A Cylindrical Drill With Radius 3 Is Used
To Bore A Hole Through The Center Of A
Sphere Of Radius 5.

Understanding the Problem: Drilling Through a
Sphere with a Cylindrical Drill

A Cylindrical Drill With Radius 3 Is Used To Bore A Hole Through The Center Of A
Sphere Of Radius 5. This scenario involves a classic geometric problem that combines
elements of three-dimensional geometry, calculus, and spatial reasoning. The objective is
to analyze the characteristics of the hole created when a cylindrical drill passes straight
through the center of a sphere, considering the dimensions involved.

Such problems are not only academically interesting but also have practical applications in
engineering, manufacturing, and material science. This article explores the geometric
principles involved, calculates the dimensions of the resulting hole, and discusses related
considerations.

Basic Geometric Concepts Involved

Sphere and Cylinder in Three-Dimensional Space

- Sphere: A perfectly symmetrical 3D object where all points are equidistant from the
center.

- Equation: \( x~2 + y™~2 + z~2 = R"2\), where \( R\) is the sphere's radius.

- Cylinder: A 3D object with a circular cross-section extending along its height.

- Equation (for a right circular cylinder aligned along the z-axis): \( x~2 + y©~2 =r"21),
where \( r\) is the cylinder's radius.

In this scenario, the cylinder passes directly through the center of the sphere, implying the
axis of the cylinder aligns with a diameter of the sphere.

Understanding the Intersection of a Cylinder and a
Sphere

When a cylinder intersects a sphere, the intersection forms a curve that is generally a
circle, except in special cases. The key is to determine:



- The shape and size of the intersection (the hole)
- The dimensions of the bore (the cylindrical hole)
- The portion of the sphere affected

Given the dimensions:

- Sphere radius\(R =5)

- Cylinder radius \(r c = 3)

The problem involves calculating the length of the hole (the chord) and the shape of the
intersection.

Deriving the Dimensions of the Bore

The Geometric Setup

Assuming the cylinder passes through the center of the sphere along the z-axis, the
equations are:

-Sphere: \(x™2 +y™2 + 272 =25))
- Cylinder: \( x~2 +y™2=9))

The intersection points satisfy both equations simultaneously.

Finding the Intersection Curve

Substitute \( x~2 + y~2 = 9) into the sphere's equation:
\[9+2z72=25]\]

\[z272 =16\]

\[z=\pm 4\]

This indicates that the cylinder intersects the sphere at two horizontal planes at\(z = 4)
and\(z=-4)\).

Implication: The cylinder creates a hole that extends through the sphere from \( z = -4 \) to
\(z=4)\).

Calculating the Length of the Hole

The length of the bore along the z-axis:

\[ \text{Length} = 8]



because:

\[4-(-4)=28\]

What about the cross-sectional shape?

At \( z=0), the cross-section of the intersection is a circle with radius:
\[r=\sqrt{R"2 -2z"2} =\sqrt{25-0} =51]

But the cylindrical hole radius is fixed at 3, so the shape of the hole is a cylindrical tunnel of
radius 3 passing through the sphere, with the sphere's outer boundary at\( z = \pm 4).

Visualizing the Drilled Hole

Shape and Size of the Hole

- The hole is a perfect cylinder of radius 3.
- It passes through the center of the sphere, aligned along the z-axis.
- The length of the hole inside the sphere is 8 units, from\(z=-4\)to\(z = 4).

The Boundary of the Intersection

The sphere's surface intersects with the cylinder at the two planes:
\[ z=\pm\sqrt{R"2 -r c™2} =\pm\sqrt{25 -9} =\pm\sqrt{16} =\pm 4]

This confirms the intersection points and the extent of the bore.

Calculating the Volume of the Material Removed

Understanding the volume of the drilled hole is essential, especially in manufacturing
contexts.

Volume of the Cylinder (Hollow Portion)

The volume of the cylindrical hole:

\[
V_{cylinder} = \pir_c”™2 h = \pi\times 372 \times 8 = \pi \times 9 \times 8 = 72\pi
\]



Note: This is the volume of the cylindrical hole, but since the hole is carved out from the
sphere, the volume of the remaining sphere is:

\[
V_{sphere} = \frac{4}{3} \pi R"3 = \frac{4} {3} \pi \times 125 = \frac{500} {3} \pi
\]

The actual volume of material removed is approximately \( 72\pi \), but the actual shape
includes the spherical caps at both ends, which slightly alters the volume.

Considering the Spherical Caps

The bore cuts through the sphere creating two caps at each end with height \( h_{cap} =R
-\sqrt{R™2-r c™2} =5-4=1)).

The volume of a spherical cap:

\[
V_{cap} = \frac{\pi h~2 (3R - h)}{3}
\]

For each cap:

\[

V_{cap} = \frac{\pi \times 172 \times (3 \times 5 - 1)} {3} = \frac{\pi \times 1 \times
14} {3} = \frac{14\pi} {3}

\]

Total volume of both caps:

\[
V_{caps} = 2 \times \frac{14\pi} {3} = \frac{28\pi} {3}
\]

Therefore, the volume of the material removed by the drill (the cylindrical part minus the
caps):

\[

V_{removed} = V_{cylinder} - V_{caps} = 72\pi - \frac{28\pi} {3} = \frac{216\pi -
28\pi} {3} = \frac{188\pi} {3} \approx 197.92

\]

This refined calculation accounts for the spherical caps, providing a more accurate estimate
of the material removed.



Practical Applications of Such Geometric Analysis

Manufacturing and Drilling Operations

- Ensuring that drilled holes do not compromise structural integrity.
- Calculating material removal for efficiency and cost estimation.
- Designing components with precise internal features.

Engineering Design and Material Science

- Optimizing shapes to maximize strength while accommodating internal holes.
- Analyzing stress distribution around drilled holes.

Educational and Academic Purposes

- Teaching concepts of three-dimensional geometry.
- Demonstrating the intersection of different geometric solids.

Conclusion: Key Takeaways

- A cylindrical drill of radius 3 passing through the center of a sphere with radius 5 creates a
cylindrical hole with length 8 units, extending from\(z=-4\)to\(z = 4)).

- The intersection curves are circles at the planes \( z = \pm 4).

- The volume of material removed can be approximated accurately by considering both the
cylindrical volume and the spherical caps.

- Such geometric problems have practical implications in engineering, manufacturing, and
design, emphasizing the importance of spatial reasoning and mathematical analysis.

Summary of Important Calculations

- Intersection planes: \( z =\pm 4)

- Hole length: 8 units

- Caps' height: 1 unit

- Volume of material removed: approximately \( \frac{188\pi} {3} \approx 197.92\) cubic
units

Understanding the geometric principles behind drilling through a sphere provides valuable
insights into real-world applications where precise internal modifications are necessary.
Through careful analysis and calculations, engineers and designers can optimize processes,
ensure safety, and enhance the functionality of their components.



Frequently Asked Questions

What is the length of the cylindrical hole drilled
through the sphere?

The length of the hole is 4 units, calculated using the relation for a cylinder passing through
the center of a sphere: length = 2 sqrt(R™2 - r™~2) = 2 sqrt(57°2 - 372) = 2 sqrt(25-9) =2
sqrt(16) = 8 units.

What is the volume of the drilled cylindrical hole inside
the sphere?

The volume of the cylindrical hole is approximately 113.1 cubic units, calculated using V =
nr~2 h, wherer=3and h=8:V=n3"28=mn9 8 = 72n = 226.2 cubic units. However,
since the cylinder is hollowed out from the sphere, the actual drilled volume is 72m, about
226.2 units, but the question may refer to the material removed; clarify accordingly.

How do you derive the length of the cylindrical hole
drilled through the sphere?

The length is derived using the Pythagorean theorem in the cross-sectional right triangle:
length = 2 sqrt(R~2 - r~2), where R is the sphere's radius and r is the cylinder's radius. This
accounts for the maximum extent of the hole through the sphere's center.

What is the volume of the remaining part of the sphere
after drilling the hole?

The remaining volume is the sphere's original volume minus the volume of the cylindrical
hole: Sphere volume = (4/3)n R"~3 = (4/3)n 125 = 523.6 cubic units. The drilled volume
(cylinder with caps) requires calculating the volume of the cylinder plus the two spherical
caps removed, which is more complex; approximate calculations suggest the remaining
volume is about 300 cubic units.

Can the cylindrical hole be drilled through the sphere
without weakening its structure significantly?

Yes, drilling a cylindrical hole with radius 3 units through a sphere of radius 5 units removes
a substantial volume but still leaves a solid structure. Structural integrity depends on the
material and thickness of the remaining sphere; engineering analysis would be needed for
precise assessment.

What is the significance of drilling along the sphere's
center in this problem?

Drilling along the sphere's center ensures the cylindrical hole passes symmetrically through
the sphere, simplifying calculations of length and volume, and often represents the



maximum possible length of a cylindrical bore through the sphere.

How does the radius of the drill relate to the sphere's
radius in determining the hole's dimensions?

The drill's radius (3 units) determines the size of the bore's cross-section. The relationship
with the sphere's radius (5 units) influences the length of the hole and the volume
removed, with the length derived from the Pythagorean relation between R and r.

What real-world applications involve drilling cylindrical
holes through spherical objects?

Applications include manufacturing processes like boring holes in ball bearings, creating
tunnels through spherical tanks, or in medical procedures such as drilling into spherical
bones or tumors. Understanding such geometry helps in designing precise machining and
medical interventions.

Additional Resources

Cylindrical Drill with Radius 3: An Expert Analysis of Its Application in Drilling Through a
Sphere of Radius 5

In the world of precision engineering and manufacturing, the choice of tools and
understanding their interaction with various materials is paramount. Among these tools, the
cylindrical drill stands out for its efficiency in creating straight, clean holes. Today, we delve
into a specific scenario: using a cylindrical drill with a radius of 3 units to bore a hole
through the center of a sphere of radius 5 units. This exploration not only illustrates
fundamental geometric principles but also provides insights into practical applications,
limitations, and considerations for engineers and hobbyists alike.

Understanding the Scenario: The Geometric
Context

Before examining the specifics of the drilling process, it is essential to understand the
geometric setup. The problem involves a sphere, a perfectly symmetrical three-dimensional
object, and a cylindrical drill that penetrates through its center.

The Sphere: Characteristics and Dimensions

- Radius: 5 units
- Center: Located at the origin (assuming coordinate system origin for simplicity)



- Equation: \( x~2 + y™~2 + 272 = 251)

The sphere's surface is equidistant from its center at all points, making it an ideal candidate
for symmetrical drilling operations.

The Cylindrical Drill: Dimensions and Orientation

- Radius: 3 units

- Shape: Perfect cylinder, infinite in length for theoretical analysis

- Orientation: Assumed to be aligned along a principal axis (commonly the z-axis for
simplicity)

- Equation (assuming z-axis alignment): \( x~2 + y~2 =9))

The drill's radius of 3 units indicates that its cross-section is a circle of radius 3 in the xy-
plane.

Analytical Approach: Geometric Interplay
Between the Sphere and the Cylinder

The core of this analysis lies in understanding the intersection of the cylinder with the
sphere — the resulting bore hole.

Mathematical Representation of the Intersection

Given the equations:

- Sphere: \( x™2 +y™2 + 272 =25))
- Cylinder: \( x~2 +y™2 =9))

The intersection points satisfy both equations simultaneously. Substituting \( x~2 + y©2 =
9) into the sphere equation:

\[
9 + z7~2 = 25 \Rightarrow z~2 = 16 \Rightarrow z = \pm 4

\]

This indicates that the intersection occurs at two points along the z-axis at\( z = 4\) and \(
z=-4\).



Determining the Length of the Bore Hole

The intersection of the cylinder with the sphere forms a circular hole whose extent along
the z-axis is from\(z =-4\) to\( z = 4\). Therefore, the length of the bore inside the
sphere is:

\[
\text{Chord length along z-axis} = 8 \text{ units}

\]

This means the cylindrical drill, when passing through the sphere's center along the z-axis,
creates a hole of length 8 units.

Cross-Sectional Analysis

- The cross-section of the bore at the sphere’s mid-plane (z=0) is a circle of radius 3 units
(matching the cylinder's radius).

- At the "ends" of the bore, the cross-sectional circle shrinks down to a pointat\(z = \pm 4
\).

Visual Summary:

- The bore is a cylindrical tunnel of radius 3 units.
- It passes symmetrically through the sphere's center.
- The total length of the bore within the sphere is 8 units.

Practical Implications and Considerations for
Drilling

While the geometric analysis provides a clear theoretical picture, real-world applications
demand more nuanced considerations.

Material and Tool Compatibility

- Material of the Sphere: Could be metal, plastic, or other composite materials. The
hardness and brittleness influence the choice of drill and drilling parameters.

- Drill Material: Carbide, high-speed steel, or diamond-coated bits may be appropriate
depending on the material.

- Cooling and Lubrication: Critical to prevent overheating and ensure clean cuts, especially
in dense materials.



Precision and Alignment

- Alignment: Ensuring the drill axis aligns precisely with the sphere's center is vital. Any
deviation results in an off-center hole, affecting the structural integrity and aesthetic.

- Stability: The drill must be stabilized to maintain the correct radius (3 units) throughout
the operation.

- Centering Techniques: Use of laser guides, centers, or coordinate measurement machines
(CMMs) facilitates high accuracy.

Limitations Based on Dimensions

- The drill's radius (3 units) is less than the sphere's radius (5 units), which is necessary for
a clean bore without damaging the sphere.

- Maximum depth: The bore length (8 units) fits comfortably within the sphere's diameter
(10 units), avoiding the risk of penetrating through or damaging the sphere's far side
unintentionally.

Potential Challenges and Solutions

- Bore Alignment: Maintaining the drill along the sphere's center axis.

- Material Removal: Managing debris and heat build-up.

- Surface Finish: Ensuring smooth internal surfaces, especially if the bore is part of a
precision assembly.

Applications and Real-World Use Cases

The scenario of drilling through a sphere with a cylindrical drill has practical relevance in
various fields:

- Manufacturing and Engineering: Creating precise holes in spherical components for
assembly or functional purposes.

- Jewelry Making: Drilling through spherical beads or stones for stringing or setting
purposes.

- Scientific Instruments: Fabricating spherical tanks or chambers with precise inlet/outlet
channels.

- Custom Fabrication: Producing complex geometries in aerospace, automotive, or medical
devices.



Summary of Key Insights

- The intersection of a cylindrical drill of radius 3 units with a sphere of radius 5 units,
aligned along the sphere's center, results in a bore of length 8 units.

- The cross-sectional shape remains a circle of radius 3 units along the bore, with the
intersection points at\( z = \pm 4).

- The geometric relationships highlight the importance of precise alignment and suitable
tooling for accurate results.

- Practical considerations such as material properties, drilling parameters, and stabilization
techniques are essential to translate this theoretical understanding into successful real-
world applications.

Conclusion: The Significance of Geometric
Analysis in Tool Application

Understanding the mathematical and geometric principles underlying drilling operations is
crucial for achieving precision and efficiency. The case of drilling through a sphere with a
cylindrical drill of radius 3 units exemplifies how geometry informs tool selection, process
planning, and execution. Whether in manufacturing, research, or artistic endeavors, such
insights empower professionals to optimize their techniques, avoid pitfalls, and produce
high-quality results.

In essence, this detailed exploration underscores that mastering the interplay between tool
dimensions and material geometry is foundational to advancing craftsmanship and
technological innovation in various industries.
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