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1. LONGITUDE AND LATITUDE

The location of points on the earth’s surface follows ‘a sys-
.tem in which lengths of arc are measured along meridians and
parallels®. Taking a selected meridian, or prime meridian, as a
reference line®, arcs are measured eastward or westward to the
desired points. Taking the equator as the starting line, arcs are
measured north or south to the desired points.

The longitude of a place is the arc, measured in degress, of
a parallel between that place and the prims meridian®. (Figure'l).
The prime meridian is almost universally accepted as the meridian
that passes through the old Royal Observatory at Greenwich, near
London, England, and it is often referred to-as the Greenwich
meridian. This meridian has the value 0° longitude. The longi-
tude of any given point on the globe iz measured ‘eastward: or
westward from thi3 imeridian, whichever is the shorter ' arc®.
Longitude may thus range from 0° to 180°, either #ast or west,
It i3 commonly written in the following form: long. "77°03731¢4%,
which may be read “longitude 77 degrees, 3 minutes, 41 seconds
west of Greenwich.” o ‘

If only the longitude of a point is stated, we cannot tell its
precise location because the same arc of measure applies-to an
entire meridian. For this reason, a meridian might be defined as
a line representing all points having the same longitudé®. “This
definition explains why we often use the expression “a meridian
of longitude.” You may at first be confused by the statement
that longitude is measured along a parallel of latitude®, but
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this becomes clear when you realize that to measure the arc be-
tween a point and the prime meridian®, it is necessary to follow
a parallel eastward or wastward®.

The actual length, ia kilometers or miles, of a degree of
longitude will depend on where it is measured®. At the equator
the approximate length of one degree is computed by dividing
the earth’s circumference by 360°: '

40,075km _
-—WO——— 111km
24,900mi _
3g0° - oomi

Because of the rapid convergence of the meridians northward or
southward, this equivalent applies close to the equator® only. It
is also useful to know that the length of 1° of longitude is re-
duced to about one-half as much along the 60° parallels, or
about 55'/y km (34!/,mi).

The latitude of a place is the arc, measured in degrees, of
a meridian between that place and the equator. Latitude thus
ranges from 0° at the equator to 90° mnorth or south at the
poles. The latitude of a place, written as Iat. 34°10’31//N, may be
read “latitude 34 degrees, 10 minutes, 31 seconds north.” When
both the latitude and longitude of a place are given, it is accu-
rately eni precisely located with respect to the geographic grid.

If the earth were a perfect sphere, the length of 1° of lati-
tude (a one-degree arc of a meridian) would be a constant value
everywhere on the earth. This length is almost the same as the
length of a degree of longitude at the equator, so that the value
of 111 km (69 mi) per degrec may be used for ordinary pur-
poses.

To be precise, and to take in‘o account the oblateness of



the earth, we must recognize that a degree of latitude changes
slightly in length from equator to poles. The length of 1° of
latitude at the equator is 110.6km (68.7 mi); at the poles it is
111.7 km (69.4 mi), or 1.1 km (0.7 mi) longer. One degree at
the poles is 1 pescent longer than at the equator@. The differ-
ence is by no means trivial and must be taken into account in
the precise construction of large-scale maps. Figure 1 shows why
the length of a degree of latitude is longer at the poles than at
the equator. A circle, fitted to the curvature of the ellipse at
the pole, is larger in radius than a circle fitted to the ellipse at
the equator. It is obvious from the drawing that a 5° arc of
the larger circle is longer than a 5° arc of the smaller- circle,
Thus the length of a degree of latitude changes continuously from
a minimum value at the equator to a maximum value at the
pole. Table 1 gives approximate values of length of degrees of
latitude and longitude at 15° intervals from equator to pole.

-\
~u

————r——

-\

Figure 1 The length of a degree of latitude is slightly
greater at the poles than at the equator



Table 1

Lengths of Degrees of Latitude and Longitude

Length of 1° Length of 1°
of latitude of longitude
Latitude
degrees km (mi) km (mi)
0 110.57 (68.70) 111.32 (69.17)
15 110.64 (68.75) 107.55 (66.83)
30 110.85 (68.83) 96.49 (59.96)
45 111.13 (69.05) 78.85 (48.99)
60 111.42 (69.23) 55.80 (34.67)
75 111.62 (69.36) 28.90 (17.9%)
90 111.70 (69.40) 00.00 (00.90)
i iC
longitude ['londitju:d] ». 22 A~

latitude ['letitju:d] n. &%

location [lou'keifon] n. % fir; ®fx

arc [axk] n. %

meridian [mo'ridian] n. Fir%; F
S|

parallel ['perolel] »n. 4583, Fi8

selected [si'lektid] a. ¥k HiXdh;
g

prime [praim] a. ¥31; &M
~ meridian ¥ F 5

equator [i'kweito] n. 738

universally [ ju:ni'vesoli] ad. #%
Hh

royal ['roidl] a. Efy; EEMys [R-]
€ .3:-0F- ¥ &)

observatory [ob'zo:vatori] n. K¢
=)

Greenwich ['grinids] ». ¥HkERig

whichever [hwitf'eva] pron. THH

4

precise [pri'sais] a. R, BB

definition [ defi'nifon] n. 2 X; W
i)

confuse [kon'fju:z] v. R #---
5]

approximate [o'proksimit] a. E{i]
B K&

compute [kom'pju:t] v. i+, it

circumference [so'kamfarans] ».
A BA% .

convergence [kon'vaidgens] n. &
XA :

equivalent [i'kwivolont] n. {4, %
R’ HEH

accurately ['@kjuritli] ad. XwRH;
Wb .

geographic [dia'grefik] a. By,
X

grid [grid] n. #F: B BEY
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oblateness ['obleitnis; au'bleitnis]
n. REH; R

trivial ['trivicl] a. 2 ; AEE
By

radius ['reidjos} n. ¥

o

to take ... as Bt fE4; - Bk
to be accepted as ¥il%
to be referred to as W|{ik; #WFE

i.

to range from ... to ... M.H.-
AE

either ... or | B ARL--RE

to apply to (+&i)EA:ERT

to be defined as & X %; ~HEXL
2

at first &% B

to depend on fk; WYF

curvature ['kowvotfo] n. Zgh; gh

ellipse [i'lips] n. ¥

minimum {'minimom] n. B/phE;
H/ME

maximum[maeksunalnl n. RXR;
Bl ‘

to dividle Aby B A ¥ B &

because of HF .

close to (+&iﬁ)§:§:—'f‘s TR

to be reduced to (+&i#) Ritdn
A

as much F#; RR

with respect to (+ &3 )%T: ¥ .

so that Ft; HT

to take into account X%, dE#
YR

by no means H7; A

86

¥ EB

in which lengths of arc are measured along meridians and parallels:
XRME in + which (XRERITD)3IFMEIE M4, &N a system,
Taking a selected meridian, or prime meridian, as a reference line:
&1%17,5]1%a selected meridian fy[F X A4 prime meridian,

The longitude of a place is the arc, measured in degrees, of a par-
allel between that place and the prime meridian. 49wy measured
in degrees Bid ko iAMEIE, fEERFEZIER, &1 the arc, XiE
2 the arc K&k the arc ByArifl4 E of a parallel ... the prime
meridian RF T,

whichever is the shorter arc: ;X R ik R1E M40, 4uh b 2 INIEMEE,
representing all points having the same longitude: X B4 iRE
&, EZIER, 5 a line; 3 rhpy having the same longitude 2B
4 WEIE, feZiEA, &1 points,

)



&6

that longitude is measured along a parellel of latitude: X & [F6Li&M
47,1489 the statement A%,

to measure the arc between a point and the prime meridian: X4 A
EREEEDPAEBHRIE,

it is necessary to follow a parellel eastward or westward: 4@y it
REFRFBAEREE. REHEERTERMEE to follow ... or west-
ward,

The actual length, in kilometers or miles, of a degree of ... where
it is measured. 47y 185 in kilometers or miles RIEMHiltkE
5,84 the actual length, & it the actual fgEisEhy of a de-

gree of longitude M T; where it is measured 2% 4% Bjif where 8|

B AN, 515318 depend on BRIE,

close to the equator: X B BIA5 5, MIE SRS, %% applies,
than at the equator: ZE XA HBRRIBMP LM T that (8 one de-
gree),



2. ROTATION AND REVOLUTION OF THE EARTH

The spinning of the earth on its polar axis is termed rota-
tion. In this study of earth-sun relationships we use the period
of rotation, the mean solar day, consisting of 24 mean solar
hours®. This day is the average time required for the earth to
make one complete turn in respect to the sun.@

Direction of earth rotation can be determined by applying
one of the following rules. (a) If we imagine ourselves to be
looking® down upon the north pole of the earth, the direction
of turning is counterclockwise. () If we place a finger upon a
point on a globe near the equator and push the finger east-
ward, it will cause the globe to rotate in the correct direction,
This demonstrates a common expression, “eastward rotation of
the earth”. (c¢) Direction of earth rotation is opposite that® of
the apparent motion of the sun, moon, and stars, Because these
bodies appear to travel westward across the sky the earth- must
be turmng in an eastward direction. . .

The velocity of earth rotation, defined as rate of travel of
a point on the earth’s surface in a circular path: due to rotation
alone®, may easily be computed by dividing the length of par-
allel at the latitude of the point in question® by 24, the appro-
ximate period of rotation. Thus at the equator, where the. cir-
cumference is about 25,000 mi (40,000 km)®, the velocity of
an object on the surface is about 1050 mi (1700 km) per hour,
At the 60th parallel the velocity is half this amount, or about
525 mi (850 km) per hour. At the poles it is, of course, zero.
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We are vnware of this motion because the rotation iz at ar
almost perfectly constant rate.

Two important physical phenomena result from the decrease
in rotational velocity with increase in latitude. First, there is a
centrffugal force generated by the earth’s turning which gives
surface oblects a faint tendency to fly off into space®. Because
the force of gravity is 289 times greater than this centrifugal
force at the equator, objects cannot leave the surface, but the
practical effect is to reduce the weight of objects slightly. Near
the equator, where the centrifugal force is strongest®, this effect
is most marked. For example, an object which would weigh 289
pounds at the equator if the earth were not turning® actually
weighs 1 pound less. Another eTect of the decreasing rotational
velocity with increasing latitude is to cause objects in motion to
be deflected slightly to the right or left of their paths.

“The motion of the earth in its orbit around the sun is.term-
ed revolution. The period of revolution, or year, is the time
required for the earthi to complete one circuit around the sun.
The year is, however, defined in different ways. For example,
the time required for the earth to return to a given point in its
orbit with reference to the fixed stars is called the sidereal year.

For earth-sun relationships we use the tropical year, which
is the period of time from one vernal equinox to the next, and
has a length of approximately 365!/, days. Every four years the
extra one-fourth day difference. between the tropical year and the
calendar year of 365 days accumulates to nearly one whole day.
By inserting a 29th day in February every leap year we are able
to correct the czalendar with rezpect to the tropical year. Further
minor corrections are necessary to perfect this system.

In its orbit the earth moves in such a direction that if we



imagine ourcelves in space, looking down upon the earth and

sun sd as to see the north pole of the earth, the earth i; travel-
ing counterclockwise around the sun@®@. This is the same direction

of turning as the earth’s rotation,

8

rotation [rou'teifon] . 14, KEdt

revolution [ revo'lu:fon] n. A\ i
#®

spinning ['spinig) n. Hest

polar ['pouls] a. iR

axis ['zksis] n.

relationship [ri'leifanfip] ». #H %
E

mean [mi:n] a. E#Hy; AR

solar ['souls] a. kPR
~ day kMHH
~ hour KM

apply [o'plai] v. BiJ§

counterclockwise ['kaunta'klokwaiz]
a., ad. EME Ry (k)

rotate [rau'teit] v. &k

demonstrate ['demonstreit] v. 3
;i

apparent [o'pzront] a. B B, ETﬁ
ERK

velocity [vi'lositi] n. 3B, #

circular ['so:kjula) a. HBH; %K
#

phenomena [fi'nomina] n - B
(phenomenon [fi'nominan} f%&
9]

unaware ['Ano'wed] a. BEEEH
B AHERN

iC

centrifugal [sen'trifjugsl] a. .
D] :
generate ['dgenareit] v. R4, 4

faint [feint] a. %3 M FHI B
tendency ['tendonsi] 7. & Him
deflect [di'flekt] v. ({E) {84
orbit ['a:bit] n. BHHE
sidereal [sai‘dioriol] @. (Bid)#HiB
HEMEN
~ year fER% (36586.179%
8.97%p) -
tropical ['tropikel] a. (fzF:) kil
0]
~ year B4 (3650 5 Ha‘485}46
)
vernal ['va:mnl] a. %35&‘1; Eﬁﬁﬁi
5] v ‘
equinox ['itkwinokskim.- =4 g
vernal ~ Fay(H) .
extra ['ekstro}l a. ®isMiys. Shinihy
calendar ['kalindo] n. BE&; biiE ]
~ year Pjég
accumulate [o'kjuimjuleit] v. %
insert [in'so:t] v. A :
leap [lizp] n. BBR
~ year [H4
minor ['mains] a. &5/hiY
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the same ...
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In this study of earth-sun relationships ... consisting of 24 mean
solar hours. 4)'h#y the mean solar day B the period of rotation
#RXiE; consisting of 24 mean solar hours ERAELDFEIE, ERE
A, 8% the period,

This day is the average time required for the earth to make one
complete turn in respect to the sun. 49y required for ... the sun
Rtk iMEIE, HEER, & the average time; 5EigHa for the
earth AR 2R 4iE to make one ... the sun B/ A,

to be looking: XRARAMMTHR, FRIBIEDIA imagine i§f72
M. BRI EDEERST,

that: #& direction, LB & S5ImE A direction BX,

defined as rate of travel of a point on the earth’s surface in a circular
path due to rotation alone: X Bit 4 A E, (kR ZiEM, &
% the velocity of earth rotation; 3 #:14rii4siiE of a point on the
earth’s surface f1 in a circular path #8 2 417 travel fyEiE,

in question: X/t iAsEIEE P EIER &M the point,

where the circumference is about 25,000 mi (40,000 km): XREXR
BiA where 3|5 JEMR #¥ E1E M 45, % 15 the equator.

generated by the earth’s turning which gives surface objects a faint
tendency to fly off into space: X £id %2 iA41E, (EEEM, B a
centrifugal force; ¥ BXANMEEHELE T — &1 the earth’s turning
By iEM 4D which gives ... into space,

strongest: XA ERAARBRNE A M the, RRNEEMBRZIE, b
A5 H R centrifugal force kA HAIELE,



