Fermi Area	HC001 scoring rubric

Math Domain

�(�Number/Quantity��Shape/Space��Function/Pattern������������Chance/Data��Arrangement����Math Actions (possible weights: 0 through 4)

�3�Modeling/Formulating�2�Manipulating/Transforming���������3�Inferring/Drawing Conclusions�2�Communicating��Math Big Ideas

��Scale��Reference Frame��Representation������������Continuity��Boundedness��Invariance/Symmetry������������Equivalence��General/Particular��Contradiction������������Use of Limits��Approximation��Other����������The intent of this problem is to have students make an estimate based on a benchmark measure that they are likely to know. The making of the estimate will require them to devise a concatenated strategy.

The surface area of a kitchen sponge

An ordinary kitchen sponge has dimensions of about 10 cm x 15 cm x 4 cm and volume of 600 �EMBED Equation.3���. The average bubble size is 0.1 cm x 0.1 cm x 0.1 cm , or 0.001 �EMBED Equation.3���; this gives us approximately 600,000 bubbles in each sponge. The surface area per bubble is about 0.1 cm x 0.1 cm x (6/2), or 0.03 �EMBED Equation.3��� . Therefore the total surface area is 180,000 �EMBED Equation.3���or 18�EMBED Equation.3���.�EMBED Equation.3��� 

The total surface area of a cubic foot of rock salt crystals

A single crystal of rock salt can be thought of as a cube about 1/8 of an inch on a side. If they could be stacked neatly there would be 8 x 8 x 8 = 512 such cubes in a cubic inch. Since there are 12 x 12 x 12 = 1728 cubic inches in a cubic foot, we could fit 512 x 1728 = 884,736 such rock salt crystals in a cubic foot. 

This is a silly number. It implies a precision that we simply do not have. Let’s say that the number is about 1,000,000. 

Now we can’t pack these little rock salt crystals neatly. Let’s say that when we jumble them together we can only fit about half as many in a cubic foot, that is 500,000 little rock salt crystals each being about 1/8 of an inch on a side.

What is the surface area of a single rock salt crystal? There are 6 faces and each face has a surface area of 1/8 x 1/8 = 1/64 square inches. This means that each crystal has a surface area of 6/64 = 3/32 square inches. Since we are talking about 500,000 little rock salt crystals, we have a surface area of 500,000 �EMBED Equation.3���, or about 50,000 square inches of surface area in a cubic foot of rock salt crystals. 

Since there are 144 square inches in a square foot, this mean that there is about 350 square feet of surface area in a cubic foot of rock salt crystals.

The surface area you can paint with a gallon of paint

The volume of a gallon is about 3.8 liters or 3800 cubic centimeters.

The thickness of a layer of paint is about 1/10 the thickness of a sheet of paper.

A ream of 500 sheets of paper is about 2 inches thick. This means that the thickness of a layer of paint is about 2/5000 or 1/2500 of an inch.

There are 2.54 centimeters to the inch. This means that the thickness of a layer of paint is about 1/100 of a centimeter.

Therefore you can spread out the volume of a gallon of paint into a layer that is 1/100 of a centimeter thick and 380,000 square centimeters in area, or about 400,000 square centimeters. Since there are 10,000 square centimeters in a square meter, you can paint about 40 square meters of surface with a gallon of paint.



�partial level�full level��Modeling/�Formulating

(weight: 3)�Show evidence of some sort of primitive area as a benchmark.

or

Derive area benchmark from length or volume benchmark, as shown in solution.�Design a reasonable chain of computations that leads from the benchmark to the estimate.��Transforming/�Manipulating

(weight: 2)��Accurately compute estimate.��Inferring/�Drawing Conclusions

(weight: 3)�Base estimate on a reasonable sequence of inferences.�Show evidence of having checked the plausibility of the estimate.��Communicating

(weight: 2)�Make some attempt to explain reasoning.�Present reasoning coherently and completely.��
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