Calculate The Velocity Of An Object
Moved Around A Circle With A Radius Of
1.65m And An Acceleration

Calculate The Velocity Of An Object Moved Around A Circle With A Radius Of
1.65m And An Acceleration is a fundamental problem in physics that involves
understanding circular motion, acceleration, and velocity. Whether you're a
student preparing for exams, a physics enthusiast, or an engineer working on
rotational systems, grasping how to compute the velocity of an object moving
along a circular path is essential. This article provides a comprehensive
guide on calculating the velocity of such an object, considering the given
radius and acceleration, along with related concepts and formulas.

Understanding Circular Motion

Circular motion describes the movement of an object along a circular path.
This type of motion can be uniform, where the speed remains constant, or non-
uniform, where the speed varies. The key parameters involved in circular
motion include:

- Radius (r): The distance from the center of the circle to the moving
object.

- Velocity (v): The rate at which the object covers distance along the
circular path.

- Acceleration (a): The change in velocity, which, in circular motion, is
always directed toward the center (centripetal acceleration).

- Angular velocity (w): How quickly the object sweeps through angles around
the circle.

Understanding the relationships among these parameters helps in calculating
the velocity when the acceleration and radius are known.

Key Concepts in Circular Motion

1. Centripetal Acceleration

In uniform circular motion, the acceleration directed toward the center of
the circle is called centripetal acceleration. It can be calculated using the



formula:
\[ a_c = \frac{v"2}{r} \1]

where:

- \( a c\) is the centripetal acceleration,
- \( v \) is the tangential velocity,

- \( r\) is the radius of the circle.

Rearranging this formula allows us to find the velocity if the centripetal
acceleration is known:

\[ v = \sqrt{a c \times r} \]

2. Relationship Between Velocity and Acceleration

In non-uniform circular motion, the object experiences tangential
acceleration in addition to centripetal acceleration. The total acceleration
vector can be broken down into:

- Radial (centripetal) component: points toward the center.
- Tangential component: changes the magnitude of the velocity.

The total acceleration is related to how quickly the speed changes along the

circular path, and understanding this helps in calculating the velocity when
the total acceleration is given.

Calculating Velocity From Given Acceleration
and Radius

When tasked with calculating the velocity of an object moving around a circle
with a known radius and acceleration, the key is to determine whether the
given acceleration is centripetal or tangential.

Scenario 1: Given Centripetal Acceleration

If the problem states the centripetal acceleration is known, then calculating
the velocity is straightforward:

\[ v = \sqrt{a c \times r} \]

Example:



Suppose the centripetal acceleration is 2.7 m/s?, and the radius is 1.65
meters. Then:

\[ v \sqrt{2.7 \times 1.65} \]
\[ v = \sqrt{4.455} \]
\[ v \approx 2.11 \, \text{m/s} \]

This is the tangential velocity of the object.

Scenario 2: Given Total Acceleration

If the problem specifies the total acceleration (which includes tangential
and centripetal components), then additional information about the nature of
acceleration is needed to isolate the velocity.

- For purely centripetal acceleration:

\[ v = \sqgrt{a c \times r} \]

- For tangential acceleration \( a_t \), the total acceleration \( a \)
combines both components:

\[ a = \sqrt{a c*2 + a t°2} \1]

Suppose the total acceleration is known, and you want to find the velocity:

\[ a c = \frac{v"2}{r} \I
\[ a t = \text{given} \]
\[ a = \sgrt{\left(\frac{v*2}{r}\right)”2 + a t"2} \]

Rearranged to solve for \( v \):

\[ v = \sqrt{r \times \sqrt{a”2 - a t72}} \I

Step-by-Step Calculation Process

To accurately compute the velocity, follow these steps:

1. Identify the type of acceleration provided:
- Is it centripetal (radial) acceleration?
Is it total acceleration (including tangential)?

2. Use the appropriate formula:
For centripetal acceleration: \( v = \sqrt{a c \times r} \)
For total acceleration: decompose into components if necessary.



3. Plug in the known values:
Radius \( r = 1.65\, \text{m} \)
Acceleration \( a \) (given or calculated)

4. Calculate the velocity:
Perform the square root operation to find \( v \).

Additional Factors Influencing Velocity in
Circular Motion

While the basic formulas provide a solid foundation, real-world scenarios
involve other factors:

- Friction: Can affect the actual velocity, especially in practical
applications like cars turning on a track.

- Gravity: For objects moving on inclined circular paths, gravitational
acceleration components influence the motion.

- Energy conservation: In ideal systems without friction, kinetic energy
relates directly to the velocity.

Understanding these factors helps in refining calculations and making
predictions more accurate.

Practical Applications of Calculating Object
Velocity in Circular Motion

Knowing how to compute the velocity of an object moving in a circle with a
specified radius and acceleration has numerous practical applications:

- Engineering: Designing rotating machinery, turbines, and centrifuges.
- Astronomy: Calculating orbital velocities of planets and satellites.

- Transportation: Determining safe speeds for vehicles on curved roads.
- Amusement Parks: Designing safe roller coaster loops and rides.

Summary of Key Formulas

| Scenario | Formula | Description |



IR IR AR
| Centripetal acceleration | \( a c = \frac{v"2}{r} \) | Used when
centripetal acceleration is known |

| Velocity from centripetal acceleration | \( v = \sqrt{a c \times r} \) |
Calculates velocity given \( a c \) and \( r \) |

| Total acceleration | \( a = \sqrt{a ¢*2 + a t*2} \) | When both radial and
tangential accelerations are present |

Conclusion

Calculating the velocity of an object moving around a circle with a radius of
1.65 meters and an acceleration involves understanding the nature of the
acceleration—whether centripetal or total-and applying the appropriate
formula. When the centripetal acceleration is known, the velocity can be
directly calculated using \( v = \sqrt{a c \times r} \). This fundamental
concept has wide-ranging applications across physics, engineering, and
everyday life, making it a vital component of understanding rotational
dynamics.

By mastering these calculations, students and professionals can analyze
circular motion scenarios accurately, ensuring precise predictions and safe
designs. Remember to always consider the specific context of your
problem—whether dealing with uniform or non-uniform motion—and select the
formulas accordingly for best results.

Frequently Asked Questions

How do you calculate the velocity of an object
moving in a circle with a radius of 1.65 meters
given its acceleration?

You can use the formula v = sqrt(a r), where a is the centripetal
acceleration and r is the radius of the circle.

What is the formula relating centripetal
acceleration and velocity for circular motion?

The formula is a = v*2 / r, where a is acceleration, v is velocity, and r is
radius.



If an object experiences a centripetal acceleration
of 4 m/s? around a circle with a radius of 1.65
meters, what is its velocity?

Using v = sqrt(a r), v = sqrt(4 1.65) = 2.57 m/s.

How does increasing the acceleration affect the
velocity of an object moving in a circle?

Increasing the acceleration increases the velocity, since v = sqrt(a r);
higher acceleration results in higher velocity for a fixed radius.

What units should the acceleration and radius be in
when calculating velocity in circular motion?

Acceleration should be in meters per second squared (m/s?) and radius in
meters (m) to ensure the velocity is in meters per second (m/s).

Can you determine the acceleration if you know the
velocity and radius of an object moving in a circle?

Yes, using a = v? / r, where v is the velocity and r is the radius.

What real-world examples involve calculating the
velocity of objects moving around a circle with a
given radius and acceleration?

Examples include cars turning on a curved road, planets orbiting stars, and
amusement park rides like roller coasters.

How is the concept of centripetal acceleration
related to the velocity of an object in circular
motion?

Centripetal acceleration is directly related to velocity through the formula
a =v?2 / r, indicating that higher velocity results in greater acceleration
toward the center of the circle.

If the acceleration is constant, how does the
velocity change as the object moves around the
circle?

If only acceleration is constant, then velocity increases with time according
to v =voe +at, but in uniform circular motion, the velocity remains



constant in magnitude; centripetal acceleration always points toward the
center, not changing speed.

Additional Resources

Calculate The Velocity Of An Object Moved Around A Circle With A Radius Of
1.65m And An Acceleration is a fundamental problem in physics that combines
concepts of circular motion, velocity, and acceleration. Understanding how to
determine the velocity of an object moving along a circular path is essential
in various fields, including engineering, physics, and even everyday
scenarios such as driving on curved roads or amusement park rides. This guide
provides a comprehensive overview of the principles involved, step-by-step
calculations, and practical insights to help you master this topic.

Understanding Circular Motion and Its Key Parameters

Before diving into calculations, it’s crucial to understand the core concepts
related to circular motion.

What Is Circular Motion?

Circular motion occurs when an object moves along the circumference of a
circle. This movement is characterized by a continuous change in direction,
which results in acceleration even if the speed remains constant.

Key Parameters in Circular Motion

- Radius (r): The distance from the center of the circle to the moving
object. In this case, r = 1.65 meters.

- Velocity (v): The speed at which the object moves along the circle.

- Angular Velocity (w): The rate at which the object sweeps through an angle,
measured in radians per second.

- Centripetal Acceleration (an): The acceleration directed toward the center
of the circle, keeping the object in circular motion.

- Tangential Acceleration (at): The acceleration along the tangent to the
circle, changing the magnitude of the velocity if present.

Fundamental Relationships in Circular Motion

Understanding the relationships between these parameters is critical for
calculations.

Velocity and Angular Velocity

The linear velocity (v) of an object moving in a circle is related to its
angular velocity (w) by:



\[ v = r \times w \]
Centripetal Acceleration

The acceleration directed towards the center of the circle (centripetal
acceleration) can be calculated as:

\[ a_c = \frac{v"2}{r} \I
or equivalently,

\[ a c = r \times w"2 \]
Total Acceleration

If an object experiences both centripetal acceleration and tangential
acceleration, the total acceleration (a) can be found using vector addition:

\[ a = \sqrt{a c*2 + a t"2} \1

Calculating Velocity From Given Acceleration

The core challenge in this problem is to determine the velocity of an object
moving around a circle with a known radius and a specified acceleration. The
nature of the acceleration—whether centripetal, tangential, or
resultant—dictates the calculation approach.

Scenario 1: Known Centripetal Acceleration

If the provided acceleration is the centripetal acceleration, then:

\[ v = \sqgrt{a c \times r} \]

Example:

Suppose the object has a centripetal acceleration of 2 m/s?2.

Calculate the velocity:

\[ v = \sqrt{2 \times 1.65} \]
\[ v = \sqrt{3.3} \]
\[ v \approx 1.82\, \text{m/s} \I

Scenario 2: Known Total Acceleration (Including Tangential Components)

If the total acceleration (a) includes both centripetal and tangential
components, and the value of a is provided, then:

\[ v = \sqrt{a c \times r} \]



where,

\[ a_c = \sqrt{a™2 - a t"2} \]

This requires knowledge of both components.

Example:

Suppose the total acceleration is 3 m/s?, and the tangential acceleration is
1 m/s2.

Calculate the centripetal acceleration:

\[ a c = \sqrt{372 - 172} = \sqrt{9 - 1} = \sqrt{8} \approx 2.83\,
\text{m/s}"2 \]

Then, velocity:

\[ v = \sqrt{a c \times r} = \sqrt{2.83 \times 1.65} \approx \sqrt{4.67}
\approx 2.16\, \text{m/s} \]

Step-by-Step Guide to Calculating Velocity

=

. Identify the given parameters:
Radius of the circle (r = 1.65 m)
Acceleration (either centripetal, tangential, or total)

. Determine the type of acceleration provided:

Is it centripetal (directed inward)?

Is it tangential (along the direction of motion)?
Is it the resultant acceleration?

. Use the appropriate formula:
For centripetal acceleration: \( v = \sqrt{a c \times r} \)
For total acceleration with known components: first find \( a c \), then

find \( v \)

. Perform the calculation:
Plug in the known values.
Compute the square root to find the velocity.

. Verify units and reasonableness:
Ensure acceleration and radius are in SI units.
Check if the resulting velocity makes sense with physical intuition.

Practical Examples and Applications



Example 1: Car Turning on a Curved Road

A car is turning along a curve with a radius of 1.65 meters. If the
centripetal acceleration required for the turn is 2 m/s?, what is the car’s
velocity?

Calculation:

\[ v = \sqrt{2 \times 1.65} \approx 1.82\, \text{m/s} \]

This velocity indicates how fast the car must go to maintain that
acceleration without skidding.

Example 2: Roller Coaster Loop

A roller coaster moves through a loop of radius 1.65 meters, experiencing a
total acceleration of 3 m/s?, with a tangential component of 1 m/s2?. Find the
velocity at this point.

Calculation:

- Find centripetal acceleration:

\[ a c = \sqrt{372 - 172} = \sqrt{8} \approx 2.83\, \text{m/s}"2 \]

- Find velocity:

\[ v = \sqrt{2.83 \times 1.65} \approx 2.16\, \text{m/s} \]

Additional Considerations

Effect of Angular Velocity

Knowing the velocity allows calculation of angular velocity:

\[ w = \frac{v}{r} \]

Using the previous example:

\[ w = \frac{1.82}{1.65} \approx 1.10\, \text{rad/sec} \]

Acceleration Limits and Safety

In real-world applications, understanding the maximum permissible velocity
for a given acceleration is vital for safety, especially in vehicle dynamics

and amusement rides.

Relation to Kinetic Energy



The kinetic energy of the object:
\[ KE = \frac{1}{2} m v*2 \]

Knowing the velocity helps in energy calculations, which are essential in
engineering design.

Summary and Final Tips

- Always clarify what type of acceleration is given and what you need to
find.

- Use the fundamental relationships between velocity, acceleration, and
radius.

- Remember that for circular motion:

\[ v = \sqrt{a c \times r} \]

- For combined accelerations, break down into components before calculating
velocity.
- Double-check units and reasonableness of your results.

Conclusion

Calculating the velocity of an object moving around a circle with a radius of
1.65 meters and specified acceleration involves understanding the core
principles of circular motion and applying the correct formulas based on the
given data. Whether dealing with centripetal acceleration, tangential
acceleration, or total acceleration, the key is to interpret the problem
correctly and methodically perform the calculations. Mastery of these
concepts not only enhances your understanding of physics but also equips you
with practical tools applicable across many scientific and engineering
disciplines.
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