicating equilibrium.

How does stacking two 5.00 g coins at the 70.0 cm mark
affect the balance point of the meter stick?
Stacking the coins adds weight at a specific position, shifting the center of mass and the torque
balance point so that the stick remains balanced at the 50.0 cm mark, assuming the original balance
point was at or near the center.



What is the significance of the 50.0 cm mark in balancing the
meter stick with the coins?
The 50.0 cm mark is the pivot point or fulcrum where the meter stick balances horizontally; it
represents the point where the torques from weights on either side are equal when properly
balanced.

If the two coins are removed, will the meter stick still balance
at the 50.0 cm mark?
Likely not, because removing the coins alters the torque distribution. The stick may then balance at a
different point or not at all, depending on how the weight is redistributed.

How can you calculate the change in torque caused by
stacking the two 5.00 g coins at the 70.0 cm mark?
The torque change can be calculated using τ = r × F, where r is the distance from the pivot (50.0 cm)
to the coin (20.0 cm), and F is the weight of the coins (2 × 5.00 g × 9.8 m/s²).

What assumptions are made in analyzing the balance of the
meter stick with the coins?
Assumptions include that the meter stick is uniform and weightless, the coins are point masses, and
the system is in static equilibrium with no external forces or friction affecting the balance.

How does the distribution of mass along the meter stick
influence its balance point when coins are added?
Adding mass at specific points shifts the overall center of mass, affecting where the stick balances.
The balance point depends on the combined weight distribution of the stick and the added masses.

Can the meter stick be balanced at the 50.0 cm mark if the
two coins are placed elsewhere? Why or why not?
Yes, if the coins are placed at different positions, the balance point will shift accordingly. The stick
balances where the total torques from all weights about the pivot are equal; thus, placement directly
influences the balance point.

What practical applications can be derived from
understanding the balance of a meter stick with added
weights?
This concept is fundamental in mechanics, used in designing balancing scales, calibrating
instruments, understanding moments in structures, and teaching principles of torque and equilibrium
in physics education.



Additional Resources
Analyzing the Equilibrium of a Meter Stick Balancing on a Knife-Edge with Two Stacked
Coins

The seemingly simple act of balancing a meter stick on a knife-edge becomes a profound exploration
into the principles of physics, specifically the concepts of torque, center of mass, and equilibrium.
When two small coins, each with a mass of 5.00 grams, are stacked on a meter stick that balances
horizontally at the 50.0 cm mark, the interplay of forces and moments offers rich insights into
concepts fundamental to mechanics. This article aims to dissect this scenario comprehensively,
providing an in-depth analysis suitable for students, educators, and physics enthusiasts alike. We will
explore the conditions necessary for equilibrium, the influence of added masses, and the underlying
physics principles that govern such a delicate balance.

Setting the Scene: The Experimental Setup

To appreciate the physics at play, let's first visualize the setup:

- The Meter Stick: A uniform, rigid rod 100 cm in length, typically made of plastic or wood, with
negligible mass distribution variation along its length. Its center of mass for an ideal uniform stick is
at the 50.0 cm mark.

- The Support Point: The meter stick is balanced horizontally on a knife-edge or fulcrum positioned
precisely at the 50.0 cm mark. This point acts as the pivot, and the stick remains in equilibrium when
the net torque about this point is zero.

- The Small Coins: Two identical coins, each with a mass of 5.00 grams (or 0.005 kg), are stacked
directly on top of each other at a specific position along the stick. Their combined mass is 10.00
grams (0.010 kg). For the purposes of the analysis, assume that the coins are placed at a certain
distance from the fulcrum, which significantly influences the balance.

This configuration raises a natural question: Where must the coins be placed for the stick to remain
balanced? Alternatively, if the coins are stacked and placed at a known position, what does this tell us
about the distribution of mass and the resulting torque? To answer these questions, we need to
analyze the principles of torque and equilibrium.

Fundamental Concepts in Play

Before delving into calculations, it's essential to clarify the core physics concepts involved:

1. Torque and Moment of Force

- Definition: Torque (\(\tau\)) is the rotational equivalent of force, defined as the product of a force and
the perpendicular distance from the pivot point to the line of action of the force.



\[
\tau = r \times F
\]

where:
- \(r\) is the lever arm (distance from the pivot),
- \(F\) is the applied force (here, weight due to gravity).

- Direction: Torque causes rotation in a specific direction, and in static equilibrium, the sum of torques
about any pivot point must be zero.

2. Conditions for Equilibrium

- Translational Equilibrium: The net force on the object is zero; the sum of upward forces equals
downward forces.

- Rotational Equilibrium: The sum of all torques about any point is zero:

\[
\sum \tau = 0
\]

This ensures the object remains balanced without rotation.

3. Center of Mass and Stability

- The overall center of mass of the combined system (meter stick plus coins) determines the balance
point. For a uniform stick, the center of mass is at its midpoint; adding masses shifts this point toward
the added masses.

Analyzing the Balance: Conditions for Equilibrium

To understand how the system remains balanced, consider the following:

- The fulcrum is at the 50.0 cm mark.
- The meter stick's center of mass is initially at 50.0 cm.
- The coins' position along the stick affects the combined center of mass.

Scenario 1: The coins are placed directly at the 50.0 cm mark, stacked on top of each other.

- Since their combined mass is small (10 grams), and they are located precisely at the fulcrum, their
weight acts directly downward at the pivot point.
- The weight of the coins produces no torque about the fulcrum because the lever arm is zero.
- The meter stick remains balanced primarily because its own center of mass is at the pivot, and the
additional small mass at the pivot doesn't create torque.



Scenario 2: The coins are placed at a certain distance away from the fulcrum, either to the left or
right.

- The combined weight of the coins acts downward at their position, producing a torque:

\[
\tau_{coins} = r_{coins} \times F_{coins}
\]

- To maintain equilibrium, the torque produced by the weight of the stick on either side of the fulcrum
must balance this torque.

- Since the stick is uniform, the weight acts at its center of mass, which for the stick alone is at 50.0
cm.

- The net torque about the fulcrum is:

\[
\tau_{net} = ( \text{torque due to the stick's weight} ) + ( \text{torque due to coins} )
\]

- For the system to be in equilibrium:

\[
\sum \tau = 0
\]

- This leads to the calculation of the position where the coins must be placed to balance the system.

Calculating the Position of the Coins for Balance

Suppose the coins are stacked at a position \(x\) cm along the stick from the 0 cm end. The goal is to
find the position \(x\) where the combined system remains balanced.

Step 1: Determine the total weight of the system.

- Weight of the stick: \(W_{stick} = m_{stick} \times g\).
Assuming the stick has a mass \(m_{stick}\). For simplicity, if the mass of the stick is not specified,
the analysis can proceed with symbolic expressions or typical values.

- Weight of the coins: \(W_{coins} = 0.010\,kg \times g\).
Since \(g \approx 9.8\,m/s^2\):

\[
W_{coins} \approx 0.098\,N
\]

Step 2: Find the combined center of mass (\(x_{cm}\)) of the system.

- For a uniform stick with mass \(m_{stick}\):



\[
x_{cm, stick} = 50\,cm
\]

- The total mass:

\[
M_{total} = m_{stick} + 0.010\,kg
\]

- The combined center of mass:

\[
x_{cm} = \frac{m_{stick} \times 50\,cm + 0.010\,kg \times x}{m_{stick} + 0.010\,kg}
\]

- To keep the stick balanced, the overall center of mass must be at the fulcrum (50.0 cm), meaning:

\[
x_{cm} = 50\,cm
\]

- Setting this equal to the expression:

\[
50 = \frac{m_{stick} \times 50 + 0.010 \times x}{m_{stick} + 0.010}
\]

- Solving for \(x\):

\[
(m_{stick} + 0.010) \times 50 = m_{stick} \times 50 + 0.010 \times x
\]

\[
m_{stick} \times 50 + 0.010 \times 50 = m_{stick} \times 50 + 0.010 \times x
\]

\[
0.010 \times 50 = 0.010 \times x
\]

\[
0.5 = 0.010 \times x
\]

\[
x = \frac{0.5}{0.010} = 50\,cm
\]

This calculation suggests that, for the combined center of mass to remain at the 50 cm mark, the



coins must be placed at the 50 cm position, exactly at the fulcrum. If they are placed elsewhere, the
combined center of mass shifts, creating a torque imbalance.

Implications:

- If the coins are stacked at the 50 cm mark: The system remains balanced, as their weight acts
directly over the fulcrum, producing no torque.

- If the coins are placed elsewhere: The balance depends on the position:

- To the left of the fulcrum, the coins produce a counterclockwise torque.
- To the right, they produce a clockwise torque.
- The balance can be restored if the weight distribution of the stick or additional weights are adjusted
accordingly.

Understanding the Effect of the Coins’ Placement

The placement of the stacked coins influences the torque balance significantly. Since torque is the
product of force and lever arm, small displacements away from the fulcrum can generate torques
large enough to tip the meter stick unless counteracted.

Example:

- Suppose the coins are placed at 60 cm (10 cm to the right of the fulcrum).
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