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The discovery t h a t M o u n t Everest is t h e highest m o u n t a i n in t h e world was m a d e
by t h e officers o f t h e Survey o f I n d i a . T h i s organization m e a s u r e d a network o f
triangulation across I n d i a between 1 8 0 0 a n d 1870. I n o r d e r to r e d u c e t h e m e a s u r e m e n t s t o geodetic coordinates, it was necessary t o d e t e r m i n e t h e size a n d
s h a p e o f t h e e a r t h . T h i s was a c c o n ~ p l i s h e dby m e a s u r i n g t h e length o f a n a r c o f
t h e m e r i d i a n ~ r n d e rt h e direction o f t h e Surveyor G e n e r a l , Sir G e o r g e Everest.
T h i s m e a s u r e m e n t d i s a g r e e d with t h e observations o f t h e stars f o r latitude by 5
seconds o f a r c ( 5 3 0 ft o r 162 rn). I n 1855, Pratt a n d Airy p o i n t e d o u t t h a t t h e
discrepancy was d u e t o t h e gravitational effect o f t h e Himalayas. T h e i r work was
t h e first indication t h a t t h e material o f t h e earth's c r u s t u n d e r t h e m o u n t a i n s is
lighter t h a n t h a t u n d e r plains. D u r i n g t h e course o f t h e survey t h e officers matie
observations o n t h e snowy Himalayas. T h e y w e r e e x c l u d e d f r o m Nepal; observations h a d t o b e t a k e n f r o m m o r e t h a n 1 0 0 m i (160 k m ) away in jungles infested
by malaria. M o u n t Everest was observed by t h r e e d i f f e r e n t officers between Nov e m b e r 27, 1847, and J a n u a r y 17, 1850. T h e height o f t h e m o u n t a i n h a d t o b e
d e t e r m i n e d by t h e ( h u m a n ) c o m p u t e r s in t h e survey h e a d q u a r t e r s i n D e h r a D u n .
T h e fact that it is t h e highest m o u n t a i n in t h e Himalayas, a n d probably i n t h e
world, was a n l ~ o u n c e c by
l S u r v e y o r G e n e r a l A n d r e w W a u g h in 1856. I t is n o t
clear w h e t h e r t h e chief c o m p u t e r w h o m a d e t h e calculations was a n I n d i a n , Rad a n a t h S i k h d a r , o r a n Englishrnan b o r n in I n d i a of' a n I n d i a n m o t h e r , J o h n B.
N. Hennesy. T h e local n a m e f o r t h e m o u n t a i n , if it h a d any, was u n k n o w n , s o
W a u g h rianled it M o u n t Everest, in hortor o f t h e g r e a t scientist w h o was largely
responsible fix t h e acconlplishtnents o f t h e Survev o f India.

Introduction
Ever since the discovet-y was rnatlc in about
1856 that it was the highest nioutttain in thc
world, Mount Everest ltns had tremendous
fascination for geographct-s. Beginning in the
1920's, serious efforts were made by nlourltaineers to clirnl) it. T h e first people to reach
its surri~tlitwere Edtnuntl Hillat-). and Tenzing Nor-gay in 1953. Since then there have
been several sutcesstul expeditions, and
scores of books and articles have been written
about it.
Some of these I-ecount the followir~gstory.
The peak had bcen observed frorrr a great
distance by the oficet-s of the Survey of 111-
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Cover. Outcrop of trlixed rhyolite lavas
on the 600-yr-old lava flow south of Deadman Creek in the lnyo volcanic chain,
eastern California (rock hammer shown
for scale; see C. D. Miller, "Holocene
eruptions of the Inyo volcanic chain, California: Implications for possible eruptions
in Long Valley caldera," Geology, volume
13, pp. 14-17, 1985). T h e east Hank of
Mammoth Mountain, a rhyodacitic cumulovolcano o n the ring fracture of the Long
Valley caldera, is in the background to the
right. T h e flow textures of the white blobs
and lenses illustrate the more viscous behavior of the vesicular, coarsely porphyritic (CP) rhyolite in comparison to the
black, finely porphyritic (FP) obsidian
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dia. Its height could not be deternlined urrtil
all the observations were computetl, and then
it was necessary to compare it with the other
mountains of the Hirnalayas. After this had
been accomplished, the chief computer canie
to the director of the Sut-vey of India, saving
"Sir, we have discovered the highest mountain in the world." Sotne geographers have
doubted this story, but only a few have tried
to find out the identity of the person who
made the observations and that of the computer who calculated the height of the mountain. There are, in fact, two different versions. This is hard to explain, because seldom
have the operations of a government agency
been as thoroughly documented as those of
when the two magmas intermixed. 'I'hese
two lava types erupted together 600 years
ago in the Inyo chain and are chemically
distinct from one another. T h e FP lava is
chemically zoned, while the CP lava is
chemically nearly homogeneous. At the
same silica content the two lavas have as
much as a 50% difference in incompatible
trace element content, indicating that the
two magmas evolved separately. T h e mineralogy and trace element and isotope
geochemistry of the lava flows and domes
of the chain are the subject of a study by
Daniel E. Sampson, Kenneth L. Cameron,
and James B. Gill of the University of California at Santa Cruz (photograph by
D. E. Sampson).

the Survey of India. T h e Surveyor General,
George Everest, published in 1847 a large
volume on his measurement of an arc of the
meridian [Everest, 18471. In 1879, two large
volumes were published, entitled Account of
the Operations of the Great Trigonometrical Suruey
of India [Walker, 18791, followed by 35 more
volumes of reports. Finally, a retired Surveyo r Gezeral, R. H. Phillimore, went through
all the survey's files of notebooks and letters
and wrote a five-volume work entitled Historical Records of the Survey of India. T h e last volume appeared in 1964, after the death of the
author. T h e present narrative was pieced together from the several accounts listed in the
references.

The Survey of India
When the British took over the political administration of India in the late 1700's, they
needed maps. As early as 1767, Lord Clive
appointed Major James Rennel to the post of
Surveyor General of Bengal. At first the need
was primarily military, so that campaigns
could be planned against authorities who resisted. T h e military tradition has persisted to
this day; detailed maps and reports are considered strategic, and their distribution is restricted. Most of the staff have been army officers. Later on, maps were needed to control
revenue and administer the country, as well
as to build railroads and irrigation canals.
A requisite for good maps is a system of
primary control, that is, a network of points
whose position in latitude and longitude and
elevation above sea level is accurately known.
Until recently, such control lines were surveyed by a method called triangulation. The
length of a baseline a few kilometers long is
measured with "
great care. An immovable
stone monument is placed at either end. T h e
Survey of India used calibrated chains and bimetallic bars that were compensated for temperature to measure the base. T h e azimuth
(direction) of the baseline was determined by
observing circunlpolar stars; then a device
called a theodolite (also called a transit) was
set u p at each end of the baseline, and the
angles to a third point were measured. Two
angles and the included side determined a
triangle, so the lengths of the other two sides
could be c-alculatcd. Adclitioual monuments
were set up at the c-ot-rrersof additional triangles, and their at1g1e.iwet-e nleasured. L'sually, afier the network has been extended several hundred kilornetet-s, another baseline is
measured as a check ott the distances computed from the origin;ll baseline carried
throuph the triangles.
In 1800, (:olonel Lamt)ton, then S~rrvcyor
Ger~eralof India, stat-tetl a network of triangulation that was to cover tlie whole country.
In order to convert the tlistanccs measured
along tlie spherical sut-face of the earth to
geodetic coordinates, that is, latitude and longitude, it is tlecessat-y to know the shape and
size of the earth. Several cat-eful measurernents of the length of a degree of arc had
been made before 1800 in Ecuador, Lapland,
and Europe. It was known that the earth was
not a true spher-e, as it is flattened at the
poles. T h e amount of flattening was not
known accurately, so Lambton decided to
measure a series of triangles along the central
meridian of India, which is 78"E of Greenwich. This survey started at Cape Comarin,
the southernmost tip of India, in 1808, and
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erroneous reading for latitude. Additional
observations of stars were made at Kaliana
for latitude.
While he was in England between 1825 and
1830, Everest, now a colonel, took the measurements he had made in India, the European measurements of a degree of arc, and
those made in Ecuador and Lapland, and calculated the following constants for the figure
of the earth [Everest, 18471:
equatorial axis a
polar axis b
ellipticity c
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Index chart showing the networks of triangles measured by the Survey of India.

continued intermittently, as surveyors and in- later brought to India to keep the instrustruments became available, until 1847. It
ments in repair.
came to be known as the "Great Arc of India"
(Figure 1).
Measurement of the Great
In 1818, Lambton, then in his sixties, acquired an able young assistant. George Ever- Arc and Calculation of the
est (Figure 2) was born in London in 1790
Figure of the Earth
and entered the Royal Military Academy at
Everest returned to India as Surveyor GenWoolwich at the age of 14. In 1806, he went
to Java and was commissioned a lieutenant in eral in 1830. He continued to work on the
Great Arc of the Meridian, extending it
the Bengal Artillery. He was active in reconnaissance in Java, and in 1817 he came to In- northward to the foot of the Himalayas at
dia. In 1823, Lambton died in the field at age Dehra Dun. Here he measured a baseline 7.5
70, and Everest succeeded him as Superinten- mi (12 km) long in 1834-1835. In 1867, towdent of the Great Trigonometrical Survey. By ers 10 ft (3 m) square and 8 ft (2.4 m) high
were built over the monuments marking the
1825, he had extended the great arc to Kaends of the base. These are still well prelianpur in central India, but by this time his
served and are used by the Survey of India to
health had broken down completely, and he
check the accuracy of new electronic distanceleft for extended sick leave to England.
During his absence of 5 years, he reviewed measuring devices.
Another base was measured at Kalianpur,
the European surveys leading to calculations
of the figure of the earth. He also supervised near Sironj, south of Agra near the center of
the construction of the most accurate theodo- India. Here Everest built an observatory and
took several thousand observations on stars,
lites ever made. One of these was made by
the firm of Troughton and Sims and another using a zenith circle and calculating the latitude to be 24"07'11.26". He established anby an instrument maker named Barrow.
These devices had horizontal plates 36 inches other observatory, Kaliana, at latitude
29"30148. It was a brick building consisting
(0.9 m) in diameter, which were read by five
of two circular rooms about 50 ft (15 m)
microscopes with filar micrometers in the
apart, connected by a hallway that had two
eyepieces. Both of these remarkable instruslots in its roof and walls so that observations
ments have been preserved and are in the
museum of the Survey of India at Dehra Dun could be made on stars to the north and
(Figure 3). In their boxes, they each weighed south (Figure 4). This observatory was placed
some 60 mi (96 km) south of the north end
more than 1100 Ibs (-500 kg) and were carof the Great Arc, 40 mi (64 km) south of the
ried by 12 men, three at each end of two
poles. The angles were measured to tenths of Himalayan foothills, because Everest feared
seconds of arc. Another theodolite with hori- that the attraction of the mountains would
deflect the plumb line (that is, the level bubzontal plates 24 inches (0.6 m) in diameter
ble in the instruments), which would give an
was constructed by Barrow, whom Everest

= 20,922,932 ft
= 20,853,375 ft
= (a - b)la = 11300.8

Later he corrected these values, but the
original values were those used by the Survey
of India. In 1866, Captain Clarke calculated a
to be 20,926,062 ft (6,378,264 m) and c to be
11294.98. This value was used in the United
States for many years in our first-order triangulation network. At present, positions are
mostly deterpined by satellites. The best estimates of the constants by the International
Union of Geodesy and Geophysics in Canberra in 1979 are a = 6,378,137 m (20,925,602
ft) and c = ll(298.257 -t 0.001).
Upon retirement from the survey in 1843,
Everest returned to England and married. In
1861, he was knighted in honor of his work
on the Survey of India. He had a passion for
accuracy, as witnessed by the fantastic instruments that he constructed and the extraordinary pains that he took in the measurement
of the baselines and angles. He performed
many of the observations himself, although
sometimes he had to be lifted onto a stool
when his legs became paralyzed as a result of
his illnesses. He had no patience with sloppy
work by his subordinates; he had a big falling-out with Barrow, whom he fired, turning
the responsibility for the instruments over to

- Fig. 2 . Sir George Everest (17901866), Surveyor General of India, 18301843. He was responsible for the accurate
measurement of an arc of the meridian,
from which he calculated the figure of the
earth. His observations for latitude at Kaliana and Kalianpur formed the basis for
the theory of isostasy. (From a photograph at the Museum of the Survey of India, Dehra Dun.)
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Fig. 3 . Great theodolite made by Barrow and brought to India by George Everest in 1830. The horizontal plates are 36
inches (0.9 m) in diameter and are observed with five microscopes, each with a
filar micrometer eyepiece. It was used in
the measurement of the Great Arc of the
Meridian.

an Indian, Sayeed Mohsin. Apparently, Everest was a better scientist than administrator,
neglecting problems in the Survey of India
while he worked in the field. He died at Paddington in England in 1866.

Gravitational Effect of the
Himalayas
The Kaliana Observatory turned out to be
too close to the Himalayas after all. The distance between Kaliana and Kalianpur, measured by triangulation and calculated into latitude with Everest's constants for the figure
of the earth, was 5"23'42.295", while that actually measured from the stars was
5"23'37.058", a difference of 5.236 (162 m or
530,ft). Everest assumed that the error was in
the distance measurements and prorated it
back. However, John Henry Pratt, Archdeacon of Calcutta, presented a paper to the
Royal Society on December 4, 1854, in which
he pointed out that the error could not have
been in the distance measurements; the baselines checked within 0.6 ft (0.1 m). The error
must have been in the astronomical observations and had to be due to the gravitational
attraction of the Himalayas on the plumb bob
at both Kaliana and Kalianpur [Pratt, 18551.
Pratt (1808-187 1) was mathematically inclined and interested in geodesy. He had visited the Survey of India in 1853 and was taken to the Banog triangulation station at the
hill station of Mussoorie, near Dehra Dun.
The Surveyor General discussed the problem
of the attraction of the Himalayas with him,
and Pratt presumably read Everest's report
[Everest, 18471. As Pratt reported in his paper
[Pratt, 18551, he went to great lengths in determining the attraction of the mountains on

the plumb bob. Much of the effect is due to
the great plateau of Tibet, which was poorly
known in 1854. He assumed the averane mecific gravity of rock to be 2.75. The p~;'md
line should have been deflected 27.853 at
Kaliana and 1l'I.968 at Kalianpur, a difference of 15".885. This is 3 times the error of
Y.236 determined by Everest. Pratt could explain the difference only by saying that the
ellipticity calculated by Everest was too great
for the meridional arc between Kalianpur
and Kaliana. He did not suggest that the material under the mountains was less dense, although Everest is said to have contemplated
this possibility [Walker, 1879, p. 1271.
On February
1855, almost immediately
after Pratt's communication to the Royal
ety, G. B. Airy, the Astronomer Royal, read a
paper entitled '.On the Computation of the
Effect of the Attraction of Mountain-masses,
as Disturbing the Apparent Astronomical
Latitude of Stations in Geodetic Surveys,9.
[Aily, 18551.Airy said ,'there was nothing surprising in Archdeacon Pratt.s conclusion, but
that it ought to have been anticipated.w A
tableland
mi (160 km) broad and mi
(3.2 km) high could not be sustained by the
strength of the earth's crust if the interior
were fluid.
[the1 state of the earth's crust lying upon the lava
may with perfect correctness be compared to the
state of a raft of timber floating upon water; in
which, if we remark one log whose upper surface
floats much higher than the upper surfaces of 0thers, we are certain that its lower surface lies deeper
in the water than the lower surfaces of the others.

Airy's paper is much shorter than Pratt's and
is neither mathematical nor quantitative.
Pratt wrote several later papers in which he
postulated that the material under the mountains was less dense than the material under
the plains [Pratt, 1859a,b, 18711. The difference between the ideas of Airy and Pratt was
that Airy said the material of the earth's crust
was the same under the mountains as under
the plains but was simply projected more
deeply into the viscous subcrust; Pratt said
that the material under the mountains was
less dense than that under the plains and that
it did not project into the subcrust.
The significance of these observations of
the deflections of the plumb bob was considered by geodesists but was not really appreciated by geologists until 1889, when C. E. Dutton proposed the word "isostasy" to describe
the condition in the earth's crust: "where
lighter matter was accumulated there would
be a tendency to bulge, and where the denser
matter existed there would be a tendency to
flatten or depress the surface," [Dutton, 18891.
After this, a great many observations of the
deflections of the plumb bob and the attraction of gravity were made by the U.S. Coast
and Geodetic Survey, which firmly established the principle of isostasy [Bowie, 19271.
However, they did not clearly decide between
the Pratt and Airy hypotheses.
It has only been since the 1960's that the
theory of ocean bottom spreading and continental drift has shown that Airy was correct.
The light continental crust of the Indian subcontinent has been thrust under the light
continental crust of Siberia. As a result, the
crustal material under the Himalayas and the
plateau of Tibet is much thicker than under
the plains of India. The continental plates are
still moving, and the Himalayas are rising,
pushed up by the increase of light material
beneath them.

The Great Trigonometrical
Survey
During the 1830's and 1840's, the chains of
triangles were extended all across India (Figure 1). One main series of triangles followed
the 24th parallel of latitude westward from
Calcutta, connecting to the Great Arc at the
Sironj base, near the Kalianpur observatory.
North-south chains, called meridional series,
were run from this line northward about 1"
of longitude apart, and southward about 2"
The Northeast Longitudinal Series followed the foothills of the Himalayas. It connects the Debra Dun base at longitude 780E
with the SOnakhoda Base at the north end
the Calcutta Meridional Series at about longitude 88.5"E. Unlike the other chains, it was
One end
the other. Portions were taken up at different
times as survey parties became available when
the meridional chains extending north from
the Calcutta Longitudinal Series were completed. It was started in 1845 and not finally
until
Andrew Scott Waugh (1810-1878) succeeded Everest as Surveyor General in 1843. Conscious of the possibility that the Himalayas
were the highest
on earth, he directed all the observers on the Northeast
Longitudinal Series to take as many observations as possible on the snow peaks. They
were visible only in October, November, and
early December, and the observers had poor
success until 1847.
For some distance southeast of Dehra Dun
the Northeast Longitudinal Series was able to
occupy the stations on peaks of the Himalayan foothills. The sides of the triangles were
many miles long, and the climate was pleasant. However, east of longitude 8WE, the
whole Himalaya range is in the independent
country of Nepal, which at that time would
not permit foreigners to enter. The Surveyor
General requested permission for the government of Nepal to permit the surveyors to enter, but it was denied.
The low country south of the mountains is
called the Terai. It is a region of heavy rainfall, and it is partly covered by jungle. Until
very recently it was notorious for malaria.
The surveying crews suffered terribly from
')jungle fever," and in 1 year, 40 natives died.
Of the five officers who worked on the
Northeast Longitudinal Series, two died and
two had to retire within a few years. A Lieu-

observed with the zenith telescope.
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tenant Walker was carried by his men in a
"dooly" (a sort of stretcher) out of the jungle
to the hill station of Darjeeling, but he was
dead when they arrived [Burrard, 19041.

Observations of Mount
Everest (Burrard's Account)
Particular peaks cannot be identified by
their characteristic shapes at long distances.
Furthermore, their shapes appear different
when observed from different directions. Often the observers gave the same peak different identifying numbers from different stations. Sir Sydney Burrard, who was Surveyor
General from 1910 to 1919, wrote an article
about the operation of identifying the peaks
[Burrard, 19041. He described the observations and calculations as follows:
The identification of the peaks as observed from
different stations was then effected as follows:
1st Step--The stations of observation were carefully
projected on a map, and from each were drawn
lines representing the directions of all peaks observed from it.
2nd Step--When direction-lines from three or more
stations met in one point, it was tentatively assumed
that the same peak had been observed on the three
or more occasions.
3rd Step-By trigonometrical formulae the distance
of this assumed peak from each of the observing
stations was then calculated, and from these distances independent values of the latitude and longitude of the peak.were obtained; if the several values
were accordant the identification was proceeded
with.
4th Step-From the observed angle of elevation and
from the calculated distance of the peak from each
station the height of the peak was deduced; a separate value for the height of the peak was thus obtained from each observing station. If the several
values of height were accordant the identification
was finally accepted. [Some peaks were seen only
once or twice, and could not be identified. Many
others failed the tests and were rejected.]
About 1852 the chief computer of the office at
Calcutta informed Sir Andrew Waugh that a peak
designated XV had been found to be higher than
any hitherto measured in the world. This peak was
discovered by the computers to have been observed
from six different stations; on no occasion had the
observer suspected that he was viewing through his
telescope the highest point of the earth.

From the Terai lowlands it was difficult to
make observations on the snow peaks. They
were more than 100 mi (160 km) away and
usually obscured by the three ranges of lower
mountains which lie parallel to them to the
south. Mount Everest is especially hard to
see, even from nearby. At its south foot is a
deep glacial valley called the Western Cwm.
South of it are two peaks, Nuptse (7879 m)
and Lhotse (8501 m). The ridge connecting
them almost hides Mount Everest (8848 m)
from the south. Even at the modern day Everest View Hotel, only the pyramidal top of
Mount Everest can be seen above the NuptseLhotse ridge.
The chief computer at Calcutta about 1852
was Radanath Sikhdar, a Bengali Brahman
(Figure 5) who was born in 1813 and died in
1870. He was educated in local schools and
studied mathematics under a Dr. Tytler. In
1831, Sikhdar was appointed a computer on
the Great Trigonometrical Survey and
worked for 5 years on the Great Arc with Everest and Peyton. Everest regarded him highly, calling him his "right arm." In 1849, along
with the rest of the Surveyor General's field
office, Sikhdar moved from Dehra Dun to
Calcutta. He left in lanuary, took a boat

down the Ganges, and reached Calcutta in
early May. Everest had been succeeded as
Surveyor General by Andrew Waugh. Waugh
remained at Dehra Dun, but he sent a letter
to Henry Thuillier, Deputy Surveyor General
in Calcutta, commending Sikhdar.

Observations of Mount
Everest (Phillimore's
Account)
Burrard's statement that the computations
of the height of Mount Everest were made in
Calcutta was questioned by R. H. Phillimore
[Phillimore, 19641. Phillimore was Surveyor
General in 1931. After his retirement, he offered to write a history of the survey, an idea
which was eagerly accepted by the then-Surveyor General. This history was published in
five large volumes, the last in 1964 after his
death. Phillimore went through all the letters
and notebooks of the officers, and in volume
5, he provided a much more detailed account
of the observations of Mount Everest.
In 1847, Waugh and survey officer Logan
measured a new base line at Sonakhoda,
north of Calcutta, where the Calcutta Meridional Series connects with the Northeast Longitudinal Series. In that November, they took
sights on several peaks to the west of Kanchenjunga, which was then believed to be the
highest mountain in the Himalayas. They
designated one of these "peak y."
On November 13 and 14, 1847, surveyor
John Armstrong was working northward on
the next chain of triangles to the west, called
the "North Maluncha Meridional Series".
From Sanagpore, a few miles north of Muzaffarpur, he observed a snow peak which he
designated "Peak b." He assumed that this
peak was the same as that observed by
Waugh and Logan and calculated its height
as 28,799 ft (8778 m).
In the field seasons of 1848 and 1849, survey officer John Peyton surveyed the Tirhut
section of the Northwest Longitudinal Series

Fig. 5. Radanath Sikhdar, the Chief
Computer of the Survey of India in about
1852. According to one account, it was
Sikhdar who first determined that Mount
Everest was the highest mountain in the
Himalayas and probably in the world.

Fig. 6 . The 24-inch (0.6-m) theodolite
made by Barrow in London in 1830 and
used by Nicolson in 1849 to observe
Mount Everest. Posing behind the instrument is Baghwan-Singh, who surveyed
levels from Darjeeling and took part in
the new determination of the height of
Mount Everest in 1953 and 1954.
between longitudes 85%" and 86%". He established triangulation stations numbered 85
to 101. Peyton employed the 24-inch (0.6-m)
theodolite constructed for Everest by Barrow
in England in 1830 (Figure 6).
In the flat jungle of the Terai, Peyton had
to build towers of sun-dried brick, 20-30 ft
(6-9 m) high. They were solid, with marked
stones at the summit and basement. Peyton
completed his section of the chain but was
unable to observe the high peaks because
they were obscured by bad weather.
Late in 1849, Waugh sent J. 0. Nicolson to
reoccupy Peyton's stations and t ~ again
,
to
get sights on the snow mountains. James
Ochterlony Nicolson was born in India in
1819, the sor. of Captain James Nicolson of
the Bengal Infantry. He was sent to England
as a child and later lived in Simla while his father served as an army officer. From 1836 to
1840, he assisted Everest on the Meridional
Arc and then surveyed the Hooghly River for
navigational purposes.
Nicolson reached Madanpur, at the north
end of the Chendwar Meridional Series and
north of Patna, on November 3, 1849. On
the evening of the same day, he took a set of
observations with a 12-inch (0.3 m) theodolite. The party moved east to Jirol station, but
the snow peaks were not seen again until November 27, when several sightings were taken. The "large instrument," presumably the
24-inch (0.6-m) Barrow theodolite, was used
(Figure 6). On December 2, two sets of observations, both horizontal and vertical, were
taken to the snow peaks called a and b by
Armstrong.
Nicolson completed the observations in
January 1850 after having observed Mount
Everest from six stations. He spent the rainy
season of that year in Monghyr, a town on
the Ganges River below Patna. The observers
were supposed to compute their observations
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TABLE 1. Observations of Mount Everest by J . 0 . Nicolson in 1849 and 1850

Elevation
Triangulation of Station,
Station
ft (m)
Jirol
Mirzapur
Janjapati
Ladnia
Harpur
Minai

Distance From
Mount Everest,
mi (km)

220 (67)
245 (75)
255 (78)
235 (72)
219 (67)
228 (69)

Dates of
Observation

Number of
Observations

Nov. 27, 1849
Dec. 5,6, 1849
Dec. 8,9, 1849
Dec. 12, 1849
Dec. 17, 18, 1849
Jan. 17, 1850

Observed
Angle of
Elevation

Calculated Elevation
Above msl, ft (m)
Uncorrected

Corrected for
Refraction

1°53'33".35
2"l1116".66
2"12'9".31
2"l 1125".52
2"06'24".98
2"01'16".61

(mean)
From Markham [1874]and Phillimore [1964].All data were originally recorded in feet; msl = mean sea level.

during the rainy season, so it may be presumed that he calculated the height of Mount
Everest during the period. He had, of course,
no way of knowing that it was the highest
mountain in the world. Because many of the
mountains had been sighted at different
times by more than one observer, the adjustments and computations had to be carried
out in one operation at the headquarters of
the survey.
By 1857,Nicholson had had five s e r i o ~ ~at-s
tacks of malaria and was totally incapacitated,
suffering from loss of memory and vertigo. It
was impossible for him to make the calculations required in his work. Much of the damage to his health may have been caused by
the mercury he took as medicine during the
attacks of fever. H e went to England to recover his health and returned to India in
1858 to work on topographic and land surveying in Orissa and Assam. In June 1866,
Nicolson retired o n pension "with broken
health, reduced by the hardships of a feverstricken tract," [Phillimore, 19641. H e died in
England in 1869,aged 50.

Computations of the Height
of Mount Everest
According to Phillimore, the computations
of the Northeast Longitudinal Series were accomplished at Dehra Dun by Waugh, J o h n
Babonau Nichterlein and Hennesy between
1854 and 1856. Hennesy was born at Fategarh, India, in 1829,the son of Michael Henry Hennesy and his wife Mary Lawrence, who
was herself Indian. Michael Hennesy was a
warehouse man with the army. His son John
joined the survey in 1844 and worked with
Logan for 4 years. His health was seriously
impaired by fever. He visited England, where
he was admitted to Jesus College at Cambridge and there studied mathematics. Upon
his return to India, he was put in charge of
the headquarters office at Dehra Dun.
Each observer had designated the snow
peaks by letters. Armstrong and Nicolson
called them a, b, etc. Logan used accented
capital letters, L', hl', etc. U'augh and Lane
used cheek letters. Hennesy now numbered
the identifiable peaks, starting from the east,
with Roman numerals. <:ha~naluwas 1, Kanchenjunga IX, Makalu XIII, hlount Everest
XV and Daulagiri XLII. Armstrong's b coincided with Nicolson's h and Logan's y. T h e
six observations of Mount Everest are tabulated in Table 1.

Corrections to the Elevations
Calculated From Vertical
Angles
The biggest problem in calculating the
height of the mountains is the correction for
refraction in the atmosphere. T h e atmosphere is more dense near the earth's surface
than high above it, so that light waves travel
more slowly at lower elevations. These rays of
light are therefore bent downward, and distant objects seem to have a greater elevation
than they really do. Corrections may be applied, but the density of the air varies with
the temperature and barometric pressure,
and these variations may be unpredictable.
On the plains of India the surveyors were astonished to find that distant trees and buildings which at midday were invisible because
they were below the horizon would gradually
become visible and increase in height in late
afternoon, like the masts of an approaching
ship, because of the changing angle of refraction. If it is possible to sight forward from
one station to the next and then backward
from the second to the first, the effect of refraction may largely be eliminated. However,
a one-way shot more than 100 mi (160km)
long to a peak more than 27,000 ft (8230m)
higher is almost impossible to correct because
temperature and barometric pressure aloft
are unknown. Waugh worked for several
years to find the most reliable correction for
refraction, but considerable difficulty still remains.

Naming of Mount Everest
It was not until March 18.56 that Waugh
had finished his calculations and \<as ready to
announce the heights of the peaks. This he
did in a letter to Henr) Thuillier, the Deputy
Surveyor General in Calcutta. Thuillier, born
in Bath, England, in 1813, succeeded CVaugh
as Surveyor General in 1861.Waugh wrote:
the conlpi~tationof the positions and elevations of
all the principal peaks from Assam to the Safed Koh
have been previously completed. . .Previous to publication, howevel-, it is essential that the computations should be strupulouslv revised, and every refinement of correction introduced. The revision has
proceeded to some extent, and I am no\\, in possession of the final values of the peak designated XV
in the list of the office of the Surveyor General.
We have for sonle years known that the mountain
is higher than any hitherto measured in India, and
most probably the highest in the world. In justice to
my able assistant, J . Hennesy, it is proper that 1 ac-

knowledge that 1 am greatly indebted to him for his
cordial cooperation in revising these computations.
Chonday 1 from 2 stations, height 23,944
Kinchenjunga 1X from 9 stations, height 28,156
Mount Everest XV from 7 stations, height 29,002
Dhaulagiri XLII from 8 stations, height 26,826

Waugh continued:
In testimony of my respect for a revered chief
and in conformity with what 1 believe to be the wish
of all the ?hmbers of the scientific department over
which I have the honor to preside, and to perpetuate the memory of that illustrious mentor of accurate geographical research, I have determined to
name the noble peak "Mont Everest."

Waugh later changed "Mont" to "Mount."
It was the express policy of the Survey of
India to give each peak its local name. In the
case of Mount Everest it was obviously impossible to determine the local name, because it
lay more than 100 mi (160km) distant across
a country that had refused to admit the surveyors. However, the name Mount Everest
was immediately challenged by Brian Hodgson, then living in Darjeeling, who previously
had been British Resident at Kathmandu, the
capital of Nepal. H e thought that the mountain should bear its native name, which was at
that time impossible to determine. Since then,
several other people have claimed to have ascertained the local name. Two of these are
Chomolunga and Sagarmatha, both of which
seem to have been applied to the region of
Mount Everest rather than to the peak itself.
T h e great mountain is surrounded by lesser
peaks, so even from nearby it is impossible to
pick it out as highest.

Height of Mount Everest
There has also been a continuing discussion of the true height of Mount Everest. Sir
Sydney Burrard, a later Surveyor General,
made observations o n Mount Everest from
Darjeeling; he also recomputed Nicolson's observations, using a different correction for refraction. Burrard came u p with a value of
29,141 ft (8882 m).
Between 1952 and 1954,M. M. Datta and
J. B. Mathur of the Survey of India ran a
new chain of triangles from Darjeeling
through eastern Nepal, reaching points much
closer to Mount Everest in both distance and
height than the earlier surveys. T h e new value, computed by Gulatee [1952,19541 was
29,028ft (8848m). This was close to the original value of 29,002 ft (8840m). Waugh's
correction for refraction was too high, but
the excess was almost balanced by the correction for the deflection of the plumb bob,
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which Waugh did not take into account.
It seems pointless to discuss further the
height of Mt. Everest, for it is doubtful that it
can ever be determined with complete accuracy because of the unknown correction for
refraction. Furthermore, to what surface
should the elevation be referred? Probably
the best reference would be to sea level, that
is, to the geoid, which cannot be determined
under Mount Everest, although it can be projected from nearby gravity measurements.
Alternatively, perhaps it could be referred to
the ellipsoid, fitted locally to the geoid. Only
if another peak challenged Mount Everest as
the highest in the world would there be any
purpose in making further efforts to determine its height.

Conclusion
It is hard to believe that Sir Sydney Burrard, Surveyor General of India, could have
been mistaken on such an important fact as
the identification of the penon who determined that Mount Everest was the highest
mountain in the world. Probably he had not
known any of the principals involved personally, but there must have been an oral tradition in the office regarding these events. Certainly he had access to all the records. He
personally compiled the volume on the
Northeast Longitudinal Series, during the
measurement of which the observations to
Mount Everest were taken and the computation of which determined its height [Burrard,
19091.

Phillimore says that Burrard's 1904 article
[Burrard, 19041 as well as his 1933 paper on
the Himalayas [Burrard and Hayden, 19331,
had been written without full knowledge of
all the correspondence between 1848 and
1859. He adds that Burrard did not know of
Armstrong's unchecked height of 28,799 ft
(8778 m), nor of Nicolson's field computations, nor indeed of Radanath Sikhdar's
transfer to Calcutta in 1849.
Phillimore looked at all the correspondence, and he also had been Surveyor General. However, his review was made in the
1950's, 100 years after the events and 50
years after Burrard's account was published.

Both agree that Nicolson was the observer,
but it remains uncertain whether it was Hennesy or Sikhdar who computed the elevation
and found that he had discovered the highest
mountain in the world.
Actually, the discovery was made not by
one person but by a group of highly skilled
and dedicated scientists, trained by George
Everest and working according to a plan that
he devised. It was therefore entirely appropriate to name the mountain in his honor.
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