




























































































































































































Figure 2-44 — UPS Grid of North Pole.
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Figure 2-45 — UPS Grid of South Pole.
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5.2.0 Conic Projection

To grasp the concept of conic projection, again imagine the earth as a glass sphere with
a light at the center. Instead of a paper cylinder, image a paper cone placed over the
Northern Hemisphere tangent to a parallel, as shown in Figure 2-46. The North Pole will
be projected as a point at the apex of the cone. The meridians will radiate outward from
the North Pole as straight lines. The parallels will appear as concentric circles, growing
progressively smaller as latitude increases.

Figure 2-46 — Conic Projection.

When the cone is cut along a meridian and flattened out, the meridians and parallels will
appear as shown in Figure 2-46. In this case, the Northern Hemisphere was projected
onto a cone placed tangent to the parallel at 45°N, and the cone was cut along the
180th meridian.

5.3.0 Gnomonic Projection

To grasp the concept of gnomonic projection, again imagine the lighted sphere—this
time with a flat-plane paper placed tangent to the North Pole as in Figure 2-47.

Figure 2-47 — Gnomonic Projection.
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5.5.0 Polyconic Projection

In polyconic projection a near approach to direction
conformality is obtained in relatively small area
maps by projecting the area in question onto more
than one cone. A central meridian on the map is
straight; all the others are slightly curved and not
quite parallel. Similarly, the parallels are slightly
curved and not quite parallel; therefore, they are not
precisely perpendicular to the meridians. An
example of a polyconic map projection is shown in
Figure 2-48.

Polyconic projection is extensively used for the
guadrangle maps (familiarly called quad sheets) of
areas of the United States published by the
Geological Survey. For most of the built-up areas of
the States, these maps are available on a scale of
1:24,000, showing areas extending for 7°30’ of
latitude and longitude. An index map is available,
which gives you the quadrangle divisions and the
name of the map that covers a particular area.

Being that polyconic projection is not conformal
distance-wise is indicated by the fact that one of
these quad sheets, though it shows an area that is
square on the ground, is oblong rather than square.
The vertical or latitudinal length of the map is
always greater than the horizontal or longitudinal
length. The reason is that latitude is measured 0°
along a meridian, which is always a great circle, 130° 1200 110° 100°
while longitude is measured along a parallel; and
every parallel other than the equator is less than a
great circle. An understanding of the concept of the
great circle is essential to a thorough understanding
of map and chart projection. A great circle is any
line on the earth’s surface (not necessarily a
meridian or the equator) that lies in a plane that
passes through the earth’s center. Any meridian . .
lies in such a plane; so does the equator. But any Figure 2-48 — Polyconic
parallel other than the equator lies in a plane that Projection.

does not pass through the earth’s center; therefore,

no parallel other than the equator is a great circle.

10°

10°

Now, 1 minute of arc measured along a great circle is equal to 1 nautical mile (6076.115
ft) on the ground. But 1 minute of arc measured along a small circle amounts to less
than 1 nautical mile on the ground. Therefore, a minute of latitude always represents a
nautical mile on the ground, the reason being that latitude is measured along a meridian
and every meridian is a great circle. A minute of longitude at the equator represents a
nautical mile on the ground because, in this case, the longitude is measured along the
equator, the only parallel that is a great circle. But a minute of longitude in any other
latitude represents less than a nautical mile on the ground; and the higher the latitude,
the greater the discrepancy.
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5.6.0 Lambert Conformal Conic Projection

The Lambert Conformal Conic Projection attains such a near approach to both
directional and distance conformality as to justify its being called a conformal projection.
It is conic, rather than polyconic, because only a single cone is used, as shown in
Figure 2-49. Instead of being considered tangent to the earth’s surface, however, the
cone is considered as penetrating the earth along one standard parallel and emerging
along another. Direction is the same at any point on the map, and the distance scale at
a particular point is the same in all directions. However, the distance scale that applies
to the whole map is exact only at the standard parallels, as shown in Figure 2-49.
Between the parallels the scale is a little too small; beyond them, it is a little too large.
The discrepancy is small enough to be ignored in work of ordinary precision or less. For
work of higher precision, there are correction factors that may be applied.

h‘?ﬂu ﬂlp“ﬁ
- I
1/6, ﬁcﬂ\a“
1 3
e T Dl ; Limits of 5;’:3“5%
46 .. - Projection e X o o
116 i o ot
16 § kﬁ;ﬂe

Distortion of the Lambert Conformal Conic
Projection with the Standard Parallels at
29 degrees and 45 degrees.

Lambert Conformal Conic Projection

Figure 2-49 — Lambert Conformal Conic Projection.

The Lambert conformal conic projection is the base for the state coordinate systems
devised by the Coast and Geodetic Survey for zones of limited north-south dimension
and indefinite east-west dimension. For zones whose greater dimension is north-south,
the Coast and Geodetic Survey uses the transverse Mercator projection.

Summary

This chapter discussed engineering surveying factors presented from the viewpoint of
the party chief. This chapter included land surveying used to establish or reestablish
land boundaries, preparing legal property descriptions, and subdividing tracts of land.
This chapter also addressed procedures and the legal aspects involved in surveying.
Finally, we explored map projection methods and took an in-depth look at Universal
Transverse Mercator and Military Grid Reference System maps.
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Trade Terms Introduced in this Chapter

“Neat” line

Mercator

Gnomonic

Rhumb line

Meridional Distances

Grid Zone Designation

(GZD)

Universal Polar
Stereographic (UPS)

Conformal

Quadrangle Maps

Standard Parallel

NAVEDTRA 14336A

The line defining the limits of an aspect of
construction, such as an excavation or a wall.

A mathematical method of showing a map of the
globe on a flat surface.

A gnomonic map projection displays all great circles
as straight lines.

In navigation, a rhumb line is a line crossing all
meridians of longitude at the same angle.

The distance or departure from the meridian, the
easting or westing.

The first three letters of the MGRS value, e.g. “15S”,
are referred to as the Grid Zone Designation (GZD).

The UPS coordinate system covers the Earth’s polar
regions, specifically the areas north of 84°N and
south of 80°S which are not covered by the UTM
grids, plus an additional 30 minutes of latitude.

A conformal map is a function which preserves
angles.

Polyconic projection is extensively used for the
quadrangle maps (familiarly called quad sheets) of
areas of the United States published by the
Geological Survey.

A parallel on a map or chart along which the scale is
as stated for that map or chart.
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Additional Resources and References

This chapter is intended to present thorough resources for task training. The following
reference works are suggested for further study. This is optional material for continued
education rather than for task training.

U.S. Department of the Army, Construction Surveying, FM5-233, Headquarters,
Department of the Army, Washington, D.C., 1985.

Davis, Raymond E., Francis S. Foote, James M. Anderson, and Edward M. Mikhail,
Surveying Theory and Practice, 6th ed., McGraw-Hill, New York 1981.

National Geodetic Survey http://www.ngs.noaa.gov/

National Geospatial-Intelligence Agency
http://earth-info.nga.mil/GandG/coordsys/grids/referencesys.htmi
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