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Two Horizontal Curves On A Bobsled Run Are Banked At The Same Angle, But One
Has Twice The Radius Of the other — a scenario that vividly illustrates
fundamental principles of physics and engineering. When designing bobsled
tracks, understanding how curves influence the motion of the sleds is crucial
for safety, speed, and overall performance. This article explores the physics
behind these curves, focusing on how the radius of a curve and the banking
angle affect the forces acting on the sled, and how these principles guide
the construction of efficient and safe bobsled courses.

Understanding Horizontal Curves and Banking in
Bobsled Runs

What Are Horizontal Curves?

Horizontal curves are turns in a track or road that change the direction of
travel. In a bobsled run, these curves are carefully designed sections that
allow sleds to navigate turns at high speeds. The curvature's radius — the
distance from the center of the turn to the track's centerline — profoundly
affects the forces experienced by the sled and its occupants.

The Role of Banking Angles

Banking involves tilting the track surface inward at an angle relative to the
horizontal plane. The purpose of banking is to counteract the outward lateral
force (centrifugal force) experienced during a turn, allowing for higher
speeds and safer navigation. When a track is banked at a certain angle, the
normal force exerted by the track on the sled is inclined, providing a
component of force that helps keep the sled on the track without slipping
outward.

Physics Behind Curves: The Relationship Between
Radius, Banking, and Speed

Key Concepts and Variables

To analyze the physics of bobsled curves, several variables are essential:
e r: Radius of the curve
e 6: Banking angle (angle of the track relative to horizontal)

e v: Speed of the sled



e g: Acceleration due to gravity (approx. 9.81 m/s?)

e F: Centrifugal force

c

Forces Acting on the Bobsled

When a sled navigates a banked curve, the primary forces include:
e Gravity (weight): acts vertically downward
e Normal force: exerted by the track, inclined at angle 6

e Centrifugal force: outward force due to the sled’s circular motion

The interaction between these forces determines whether the sled can safely
and efficiently complete the turn at a given velocity.

Deriving the Relationship: Banking Angle, Radius, and
Speed

For an idealized scenario where the sled maintains no slipping or skidding,
the following relation holds:

\[ \tan® = \frac{v"2}{g r} \]

This formula indicates that for a given banking angle 6, the maximum speed Vv
a sled can have without slipping outward depends on the radius r of the
curve.

Implication:

- Larger radii (r) allow higher speeds at the same banking angle.

— For curves with smaller radii, the track must be banked at a greater angle
or the sled must slow down to prevent slipping.

Comparing Two Curves: One With Twice The Radius
of the Other

Scenario Description

Imagine two horizontal curves on a bobsled run, both banked at the same angle
©. One has radius r, and the other has radius 2r. This setup presents an
interesting case for analyzing how the radius impacts the maximum safe speed
and the forces involved.

Effect of Radius on Speed

Using the earlier relation:



\[ v = \sgrt{g r \tanb} \]

— For the smaller radius curve (r):
\[ v_1 = \sgrt{g r \tan®} \]

- For the larger radius curve (2r):
N[ v_2 = \sgrt{g (2r) \tanB} = \sqgrt{2 g r \tan®} = \sgrt{2} \times v_1 \]

Conclusion:
The sled can travel approximately 41% faster on the larger radius curve at
the same banking angle, due to the increased radius.

Forces on the Sled in Both Curves

The normal force (N) exerted by the track in each case can be derived from
the equilibrium of forces:

[ N \cos® = mg \]

\
\[ N \sin6 \frac{m v*2}{r} \]

Where m is the mass of the sled and its occupants.

From these, the normal force:

\[ N = \frac{mg}{\cos8} \]

and the horizontal component:

\[ N \sin® = \frac{m v"*2}{r} \]

which simplifies to:

\[ mg \tan® = \frac{m v"2}{r} \]

reaffirming the earlier relationship.

Key insight:

- Both curves, at the same banking angle, exert similar normal forces

proportionate to the weight of the sled, but the maximum speed differs due to
the radius.

Engineering Implications for Bobsled Track
Design

Choosing the Right Radius and Banking Angle

Designers must balance the radius and banking angle to optimize safety and
performance:

e A larger radius allows higher speeds but requires longer track sections
and more space.

e A steeper banking angle can compensate for smaller radii, but excessive
banking can be uncomfortable or unsafe for athletes.



Safety Considerations

— Ensuring that the maximum speeds do not exceed the track’s capacity to
handle lateral forces is vital.

- Adequate banking at the appropriate radius reduces the risk of sleds
slipping outward.

— Consistency in banking angle across curves helps maintain predictable
behavior for sleds.

Practical Applications and Real-World Examples

Olympic Bobsled Tracks

Modern bobsled tracks, such as those used in the Winter Olympics, feature a
series of carefully designed curves, each with specific radii and banking
angles optimized through extensive physics calculations. These tracks
exemplify principles where curves with different radii are banked at the same
angle or adjusted accordingly to allow high-speed navigation while
maintaining safety.

Design Strategies for Different Track Sections

— Tight Turns: Smaller radii with steeper banking angles to maintain speed
without slipping.

- Gentle Turns: Larger radii with moderate banking to allow higher speeds
comfortably.

Conclusion: Balancing Physics and Safety in
Bobsled Track Design

The comparison of two horizontal curves on a bobsled run, one with twice the
radius of the other but both banked at the same angle, reveals the critical
relationship between radius, banking angle, and maximum safe speed. Larger
radii enable higher speeds at the same banking angle, but practical
constraints such as space and safety considerations influence design choices.
Understanding these physics principles is essential for constructing tracks
that combine thrilling speed with athlete safety, exemplifying the elegant
application of classical mechanics in modern sports engineering.

Summary of Key Points:

e Maximum safe speed on a curve increases with the square root of the
radius when the banking angle is constant.

e Both curves exert similar normal forces, but the larger radius allows
for faster travel without slipping.

e Track designers must optimize radius and banking angle to balance
performance and safety.



By applying these principles, engineers and designers continue to push the
boundaries of sports technology, creating exciting and safe experiences for
athletes and spectators alike.

Frequently Asked Questions

Why are horizontal curves on a bobsled run often
banked at the same angle despite differing radii?

Banking curves at the same angle helps maintain consistent centripetal force
requirements and safety conditions, ensuring the bobsled can navigate both
curves smoothly without excessive banking adjustments.

How does the radius of a curve affect the banking
angle needed for a bobsled run?

A larger radius curve generally requires a smaller banking angle to achieve
the same centripetal force, while a smaller radius curve needs a steeper
angle to keep the bobsled on the track safely.

If two curves are banked at the same angle but have
different radii, how does the centripetal force
compare?

The smaller radius curve will require a greater centripetal force to keep the
bobsled on the track, even though both are banked at the same angle; this
means the force needed is inversely proportional to the radius.

What is the significance of having one curve with
twice the radius of the other, both banked at the
same angle?

Having one curve with twice the radius means the larger curve requires less
centripetal force and a gentler turn, but since both are banked at the same
angle, the forces experienced differ, affecting speed and safety.

How does the banking angle influence the safety and
speed of a bobsled on curves with different radii?

A higher banking angle can allow higher speeds safely on tighter curves, but
if both curves are banked equally, the larger radius curve permits higher
speeds with less lateral force, enhancing safety.

Can the same banking angle be optimal for both curves
with different radii?
Yes, 1f designed properly, the same banking angle can provide a balance

between safety and speed for both curves, especially if the radii are
proportionally related, such as one being twice the other.



What role does the radius play in the design of a
bobsled run with multiple curves?

The radius determines the curvature tightness, affecting the banking angle,
required speed, and safety measures; larger radii allow higher speeds with
less banking, while smaller radii require steeper banking and lower speeds.

How does doubling the radius of a curve impact the
required banking angle for a given speed?

Doubling the radius generally reduces the necessary banking angle for
maintaining the same speed, as the centripetal force needed decreases with
increasing radius, allowing for gentler curves.

Additional Resources

Two Horizontal Curves On A Bobsled Run Are Banked At The Same Angle, But One
Has Twice The Radius Of

Introduction

Bobsled runs are marvels of engineering designed to maximize speed, safety,
and efficiency while navigating complex curves. When analyzing the physics of
these curves, especially those that are banked, understanding the interplay
of factors such as radius, banking angle, and speed becomes crucial. A
particularly intriguing scenario involves two horizontal curves on a bobsled
track, both banked at the same angle but differing in their
radius—specifically where one curve's radius is twice that of the other.

This situation provides an excellent case study in understanding how the
radius affects the dynamics of a vehicle moving along a curved path, and how
banking angles influence the safety and speed limits of such tracks. In this
comprehensive review, we will explore the physics behind banked curves,
analyze the implications of having different radii with the same banking
angle, and demonstrate how these principles guide the design and operation of
competitive bobsled tracks.

Fundamental Concepts of Curved Motion and Banking

1. Basic Physics of Curved Motion

When an object moves along a curve, 1t experiences centripetal acceleration
directed toward the center of the circle. The magnitude of this acceleration
is given by:

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

where:

- \( v \) is the velocity of the object,

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

This acceleration must be provided by some form of net inward force,



typically the horizontal component of the normal force in the case of banked
curves.

2. Banking of Curves

Banking involves tilting the track at an angle \( \theta \) relative to the
horizontal. The purpose of banking is to:

— Increase the maximum safe speed,

- Reduce reliance on friction,

— Provide lateral component of the normal force to counteract the centrifugal
force.

In an ideal, frictionless scenario, the conditions for maintaining a safe,

unskidding passage through a banked curve are governed by the equilibrium of
forces.

Analyzing the Two Curves with Same Banking Angle but Different Radii
1. Geometric and Physical Setup
Imagine two horizontal curves on a bobsled track:

— Curve A: Radius \( r \)
— Curve B: Radius \( 2r \)

Both are banked at the same angle \( \theta \).

The key question: How does the difference in radius influence the maximum
permissible speed, the forces involved, and the overall safety?

Mathematical Framework
1. Force Balance in a Frictionless, Banked Curve
For a frictionless scenario, the forces acting on the sled are:

- The weight \( mg \),
— The normal force \( N \) exerted by the track, inclined at angle \( \theta
\) .

Resolving forces:

— Vertical component: \( N \cos \theta = mg \),
- Horizontal component: \( N \sin \theta = \frac{mv*2}{r} \).

From these, the maximum speed \( v_{max} \) for a given radius and banking
angle can be derived:

\ [
v_{max} = \sgrt{r g \tan \theta}
\]

This equation indicates that the maximum speed depends on the radius \( r \),
gravitational acceleration \( g \), and the banking angle \( \theta \).



2. Implication for Our Two Curves
Applying the formula:

- For Curve A (radius \( r \)):

\ [

v_A = \sqgrt{r g \tan \theta}

\1

— For Curve B (radius \( 2r \)):

\ [

v_B = \sqgrt{2r g \tan \theta} = \sqrt{2} \times v_A
\1

This shows that, if the curves are banked at the same angle and are
frictionless, the maximum safe speed on the larger radius curve (Curve B) is
higher by a factor of \( \sgrt{2} \).

Practical Implications in Bobsled Track Design
1. Safety and Speed Limits

— Higher radius with same banking angle: allows for higher speeds without
skidding, owing to the larger centripetal acceleration capacity.

— Lower radius (smaller curves): impose stricter limits on speed, requiring
either lower operational speeds or additional friction to prevent skidding.

2. Effect of Friction
In real-world scenarios, friction plays a crucial role:

\ [

N \sin \theta + f = \frac{mv"2}{r}
\1

\ [

N \cos \theta
\1

mg

where \( £ \) is the frictional force. Incorporating friction allows for
higher speeds or safer operation even when the ideal frictionless speed limit
is exceeded.

The maximum permissible speed considering static friction coefficient \(
\mu_s \):

\ [
v_{max} = \sgrt{r g (\tan \theta + \mu_s)}
\]

Thus, the presence of friction relaxes the strict speed limits imposed solely
by the geometry and banking angle.

Visualizing the Dynamics: Comparing the Two Curves

1. Force Diagrams



- Normal Force: Acts perpendicular to the track surface, inclined at \ (
\theta \).

— Centripetal Force: Horizontal component of the normal force provides the
inward acceleration.

- Gravity: Acts downward, balanced vertically by component of normal force
and friction if present.

2. Effect of Radius on Force Distribution
— In the larger radius curve, the normal force's horizontal component needs
to be larger (for the same banking angle) to sustain higher speeds.

— Conversely, in the smaller radius curve, the required inward force is less
for the same speed but the maximum speed is inherently limited.

Engineering and Design Considerations

1. Choosing the Banking Angle

The angle \( \theta \) must be optimized to:

- Maximize safe speed,

— Minimize reliance on friction,

— Accommodate the maximum expected speed of sleds.

In the case of two curves with different radii, designers might:

— Use a common banking angle for aesthetic or construction simplicity,
- Or vary the banking angle to optimize for the specific radii and desired
speeds.

2. Transition Between Curves

Smooth transitions are essential:

- To prevent sudden changes in lateral acceleration,

- To maintain sled stability,

— To ensure safety and comfort.

Properly designed banking transitions consider the differing radii and the
associated forces.

Practical Examples and Real-World Applications
1. Olympic Bobsled Tracks

— Tracks are carefully engineered with precise banking angles,
- Larger radius curves are used for higher-speed sections,
— Smaller curves are incorporated to control speed and add technical variety.

2. Safety Margins

— Tracks are designed considering worst-case scenarios,

— Frictional factors and material properties are factored into the maximum
speed calculations,

— Emergency safety measures are in place for unexpected deviations.



Advanced Topics: Variations and Complexities
1. Non-Uniform Banking

- Some curves may have variable banking angles,
- To optimize for changing speeds along the track.

2. Effects of Sled and Rider Dynamics

— The mass distribution of sleds and riders affects the force balance,
— Lateral shifts can influence the effective gravity and normal forces.

3. Air Resistance and Other Forces

Though often negligible at high speeds, aerodynamic drag can influence
maximum velocities,
- Particularly relevant during record-breaking runs.

Summary and Key Takeaways

— Same banking angle, different radii: the larger radius allows for higher
maximum speeds due to the increased centripetal force capacity.

- Mathematical relation: \( v_{max} = \sqrt{r g \tan \theta} \), illustrating
the direct relationship between radius and maximum speed.

— Design implications: track engineers must consider these principles to
optimize safety and performance.

— Friction and other forces: real-world conditions require incorporating
friction and external forces into safety margins and speed calculations.

— Operational considerations: transitions between curves and the exact
banking angles are critical for safety, comfort, and competitive performance.

Final Thoughts

Understanding the physics of banked curves with varying radii is essential in
the realm of high-speed sports like bobsledding. The interplay of geometry,
forces, and material properties dictates the limits of performance and
safety. When two curves are banked at the same angle but differ in radius,
the fundamental physics reveals that the larger radius curve not only permits
higher speeds but also influences how engineers and athletes approach track
design and navigation strategies. As technology advances and safety standards
evolve, these physics principles continue to underpin innovations in track
construction, ensuring thrilling yet safe competitions.
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