Vol | Apr - June 2010 Issue 2

Critical Chain

SO

The son of arich bullion merchant left home on the death of his father. All he had with
him was a gold chain that consisted of 151 links. He rented a place in the city center
with a shop at the lower level and an apartment at the upper level. He was required to
pay every week one link of the gold chain as rent for the place.

The landlady told him that she wanted one link of the gold chain at the end of one
week, two gold links at the end of two weeks, three gold links at the end of three weeks
and so on.

The son realized that he had to cut the links of the gold chain to pay the weekly rent. If

the son wished to rent the place for 151 weeks, what would be the minimum number of
links he would need to cut?

Answer

4
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Solution:

SO

Note that when a link in the center of the chain is cut, three pieces are obtained: a
one-link piece and two other pieces. For example, when the third link in a chain
consisting of 6 links is cut (see animation), then what is obtained is a one-link piece, a
two-link piece and a three-link piece.

The minimum number of cuts needed to be made is 4 for a chain with 151 links.

If the links are numbered serially from 1 to 151, then the cuts would be made on the
following links:

6 17 38 and /9.

This would result in 4 one-link pieces, one 5-link piece, one 10-link piece, one 20-link
piece, one 40-link piece, and one 72-link piece.

To gain a better understanding, consider the scenario in the first few weeks as illustrated
in the table below.

Week: 1 A 2 4 51 6 7 8 9 10) 11 12

Gold links

given: AT 1141 111 +1 15 15+] S+1+1 [S+1+1+1 (5+1+1+1+111010+1 |10+1+1

The table above indicates that:

at the end of the fifth week, the 5-link piece is given and the 4 one-link pieces are taken
back;

at the end of the tenth week, the 10-link piece is given and the 4 one-link pieces as well
as the 5-link piece are taken back.
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Pyramids of Egypt

1. My Dad has a miniature Pyramid of Egypt. It is 6 inches in height. Dad was invited to display
it at an exhibition. Dad felt it was too small and decided to build a scaled-up model of the
Pyramid out of material whose density is (1 / 2) times the density of the material used for the
miniature. He did a "back-of-the-envelope" calculation to check whether the model would be big
enough.

If the mass (or weight) of the miniature and the scaled-up model are to be the same, how many
inches in height will be the scaled-up Pyramid? Give your answer to two places of decimal.

Answer 7.56
Solution:

It is important to note that

Mass = Density x Volume; and
Volume of model / Volume of miniature = (H of model / H of miniature)3.

In the above equation, H is the characteristic dimension (say, height).

If the mass is to be the same, then density is inversely proportional to volume. Also, the volumes
are directly proportional to the cubes of the heights for objects that are geometrically similar.
Therefore, the heights are seen to be inversely proportional to the cube roots of the densities.
Thus,

Height of model = Height of miniature x (Density of miniature / Density of model)'” or

Height of model = 6 x 2'” = 7.56 inches.




