Land surveying teams use lasers to make precise measurements.

CHAPTER 5
Locating Positions on the Earth

You will know something about locating positions on the earth if you

can:

1. Explain what is meant by a coordinate system and give examples
of different types. '

2. Name and describe the coordinate system used to find locations
on the earth.

3. Describe the properties of regions of the earth in terms of fields.

Suppose you're on a ship in the middle of an ocean. How can
you figure out where you are? How can you describe your loca-
tion to someone else? In this age of travel, when the skies are
filled with planes and the seas covered with ships, these questions
are very importani.

The system used to locate and describe positions on the earth
must be a worldwide one used by all nations. And this is what we
have. But before we learn about locating positions on the earth,

we should learn something about the basic system used to de-
scribe locations on a flat surface.

52

COORDINATE SYSTEMS

Locating Points on a Flat Surface,
Let's use a game to discover how the
Jocation of a point can be described so
that anyone can find the point without
question. On a piece of paper draw a
square similar to the one in Figure
5-1. Place a point somewhere inside
the square. How would you tell
someone where the point is within the
box?

If you measure the distance from
the left-hand edge of the square to the
point, you have one of the properties
of the point. In Figure 5-1, the point is
2 ¢cm from the left edge. Is this enough
information to locate the point? Are
there other points in the square that
are 2 ¢m from the left edge? You're
right if you see that many points could
be at that distance—in fact, they
would make another vertical line! So
we need mere information about the
point to dascribe its location.

How far is the point from the bot-
tom edge of the square? It is 3 cm up
from the bottom. This distance is
another property of the point. Now
you have two measurements that you

Figure 5-1. Fixing the location of a point in-
side a square. The distances from two adja-
cent sides of the square are enough to fix the
location of a point inside the square.

2 cm

can use to describe the location of the
point. Is this enough information to
describe its location? Try giving
someone the two measurements
you’'ve made for your point, and see if
they can locate the same point on a
drawing of their own.

Coordinate Systems. What you have
just discovered is a basic fact about
locating points on a surface. It takes
two numbers to do it. Any system for
assigning two numbers to every point
on a surface is called a coordinate sys-
tem. The system you have just used is
a rectangular coordinate system. It
makes use of two reference lines at
right angles to each other. You locate
a point by telling how far the point is
from each line. One line is called the
horizontal axis; the other, the vertical
axis. The two numbers for a particular
point are called its coordinates.

A coordinate system is often shown
as a grid (see Figure 5-2). In this case
the units of measurement are marked
on the grid, and you just count them
off to obtain the measurements for a
given point.

Figure 5-2. A grid for a rectangular coordi-
nate system. The numbered grid lines help
you find the coordinates of a point. A iir_ler
grid can be drawn to show fractions of units,
such as fifths or tenths.
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In Figure 5-2, the indicated point is
4 units from the vertical reference line
and 3 units from the horizontal refer-
ence line. The coordinates for the
point are (4, 3). (The numbers are g]-
ways written in this order—the dis-
tance along the horizontal line first,
the distance along the vertical line
second.) _

A rectangular coordinate system 1s
a simple convenient one for flat sur-
faces. However, it is not the only pos-
sible coordinate system. For exam-
ple, the two axes do not need to be at
right angles. Figure 5-3 shows such a
system. Another frequently used sys-

:[ /Coqfdinatgé (4.2)
T
[T7117.

4 5

0 1 2

Figure 5-3. A coordinate system that is not
rectangular. Distances to each axis are mea-

sured along lines that are parallel to the
other axis,

SUMMARY

L

TOPIC 11|

Second

First coordinate
{2 units)

Coordinates {2,60°)

coordinate (s{rl

Reference point

line

Figure 5-4. A polar coordinate system. In
this system, one coordinate is a distance and
the other is an angle.

tem has a central point as ong refer-
ence and a line drawn from that point
as the other reference. To find the
coordinates of any point, you first
draw a line to the reference point. The
distance from the reference point to
the given point is one coordinate. The
angle between the connecting line and
the reference line is the second coor-
dinate. The distance and the angle to-
gether give a definite location for the
point. This is called a polar coordi-
nate system. Whatever the system, it
always provides a different pair of
coordinates for every point on the sur-
face.

A coordinate system is a system of locating a point on a surface by means of

two numbers, called the coordinates of the point.

2. Rectangular coordinates are a ¢
coordinates of a point are
right angles to each other,

3. cher types of coordinate s
give two coordinates for ea

re a convenient system for a flat surface. The
its distances from two reference lines that are at

ystems can be used for flat surfaces. They all
ch point.

Reference
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FINDING LATITUDE AND LONGITUDE

Locating Points on a Curved Sur-
face. If we want to describe the loca-
tion of a point on a curved surface,
such as the surface of the earth, we
have to invent a coordinate system to
do it. Obviously, the system of rect-
angular coordinates that we used for a
flat surface won’t work on a sphere.
We need a system of curved lines.
The system that is generally used
gives every point on the earth a pair of
coordinates, called its latitude and
longitude. Let’s see how the system is
set up.

The iatitude-longitude system, by
which we can locate any point on the
earth’s suiface, consists of a grid of
circular lines that covers the surface
of the earth. There are east-west lines
and northi-south lines. So that you can
see how this system was constructed,
the first thing you should learn about
are the reference lines for latitude and
longitude.

The Equator and the Prime Me-
ridian. The reference lines for the
latitude-longitude system are the
equator and the prime meridian.

The equator is a line around the
earth connecting all points midway
between the North and South Poles
(see Figure 5-5). The plane of the
equator is at right angles to the earth’s
axis (an imaginary line running
through the earth from pole to pole).

The second reference line for the
System is the prime meridian. A me-
ridian is a semicircle (half a circle) on
the earth’s surface that connects the
North and South Poles. There are
many different lines that do this. But
the prime meridian is a reference line,
and it has to be the same for everyone

if the system is to be useful. The
meridian passing through Greenwich,
England, where the Royal Observat-
ory was located, was the one chosen
as the prime meridian.

Latitude. Latitude is a measure-
ment of angular distance north or
south of the equator. This angle can
be measured along the arc of a meri-
dian. An arc from the equator to
either the North or South Pole is 90°.
Thus, at the equator, latitude is 0°. At
the North Pole, latitude is 90°N, and
at the South Pole, latitude is 90°S.
You must remember to specify north
or south when giving latitude.

The parallels of latitude are east-
west lines above and below the
equator made by passing planes
through the earth parallel to the plane

Figure 5-5. The two reference lines for locat-
ing points on the earth by latitude and lon-
gitude.

North Pole Prime
7 meridian
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Figure 5-6. Parallels of latitude. The latitude of a point on the earth is its angulfar
distance north or south of the equator, measured from the center of the earth.
Points with the same latitude are on a circle parallel to the equator.

of the equator. The resulting circles
are all parallel to the equator and par-
allel to one another, and they are all
smaller than the equator (see Figure
5-6). The latitude is the same
everywhere along a given parallel.
Measuring Latitude. In the North-
ern Hemisphere, latitude can be mea-
sured by measuring the altitude of
Polaris. The latitude reading of a
given location is equal to the altitude
of Polaris at that location. For anyone
at the equator, the altitude of Polaris
is 0°. Thus latitude at the equator is 0°.
At the North Pole the altitude of
Polaris is 90°. Latitude at the North
Pole is 90°N. If you are at a latitude of
45°N, the altitude of Polaris (the angle
between the horizon and Polaris) will
be 45°. If the altitude of Polaris is 37°
at a certain location, the latitude of
that location is 37°N.

Polaris cannot be seen in the
Southern Hemisphere. So below the
equator the altitudes of other stars are
used to find latitude. In either hemi-

sphere, if a very precise meas:i-ment
of latitude is needed, then t-.th the
date and the time must be {z: 7 into
account, There are astronoivical ta-
bles that can be used to make such a
calculation.

Longitude. Longitude is a mea-
surement of angular distance east or
west of the prime meridian. The me-
ridians of longitude, like the prime
meridian, are semicircles on the
earth’s surface connecting the North
and South Poles. The longitude of the
prime meridian is 0°. The meridian
that is a continuation of the prime
meridian has a longitude of 180°.
Going east or west from the prime
meridian, longitude increases up to
180°. Just as you must specify north or
south with latitude, you must specify
east or west with longitude.

The longitude of any given point on
the earth’s surface is the number of
degrees (the angle) between the prime
meridian and the meridian passing
through that point. The angle is usu-

“\‘l
West
longitude
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ally me sured along the equator, but it
can be measured along any of the par-
allels of iatitude.

Measuring Longitude. High noon,
the time at which the sun is at its high-
est point in the sky, occurs at the
same time for all locations along a
single meridian. The difference in
time between high noon at any given
point (local noon) and high noon at the
prime meridian is the basis for
measuring longitude.

The sun appears to move around
the earth from east to west once every
24 hours. A complete circle has 360°.
If you divide 360° by 24 hours, you
find that the sun appears to move at
the rate of 15° per hour. This means
that if your longitude is 15° west of the
Prime meridian, your local noon will
Occur 1 hour later than noon at the
Prime meridian. It takes the sun 1
hour to move from the prime meridian
{0 your meridian. In general, local
N0on occurs 1 hour later for each shift
of 15° longitude to the west.

>

60° north North Pol

42 5-7. Longitude. The longitude of a point on the earth is the angular distance

meridian east or west of the prime meridian, measured along the equator.
tude and longitude are the two coordinates that fix the location of a point on the
:"1's surface. For example, only one point has a latitude of 60°N and a longitude

You can calculate longitude by find
ing the time difference between you
local noon and noon at the prime
meridian in Greenwich, England. If
your local noon occurs before noon at
the Greenwich meridian, then your
longitude is east of the prime merid-
ian. If your local noon occurs after
noon at the Greenwich meridian, then
your longitude is west of the prime
meridian.

To find longitude, you must know

what time it is in Greenwich, En-
gland, when it is noon where you are.
This can be done either by having a
clock that is set for Greenwich Time
or by listening to radio signals that
regularly give this information. If
your local noon occurs at 5 P.M.
Greenwich Time, then § hours have
passed since noon at the prime mcrifi-
ian. During that § hours the earth will
have rotated § x 13°, or 75°. Thus,
your longitude is 75°W. If your Jocal
noon occurs at 11 A.M. Greenwich
Time, your longitude is 15°E.
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1. The latitude-longitude system is a coordinate system using two sets of lines
that make a grid covering the earth’s surface. .
2. The latitude and longitude of an observer can-be determined by means of

celestial observations.

3. The east-west lines are the parallels of latitude. The north-south lines are

the meridians of longitude.

4. Latitude is a measurement of angular distance north or south of thte equator.

5. Latitude in the Northern Hemisphere can be found by measurmg.the a.l-
titude of Polaris. For any location in the Northern Hemisphere, latitude is
equal to the altitude of Polaris at that loce}tion. ‘

6. Longitude is a measurement of angular distance east or west of the prime

meridian.

7. To find longitude you must know the time difference between local noon

and noon at the prime meridian.

DESCRIBING EARTH FIELDS

We already know something about
the size and shape of the earth and
how to locate our position on the
earth. We are now ready to find some
ways to describe other physical
characteristics of our earth environ-
ment.

Fields. A field is a region of space in
which there is a measurable quantity
of a given property at every point.
Magnetism is a good example of a
field quantity. As you recall, objects
made of iron or steel are attracted to-
ward a magnet, and the force of at-
traction becomes stronger as the ob-
ject approaches the magnet. We say
there is a magnetic field in the space
around the magnet. The strength of
that field varies from point to point,
depending on the distance from the
magnet’s poles. The earth has a grav-
ity field around it. Objects are at-
tracted toward the earth with varying

force, depending on their distance
from the earth’s surface.

Figure 5-8. The magnetic field around a bar
magnet. The field lines show the direction of
the magnetic force. The ciosenass of the
spacing of the lines indicates the strength of
the magnetic force. This is a vector field, be-
cause the field quantity has both magnitude
and direction

CHAPTER 5. LOCATING POSITIONS oN Trg EARTH

There are other kinds of measur-
able quantities that vary from place to
place on or near the earth’s surface.
Each of these makes up a different
kind of field. Among these measyr-
able field quantities are atmospheric
pressure, wind velocity, and tempera-
ture. The elevation of the earth’s sur-
face above or below sea level can also
be thought of as a field, since there is
a definite measurable elevation at
each point of the surface.

Vector and Scalar Fields. Some
types of fields can be completely de-
scribed in terms of amount, or mag-
nitude. Fields of this type are called
scalar fields. Temperature, relative
humidity. and atmospheric pressure
are scalar fizlds. They can be com-
pletely des-ribed in terms of their
size, or ru-nitude, alone.

Other "=+ of fields cannot be de-
scribed si*: 'y in terms of magnitude.
Such field: rced both magnitude and
direction. iields of this type are

called vecror fields. Wind velocity,
gravity, and magnetism are examples
of vector fields. A description of the

w_ind must include not
nitude of its speed, but
Flon it’s coming from.
Involves the force of g
take into account t
force.

only the mag-
also the direc-
A problem that
ravity must also
he direction of this

Field Maps. When you are studying
a particular field, it is often helpful to
make a map of the region involved.
On the map you can mark the various
readings obtained for the property
being studied.

Suppose you are walking down the
Street and suddenly notice the odor of
barbecuing hamburgers. You have
Jjust entered a field. Farther down the
street the smell becomes stronger, but
by the time you reach the comer, the
smell is weak again. If you take a
shortcut through some backyards and
go back toward the middle of the
block, the smell becomes stronger and
stronger. Eventually you may reach
the source of the odor. If you're
lucky, you’ll be invited to help elimi-
nate the cause of this field!

Figure 5-9 is a map showing part of
the odor field from barbecuing ham-

Figure 5-9. Map of the odor field of a hamburger barbecue. The irregular shape of
the field is probably due to winds or air currents. Which way do you think the wind is

blowing?

1 — just noticeable
2 — weak

3 — strong
I_‘} — irresistible
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SUMMARY

L. Afield is a region of space that has s measurable valuge of & given property at

every point.

2. Scalar fields can be completely described in terms of magmtisde.

e

Vector fields can be described in terms of magnitude and direction.

4. Isolines ure lines on a fickd map connecting all points of equal value. They
$ “‘“‘f‘ field values on a two-dimensional surface.
3. An isosurface is a surface passing through all points of equal field value

Within a three-dimensional region of space. i
Varies both horizontally and vertically within the mapped region.
- The gradient of a field is the rate at W

to place.

ce. Isosurfaces show how the field

hich fiekd quantities change from place

7. Field characteristics generally change with time.
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CONTOUR MAPS

A contour map, o ropographic
map. is @ map on which elevations of
the surface are shown by means of
isolines called contour lines. Fach
contour line passes through points
that have the same elevation, The
contour lines are drawn for a fixed dif-
ference of elevation, such as every 10,
20. or 50 feet. This difference between
adjacent contour lines is called the
contour interval of the map.

Figure 5-11 shows a drawing of a
portion of the earth’s surface that in-
cludes hills, valleys, streams, and a
seashore. Below the drawing there is
a contour map for the same region. To
help you understand what a contour
line means. the 200-foot contour is
shown on the drawing. Imagine that
all the land above the 200-foot level
had been sliced off and that you were
looking down on the top surface that
was left. The 200-foot contour line on
the map is the outline of the flat sur-
face you would see. Similarly. each of
the other contour lines is the outline
of what you would see if the land were
sliced off above that line.

Notice how the contour lines are
bunched together along the steep
sides of the cliffs, while they are
widely spaced along the gentle slopes
on the top of the cliffs. Another
characteristic of contour lines is the
way they bend when crossing streams
or valleys. They always point up-
stream or toward higher elevations.

Topographic maps often contain
symbols for or special ways of indicat-
O e e

: ace, such as swamps,
bodies of water, roads, and buildings.

The meaning of these symbols may be
shown in a map key. Maps usually
have a scale of distance. The scale
tells you the relationship between a
distance as measured on the map and
the actual distance on the earth’s sur-
face. The scale is usually a line
marked off in distance units, such as
feet. kilometers, or miles. The map
scale may also be shown as a ratio,
such as 1 cm = 2 km. This means, for
example, that two points that are 35
¢m apart on the map are actually 7.0
km apart.

Maps almost always include an
arrow indicating north. Maps are usu-
ally drawn with north at the top. bt
this is not always the case. If you ere
using a map to find the direction {rom
one point to another, look first for the
north arrow to be sure which way is
north on the map.

Elevation Gradients. The earth sci-
entist is a detective. He tries to recon-
struct the past, that is, to figure out
what happened to make the earth’s
surface what it is today. He also tries
to predict future changes that are
likely to occur. One of the chief forces
that change the shape of the land is
running water. The power of running
water to change the land depends
partly on its speed, and its speed de-
pends on the steepness or gradient of
its course. Thus the gradient of a par-
ticular region is often an important
clue for the earth detective.

We have already seen how the con-
tour lines on a topographic map indi-
cate steepness in a general way.
Where they are close together, the
elevation changes rapidly over a short

Figure 5-11. A portion of the earth’s surface and its representation by a contour
map. The contour lines for hundred-foot elevations are numbered and drawn
heavier for greater ease in reading the map. Since there are tive contour intervals
for every 100 feet, we can see that the contour interval is 20 feet.

distance; that is, the surface has a
steep gradient. Where they are widely
spaced, the gradient is gradual. But a
topographic map can give us more
precise information about the rate of
change of elevation. By using the map
scale and the contour interval, we can
calculate a numerical value for the
gradient of the surface.

As an example, let us find the aver-
age gradient between points A and B
on the map in Figure 5-12. The con-
tourinterval is 20 feet. We see that the
elevation from A to B changes from
140 feet to 20 feet, a difference of 120
feet, Using the map scale, we find that

the distance from A to B is 2 miles.
The gradient is then:

120 feet

—— = 60 feet/mile
2 miles

Profiles. Another important clue for
the earth scientist is often the shape of
the land between two points. By this
we mean the shape we would see if
the land were sliced vertically along
the line between the two points. This
shape is called a profile. A profile is
actually a graph of elevation against
distance along a line. A profile can be
drawn quite accurately using the in-
formation on a topographic map. ‘
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Figure 5-12. A contour map.

As an example, let us construct a
profile between points X and Y on the
map in Figure 5-12. The line from X to
Y will be the horizontal axis of our
profile graph. The vertical scale of the
graph will have to include elevations
up to the maximum that the line
crosses, which is between 180 and 200
feet. In Figure 5-13A we see the axes
of the graph ready for use.

Now we lay the edge of a card along
the X-Y line on the map, and we mark
the edge of the card wherever it
crosses a contour line. We also label
the marks with the elevation of the

.£orresponding contour line. This ix il-

lustrated in Figure 5-13B.

The next step is to copy the mark_s
from the card on to the horizontal axis
of the graph, as in Figure 5-13C. This
process puts the marks on the graph
axis the same distance apart as the
points where the X-Y line crosses the
contour lines on the map.

We now draw a line vertically up-
ward from each point on the axis t0
the elevation corresponding to that
contour line. Finally, we draw 2

smooth curve connecting the tops of

the vertical lines (see Figure 5-13D)-
This is the profile of the surface be-

twnan ¥ and v

CHAPTER 5. LOCATING POSITIONS ON THE EARTH

65
A c
160
BT ;40~-g
“Wro 201
20135 oo]
100+ S 013
4 v 604
604 W -
40 20
20 e
T T
i o o
8 D
- \ [ ,/ 1604—=
P kot S
SRR 1204
ARy 004 2
!‘1 . 80+ O
1 l 60410
XK J R 40
40 45[3‘}0!:*2{0/1!5[ 204X
o o 2 40 40) £0 (120140 120
m £
@ o 160 e
Figure 5-13. Constructing a profile between points X and ¥ on the map in Figure
5-12.
SUMMARY

1. A contour map is a map showing the elevation field of a portion of the

earth’s surface.

. o
2. The contour lines on a contour map pass through points that have the sam

elevation.
3

gradual,

- Where contour lines are closely Spacefh the
is steep. Where contour lines are widely space

- A profile, or vertical section, of the su

gradient, or slope, of the surfar:e
d, the gradient or slope Is

rfaCC along any chosen !ine can be
const . . . §
ructed fr om the mformatlon na contour map
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REVIEW QUESTIONS

: tem?
What is a coordinate sys nvenient for tiat surfaces?

Mow many coordinates are necessary to locate a point on a sur-

<o rdinates is used to locate positions on the

's surface? ‘
sarth’s $ lines of the |atitude-longitude system?

What is longitude and how is it found?

. What is & field?

 How can you describe @ scalar tield?
_ How can you describe a vector field?
. What is an isoline?

_ What is an isosurface?

. What is a fie/d gradient?

What basic parts are common to all coordinate systems?
We use coordinate systems in many ways during our every-
day experiences. Some of these experiences are laoating
streets and houses in cities, locating places on roac maps,
constructing mathematical graphs. Explain how =:-nh of
these makes use of a coordinate system. Can you i 1K of
other examples?

ow®

. Suppose you are planning to make a long trip. What ct.znges

could you expect to observe because your latitude chang=~" Be-

cause your longitude changes?

a. Three common fields that we are familiar with are gravita-
tional, magnetic, and temperature. List three fields used in
weather reporting and three fields used in pollution report-
ing.

b. What kinds of information are available on a contour map
that are not available on a standard road map?

REVIEW EXERCISES

. In caiculating the circumference of the earth, Eratosthenes

made two assumptions—first, that the earth was round, and
second, that the sun was very far away. But what if these as-
sumptions had been wrong? Let's assume that the earth is flat.
Can you figure out how near the earth the sun would have to be
for the sun to be directly overhead at Syene but 7%° from the
vertical at Alexandria?

To begin with, you'll need a piece of graph paper, a protractor.
and a ruler. With these instruments you can draw a scale mode!
z=.m<:iI measure off the distance to the sun. Start by choosing the
f::;ﬁéf going to use. We know that the distance from Syené
2 S grnahwas assumed to be 5,000 stadia. So pick a length
s fa:;aagb ﬂzplef to represent this distance. Next put in the
gy oth locations. At Syene the sun was directly over-

» SO draw a vertical (90°) line from that point. At Alexandria
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. Give an example of the use of scale
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th y

‘h: :::t:mr:gs ware at an angle of 7%". Mark off the angle with

5t Aieundnar' ‘;!:‘d draw in the line reprasenting the sun's rays

mest, would be thare the two lines representing the sun's rays

the earth to satisty ::f:ﬁ::: of th T T s 0 b Y
Of the Flat Earth Sociaty?

List three examples of physical models not memior{ed o

text. List three exampi
o Ples of mechanical modeis not mentioned

h in making models. Fi

::ce)daecf :Jrsac;mel’h::g and identify the type of modgai itis Do.cr:?b:
y of the scale of the model bj

actual measurements if possible. it

. Suppose you are on a ship somewhere in the Atlantic Ocean.

You' take sightings on Polaris and find that its altitude is 48°
Ypu re told thg! a certain star is on the prime meridian at mid;
night Greenwich time. This star is on your meridian at 3 AMm
G.M.T. What is your latitude and longitude? .

Base your answers t i i
ey o the following questions on the diagram be-

What is the contour interval of the map?

Fro‘m which direction does the river in the map flow?

Whuch of the four diagrams below best represents the profile
view along line AB?
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What is the straight-line distance in miles from A to B?
What is the greatest possible elevation of point B? What is the
lowest possible elevation of point 82
What is the approximate gradient in feet/mile at points C, D, and
E?



