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Abstract

Extending gift-wrapping problems in our daily lives, we further explore the extrema of the area

of any given derivative picture as well as the possible arrangements of fixed circles. Our findings

are as follows:

1.

By means of reproduction and addition, we can get more complicated derivative pictures using a
minimum number of fixed circles.

With three and five fixed circles respectively, the maximum area is obtained when, formed by
the two lines connecting the centers of the three adjacent fixed circles, the angle is not a special
angel such as 30°, 45°, or 60°.

Using methods of direct proof, combination comparison, and approximation, we can pinpoint
the arrangements of fixed circles where the maximum areas of the derivative pictures can be
obtained.

With the derived unit formed by three fixed circles, we are able to find the maximum areas of
derivative pictures with a various number of fixed circles by arranging the unit in a wave shape
or into a polygon.

The polygon arrangement is available up to an octagon. Hence, when the number of the fixed
circle is larger than 25, only the wave-shape arrangement can be used to find out the maximum
area of a derivative picture.

When arranging a large number of fixed circles into a wave shape, we find that the derivative
picture approximates a rectangle whose height and width are quite different in terms of their
length. Cutting it without changing the area, we can rearrange the derivative picture into a
rectangle approximating a square.

Through the discussion of different numbers and layers, we have the following findings: when
the number of the fixed circle is above 20, the equilateral triangle arrangement obtains an area
smaller than the linear arrangement does; when the number is below 10, the linear arrangement
forms an area smaller than that formed through the equilateral triangle arrangement; when the
number is between 11and 19, however, the result is far from definite. The two arrangements
may derive maximum areas with different numbers of fixed circles. This result is different
from what we have thought: that the equilateral triangle arrangement may always lead to an area
small than the linear arrangement does.
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