
Project 2: Gabriel’s Horn

Project Due: 4/26/2003 at 9:10am

According to Judeo-Christian tradition, Gabriel is one of the seven archangels; Gabriel will sound a trumpet announcing the end of the world. In accordance with a duty of this magnitude, mathematicians have named a solid of revolution that has the shape of a horn of infinite length Gabriel's Horn. 

Your group must provide a report analyzing aspects of Gabriel's Horn. In your report, you will describe aspects of this solid of revolution. Specifically, your report should address the questions detailed below. The questions should not be referred to directly in the report; rather, answer the questions within the natural flow of your description of Gabriel's Horn. In addition to your technical report, you should submit a brief, non-technical presentation of your findings.

Gabriel's Horn
The solid of revolution known as Gabriel's Horn is generated by revolving the region beneath the graph of [image: image1.wmf] = 
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 for x ( 1  about the x-axis. The length of the solid of revolution extends to infinity. Below is a graph of a finite portion of Gabriel's Horn.

> with(plots, tubeplot):
> f := x ->1/x;
[image: image2.wmf] := 
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> plot( {f(x),-f(x)}, x=1..10,color=red,filled=true,title="Cross Section of Gabriel's Trumpet on [1,10]");
[image: image3.png]Cross Section of Gabriel's Trumpet on [1,10]
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>  left := 1; right := 10;
[image: image4.wmf] := 
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[image: image5.wmf] := 
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> tubeplot([x,0,0],x=left..right, radius= 1/x, grid=[30,30],color=green, title=`Small portion of Gabriel's Trumpet`);
> 

[image: image6.png]Small portion of Gabriel's Trumpet





> 

Questions to be addressed

1. Determine the volume of Gabriel's Horn. Confirm that the volume is finite.

2. The surface area of a solid of revolution generated by the function f (x) being revolved about the x-axis from x = a to x = b is given by the formula
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Your paper must develop the theory behind this formula using your knowledge of solids of revolution and arc length.

3. Show that the surface area of Gabriel's Horn is infinite. You may need to use the comparison test for improper integrals.  

4. Attempt to resolve the following paradox: "If Gabriel's Horn has finite volume but infinite surface area, then we can fill it with a finite amount of paint but we would never be able to paint its surface. On the other hand, if we fill it with paint, then the entire inside surface area is covered with paint. Thus we can paint the inside surface area. But the outside surface area and the inside surface area are equal, so we must be able to paint it with a finite amount of paint." Is there a fallacy in this statement, or can both premises hold?

5. How do the properties of Gabriel's Horn change if we change the domain from 
x ( 1 to x ( 0?


