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BASICS ON SCALE AND BASICS OF MAP:

3.1 Fractional or Ratio Scale, Linear Scale, Graphical Scale
3.2 What is Map, Map Scale and Map Projections
3.3 How Maps Convey Location and Extent
3.4 How Maps Convey characteristics of features
3.5 How Maps Convey Spatial Relationship

3.5.1 Classification of Maps

3.5.1 Physical Map

3.5.2 Topographic Map

3.5.3 Road Map

3.5.4 Political Map

3.5.5 Economic & Resources Map

3.5.6 Thematic Map

3.5.7 Climate Map

3.1 Fractional or Ratio Scale, Linear Scale, Graphical Scale

SCALE

Naturally it is impossible for real world features to be drawn on the map as large as their
true size. Therefore in order to represent the real world, maps are made to a specific scale.
Map scale is defined as the ratio of the distance between two points on the map to the
corresponding distance on the ground.

A linear scale, also called a bar scale, scale bar, graphic scale, or graphical scale, is a means of
visually showing the scale of a map, nautical chart, engineering drawing, or architectural drawing.
A scale bar is common element of map layouts.

* The fractional scale or
the representative

scale expresses the e - oo - oo
scale of amap as a -
fraction or ratio. = 1150000 Scale

— 1/24,000 or 1:24,000

A linear scale is a line which is divided into equal parts. It is used on maps to show the relationship
between a particular distance on a map and the actual distance on the earth. A linear scale is also
called a bar scale, scale bar or graphic scale.



3.2 What is Map

A map is a symbolic representation of selected characteristics of a place, usually drawn on a flat
surface. Maps present information about the world in a simple, visual way. They teach about the
world by showing sizes and shapes of countries, locations of features, and distances between
places. Maps can show distributions of things over Earth, such as settlement patterns. They can
show exact locations of houses and streets in a city neighborhood.

Map Scale

All maps are scale models of reality. A map’s scale indicates the relationship between the distances
on the map and the actual distances on Earth. This relationship can be expressed by a graphic scale,
a verbal scale, or a representative fraction.

The most common type of graphic scale looks like a ruler. Also called a bar scale, it is simply a
horizontal line marked off in miles, kilometers, or some other unit measuring distance.

The verbal scale is a sentence that relates distance on the map to distance on Earth. For example,
a verbal scale might say, “one centimeter represents one kilometer” or “one inch represents eight
miles.”

The representative fraction does not have specific units. It is shown as a fraction or ratio—for
example, 1/1,000,000 or 1:1,000,000. This means that any given unit of measure on the map is
equal to one million of that unit on Earth. So, 1 centimeter on the map represents 1,000,000
centimeters on Earth, or 10 kilometers. One inch on the map represents 1,000,000 inches on Earth,
or a little less than 16 miles.

The size of the area covered helps determine the scale of a map. A map that shows an area in great
detail, such as a street map of a neighborhood, is called a large-scale map because objects on the
map are relatively large. A map of a larger area, such as a continent or the world, is called a small-
scale map because objects on the map are relatively small.

Today, maps are often computerized. Many computerized maps allow the viewer to zoom in and
out, changing the scale of the map. A person may begin by looking at the map of an entire city that
only shows major roads and then zoom in so that every street in a neighborhood is visible.

Ratio (Fraction) scale: 1:62,500

o 1

4 Mies

n
~ e

Graphic scale:

Verbal scale: 1 inch equals 1 mile

Map Projections

A map projection is a way to flatten a globe's surface into a plane in order to make a map. This
requires a systematic transformation of the latitudes and longitudes of locations from the surface
of the globe into locations on a plane. All projections of a sphere on a plane necessarily distort the
surface in some way and to some extent. Depending on the purpose of the map, some distortions



are acceptable and others are not; therefore, different map projections exist in order to preserve
some properties of the sphere-like body at the expense of other properties.

The creation of a map projection involves two steps:

1. Selection of a model for the shape of the Earth or planetary body (usually choosing between
a sphere or ellipsoid). Because the Earth's actual shape is irregular, information is lost in
this step.

2. Transformation of geographic coordinates (longitude and latitude) to Cartesian (x,y) or
polar plane coordinates. In large-scale maps, Cartesian coordinates normally have a simple
relation to eastings and northings defined as a grid superimposed on the projection. In
small-scale maps, eastings and northings are not meaningful, and grids are not
superimposed.
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3.5 How Maps Convey Spatial Relationship
Maps help convey geographic relationships that can be interpreted and analyzed by map readers.
Relationships that are based on location are referred to as spatial relationships. Here are some examples.

1.
2.

3.

o &

Which geographic features connect to others (for example, Water Street connects with 18th Ave.)
Which geographic features are adjacent (contiguous) to others (for example, The city park is adjacent
to the university.)

Which geographic features are contained within an area (for example, The building footprints are
contained within the parcel boundary.)

Which geographic features overlap (for example, The railway crosses the freeway.)

Which geographic features are near others (proximity) (for example, The Courthouse is near the State
Capitol.)

The feature geometry is equal to another feature (for example, The city park is equal to the historic site
polygon).

The difference in elevation of geographic features (for example, The State Capitol is uphill from the
water.

The feature is along another feature (for example, The bus route follows along the street network.)



3.5.1 Classification of Maps

Maps are classified in to following catagories

3.5.1 Physical Map

Physical maps are designed to show the natural landscape features of Earth. They are best known
for showing topography, either by colors or as shaded relief. Physical maps often have a green to
brown to gray color scheme for showing the elevation of the land. Darker greens are used for near-
sea-level elevations, with the color grading into tans and browns as elevations increase. The color
gradient often terminates in shades of gray for the highest elevations.

Rivers, lakes, seas and oceans are usually shown in blue, often with a light blue color for the most
shallow areas and darkening in a gradient or by intervals for areas of deeper water. Glaciers and
ice caps are shown in white colors.

Physical maps usually show the most important political boundaries, such as state and country
boundaries. Major cities and major roads are often shown

. }";"

\

3.5.2 Topographic Map

Topographic maps are reference maps that show the shape of Earth’s surface. They usually do this
with lines of equal elevation known as "contour lines", but elevation can also be shown using
colors, color gradients, shaded relief and a number of other methods.

Topographic maps are frequently used by hunters, hikers, skiers, and others seeking outdoor
recreation. They are also essential tools of the trade for geologists, surveyors, engineers,
construction workers, landscape planners, architects, biologists and many other professions -
especially people in the military.

Topographic maps also show other important natural features such as lakes, rivers and streams.
Their locations are determined by topography, making them important natural elements of
topographic maps.

Important cultural features are also shown on topographic maps. These include roads, trails,
buildings, place names, bench marks, cemeteries, churches, schools and much more. A
standardized set of special symbols has been developed for this use.



Topographic maps have traditionally been printed on large sheets of paper with their four
boundaries being lines of longitude and latitude.

3.5.3 Road Map

A road map, route map, or street map is a map that primarily displays roads and transport links
rather than natural geographical information. It is a type of navigational map that commonly
includes political boundaries and labels, making it also a type of political map. In addition to roads
and boundaries, road maps often include points of interest, such as prominent businesses or
buildings, tourism sites, parks and recreational facilities, hotels and restaurants, as well as airports
and train stations. A road map may also document non-automotive transit routes, although often
these are found only on transit maps.
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3.5.4 Political Map

"Political maps™ are among the most widely used reference maps. They are mounted on the walls
of classrooms throughout the world. They show the geographic boundaries between governmental
units such as countries, states, and counties. They show roads, cities and major water features such
as oceans, rivers and lakes.

Political maps help people understand the geography of the world. They are usually the first type
of map that students are introduced to in school. They are also known as "reference maps" because
people refer to them again and again as they have questions.

Political maps are often printed on paper or another physical medium, but they can also be
produced in digital form, suitable for viewing online.

The maps most commonly seen in classrooms and offices are political maps of the world, countries
and continents. They are often annotated with push pins, sticky notes, photographs, marker flags
and string to show the travels of a family, locations of a business, or other locations and activities
worthy of display.



3.5.5 Economic & Resources Map

Economic and Resource Maps display information based on an area's natural resources available
or economic activity. These maps are helpful in finding out where companies should mine and
search for particular resources, determining where the best location to ship resources from is, and
where you might be able to afford to live based on your salary or the types of jobs available. By
looking at what resources are available it also helps determine which types of industries would
thrive in that area.

ENERGY MAP OF INDIA
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3.5.6 Climate Map

A climate map shows information about the climate of an area. These maps can show things like
the specific climatic zones of an area based on the temperature, the amount of snow an area
receives, or the average number of cloudy days. These maps normally use colors to show different
climatic areas.

Climatic map, chart that shows the geographic distribution of the monthly or annual average values
of climatic variables i.e., temperature, precipitation, relative humidity, percentage of possible
sunshine, insolation, cloud cover, wind speed and direction, and atmospheric pressure over regions
ranging in area from a few tens of square kilometres to global.

3.5.7 Thematic map

A thematic map is a type of map that portrays the geographic pattern of a particular subject matter
(theme) in a geographic area. This usually involves the use of map symbols to visualize selected
properties of geographic features that are not naturally visible, such as temperature, language, or
population.

In this, they contrast with general reference maps, which focus on the location (more than the
properties) of a diverse set of physical features, such as rivers, roads, and buildings. Alternative
names have been suggested for this class, such as special-subject or special-purpose maps,
statistical maps, or distribution maps, but these have generally fallen out of common usage.



Survey of India topographical maps:
Reference scheme of Open Series
Map (OSM)

Anupam Das
Panihati Mahavidyalaya



1'Open Series Map' have been introduced as per the National Map
Policy of 2005 by Survey of India.

Enhanced by the latest technology(RS and GIS) to meet the
multidisciplinary needs of national security, suitable national
development and new information market.

dThe OSM numbering system based on International Map of the
World (IMW) is used.

The 'International Map of the World (IMW)' was a project which
started in 1913 to create a complete map of the world as per
Internationally agreed and consistent specifications




The International Map of the World series

Map numbering is of the form "NA.-
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The next number denotes the 6° longitude band with numbering starting at 1 from
180°W (i.e. 1 between 180°W and 174°W) going on to 60 (i.e. between 174°E-
180°E). So sheet between 72° to 78°E and 12°N to 8°N will be 'NC-43". Similarly
between 132°W to 126°W and 4°S to 8°S would be 'SB-9'. The longitude band span
increased to 12° from 60° latitude and to 24° from 76° latitude due to the decrease in

physical span of longitude band.



*Each 6°x4° rectangle is further subdivided into 24 squares of 1°x1°. Each square
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The next alphabet and number of the IMW map
number denotes the 6°x4° region of the IMW
series. So sheet with Kalyanpur (77.65489°E
24.11981°N) would be in 'G-43" (from NG-43):

Since the IMW map number for India will
always start with 'N' (India being in the
northern hemisphere), the first letter is
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Each 1°x1° square is further divided into 16 squares of 15'x15' (15 minutesx15 minutes).
Each square is indicated serially by a number increasing first towards south and then towards
east, starting with '1' (similar to the system adopted in India and Adjacent Countries). So for

the map sheet for Kalyanpur (77°39.293'E 24°7.187'N) would be ‘G-43X-12":
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- 15 913
A 15" minute N a5 _ | | |
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on 1:25,000 scale
and designated as
NW, NE, SE and
SW.




Second, each contains 25 sheets of dimension (3°X 3”) on 1:10,000 scale and are

designated by alphabets, A-Y.
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4.2 Defence Series Maps (DSMs)

Survey of India (SOI) brings out two series of maps through the National Map Policy, 2005.
Defence Series Maps (DSMs) - These topographical maps (on Everest/WGS-84 Datum and
Polyconic/UTM Projection) are on various scales (with heights, contours and full content without
dilution of accuracy). These maps mainly cater for defence and national security requirements.
This series of maps (in analogue or digital forms) for the entire country are classified by the
Ministry of Defence.

Open Series Maps (OSMs) - OSMs are brought out exclusively by SOI, primarily for supporting
development activities in the country. OSMs bear different map sheet numbers and are in UTM
Projection on WGS-84 datum. Each of these OSMs (in both hard copy and digital form) become
‘Unrestricted’.

With Defense Mapping, you can:

Reduce the time needed to compile and maintain military data and maps.

Capture and distribute best management practices throughout the organization to ensure data
consistency from site to site.

Simplify the production and publication of your final map using the included library of
cartographic symbols and map templates.

Implement in-process quality assurance by leveraging relational geodatabase models, extended
attribute validation rules, and automated geometry validation.

Efficiently perform database maintenance, quality control, and high-quality cartographic output
for defense-specific products.

Standardize cartographic production with efficiency-focused map series design and layout tools,
rule-based symbology, and cartographic editing tools.



Roads, metalled : according to improtance; distance stone

Roads, unmetalled : according to improtance; bridge
Cart-track, Pack-track and pass. Foot-path with bridge

Streams : with track in bed; undefined. Canal

Dams: masonary or rock-filled; earthwork, Weir

River dry with water channel; with islands and rocks. Tidal river
Swamp, Reeds

Wells : lined; unlined. Spring. Tanks : perennial: dry

Embankments : road or rail

Railway, broad gauge : double; single with station; under construction

Railway other gauges : double; single with distance stone; under constrn.

Light Railway or tramway, Telegraph line. Cutting with tunnel
Contours, Cliffs

Sand features (1) flate (2) sand hills (permanent) {3} dunes (shifting)
Towns or Villages ; inhabited ; deserted. Fort

Huts : permanent; temporary. Tower Antiquities

Temple. Chhatri. Church. Mosque. Idgah. Tomb. Graves.

Lighthouse, Lightship. Buoys : lighted ; unlighted. Anchorage

Mine. Vine an trellis. Grass. Scrub

Palms : Palmyra; other. Plantain, Conifer. Bamboo. Other trees.
Boundary, international

Boundary, state : demarcated; undemarcated

Boundary, district : subdivision, tahsil or taluk; forest
Boundary, pillars : surveyed; unlocated; village trijunction
Heights, triangulated : station; point; approximate
Bench-mark : geodetic; teritary; canal

Post office. Telegraph Office. Combined office. Police station.
Bungalows; dak or travellers; inspection. Rest-house
Circuit house. Camping ground.

Forest: reserved: prctected
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A number of methods have been used to show the relief features of the Earth's surface on maps, over the years.
These methods include hachure, hill shading, layer tints, benchmarks and spot heights and contours. However,
contours and spot heights are predominantly used to depict the relief of an area on all topographical maps.

Figure 11.1 Conventional Signs and Symbols




4.3.1 Quadrangle names

A "quadrangle" is a topographic map produced by the United States Geological Survey (USGS) covering
the United States. The maps are usually named after local physiographic features. The shorthand "quad"
is also used, especially with the name of the map; for example, "the Ranger Creek, Texas quad". From
approximately 1947-1992, the USGS produced the 7.5 minute series, with each map covering an area one-
quarter of the older 15-minute quad series, which it replaced. A 7.5 minute quadrangle map covers an
area of 49 to 70 square miles (130 to 180 km2). Both map series were produced via photogrammetric
analysis of aerial photography using stereoplotters supplemented by field surveys.

On a quadrangle map, the north and south limits are not straight lines, but are actually curved to match
Earth's lines of latitude on the standard projection. The east and west limits are usually not parallel as
they match Earth's lines of longitude.
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The USGS topographic quadrangles come in a variety of scales from 1:500,000 to larger scales (i.e.
1:24,000 scale). Each scale may be an appropriate base map for a geologic map, but the scale of map base
used should be appropriate to the detail provided in a geologic map.

4.3.2 Latitude

Latitude is the measurement of distance north or south of the Equator. It is measured with 180 imaginary
lines that form circles around the Earth east-west, parallel to the Equator. These lines are known as
parallels. A circle of latitude is an imaginary ring linking all points sharing a parallel.

The Equator is the line of 0 degrees latitude. Each parallel measures one degree north or south of the
Equator, with 90 degrees north of the Equator and 90 degrees south of the Equator. The latitude of the
North Pole is 90 degrees N, and the latitude of the South Pole is 90 degrees S.



Like the poles, some circles of latitude are named. The Tropic of Cancer, for instance, is 23 degrees 26
minutes 21 seconds N—23° 26' 21" N. Its twin, the Tropic of Capricorn, is 23° 26' 21" S. The tropics are
important geographic locations that mark the northernmost and southernmost latitudes where the sun
can be seen directly overhead during a solstice.

One degree of latitude, called an arcdegree, covers about 111 kilometers (69 miles). Because of the Earth's
curvature, the farther the circles are from the Equator, the smaller they are. At the North and South Poles,
arcdegrees are simply points.

Degrees of latitude are divided into 60 minutes. To be even more precise, those minutes are divided into
60 seconds. One minute of latitude covers about 1.8 kilometers (1.1 miles) and one second of latitude
covers about 32 meters (105 feet).

Longitude

Longitude is the measurement east or west of the prime meridian. Longitude is measured by imaginary
lines that run around the Earth vertically (up and down) and meet at the North and South Poles. These
lines are known as meridians. Each meridian measures one arcdegree of longitude. The distance around
the Earth measures 360 degrees.

The meridian that runs through Greenwich, England, is internationally accepted as the line of O degrees
longitude, or prime meridian. The antimeridian is halfway around the world, at 180 degrees. It is the basis
for the International Date Line.

Half of the world, the Eastern Hemisphere, is measured in degrees east of the prime meridian. The other
half, the Western Hemisphere, in degrees west of the prime meridian.

Degrees of longitude are divided into 60 minutes. Each minute of longitude can be further divided into 60
seconds. For example, the longitude of Paris, France, is 2° 29' E (2 degrees, 29 minutes east). The longitude
for Brasilia, Brazil, is 47° 55' W (47 degrees, 55 minutes west).
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UTM’s

UTM is the acronym for Universal Transverse Mercator, a plane coordinate grid system named for the
map projection on which it is based (Transverse Mercator). The UTM system consists of 60 zones, each 6-
degrees of longitude in width. The zones are numbered 1-60, beginning at 180-degrees longitude and
increasing to the east.

The Universal Transverse Mercator (UTM) conformal projection uses a 2-dimensional Cartesian
coordinate system to give locations on the surface of the Earth.

The limits of each zone are 84° N and 80° S, with the division between north and south zones occurring at
the equator.

Each zone is segmented into 20 latitude bands. Each latitude band is 8 degrees high, and is lettered
starting from "C" at 80°S, increasing up the English alphabet until "X", omitting the letters "I" and "O"
(because of their similarity to the numerals one and zero). The last latitude band, "X", is extended an extra
4 degrees, so it ends at 84°N latitude, thus covering the northernmost land on Earth.

Latitude bands "A" and "B" do exist, as do bands "Y" and "Z". They cover the western and eastern sides of
the Antarctic and Arctic regions respectively.

A position on the Earth is given by the UTM zone number and the easting and northing coordinate pair in
that zone.

The point of origin of each UTM zone is the intersection of the equator and the zone's central meridian,
but to avoid dealing with negative numbers the central meridian of each zone is set at 500000 meters
East.

In any zone a point that has an easting of 400000 meters is 100 km west of the central meridian, measured
on the transverse Mercator projection (or slightly more than 100 km measured on the actual surface of
the Earth).

The origin for each zone is its central meridian and the equator. To eliminate negative coordinates, the
coordinate system alters the coordinate values at the origin. The value given to the central meridian is the
false easting, and the value assigned to the equator is the false northing. A false easting of 500,000 meters
is applied. A north zone has a false northing of zero, while a south zone has a false northing of 10,000,000
meters.

The military uses their own implementation of the UTM system, called the Military Grid Reference System
(MGRS).

One system is no more or less accurate than the other. They are just two different ways of positioning a
point. Many experienced users prefer UTM over latitude/longitude when using 7.5' topographic
quadrangle maps. Ocean-going sailors and other marine users almost always use latitude/longitude
because navigation charts are optimized for this method.
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4.3.4 Contour line

The line of intersection of a level surface with the ground surface is known as the contour line or simply
the contour. It can also be defined as a line passing through points of equal reduced levels.

For example, a contour of 100 m indicates that all the points on this line have an RL of 100 m. Similarly, in
a contour of 99 m, all points have an RL of 99 m, and so on.

A map showing only the contour lines of an area is called a contour map.

‘Cantours pamt uonil fr dranage.

A contour line is a line drawn on a topographic map to indicate ground elevation or depression. A contour
interval is the vertical distance or difference in elevation between contour lines. Index contours are bold
or thicker lines that appear at every fifth contour line.



4.3.5 Magnetic Declination

The horizontal angle between the magnetic meridian and true meridian is known as 'magnetic
declination'. When the north end of the magnetic needle is pointed towards the west side of the true
meridian, the position is termed ‘Declination West' (BW).

When the north end of the magnetic needle is pointed towards the east side of the true meridian, the
position is termed 'Declination East' (OE).

Isogonic and agonic lines

Lines passing through points of equal declination are known as 'isogonic' lines. The line passing through
points of zero declination is said to be the 'agonic' line.

The Survey of India Department has prepared a map of India in which the isogonic and agonic lines are
shown properly as a guideline to conduct the compass survey in different parts of the country.

Variation of magnetic declination

The magnetic declination at a place is not constant. It varies due to the following reasons:

a.

Secular Variation: The magnetic meridian behaves like a pendulum with respect to the true
meridian. After every 100 years or so, it swings from one direction to the opposite direction, and
hence the declination varies. This variation is known as 'secular variation'.

Annual Variation: The magnetic declination varies due to the rotation of the earth, with its axis
inclined, in an elliptical path around the sun during a year. This variation is known as 'annual
variation'. The amount of variation is about 1 to 2 minutes.

Diurnal Variation: The magnetic declination varies due to the rotation of the earth on its own axis
in 24 hours. This variation is known as 'diurnal variation'. The amount of variation is found to be
about 3 to 12 minutes.

Irregular Variation: The magnetic declination is found to vary suddenly due to some natural
causes, such as earthquakes, volcanic erruptions and so on. This variation is known as “irregular
variation'.



4.3.6 Public Land Survey System

The Public Land Survey System (PLSS) is the surveying method developed and used in the United States
to plat, or divide, real property for sale and settling.

The Public Land Survey System is a method surveyors use to describe land parcels. Often abbreviated
PLSS, this system was first used in the 1700s when the United States first began expanding west of the 13
colonies. In fact, according to the U.S. Geological Survey, the PLSS was developed by Thomas Jefferson.

A system was needed to measure and divide the large expanses of land to the west, which were to be
given to Revolutionary War soldiers and sold to others. The Land Ordinance of 1785 and the Northwest
Ordinance of 1787 allowed U.S. citizens to buy farmland from the government, and thus a system was set
up to divide the land.

The PLSS is based on the establishment of a principal meridian, a north-south line dividing land to the east
and west. There are 37 principal meridians, each with a name and a perpendicular baseline. From this
axis, rectangular parcels have been measured out and divided. These parcels are called townships and are
often designated by numbers based on how many points north, south, east, or west they from the
principal meridian and baseline. For example, a surveyor might write Township 1 South, Range 2 East.

Each township is 36 square miles, and each square mile is given a number. The numbering starts in the
most northeastern block and continues west, then south and east again, in a pattern known as “as the
cow plows.” Each of these square-mile blocks is further divided into smaller sections.

Because the surveying methods at the time the system was developed were not precise, and possibly
because the surveys were knowingly falsified, the PLSS maps are not exact. Existing maps take precedence
over modern technological methods, so many of the plots are uneven or larger or smaller than the
designated size. This is especially true in Ohio and Indiana because the surveying methods were still being
established when these states were being surveyed.

In attempting to use the system and find the correct parcel of land to survey, it's important that you
understand how to read the descriptions and the map. The descriptions are usually written as a series of
letters and numbers; for example, N %2 SE %, SW %, S14, T21N, R12E. You should start at the end since the
closer you get to the front the more detail is provided.

The T and the R at the end of the description stand for township and range. The N and the E are directions.
So you would start at the center and count 21 cells north and 12 east to find the correct area. This area is
divided into 36 sections, and the section in this example is 14 (S14).

This block is a square mile, and each square mile is further divided into quarters, so the next expression
— SW % — tells you the parcel is in the southwest block. Each quarter is then divided into quarters again,
and the SE % tells you that the parcel is in the southeast quarter of this division. The N % that comes first
in the description refers to the north half of this quarter.



4.3.7 Field Notes

Field notes are prepared to record all pertinent information, measurements, calculations, sketches, and
observations made by the surveyor during the course of a survey. These notes become the permanent
record of the survey. The continuous practice of keeping good field notes is imperative. Notes should be
examined and checked for accuracy, legibility, completeness, and clarity before leaving the field. They
must be recorded in such a way that someone outside the original crew could clearly understand how,
when, where, for what purpose and by whom the original survey was done.

The individual recording the field notes may not be the same person reading the field notes at a later date.
The notes must be taken so that individuals with similar technical backgrounds can properly interpret the
notes, correctly read the numbers, and understand their meaning. The Region Survey Coordinator will
reject any field notes found to be unacceptable.

The notebook in which field measurements are noted is known as the 'field book'. The size of the field
book is 20 cm x 12 cm and it opens lengthwise. Field books may be of two types:

1. Single-line, and
2. Double-line.

1. Single-line field book: In this type of field book, a single red line is drawn through the middle of each
page. This line represents the chain line, and the chainages are written on it. The offsets are recorded,
with sketches, to the left or right of the chain line. The recording of the field book is started from the
last page and continued towards the first page. The main stations are marked by ‘A’ and subsidiary
stations or tie stations are by 'O'.

2. Double-line field book: In this type of field book, two red lines, 1.5 cm apart, are drawn through the
middle of each page. This column represents the chain line, and the chainages are written in it. The
offsets are recorded, with sketches, to the left or right of this column. The recording is begun from
the last page and continued towards the first. The main stations are marked by 'A' and subsidiary or
tie stations by 'O". This type of field book is commonly used.
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Quadrangle names

A "quadrangle" is a topographic map produced by the United States Geological Survey (USGS) covering
the United States. The maps are usually named after local physiographic features. The shorthand "quad"
is also used, especially with the name of the map; for example, "the Ranger Creek, Texas quad". From
approximately 1947-1992, the USGS produced the 7.5 minute series, with each map covering an area one-
quarter of the older 15-minute quad series, which it replaced. A 7.5 minute quadrangle map covers an
area of 49 to 70 square miles (130 to 180 km2). Both map series were produced via photogrammetric
analysis of aerial photography using stereoplotters supplemented by field surveys.

On a quadrangle map, the north and south limits are not straight lines, but are actually curved to match
Earth's lines of latitude on the standard projection. The east and west limits are usually not parallel as
they match Earth's lines of longitude.
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The USGS topographic quadrangles come in a variety of scales from 1:500,000 to larger scales (i.e.
1:24,000 scale). Each scale may be an appropriate base map for a geologic map, but the scale of map base
used should be appropriate to the detail provided in a geologic map.

Latitude

Latitude is the measurement of distance north or south of the Equator. It is measured with 180 imaginary
lines that form circles around the Earth east-west, parallel to the Equator. These lines are known as
parallels. A circle of latitude is an imaginary ring linking all points sharing a parallel.

The Equator is the line of 0 degrees latitude. Each parallel measures one degree north or south of the
Equator, with 90 degrees north of the Equator and 90 degrees south of the Equator. The latitude of the
North Pole is 90 degrees N, and the latitude of the South Pole is 90 degrees S.



Like the poles, some circles of latitude are named. The Tropic of Cancer, for instance, is 23 degrees 26
minutes 21 seconds N—23° 26' 21" N. Its twin, the Tropic of Capricorn, is 23° 26' 21" S. The tropics are
important geographic locations that mark the northernmost and southernmost latitudes where the sun
can be seen directly overhead during a solstice.

One degree of latitude, called an arcdegree, covers about 111 kilometers (69 miles). Because of the Earth's
curvature, the farther the circles are from the Equator, the smaller they are. At the North and South Poles,
arcdegrees are simply points.

Degrees of latitude are divided into 60 minutes. To be even more precise, those minutes are divided into
60 seconds. One minute of latitude covers about 1.8 kilometers (1.1 miles) and one second of latitude
covers about 32 meters (105 feet).

Longitude

Longitude is the measurement east or west of the prime meridian. Longitude is measured by imaginary
lines that run around the Earth vertically (up and down) and meet at the North and South Poles. These
lines are known as meridians. Each meridian measures one arcdegree of longitude. The distance around
the Earth measures 360 degrees.

The meridian that runs through Greenwich, England, is internationally accepted as the line of O degrees
longitude, or prime meridian. The antimeridian is halfway around the world, at 180 degrees. It is the basis
for the International Date Line.

Half of the world, the Eastern Hemisphere, is measured in degrees east of the prime meridian. The other
half, the Western Hemisphere, in degrees west of the prime meridian.

Degrees of longitude are divided into 60 minutes. Each minute of longitude can be further divided into 60
seconds. For example, the longitude of Paris, France, is 2° 29' E (2 degrees, 29 minutes east). The longitude
for Brasilia, Brazil, is 47° 55' W (47 degrees, 55 minutes west).
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UTM’s

UTM is the acronym for Universal Transverse Mercator, a plane coordinate grid system named for the
map projection on which it is based (Transverse Mercator). The UTM system consists of 60 zones, each 6-
degrees of longitude in width. The zones are numbered 1-60, beginning at 180-degrees longitude and
increasing to the east.

The Universal Transverse Mercator (UTM) conformal projection uses a 2-dimensional Cartesian
coordinate system to give locations on the surface of the Earth.

The limits of each zone are 84° N and 80° S, with the division between north and south zones occurring at
the equator.

Each zone is segmented into 20 latitude bands. Each latitude band is 8 degrees high, and is lettered
starting from "C" at 80°S, increasing up the English alphabet until "X", omitting the letters "I" and "O"
(because of their similarity to the numerals one and zero). The last latitude band, "X", is extended an extra
4 degrees, so it ends at 84°N latitude, thus covering the northernmost land on Earth.

Latitude bands "A" and "B" do exist, as do bands "Y" and "Z". They cover the western and eastern sides of
the Antarctic and Arctic regions respectively.

A position on the Earth is given by the UTM zone number and the easting and northing coordinate pair in
that zone.

The point of origin of each UTM zone is the intersection of the equator and the zone's central meridian,
but to avoid dealing with negative numbers the central meridian of each zone is set at 500000 meters
East.

In any zone a point that has an easting of 400000 meters is 100 km west of the central meridian, measured
on the transverse Mercator projection (or slightly more than 100 km measured on the actual surface of
the Earth).

The origin for each zone is its central meridian and the equator. To eliminate negative coordinates, the
coordinate system alters the coordinate values at the origin. The value given to the central meridian is the
false easting, and the value assigned to the equator is the false northing. A false easting of 500,000 meters
is applied. A north zone has a false northing of zero, while a south zone has a false northing of 10,000,000
meters.

The military uses their own implementation of the UTM system, called the Military Grid Reference System
(MGRS).

One system is no more or less accurate than the other. They are just two different ways of positioning a
point. Many experienced users prefer UTM over latitude/longitude when using 7.5' topographic
quadrangle maps. Ocean-going sailors and other marine users almost always use latitude/longitude
because navigation charts are optimized for this method.
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Contour line

The line of intersection of a level surface with the ground surface is known as the contour line or simply
the contour. It can also be defined as a line passing through points of equal reduced levels.

For example, a contour of 100 m indicates that all the points on this line have an RL of 100 m. Similarly, in
a contour of 99 m, all points have an RL of 99 m, and so on.

A map showing only the contour lines of an area is called a contour map.

‘Cantours pamt uonil fr dranage.

A contour line is a line drawn on a topographic map to indicate ground elevation or depression. A contour
interval is the vertical distance or difference in elevation between contour lines. Index contours are bold
or thicker lines that appear at every fifth contour line.



Magnetic Declination

The horizontal angle between the magnetic meridian and true meridian is known as 'magnetic
declination'. When the north end of the magnetic needle is pointed towards the west side of the true

meridian, the position is termed ‘Declination West' (6W).

When the north end of the magnetic needle is pointed towards the east side of the true meridian, the
position is termed 'Declination East' (OE).

Isogonic and agonic lines

Lines passing through points of equal declination are known as 'isogonic' lines. The line passing through
points of zero declination is said to be the 'agonic' line.

The Survey of India Department has prepared a map of India in which the isogonic and agonic lines are
shown properly as a guideline to conduct the compass survey in different parts of the country.

Variation of magnetic declination

The magnetic declination at a place is not constant. It varies due to the following reasons:

a.

Secular Variation: The magnetic meridian behaves like a pendulum with respect to the true
meridian. After every 100 years or so, it swings from one direction to the opposite direction, and
hence the declination varies. This variation is known as 'secular variation'.

Annual Variation: The magnetic declination varies due to the rotation of the earth, with its axis
inclined, in an elliptical path around the sun during a year. This variation is known as 'annual
variation'. The amount of variation is about 1 to 2 minutes.

Diurnal Variation: The magnetic declination varies due to the rotation of the earth on its own axis
in 24 hours. This variation is known as 'diurnal variation'. The amount of variation is found to be
about 3 to 12 minutes.

Irregular Variation: The magnetic declination is found to vary suddenly due to some natural
causes, such as earthquakes, volcanic erruptions and so on. This variation is known as “irregular
variation'.



Public Land Survey System

The Public Land Survey System (PLSS) is the surveying method developed and used in the United States
to plat, or divide, real property for sale and settling.

The Public Land Survey System is a method surveyors use to describe land parcels. Often abbreviated
PLSS, this system was first used in the 1700s when the United States first began expanding west of the 13
colonies. In fact, according to the U.S. Geological Survey, the PLSS was developed by Thomas Jefferson.

A system was needed to measure and divide the large expanses of land to the west, which were to be
given to Revolutionary War soldiers and sold to others. The Land Ordinance of 1785 and the Northwest
Ordinance of 1787 allowed U.S. citizens to buy farmland from the government, and thus a system was set
up to divide the land.

The PLSS is based on the establishment of a principal meridian, a north-south line dividing land to the east
and west. There are 37 principal meridians, each with a name and a perpendicular baseline. From this
axis, rectangular parcels have been measured out and divided. These parcels are called townships and are
often designated by numbers based on how many points north, south, east, or west they from the
principal meridian and baseline. For example, a surveyor might write Township 1 South, Range 2 East.

Each township is 36 square miles, and each square mile is given a number. The numbering starts in the
most northeastern block and continues west, then south and east again, in a pattern known as “as the
cow plows.” Each of these square-mile blocks is further divided into smaller sections.

Because the surveying methods at the time the system was developed were not precise, and possibly
because the surveys were knowingly falsified, the PLSS maps are not exact. Existing maps take precedence
over modern technological methods, so many of the plots are uneven or larger or smaller than the
designated size. This is especially true in Ohio and Indiana because the surveying methods were still being
established when these states were being surveyed.

In attempting to use the system and find the correct parcel of land to survey, it's important that you
understand how to read the descriptions and the map. The descriptions are usually written as a series of
letters and numbers; for example, N %2 SE %, SW %, S14, T21N, R12E. You should start at the end since the
closer you get to the front the more detail is provided.

The T and the R at the end of the description stand for township and range. The N and the E are directions.
So you would start at the center and count 21 cells north and 12 east to find the correct area. This area is
divided into 36 sections, and the section in this example is 14 (514).

This block is a square mile, and each square mile is further divided into quarters, so the next expression
— SW % — tells you the parcel is in the southwest block. Each quarter is then divided into quarters again,
and the SE % tells you that the parcel is in the southeast quarter of this division. The N % that comes first
in the description refers to the north half of this quarter.



Field Notes

Field notes are prepared to record all pertinent information, measurements, calculations, sketches, and
observations made by the surveyor during the course of a survey. These notes become the permanent
record of the survey. The continuous practice of keeping good field notes is imperative. Notes should be
examined and checked for accuracy, legibility, completeness, and clarity before leaving the field. They
must be recorded in such a way that someone outside the original crew could clearly understand how,
when, where, for what purpose and by whom the original survey was done.

The individual recording the field notes may not be the same person reading the field notes at a later date.
The notes must be taken so that individuals with similar technical backgrounds can properly interpret the
notes, correctly read the numbers, and understand their meaning. The Region Survey Coordinator will
reject any field notes found to be unacceptable.

The notebook in which field measurements are noted is known as the 'field book'. The size of the field
book is 20 cm x 12 cm and it opens lengthwise. Field books may be of two types:

1. Single-line, and
2. Double-line.

1. Single-line field book: In this type of field book, a single red line is drawn through the middle of each
page. This line represents the chain line, and the chainages are written on it. The offsets are recorded,
with sketches, to the left or right of the chain line. The recording of the field book is started from the
last page and continued towards the first page. The main stations are marked by ‘A’ and subsidiary
stations or tie stations are by 'O'.

2. Double-line field book: In this type of field book, two red lines, 1.5 cm apart, are drawn through the
middle of each page. This column represents the chain line, and the chainages are written in it. The
offsets are recorded, with sketches, to the left or right of this column. The recording is begun from
the last page and continued towards the first. The main stations are marked by 'A' and subsidiary or
tie stations by 'O". This type of field book is commonly used.
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