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Introduction

Skydiving is an exhilarating adventure that combines the thrill of free fall with the beauty of aerial
views. When a skydiver jumps out of a plane from a certain height, their descent can be analyzed
using various scientific principles, including physics, mathematics, and aerodynamics. The graph
illustrating the skydiver’s height (H) in meters over time provides valuable insights into the dynamics
of their fall. This article explores the stages of a skydive, the significance of the height-time graph,
and the scientific principles involved.

Understanding the Height-Time Graph

What the Graph Represents

The graph below depicts the skydiver’s height (H) in meters as a function of time (t). Typically, such a
graph is characterized by the following features:

- Initial Height: The starting point where the skydiver steps out of the plane.

- Descent Phases: The different stages of fall, including free fall and parachute deployment.

- Time Intervals: The duration of each phase, which can be analyzed to understand the acceleration
and deceleration during the fall.

Interpreting Key Features

- Steep Decline: Represents the period of free fall where the skydiver accelerates downward.

- Plateaus: Indicate moments where the velocity stabilizes, such as during parachute opening.

- Final Approach: The last segment where the descent slows down significantly before landing.
Stages of a Skydiver's Descent

1. Exit from the Aircraft

The jump begins when the skydiver exits the aircraft at a designated altitude, often between 3,000
and 4,000 meters. At this point, their height is at its maximum, as shown at the start of the graph.

2. Free Fall
Once outside, the skydiver accelerates due to gravity. The acceleration is approximately 9.8 m/s?, but
air resistance (drag) opposes this acceleration, leading to a terminal velocity where the upward drag

force balances the downward gravitational force.

- Duration: Depending on the jump, free fall can last from 30 to 60 seconds.



- Velocity: The skydiver reaches terminal velocity, typically around 53 m/s (about 120 mph).
3. Deployment of the Parachute

At a predetermined altitude (commonly around 1,500 meters), the skydiver deploys their parachute.
This event is visible as a sudden change in the graph where the descent rate decreases sharply.

- Deceleration: The parachute increases air resistance dramatically, causing rapid deceleration.
- Controlled Descent: The parachute allows for a slower, more controlled descent towards the ground.

4. Landing Phase

The final phase involves a gentle descent under the parachute, where the height decreases gradually
until the skydiver reaches the ground safely.

Physics Principles Behind the Descent
Gravity and Acceleration

The primary force acting on the skydiver during free fall is gravity, which causes a constant
acceleration downward. The equation governing this is:

\[ F=m\times g \]

where:

-\( F\) is the gravitational force,

-\( m\) is the mass of the skydiver,

-\( g\) is the acceleration due to gravity (~9.8 m/s?).

Air Resistance and Drag

As the skydiver accelerates, air resistance (drag) opposes the motion. The drag force depends on
factors such as the skydiver's speed, surface area, and air density:

\[ F_{drag} =\frac{1}{2} C_ d\rho Av~"21\]

where:

-\( C_d\) is the drag coefficient,
-\(\rho ) is the air density,

-\( A\) is the cross-sectional area,
-\( v ) is the velocity.

When the drag force equals the gravitational force, the skydiver reaches terminal velocity, and
acceleration ceases.

Parachute Dynamics
Deploying the parachute drastically increases the surface area \( A\), which significantly increases

drag and reduces the descent speed. The physics of parachute opening involves rapid deceleration,
and the resulting force depends on the parachute's design and the air conditions.



Analyzing the Graph: A Step-by-Step Breakdown

Initial Phase: From Jump to Free Fall

- The graph starts at the maximum height, say 3,500 meters.

- A steep slope indicates rapid descent as the skydiver accelerates under gravity.

- The height decreases exponentially as the skydiver approaches terminal velocity.

Mid-Descent: Reaching Terminal Velocity

- The slope of the graph flattens slightly, indicating that the skydiver has achieved constant velocity.
- The descent rate remains approximately constant until the parachute deployment.

Parachute Deployment: Sharp Drop in the Graph

- The graph shows a sudden, steep decrease in height as the parachute opens.
- This indicates rapid deceleration due to increased air resistance.

- The descent velocity decreases significantly, extending the duration of the fall.

Final Descent: Under Parachute

- The graph exhibits a gentle slope, representing a slow, controlled descent.
- The height continues decreasing until the skydiver reaches the ground, where the graph levels off.

Practical Applications of Height-Time Analysis
Safety and Training

Understanding the height-time profile helps skydivers and instructors optimize jump procedures,
ensuring safe deployment altitudes and timings.

Equipment Design

Analyzing the descent phases informs the design of parachutes and harnesses for maximum safety
and efficiency.

Physics Education

The skydiving scenario serves as an excellent real-world example to demonstrate concepts like
acceleration, terminal velocity, drag, and forces.

Factors Affecting the Descent
Altitude

Higher jumps involve longer free-fall times and different atmospheric conditions, affecting drag and
terminal velocity.

Body Position

Skydivers can adjust their body posture to modify their surface area and influence their fall rate.



Parachute Specifications

Different parachute designs have varying drag coefficients, impacting the descent rate and stability.
Environmental Conditions

Air density varies with altitude and weather conditions, affecting drag forces and terminal velocity.
Safety Considerations

Proper Equipment

Ensuring the parachute and harness are in good condition is crucial for safe jumps.

Correct Deployment Altitude

Jumpers must deploy their parachutes at the recommended height to allow sufficient time for safe
descent.

Training and Experience

Experienced skydivers understand the physics involved and can respond effectively to any
emergencies during the descent.

Conclusion

The analysis of a skydiver’s height in meters over time, as depicted in the graph, offers a
comprehensive understanding of the physical principles governing free fall and parachute descent.
From the initial jump to the final landing, each phase involves complex interactions between gravity,
air resistance, and human control. Understanding these dynamics not only enhances safety but also
enriches the appreciation of physics in real-world applications. Whether for training, equipment
design, or educational purposes, examining the height-time relationship during a skydive provides
valuable insights into the fascinating world of aerial sports and physics.

Frequently Asked Questions

What does the graph of height versus time typically look like
for a skydiver jumping out of a plane?

The graph usually shows an initial sharp decrease in height as the skydiver falls rapidly, followed by a
gradual leveling off as they reach terminal velocity, and eventually a sudden decrease just before
landing.

At what point does the skydiver reach terminal velocity
according to the height graph?

The skydiver reaches terminal velocity when the slope of the height versus time graph becomes



constant, indicating a steady fall rate after the initial acceleration phase.

How can the height at which the skydiver jumps be
determined from the graph?

The initial height corresponds to the starting point on the vertical axis at the time of the jump; it is the
highest point on the graph at the beginning of the fall.

What information can be inferred about the skydiver's
acceleration from the height-time graph?

By examining the shape of the graph, particularly the steepness of the slope, one can determine the
acceleration phases—initial acceleration due to free fall and the eventual constant velocity at terminal
speed.

Why does the height decrease more slowly after a certain
point during the fall?

Because the skydiver reaches terminal velocity, resulting in a balance between gravity and air
resistance, leading to a constant fall speed and a less steep decline in the height graph.

Additional Resources

A Skydiver Jumps Out Of A Plane From A Certain Height. The Graph Below Shows Their Height H In
Meters — this scenario provides a fascinating opportunity to analyze the physics of free fall, air
resistance, and acceleration. Understanding the journey of a skydiver from the moment they exit the
aircraft to reaching the ground involves examining how their height changes over time, influenced by
forces such as gravity and drag. By interpreting the graph of height \( H\) in meters, we can gain
insights into the different phases of the descent, the forces at play, and the practical implications for
safety and technique.

Introduction: The Dynamics of a Skydiver's Descent

When a skydiver jumps out of an airplane, their journey is governed by a complex interplay of forces.
Initially, gravity accelerates them downward, increasing their velocity rapidly. As their speed
increases, air resistance (drag) begins to oppose their motion, eventually balancing the downward
force of gravity. This balance results in a constant terminal velocity, allowing the skydiver to fall at a
steady speed until they deploy their parachute.

The graph of height \( H\) in meters against time or another variable reveals these phases visually,
illustrating how the skydiver's altitude decreases over time and highlighting key points such as the
start of free fall, the transition to terminal velocity, and the moment parachute deployment occurs.



Phase 1: The Initial Jump and Free Fall
The Moment of Exit

The journey begins the instant the skydiver leaves the aircraft at a certain height — say, 4000 meters.
At this moment:

- The height \( H) is at its maximum.
- The skydiver experiences an initial acceleration due to gravity (\( g \approx 9.81\, \text{m/s}"~2)).

Visualizing the Height Graph
On the height graph:

- The curve starts at a high point — the jump height.
- Initially, the slope of the graph is steep, indicating rapid descent.

Dynamics During Free Fall

In this phase:

- The skydiver accelerates downward, with their velocity increasing rapidly.

- Air resistance is minimal at low speeds, so acceleration is close to \( g \).

- The height decreases quickly, which appears as a steep decline on the graph.

Key points to note:

- The duration of this phase depends on the initial jump height.
- The velocity increases until air resistance becomes significant enough to oppose gravity.

Phase 2: Reaching Terminal Velocity
What Is Terminal Velocity?

Terminal velocity is the constant speed that a falling object reaches when the force of air resistance
equals the gravitational pull, resulting in zero net acceleration.

- For a typical skydiver in a belly-to-earth position, this velocity is around 53 m/s (~120 mph).
- The ascent to terminal velocity takes a few seconds, during which the velocity increases rapidly.

How is this reflected on the graph?

- The height curve begins to level off as the descent rate stabilizes.

- The slope of the graph (which indicates the rate of change of height) decreases in magnitude,
showing that the skydiver is falling at a near-constant speed.

Factors Influencing Terminal Velocity

- Body position: streamlined vs. spread-eagle.



- Clothing and equipment.
- Altitude and air density.

Practical significance:
Understanding when the skydiver reaches terminal velocity helps in:

- Timing parachute deployment.
- Planning safety protocols.

Phase 3: Parachute Deployment and Deceleration

Transition from Free Fall to Parachuting

At a predetermined altitude — often around 1000 meters — the skydiver deploys their parachute:

- This is a critical moment in the descent.

- The height graph shows a sudden sharp change — an abrupt increase in height (or a leveling off) as
the descent slows dramatically.

The Deceleration Process

- The parachute creates a large amount of air resistance.

- The skydiver experiences a rapid decrease in velocity.

- The height remains nearly constant for a brief period as the fall slows.

Graph interpretation:

- A sharp upward turn or flattening of the curve indicates rapid deceleration.
- The height may temporarily stabilize or decrease very slowly.

Phase 4: Controlled Descent and Landing
Final Descent

- After the parachute fully opens, the skydiver descends at a safe, controlled speed (~5 m/s).
- The height decreases gradually until reaching the ground.

The Final Approach

- As the skydiver nears the ground, they may perform maneuvers to prepare for landing.
- The graph shows a gentle, steady decline in height.

Touchdown

- The height reaches zero, indicating the end of the descent.
- The final point on the graph is at ground level (H = 0 meters).



Analyzing the Graph: What Can We Learn?
1. Initial Slope (Steep Decline)

- Represents the free fall phase.
- Steepness indicates the rate of descent.

2. Point of Inflection or Change in Slope

- Marks the transition from free fall to terminal velocity.
- Shows when the skydiver’s acceleration diminishes.

3. Sudden Shift (Parachute Deployment)

- A sudden change in the graph's slope.
- Indicates rapid deceleration.

4. Final Slope

- Gentle decline as the skydiver approaches the ground.
- Reflects controlled descent speed.

Practical Applications and Safety Considerations
Understanding the height versus time (or other variables) graph in skydiving has tangible benefits:

- Timing of Parachute Deployment: Knowing the height at which terminal velocity is reached helps
determine the optimal altitude for opening the parachute.

- Design of Equipment: Parachute size and design are influenced by the descent profile.

- Training: Skydivers can train to optimize body position for desired fall rates and safe deployment.
- Emergency Procedures: Recognizing abnormal descent patterns can alert skydivers to equipment
malfunctions.

Summary: The Physics of a Skydiver's Descent

The journey from a jump height to the ground involves several distinct phases, each characterized by
different forces and motion behavior:

- Initial free fall with rapid acceleration.

- Achieving terminal velocity where acceleration ceases.

- Parachute deployment causing rapid deceleration.

- Controlled descent with a gentle, steady fall until landing.

By analyzing the graph of height \( H\) in meters, we gain a visual understanding of these phases,
providing insights into the physics governing skydiving. This understanding is crucial not only for



safety and technical performance but also for advancing the science and engineering of skydiving
equipment and procedures.

Final Thoughts

The descent of a skydiver, as depicted through height graphs, exemplifies the beautiful interplay
between physics and human activity. Each part of the graph narrates a story of forces, motion, and
control, showcasing how understanding these principles can enhance safety, performance, and
enjoyment of this exhilarating sport. Whether you're a seasoned skydiver, an engineer designing
equipment, or a physics enthusiast, analyzing such graphs deepens our appreciation of the complex,
yet elegant, dynamics involved in falling through the sky.
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