Where in the World Is the Great Pyramid?
		 by Glen Dash*
Despite all the research carried out at the Great Pyramid over the
centuries, we did not have useful coordinates for its position. Not until
Glen Dash and his team took on the project. This was not a simple
matter of surveying on the ground. The Dash team had to
scale the huge monument, carrying survey equipment,
and take measurements from its summit.

T

he Great Pyramid is one of the most
studied monuments of the ancient
world. Herodotus, who contributed both fact
and legend to our knowledge, said that it took
100,000 men 20 years to build, was “square at the
base, its height …. equal to the length of each side.”1 John
Greaves (1602–1652) of Oxford was one the first modern
scholars to measure the Great Pyramid in a methodical way.2
He calculated its height to be 499 feet and the sides to average
693 feet, reasonable estimates considering the mounds of debris
which then encased the Pyramid. (Our best estimates today
make its height 481 feet 4 inches3 and the average length of its
sides, 755 feet 9 inches.4) Since Greaves’s day the Great Pyramid
has been systematically surveyed by Napoleon’s savants (1798),
Colonel Howard Vyse and John Perring (1837), Piazzi Smyth
(1865), and the great Flinders Petrie (1880–1881). Today AERA,
in cooperation with the Egyptian Ministry of Antiquities,
continues the work, applying 21st century technologies to
the problem of measuring the Great Pyramid. We seek to
understand how it was built, what the builders who built it
knew of technology, and how well they executed their plans.

Where Is the Great Pyramid?
It is surprising then to find out that until our recent mission,
researchers did not have useful coordinates for the Great
Pyramid. To illustrate the problem, we need only put the
published coordinates for the Great Pyramid into Google
Earth. Its published coordinates are Latitude 29 degrees 58
minutes 44.44 seconds North and Longitude 31 degrees 7
minutes 57.08 seconds East (or in decimal form 29.979001° N,
31.132522° E).5 Those coordinates place the top of the Great
Pyramid more than 180 meters west of where it truly is. How
could the earlier surveyors have been so wrong?
The surveyors who proceeded us were not wrong, nor has
continental drift or some other force moved the Pyramid. The
reason for the discrepancy is that our model of the Earth has
changed. Our planet is not a perfect spheroid. Rather, it is
more of an ellipsoid, flattened at the poles. The exact shape of
the ellipsoid has been the subject of much study. In 1906, the
“Helmert reference ellipsoid” was proposed as the shape of the
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Earth.
The
published
location for the
Great Pyramid is
its place on the Helmert
ellipsoid.
However, in 1984 geologists
proposed a new reference ellipsoid, the
World Geodetic System WGS 1984, which was
widely adopted. Unfortunately, there is no practical
way to convert from the Helmert reference ellipsoid
to the WGS 1984 ellipsoid with high accuracy. Therefore,
in February 2018 we set out to climb to the top of the Great
Pyramid with our survey equipment to re-establish its exact
coordinates, this time on the WGS 1984 reference ellipsoid.

Climbing the Great Pyramid
Climbing the 37-story Great Pyramid requires more than just
getting in shape. It requires the permission of the Egyptian
Ministry of Antiquities, and the Ministry does not grant
such permissions lightly. The monument, though imposing,
is fragile. Furthermore, climbing the Great Pyramid is
dangerous. People have died doing what we were proposing to
do. Nonetheless, owing to the patient and persistent work of
AERA’s personnel, principally AERA-Egypt Executive Director
Dr. Mohsen Kamel and AERA’s Director, Dr. Mark Lehner, and
the importance of the project, we did receive permission to
climb.
The day of the climb was February 26, 2018. Ascending
would be Joel Paulson of the survey firm NV5; Sayed Salah Abd
el-Hakim, AERA-Egypt Manager and Reis; and Rebecca Dash
Sperber, Eric Sperber, and myself representing the Glen Dash

The published coordinates
for the center of the top
of the Great Pyramid plotted on Google Earth place
it more than 180 meters
west of its true location.
These coordinates are
based on the now obsolete “Helmert reference
ellipsoid,” proposed as
the shape of the Earth in
1906. The current, widely
adopted reference ellipsoid, WGS 1984, was proposed in 1984. Since there
is no practical way to convert from the old to the
current reference ellipsoid
with high accuracy, the
Glen Dash Fundation
Survey team climbed
to the top of the Great
Pyramid to re-establish its
exact coordinates on the
WGS reference ellipsoid.

29°58'44.44"N 31°7’57.08" E

Foundation for Archaeological Research. Joel Paulson, the
group’s principal surveyor is both a surveyor and archaeologist..
His task this day would be to take his Global Positioning
System (GPS) to the top of the Great Pyramid and make the
critical measurements. A GPS uses satellites, computers, and
receivers to determine the latitude and longitude of a given
point. The rest of our survey team would assist and document
the current state of the top of the Great Pyramid.
The slope of a pyramid being least at its corners, Sayed Sayed
Salah Abd el-Hakim, our guide, chose the southwest corner for
our ascent. When we approached the Pyramid, I was immediately struck with the size of the stones at its base. I was familiar
with them, having surveyed at the Great Pyramid over several
seasons, but climbing over them was another matter.
The first stone I would have to climb over was almost five
feet high. You don’t climb the Great Pyramid with your legs, I
discovered; you lift yourself with your arms. I hoisted myself
Facing page: The Glen Dash Foundation Survey team makes the
perilous and exhausting climb up the Great Pyramid to its summit in
order to take its measurements at the top and determine its location
in terms of coordinates that are consistent with the current model of
the Earth.
First to arrive at the top, Rebekah Dash Sperber waves her arms
up high in celebration. Still climbing are, left to right: Joel Paulson,
surveyor; our guide Sayed Salah Abd el-Hakim, AERA Reis and AERAEgypt Manager; Glen Dash; and Eric Sperber, carrying much of the
equipment.
Sayed chose the southwest corner of the Pyramid for our ascent as
the slope of a pyramid is least steep at its corners. Photo by Claire
Malleson.

up on the first stone, then lay flat on my stomach on its top. I
pulled my legs around and tucked them in under me. I lay on
the stone momentarily and then sat upright. Then I noticed the
feathers. The surface of the Giza limestone is tough as coral,
and its rough surface had torn away part of my down jacket. I
stood up. There were about 200 courses to go.
I repeated the process for each successive course. Lift the
body, lie on the stone, tuck in the legs, turn, sit up, then stand.
Mercifully, the stones got smaller as we climbed. Then, unexpectedly, at course 35 the stones got significantly larger again.
There, at course 35, we had encountered one of the mysteries
of the Great Pyramid. See the sidebar about the height of the
courses on page 20.
As I climbed the Pyramid, I kept my gaze fixed always on
the next stone up. I heeded the warnings I had been given: just
don’t look down. But one third of the way up (about 150 feet
or 11 stories!), fatigue started to set in. So we stopped to rest. I
turned to see the expanse of the Giza Plateau around me. It
took my mind off the perilous heights. We rested for a few
minutes; then Dr. Mohsen Kamel, who was watching from the
base, waved us on. Our permission was for a limited time, he
reminded us, and we had to keep on moving.
We would rest one more time. Then, soon after the second
break, I looked up to see the tip of the mast that rests on the top
of the Pyramid just visible over the courses I still had to climb.
I stopped for a moment and stared. This was the mast that I
had written so much about. It had been placed at the top of the
Great Pyramid in 1875 by astronomer and surveyor David Gill.6
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Glen Dash (left) and Joel Paulson, our surveyor, rest
as a GPS device mounted over Station E1 remeasures the location of the station. Khafre's pyramid
stands in the background. View to the southwest.
Photo by Sayed Salah Abd el-Hakim.

Rebecca reached the top first, throwing her arms up in
the air in celebration. I was fourth, behind Joel Paulson and
Sayed Salah Abd el-Hakim. Eric Sperber, carrying much of the
equipment, was behind me. Downwind of me during the entire
climb, he reached the top brushing away the feathers from my
down jacket.

On the Summit

At the mast. Eric
Sperber and Rebecca
Dash Sperber
stand at the mast
placed at the top of
the Great Pyramid
by David Gill in 1875.
The base of the mast is
shown in the inset above.
Photo by Glen Dash.
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We had arrived on the best of days. There was no appreciable
wind, rain, fog, dust, or sand. The top of the Great Pyramid is
a most pleasant place. The course upon which we stood formed
a platform about 10 by 10 meters. It was flat except for a few
stones from higher courses. There was plenty of space to move.
There was also plenty of evidence left by visitors who had been
here before us, particularly in the 19th century. Nearly every
square inch of the top was covered in graffiti.
Our first task was to recover the control monument at the
top of the Great Pyramid, known as Station E1. We immediately
spotted a sand-filled depression and cleared it, revealing
a copper marker. Joel set up his GPS equipment and began
monitoring. It would take two hours of monitoring to achieve
the accuracy we desired.
Station E1 is what is known as a “first order” control
monument. Originally accurate to around one part in 150,000,
it serves as a kind of lynchpin in the Survey of Egypt control
network. We also measured the angle and distance from Station
E1 to the center of the base of the mast. We found it lay directly
northeast of Station E1 at a distance of 2.413 meters.
After two hours our work was complete, and it was time
to descend. Climbing down is harder than climbing up. Each
step reminds you of where one misstep can lead. On the way
up, gravity works with you, securing your foot to each step. On

The descent. Rebecca Dash Sperber (right)
and Joel Paulson cautiously make their way
down the corner of the Great Pyramid. Photo
by Sayed Salah Abd el-Hakim.

Glen Dash (left) and Eric
Sperber carefully descend
down the massive stones. Photo
by Sayed Salah Abd el-Hakim.

the way down, gravity works against you, pulling you
along a little faster than is comfortable. It took us 45
minutes to descend, about the same amount of time it
had taken us to climb.7

The Results
After analyzing the data, we found that the location
of E1, the first order control monument at the top of
the Great Pyramid, is Latitude 29° 58' 45.00041" North
and Longitude 31° 08' 03.05680" East. As noted, the
base of the mast is 2.413 meters due northeast of E1. In
terms of longitude and latitude, 2.413 meters northeast
is equal to .05529 seconds of arc north and .05529
seconds east.8 We add .05529 seconds to the latitude
and longitude of Station E1 and find that the center of
the base of the mast rests at Latitude 29° 58' 45.05570"
North and Longitude 31° 08' 03.11209" East.9
We also set out to establish its position on our
own reference map, the Giza Plateau Mapping
Project (GPMP) control grid. Longitude and Latitude
coordinates are difficult to work with at a small scale,
so archaeologists and surveyors often set up their own
local control grid. Our local control grid assigns every
place on the plateau coordinates, like addresses for
houses on a city map. The grid’s origin is the center
of the base of the Great Pyramid. Every place is then
assigned an address which represents the number of
meters north and east that place is from the origin. For
example, we know that the northeast corner of the
Great Pyramid is 115.278 meters north and 114.974 meters
east of the center of the base of the Great Pyramid. If the
center of the base of the Great Pyramid is assigned an

Sayed Salah Abd el-Hakim, our guide for the climb, stands at the edge of
the Great Pyramid’s summit. Note the graffiti left by earlier visitors. Nearly
every square inch is covered
in graffiti. Khafre's pyramid
stands in the background.
View to the southwest.
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address of (0, 0), then we can assign an address
of (115.278 N, 114.974 E) to the location of the
northeast corner. As it turns out, surveyors
like to avoid using negative numbers to locate
places to the south and west of the origin, so
they randomly assign a positive address to the
origin. In the case of our control grid at Giza,
David Goodman, the California Department of
Transportation master surveyor who set up our
control grid, assigned an address of (100,000 N,
500,000 E) to the origin, making the northeast
corner (100,115.278 N, 500,114.974 E).
On our GPMP control grid, we know from
our previous surveys that Station E1 (also
known as GPMP control monument G1.5) is
located at N 99,998.554 and E 499,997.917. If
we account for the distance and direction
between Station E1 and the center of the
base of the mast, that places the center of
the base of the mast at N 100,000.260 and E
499,999.623.

Conclusions
Our 2018 ascent allowed us to precisely locate
Station E1 on the WGS 84 reference ellipsoid
and restore its integrity within the Survey of
Egypt control grid. We also located the center
of the base of the mast on the WGS ellipsoid
and, in addition, located it on the GPMP
control grid.
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The Curious Case of the
Great Pyramid’s Alternating
Course Heights: An Unsolved
Mystery
At course 35, we had encountered
one of the mysteries of the Great
Pyramid. The mystery is illustrated in
Flinders Petrie’s graph of the course
sizes, which we show on the right.
The courses get smaller as you ascend,
but then at regular intervals get larger
again, and the cycle repeats. About
that, Petrie wrote:
The position of the remarkably
thick courses, which start afresh
at the beginning of a new
diminishing series, at so many
points of the Pyramid’s height…;
they do not seem to have any
connection with the levels of the
Interior…, nor any relation in the
intervening distances or number
of courses.10

Nonetheless, Petrie did find a
complex pattern to the courses. The
pattern is tied to the area of each
course of stone. The area of the base
is 440 cubits squared or 193,600
square cubits. (One cubit is 52.37
centimeters.) As the pyramid rises
the area of each course is less than
the one before. When the reduction
in area of a given course is some
multiple of 1/25th of the base area, the
course height tends to change. One
such change is at course 35. There the
area of the course is 16/25ths the area
of the base. Similar changes occur
at courses whose areas are 14/25ths,
10/25ths, 7/25ths and 6/25ths the area of the
base, and at other places following
the same pattern. This pattern must
reveal something about the physical
construction of the pyramid, or the
logistics used to build it, but we do
not know what that is.
Changes in course heights as one climbs the Great Pyramid. The heights change in a
complex but regular pattern noticed by Flinders Petrie, as shown in his figure, adapted
by Tarrell.11

7. For a video of the climb, see http://www.
DashFoundation.org/PyramidClimb.htm
8. The average circumference of the Earth is very near 40,000,000 meters.
Dividing by 360 yields 111,1111 meters per degree. Dividing further yields
1,851.852 meters per arc minute and 30.864 meters per arc second. A distance
of 2.413 meters to the northeast equals 1.707 meters to the north and 1.707
meters to the east. A distance of 1.707 meters equals .05529 seconds of arc.
9. Errata to this article, if any, can be found at http://www.DashFoundation.
org/PyramidClimbErrata.docx
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