LESSON 9
Engineering Egypt
Engineering dates back at least five thousand years to the construction of the great Egyptian pyramids.  Egyptian laborers faced enormous challenges of pulling massive blocks of stones up inclined ramps. As the pyramids grew taller, the angle of the ramp grew as well; therefore, the blocks began to get heavier to pull. The reason that these massive blocks of stone got harder to pull is because or surface roughness, or friction. Egyptian engineers developed a method for reducing this surface friction. Water and other substances that reduced friction were added to the surface of the ramp to make pulling the blocks easier.
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Materials

● wooden blocks (one per team; $.50 each)
● wooden boards (two per team; $3.00 each)
● Sandpaper (one per team; $.10 per sheet)

● cork screw eyelet (one per team; $.20 per piece)

● Glue (one bottle per team; $.49 per bottle)

● Spring Scale (one per team; $2.50 each) 

● Books (three textbooks per team; supplied by teacher)
· Calculator(one per team; supplied by teacher or student)

Demonstration: Calculating Sliding Friction
Setup for Teachers

● Place 3 textbooks on table (stacked vertically) [two different stations]

●Lay board flat with one end elevated on textbooks

●Using height of elevated end and length of board calculate the angle (ө) using the sine trigonometric function

●At one station, glue sand paper on the wooden, elevated board

●Screw eyelet into block mass and measure mass using a scale

Activity for Students

● Place a block on the inclined board without sandpaper on it
● Hook the spring scale into the corkscrew eyelet attached to the block mass
● Pull the block up the inclined board at a constant rate so that the spring scale holds a near constant reading

· Make sure to record the value of F from the spring scale
●Do the same procedure for the block on the sandpaper inclined board
● Make sure to record this value of F from the spring scale also
· Using the formula F=mg*sin (ө) + f, calculate f using the following given constants. Substitute the known values into the equation and solve for f using multiplication, addition, and subtraction.
Resources:

http://www.mines.inpl-nancy.fr/laego/Crozat/uk/2.html
More Helpful Hints:
1 Newton = 1 kg*m/s2

sin (θ) = Height/Hypotenuse
Table for Block Sliding on Board with no Sandpaper

	Mass(m)[kilograms]=
	

	Acceleration Due to Gravity(g)[m/s2]=
	9.8

	Angle(θ)[degrees]=
	

	Pulling Force(F)[Newtons]=
	


Force of Friction:
___________ (f)[Newtons]

Table for Block Sliding on Sandpaper

	Mass(m)[kilograms]=
	

	Acceleration Due to Gravity(g)[m/s2]=
	9.8

	Angle(θ)[degrees]=
	

	Pulling Force(F)[Newtons]=
	


Force of Friction:
___________ (f)[Newtons]

Example:
In the following example, a block is being pulled up an inclined plane with only gravity and friction acting on it. Calculate the force of friction given the following information:

Mass of Block= .300 kilograms

Acceleration Due to Gravity= 9.8 m/s2
Angle= 30 degrees

Pulling Force= 25 Newtons

Calculation:

F= mgsin (θ) – f

25 Newtons = (.300 kg)(9.8 m/s2)(sin (30)) + f

25 Newtons = 1.47 kg*m/s2 +f

f= 23.53 Newtons

Conclusion:

Which board has a lower force of friction acing on the block? Based on the physical relationship that as frictional force increases, so does the force applied to pulling the object, what can you determine about effort of building a pyramid by dragging blocks up inclined planes?
Pulling Force= 25 Newtons





Θ= 30 degrees





.300 kg





Notice how when the height of the pyramid increases, so does the angle from the horizontal. As this angle increases, so does the force of friction. 
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