PAGE  
13
The Three Giza Pyramids  


Running Head: The Three Giza Pyramids 

The Three Giza  Pyramids

Adila Fayed

Teacher: Mrs.Abi Samra 

Advisor: Mrs. Jubayli

Table of Content

Research Question.............................................................Page 3

Purpose..............................................................................Page 3 

Definition Of Concepts.....................................................Page 3

Abstract.............................................................................Page 4

Introduction.......................................................................Page 4

Astronomical Relations.....................................................Page 6
Geometry and Math of The Three Giza Pyramids............Page 8

Construction of The Pyramids..........................................Page 10

Pyramid Construction, their Dimensions and 

                  Maintenance of a Fixed Structure...................Page 11

Conclusion........................................................................Page 12

Illustrations.......................................................................Page 14

Bibliography.....................................................................Page 19

Research Question: The Pyramids, Those Perfectly shaped constructions how were they built and on what basis?

Purpose: Look at the pyramids. How are they still standing after all these years? Is there a mystery behind their construction? Could anyone actually build these enormous structures? It is fascinating isn’t it? Why weren’t these pyramids scattered around Egypt? After four thousand years there are still many studies about the pyramids and their origin. The presence of many undiscovered rooms in these massive structures. Astronomy , the science only used in calendars was utilized by the Egyptians in order for the pyramids to face he cardinal point and for them to be in the center of the earth.  

How could these structures be built when knowledge, science, math and technology were primitive during that time period?

Definition Of concepts:

Royal cubit: unit of measurement=20.62 inches

Merkhet: device used to build the pyramids

Ramp: sloping surface used, for example, to allow access from one level to a higher or lower level or to raise something up above floor or ground level.

Pyramid inch: another unit if measurement

Pythagoras theorem: a proved geometric proposition stating that the square of the longest side ( hypotenuse ) of a right triangle is equal to the sum of the squares of the other two sides.
Radius:  a line extending from the center of the circle to its edge.

Circle: curved line surrounding a center point, every point of the line being an equal distance from the center point
Triangle: a figure that has three sides and three angles. 

Plumb rule: plumb attached to a board, used to check how vertical something such as a wall
Trowel: a small hand tool with a short handle and a flat, usually pointed, blade used for spreading, shaping, and smoothing plaster, cement, or mortar
Bay: a lowland area with curving hills partly surrounding it
Mallet: a tool with a large usually wooden or metal head that is used for driving another tool such as a chisel, or for striking or molding a material
Slope: incline, angle

Astronomy: the scientific study of the universe, especially of the motions, positions, sizes, composition, and behavior of celestial objects.

Orion belt: an equatorial constellation near Gemini and Taurus, containing the Great Nebula and more than 200 stars visible to the naked eye
Cardinal point: any of the four principal points of the compass, North, South, East, or West
Eastern supply ramp theory: It states that a ramp was placed on the eastern side of the pyramid, which is nearest to the nile, this ramp had a slope or an incline in order to levitate the blocks to a certain level.

Single ramp theory :It is a theory that states only one ramp was used during the building.  
Four ramp theory: There was a ramp at each corner of the pyramid.

Inside out: a theory that sates that the pyramids were built from the inside to the  outside.

Outside in: A theory that states that the pyramids were built from the outside then from the inside i.e the structure was fixed from the outside as a pyramid then rooms were carved inform the inside.

Abstract:

Throughout history as the civilizations evolved and prospered, they designed constructions that resembled their civilization. In Egypt and precisely at Giza, were art of the pyramids was perfected, three magnificent towers were constructed. The pyramids were gigantic stone monuments built thousands years ago in different shapes and sizes as tombs that transmitted the pharaoh to the after life were he will become a god in the heavens. According to the Egyptians’ religious views, the priests began planning the location and size of the pyramids. The pyramids were built with respect to astronomy( the Egyptian God Osrios), such that the pyramids were a mere copy of the star constellation of the Orion belt.  Not only that but also the Egyptians planned to build the pyramids according to the precise cardinal points. These three Giza pyramids were placed in their particular situation due to the earth’s center. It is really interesting how the priests were able to plan the exact location of the pyramids were their tools were primitive and there were no signs of technology. The pyramidal planning was certainly difficult because it required many years of thinking and because math including both geometry and trigonometry were not at an advanced level and did not meet the requirements for building. But still, the priests and the pharos  were determined  to build these structures although late studies such as the Pythagorean... and many more were not present. When there is a will there is a way. Thousands of years after their sacred construction, several views and theories were placed about how the pyramids were constructed  and what theories were utilized. Till these days many scientists are still astounded by their accuracy, precision and their maintenance of structure after four thousand years, were the world itself has underwent many changes, but they intriguingly remain, as if they have been untouched and unaffected by time, days, months and years. Thus, the three perfect fixed structure pyramids have been constructed according to mathematical and geometric relations where their location and overall view was placed with respect to astronomy.

Introduction:

Five thousand years ago, it appeared! A kingdom in Egypt totally different from its predecessors. It united the people of the Nile and originated one of the world’s first civilizations. The essence of this civilization was its religion, since it was permeated in every aspect of people’s lives; from birth to death including art, architecture, science, language, and especially politics. The ruler of this ancient Egyptian civilization was a pharaoh, regarded in the eyes of his subjects as a link between the gods and he human race. The Egyptians honored the pharaoh, believed in him, and considered him as a political and religious leader. (Ancient Egyptian Civilization, 3500B.C- 950 B.C, 2000) He possessed the solemn power to elect the destiny of the inhabitants and his dynasty. In order to enhance the relationship between themselves and the gods, the pharos over the decades decided to construct pyramids: tombs in which they believed they were a secure stairway to the heavens in the afterlife. These gigantic monuments were known to have been built between 2550 B.C and 2470B.C, but certainly there is no evidence that provides the exact year of construction. The site for constructing these massive structures was essential since the location must be strategic, beneficial and that of value. The pyramids were preferably to be built beside the Nile River where the annual flooding deposits rich silt that enhances farming. Not only that but the Nile was also utilized as a mean of transportation, aiding the builders in transferring the stones used for construction to the building site. These structures were to be constructed on the upper level of the west side of the river due to the setting of the sun, a specific distance afar the flooding and adjoining the Egyptian capital. ( Edwards, 1961,p 205) Hence, this provides the pyramids of Egypt a strategic and well-studied location. The great pyramids of Egypt;  Khufu, Khafre and Menkaure dominated the desert and the valley of the Nile by their exquisiteness and colossal structure such that they were not mountains of compacted stones, but instead they were built after several studies and theories which assisted them to intrigue and amaze scientists and civilians worldwide. Egyptologists assumed that the three fixed structured pyramids were built by mediocre architects but contrarily, sturdy evidence proves that these structures required planning and studies assisted by mathematical and geometric relations for construction in which their premeditated location and overall view was positioned according to astronomy. 

Before Construction:

Astronomical Relations


Astronomy was significant during the Egyptian era, in the Egyptian’s lives, calendars and certainly essential in situating the pyramids according to the ‘sky’ and to a specific sense of direction. Technological tools such as compasses and metallic rulers were not existing at that time to orient the pyramids, but the Egyptians still managed to build them facing north with each of the remaining sides facing the three cardinal points; south, west and east. Priests or surveyors accomplished that by the usage of astronomy. Definitely, by just observing the sky and the stars, the priests could not have reached accuracy and determination of the true north. Thus, modern scientists stated that a circular wall was built centering the expected site for building. This wall must be built at a certain level; above the natural horizon where the observation of the stars could only be held at nighttime. The priest undergoing this observation would be situated in the center of the circular wall, facing the east and awaiting a chosen star in the north. When this star appears and is viewed with the priests’ bay at a particular level above the wall, the wall is marked. Then similarly, using the bay the priest again observes the setting of the selected star and marks the wall were the star has disappeared. The surveyor predicted that by marking a third position on the wall half way between the rising and the setting points the, true north will be determined. Thus, by that, the examiner drew two lines towards the center of the circular wall one from the rising point whereas the other from the setting point. As a result, an angle was created which a straight line drawn towards the wall was subsequently bisecting it, marking a point. This point was the north, and the point opposite that was the south. (McNeese 1997, p41& Murray, 1961,p 225)[Refer to Diagram 1]  “ This little bit of astronomical ingenuity gave the Egyptians the lines they needed to orient pyramid base along the cardinal points of the compass.” (Mc Neese,1961,p 42) Astronomy was not only utilized by placing the pyramids according to the four cardinal points on earth, but also according to the Orion belt. Such that, the two larger pyramids; Khufu and Khafre represented the brightest stars; Alnitak and Alnilam in the belt of Orion. Whereas, the third pyramid Menkaure mimics the slightly dimmer star; Mintaka and other remaining trivial pyramids complete a small portion of the constellation. These three Giza pyramids as well correlate to the meridian axis of the Milky Way. This resembling of the Orion constellation was also fundamental, since it symbolized the star of the Egyptian god Osiris. The fact that religion was the essence of this ancient civilization, the Egyptians, and their pharos, believed that after the pharaoh’s death, his soul would depart earth and would become a star in Orion. The  shaft from the kings chamber of the pyramid of Khufu verified that when it was angled and aligned in precision according to the north south meridian in order for the pharaoh’s soul to transform into a star. This theory was stated and interpreted by Robert Bauval and Adrian Gilbert and certified by superior Egyptologists; Professor I.E.S Edwards and Dr. Jaromir Malek. (Gilbert) However, John Legon disagreed with Bauval’s theory and confirmed that the correlation between the three pyramids and Orion’s belt was not intended because three stars do not formulate a constellation. On the contrary, in order to complete a constellation as Bauval suggested the three remaining pyramids should have been built nearby the Nile were annual flooding occurs and moreover the pyramids should have been built on the opposing side of the Nile. (Legon, 1995) Even though Legon opposed Bauval, Bauval’s evidence and views are more meaningful, since in the Pyramid texts it has been stated, “ O king, you are the great star, the companion of Orion, who traverses the sky with Orion, who navigates the Netherworld with Osiris; you ascend the east of the sky, being rejuvenated at your due season and rejuvenated at your due time.” (Orcutt, 2000) Thus these enigmatic monuments were not placed at random, but instead convincing explanation and evidence proves the opposite. Along with the usage of the cardinal points, the compatibility of the pyramids with the constellation and the implementation of these astronomical calculations and theories, Egyptians and surveyors required math.  

Geometry and Math of The Three Giza Pyramids

During the Egyptian era, many scientists believed that the Egyptians had a deficiency in their mathematical knowledge, but certainly, after many studies, it has been proved that basic geometric and mathematical relations were applied during pyramid construction. The circles, triangles, and squares were shapes assisted by trigonometric functions and utilized by examiners in order to attain accuracy while building the pyramids. Thus, the primary shape employed was the circle, where an isosceles triangle was drawn in its first quarter. The base angle of this isosceles triangle was then bisected, where the endpoint of the bisector is drawn towards the arc inscribed by the initial base angle. Afterwards a line is drawn from the point on the arc towards the radius of this circle, thus creating a right-angled triangle.[Refer to Diagram 2] By the Pythagorean theorem and the trigonometric functions, the portions and the measurements of the sides of the right angled triangle were calculated, where the bisector also referred to as the hypotenuse is one unit, whereas the arc related line is 0.618034 and finally, the last side of the right triangle; third quarter of the radius is 0.78615 of a unit. (Cooper, 1999)[Refer to Diagrams 3,4] Thus after deriving that, the Egyptians exploited the pyramidal structure by dissecting it in half from the vertex, forming a face triangle. This face triangle had a height equal to the radius portion related line and the sides from the focal point towards the base are equivalent to the hypotenuse and finally the base of this face triangle is identical to double the arc related line, i.e. 0.618034 of a unit * 2. Therefore, by achieving these precise calculations, the great pyramid was formed of a squared base and four isosceles triangular sides were its height is equal 0.78615 and the sides of the square and the sides of the faces of the pyramid are respectively 0.618034 and 1. (Cooper, 1999)[Refer to Diagram 5) By converting these measurements to the royal cubit which is around 20.63 inches the height, squared based sides and the remnant triangular sides transform respectively into around 146.3023m, 230.41m and 218.89m. (Cooper, 1999) Several scientists, mathematicians, and Egyptologists assumed that these mathematical and geometric relations that resulted in precise measurements were just a mere coincidence. Thus, in other words they stated that during and before these pyramidal construction precise trigonometry, math and geometry were not employed, nor was the Pythagorean theorem and the rest of the studies were not even put to practice. (Cooper, 1999) Yet, many others disagreed with the scientists’ views and said that the exactitude and precision of these constructions were not a coincidence; thereby mathematical and geometric relations were both required to attain perfection and aid the pyramid constructors in building.

During Construction:

Construction of the pyramids


All the Giza pyramids had a perfect fixed structure due to the tools utilized and the methods of construction. Before the Egyptians began construction, they initially needed to prepare the site for construction and certainly needed to select the tools. Firstly, the site was leveled and flattened were a wooden mallet removed the sand. Then, the surveyors ordered the workers to formulate interconnected trenches that were afterwards filled with water. The water level formed was marked all around the pyramid site. Then consequently the water was drained from the trenches and all the remaining rocks above the trenches were removed and then filled with rubble and stones. (McNeese, 1997,p 39-40) This extremely successful action was performed in order to have a permanent pyramid base and it aided in obtaining accuracy although no sophisticated instruments were used, such that the southeastern corner is only half an inch higher than the northwestern corner.[Refer to Diagram 6] In addition to that, before commencing the construction stones were to be selected. The stones chosen were limestone and granite. (McNeese, 1997,p 45) By that selection and preparation, the workers began building. There were two opposing views of the first stages of construction. Most Egyptologists stated that these grand monuments were built inside out. Thereby they were built from the inside to the outside.( McNeese, 1997,p 63) [Refer to Diagram 7] Whereas, Sir Flinders Petrie theorized that the pyramids were built from the outside in, in such a way that the Egyptians cased the outside rigid structured stones and then placed in, the interior layers of stones. ( McNeese, 1997,p 64) Similarly, several archeologists and Egyptologists argued about the techniques and the theories practiced whereas disagreed about the usage of a ramp in the terminal stages of construction. The two theories were, the eastern supply ramp theory and four-ramp theory. The eastern ramp theory suggests that the ramp was constituted of mud bricks were it was placed on the eastern side of the pyramid, which is the nearest to the Nile. This ramp was inclined in order to levitate the blocks to a certain level. In fact, as the pyramid increased in height the ramp correspondingly increased vertically and horizontally, such that if it did otherwise it will be difficult for the builders to move the stones up the incline.[Refer to Diagram 8] After the pyramid was complete, the ramp was destroyed. (Mc Neese,1997,p 69 & Edwards,1961,p 226) Whereas, the alternating theory; four ramp theory, theorizes that a ramp was built at each corner of the pyramid, and they coiled around the monument as it was escalating higher. These ramps were formulated of tafla, which was a firm clay that can be easily degraded. (McNeese, 1997,p 71 & Edwards, 1961,p 221)  The four-ramp theory is certainly more reasonable and might have been a practical method applied since mud is lighter than stone and the more the number of  ramps the faster the construction of the pyramids and the less usage of materials. Any single and diminutive mistake or error during construction could have resulted in the rupturing of the great pyramids.

After Construction:

Pyramid Construction, their Dimensions and Maintenance of a fixed structure


Four thousand years have passed after the building of the pyramids and the Egyptologists are still intrigued by their precision, exactitude and the maintenance of a fixed structure. Certainly, all this accurate shaping and control during construction is the mystery of maintaining a conscious structure. Any sloppiness in the placing of the blocks, drifting off the center, angles greater or less than 90 degrees or the rotation and twisting of the blocks, will distort the ideal pyramidal shape. (Sampsell, 2000)[Refer to Diagrams 9, 10] If the builders messed up with an inch while placing the blocks at the pyramidal base, the four sides will not meet at the top and form a pyramid, hence the pyramid will shatter and become a disaster. In addition, the builders had a task of setting the stones on the course beneath it and aligning it with the previous edges of the preceding stages. Hence, the three Giza pyramids were successful and ideal pyramids since all the problems of deviation and distortion were prevented and the blocks were positioned with accuracy that each was placed at a time in such a way that the blocks were keyed to the one below. ( Edwards, 1961,p 222-223 & Murray,1961,p 254)In order to attain this precision, the casing stones could have been cut to a desired slope before being located to form the pyramids, or alternatively after finishing the construction of the pyramids, the protruded stones will be transversed to a certain selected slope. (Edwards, 1961,p 223 & Sampsell, 2000) Thereby, these  were two ways in which  the slope of the blocks can be formulated. To measure these slopes and to achieve exactness the method was rise and run. Such that the rise represented seven palms; a cubit, whereas the run represented five palms and two fingers. (Sampsell, 200) This was a fast accurate way to predict the slopes of the blocks and the pyramids. Thus, the determining of the slopes, and the accurate shaping and the setting of the stones played an essential role in the pyramidal dimensions and the preservation of a fixed structure over the years.      

Conclusion

In conclusion, mathematical and geometric relations aided the builders in construction and assisted in persevering their structure. These three Giza pyramids were certainly located according to the cardinal points, the sky, astronomy and especially interrelated with the Orion belt. Surely, religion was the reason behind these fascinating tombs that hypnotized and amazed millions of people with their austere beauty and subtle color variations as the rays of the sunstroke at different angles. Various studies and theories were arranged about how and what were the methods used before, during and after construction. Even though at construction, the Egyptian tools utilized were primitive and no technological instruments were present, the resultants were enormous structures still present today, with a lot of enigma and stern structures. At this moment, “Outside, the hot winds blow, the sun beats down on ageless desert sands, and the shadows of the pyramids extend across the Giza plateau, as they have for hundreds of humanity’s generations. Once upon a time the ancient world could boast of seven great wonders, built by the hand of man. Today only one remains, towering toward a cloudless Egyptian sky.” (McNeese, 1997,p 90) 
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