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Understanding the behavior of raindrops as they fall from the sky involves
exploring fundamental principles of physics, particularly fluid dynamics and
forces acting on particles in motion. The statement about the terminal
velocity of a small raindrop provides a starting point for analyzing how
objects move through a fluid medium like air. In this article, we will
examine how to determine the drag coefficient, analyze the forces involved,
and understand the significance of the terminal velocity for a raindrop with
a given size. We will also explore related concepts such as drag force,
acceleration, and the physics governing rainfall.

Understanding Terminal Velocity and Its
Significance

What Is Terminal Velocity?

Terminal velocity is the maximum velocity an object reaches when falling
through a fluid, such as air, where the downward gravitational force 1is
balanced by the upward drag force. At this point, the net acceleration
becomes zero, and the object continues to fall at a constant speed.

Key points about terminal velocity:

- It depends on the object’s mass, shape, and size.

- It depends on properties of the fluid, such as density and viscosity.
- It is crucial in meteorology, aviation, and physics for understanding
object behavior in fluids.

Why Does Raindrop Terminal Velocity Matter?
The terminal velocity of raindrops influences:
- The size distribution of falling rain.

- The impact energy of raindrops, affecting soil erosion and plant damage.
- The time it takes for rain to reach the ground, influencing weather



patterns and forecasting.

Given Data and Physical Assumptions

Let's analyze the provided data point:

- Terminal velocity (vt 9 meters per second
- Drag force model: Fd Bv, where B is a proportionality constant (drag
coefficient)

- Raindrop radius (r): 3 x 10-5 meters
)

The goal:

- To determine the value of B (the drag coefficient) based on these
parameters.

- To explore the physical implications of the model.

- To understand the forces at play during the raindrop’s fall.

Analyzing the Forces Acting on the Raindrop

When a raindrop falls, two main forces act upon it:

1. Gravitational Force (Weight):
\ [

F g =mg
\1
where:

- \(m\)
- \(g\)

mass of the raindrop
acceleration due to gravity (\(9.81\, \text{m/s}"2\))

2. Drag Force (Air Resistance):

\ [

F d = Bv

\1]

as per the assumption, where:

- \(B\) = drag coefficient

- \(v\) velocity of the raindrop

At terminal velocity (\(v_t\)), these forces balance:

\[
mg = Bv t



\]

This fundamental relation allows us to find the drag coefficient \(B\).

Calculating the Mass of the Raindrop

To determine \(B\), we need the mass \(m\) of the raindrop. Assuming the
raindrop is spherical:

\ [

m = \rho {water} \times V

\1

where:

- \(\rho {water} \approx 1000\, \text{kg/m}"3\)
- \(V\) is the volume of the sphere:

\ [

V = \frac{4}{3} \pi r"3

\1

Calculating:

\ [

V = \frac{4}{3} \pi (3 \times 10"{-5})"3
\1]

\ [

V \approx \frac{4}{3} \pi \times 27 \times 10"{-15} = 36 \pi \times 10"{-15}
\approx 113.1 \times 107{-15} \text{ m}"3
\1

\ [
V \approx 1.131 \times 10"{-13}\, \text{m}"3
\1]

Now, the mass:

\ [
m = 1000 \times 1.131 \times 107{-13} = 1.131 \times 107{-10}\, \text{kg}
\1



Determining the Drag Coefficient B

Using the balance of forces at terminal velocity:

\ [
mg = Bv t
\1]

Rearranged:

\ [
B = \frac{mg}{v t}
\1]

Plugging in the values:

\ [
B = \frac{1.131 \times 107~{-10} \times 9.81}{9}

\]

\ [
B \approx \frac{l.11 \times 107{-9}}{9} \approx 1.23 \times 107{-10}\,

\text{kg/s}
\1]

Result:

\ [
\boxed{
B \approx 1.23 \times 107{-10}\, \text{kg/s}

}
\]

This value characterizes how air resists the raindrop’s fall.

Implications and Applications of the Drag
Coefficient

Understanding Raindrop Dynamics
The calculated \(B\) gives insight into:

- How different sizes of raindrops experience varying terminal velocities.
- The influence of air density and viscosity on rainfall behavior.



- How the shape and surface texture of raindrops modify the drag coefficient.

Real-World Applications

This analysis is essential in various fields:

- Meteorology: Predicting rainfall patterns and drop size distributions.
- Aviation safety: Understanding how particles, including rain, affect
aircraft.

- Environmental science: Modeling soil erosion caused by raindrop impact
energy.

- Engineering: Designing devices or sensors that interact with falling
particles.

Factors Affecting Raindrop Terminal Velocity

Understanding that the model Fd = Bv simplifies the complex reality of fluid
flow around falling particles, it’s important to recognize key factors
influencing terminal velocity:

1. Drop Size and Shape:
Larger drops tend to reach higher terminal velocities.
Deviations from spherical shape influence drag.

2. Air Properties:
Density and viscosity vary with altitude and temperature.
Higher air density increases drag, reducing terminal velocity.

3. Velocity-Dependent Drag:
At higher velocities, drag often depends on \(v"2\) rather than \(v\).
The linear model applies best for small velocities and small particles.

Summary and Conclusion

In this comprehensive analysis, we started with the given data point: the
terminal velocity of a tiny raindrop is approximately 9 m/s. Assuming a
linear drag model \(F d = Bv\), we computed the drag coefficient \(B\) to be
approximately \(1.23 \times 107{-10}\, \text{kg/s}\). This calculation
involved estimating the mass based on the raindrop’s radius and water
density, then balancing gravitational and drag forces at terminal velocity.

Understanding this dynamic provides valuable insights into rainfall physics,



environmental modeling, and fluid mechanics. The simplified linear drag model
offers an accessible way to analyze small particles, although real-world
scenarios often involve more complex, quadratic drag considerations,
especially at higher velocities or larger particles.

Key takeaways:

- The terminal velocity of small raindrops is crucial for understanding
rainfall characteristics.

- The drag coefficient \(B\) quantifies how air resistance opposes falling
objects in a linear model.

- Real-world applications span meteorology, environmental science, and
engineering.

By grasping these principles, scientists and engineers can better predict
weather patterns, design weather-resistant structures, and develop models of
atmospheric phenomena.

Related Topics for Further Reading:

- Fluid dynamics and drag force models

- Raindrop formation and growth

- Effects of air viscosity and density on particle motion

- Advanced drag models: quadratic and turbulent regimes

- Impact of raindrop size distribution on weather forecasting
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Frequently Asked Questions

What is the significance of terminal velocity for a
raindrop, and how is it determined?

Terminal velocity is the constant speed reached by a falling object when the
downward gravitational force balances the upward drag force. For a raindrop,
it is determined by equating gravitational force and drag force, often using
the relation Fd = Bv, where B is the drag coefficient and v is the velocity.



Given the terminal velocity of a 3x10”-5 m raindrop
is about 9 m/s, how can we find the drag coefficient
B?

Using the balance of forces at terminal velocity: mg = Bv. Rearranged, B = mg

/ v. By calculating the weight (mg) with the raindrop's mass and dividing by
the terminal velocity, B can be determined.

How do we calculate the mass of a raindrop with
radius 3x10”°-5 m?

The mass m is found using the volume of the sphere: m = pV = p(4/3)nr"3,
where p is the density of water (~1000 kg/m”3). Substituting r = 3x107-5 m
yields the mass.

What assumptions are made when modeling the drag
force as Fd = Bv for a raindrop?

The model assumes laminar flow with a linear drag force proportional to
velocity, which is valid at low Reynolds numbers. It also presumes the drag
coefficient B remains constant during the fall and neglects effects like
turbulence or shape irregularities.

How does the size of the raindrop affect its
terminal velocity and drag force?

Larger raindrops have greater mass, increasing gravitational force, which
tends to increase terminal velocity. However, larger size also increases
drag, and the interplay determines the final terminal velocity. Generally,
bigger drops fall faster until reaching equilibrium.

If the drag force is given by Fd = Bv, how can we
verify if the raindrop has reached terminal
velocity?

The raindrop reaches terminal velocity when the net acceleration is zero,
meaning the gravitational force equals the drag force (mg = Bv). Observing
constant speed over time confirms terminal velocity has been achieved.

What is the typical range of terminal velocities for
raindrops of various sizes, and how does 9 m/s
compare?

Terminal velocities for raindrops typically range from about 2 m/s for small
drops (~0.1 mm) to 9-10 m/s for larger drops (~4 mm). A terminal velocity of
9 m/s corresponds to a relatively large raindrop, consistent with common



observations.

Additional Resources

The terminal velocity of a 3 x 10-5 m raindrop is about 9 m/s. Assuming a
drag force Fd = Bv, determine

Introduction

Understanding the dynamics of raindrops as they fall through the atmosphere
is a fascinating intersection of physics and meteorology. The specific case
of a tiny raindrop with a radius of approximately 3 x 10-5 meters offers
insight into how particles behave under gravitational and aerodynamic forces.
The question posed involves calculating the terminal velocity of this
droplet, given a particular drag force model, and understanding the
underlying physics that govern such motion. This article delves into the
concepts of terminal velocity, the forces acting on falling objects, and the
mathematical approach to solving for the velocity, culminating in a detailed
analysis of the problem statement.

1. Fundamentals of Raindrop Motion
1.1. Forces Acting on a Falling Raindrop

When a raindrop falls through the atmosphere, it is subjected to multiple
forces:

- Gravitational Force (Weight):

\( F_g =mg \)

where:

- \( m\) is the mass of the raindrop

- \( g \) is the acceleration due to gravity (~9.81 m/s2)

- Drag Force (Air Resistance):
Opposes the motion of the raindrop
\( F.d\)

The interplay between these two forces determines the acceleration and
eventual steady-state velocity called the terminal velocity.

1.2. Concept of Terminal Velocity

As the raindrop accelerates, the drag force increases until it equals the
weight of the droplet. At this point, the net force becomes zero, and the
droplet continues to fall at a constant velocity, known as the terminal
velocity \( v_t \).



Mathematically:
\[ F.g =F.d\]

Understanding the nature of the drag force is crucial for calculating \( v_t

\). Traditionally, for small particles and low velocities, drag can be
modeled as proportional to velocity, leading to a simplified linear model.

2. Modeling Drag Force: Fd = Bv

2.1. Justification for Linear Drag Model

In fluid dynamics, the drag force experienced by an object moving through a
fluid depends on several factors, including the shape of the object, the flow
regime, and velocity. For small particles or low velocities, the flow is
laminar, and Stokes' law applies:

\[ F.d =26 \pi\eta r v \]

where:

- \( \eta \) is the dynamic viscosity of air

- \( r\) is the radius of the droplet

- \( v \) is the velocity

However, in the problem statement, the drag force is assumed to be
proportional to velocity:

\[ F.d =B v\]

This linear model simplifies the analysis and is valid under certain flow
conditions (e.g., laminar flow with small Reynolds number).

2.2. The Proportionality Constant B

The constant \( B \) encapsulates the fluid's viscosity, the shape of the
object, and other factors influencing drag:

\[ B = \text{drag coefficient} \times \text{some characteristic length} \]

Depending on the context, \( B \) can be determined experimentally or derived
from fluid properties.

3. Mathematical Formulation
3.1. Forces at Terminal Velocity

At terminal velocity \( v_t \):



\[ \text{Net force} = 0 \]

\[ mg =B v t\]

which leads to:

\[ v t = \frac{mg}{B} \]

Thus, if the mass \( m \), gravitational acceleration \( g \), and the drag
coefficient \( B \) are known, the terminal velocity can be directly
computed.

3.2. Expressing Mass in Terms of Volume and Density

The mass of the raindrop:

\[ m =\rho V \]

where:

- \( \rho \) is the density of water (~1000 kg/m3)

- \( V\) is the volume of the sphere:

\[ V = \frac{4}{3} \pi r™3 \]

Given the radius \( r = 3 \times 10™{-5} \) m:

\[ V = \frac{4}{3} \pi (3 \times 107{-5})"3 \]

Calculations:

\[ V = \frac{4}{3} \pi \times 27 \times 107{-15} \]
\[ V = \frac{4}{3} \pi \times 27 \times 10°{-15} \]
\[ V =36 \pi \times 107{-15} \]

\[ V \approx 113.097 \times 107{-15} \]

\[ V \approx 1.13 \times 107°{-13} \text{ m}"3 \]

Thus, the mass:

\[ m = 1000 \times 1.13 \times 10"{-13} = 1.13 \times 107{-10} \text{ kg} \]

4. Determining the Drag Coefficient B

4.1. Empirical or Theoretical Approaches

The value of \( B \) typically results from experimental data or detailed
fluid dynamic analysis. Since the question assumes \( F.d = B v \), the

problem provides or implies that this is an appropriate approximation.

4.2. Relation to Drag Force in Stokes' Law



For small, spherical droplets in laminar flow, Stokes' law applies:

\[ F.d =6 \pi \eta r v \]

In this case, \( B \) is:

\[ B =6 \pi \eta r \]

Given the dynamic viscosity of air at room temperature (~1.8 x 10-5 Pa-s):
\[ B =06 \pi \times 1.8 \times 10"~{-5} \times 3 \times 107{-5} \]
Calculations:

\[ B \approx 6 \times 3.1416 \times 1.8 \times 10"~{-5} \times 3 \times
107{-5} \]

\[ B \approx 6 \times 3.1416 \times 1.8 \times 3 \times 107{-10} \]
\[ B \approx 6 \times 3.1416 \times 5.4 \times 107{-10} \]

\[ B \approx 6 \times 16.9646 \times 10"{-10} \]

\[ B \approx 101.7876 \times 107{-10} \]

\[ B \approx 1.02 \times 107{-8} \text{ kg/s} \]

This value is consistent with typical drag coefficients for small droplets.

5. Calculating Terminal Velocity

Given:

\[ v_t = \frac{mg}{B} \]

Plugging in the known values:

\[ v.t = \frac{1.13 \times 107{-10} \times 9.81}{1.02 \times 10"{-8}} \I]
Calculations:

\[ v_t \approx \frac{l.11l \times 107{-9}}{1.02 \times 10°{-8}} \]

\[ v t \approx 0.109 \text{ m/s} \]

This estimate (~0.11 m/s) is significantly lower than the 9 m/s specified in
the problem statement, indicating that either the actual drag coefficient \(

B \) is different or that the linear model is an approximation.
Alternatively, the problem might be designed to show that with certain



parameters, the terminal velocity is about 9 m/s, suggesting that the
effective \( B \) is smaller.

6. Reconciling with the Given Data

The problem states that the terminal velocity is about 9 m/s. To verify this,
reverse-engineer \( B \):

\[ B \frac{mg}{v t} \]

\[ B

\frac{1.13 \times 10"{-10} \times 9.81}{9} \]

\[ B \approx \frac{l.11 \times 10~{-9}}{9} \I

\[ B \approx 1.23 \times 107{-10} \text{ kg/s} \]

This value is much smaller than the earlier estimate based on Stokes' law,
which suggests that the actual drag force experienced by the droplet may be

less than predicted by laminar flow assumptions, possibly due to flow
transitions or other aerodynamic effects at higher velocities.

7. Significance of the Result
7.1. Practical Implications

Understanding the terminal velocity of raindrops is crucial for meteorology,
climatology, and environmental engineering. It influences:

- Rainfall rate measurements
- Cloud microphysics modeling
- Design of precipitation collection systems

The approximate 9 m/s terminal velocity indicates that small raindrops fall
relatively slowly, giving clouds and atmospheric processes enough time to
influence their size and distribution.

7.2. Broader Context

The behavior of tiny droplets also affects phenomena like:

- Cloud formation

- Droplet coalescence
- Atmos
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