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Section A
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Definition, classification, uses and characteristic of map projection: (graphical cons:ruruom)
Conlical projections:

I. with the one standard parallel

2. with two standard parallels
- Bonne's | |
4. Polyconic ; "
C)'lmdnca,l projections: '
Equidistant ' |

- 2. Equaj Area
3. Mercator's, Universal Transverse Mercator (UTM)
4. Gall’s Stereographic

oL CS W, |

Section B

Zenithal Projections: (Only Polar Case) ’
. Equidistant |

2. Equal Area |

3. Gnomonic [

4. Stereographic |

5. Orthographic l
Three dimensional diagrams: sphere, block pile, cube. '

Section C :’

Plane mble surveying: Equipments, procedurs, traversing — open and clased nﬂm
meéthods- radial and intersection, concept of resectioning.

4  Height calculation using Indian pattern clinometer, - 5
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Meaning and Use

Map projection is a systematic drawing of parallel
of latitude and meridians of longitude on a plane
surface for the whole earth or a part of it on a certain
scale so that any point on the earth surface may
correspond to that on the drawing. The globe is true
representative of the earth, which is divided into
various sectors by the lines of latitude and longitude.
The net-work of these is known as a graticule. A
map projection, in other words, denotes the
preparation of the graticule on a flat surface.
Mathematically, the term projection means the
determination of points on the plane as viewed from
a fixed point. But in cartography it may not
necessarily be restricted to perspective or
“geometrical” projection. On the global the meridians
and parallels are circles. When they are transferred
on a plane surface, they become intersecting lines,
curved or straight. If you stick a flat paper over the
globe. It will not coincide with it over a large surface
without being ceased. The paper will touch the globe
only at one point, so that the other sectors will be
projected over the plane in a distorted form. The
projection with the help of light will give a shadowed
picture of the globe which is distorted in those parts
which are farther from the point where the paper
touches it. The amount of distortion increases with
the increase in distance from the tangential point.
But only a few of the projections imply this

MAP PROJECTION

perspective method. The majority of our Projecy,
represent an arrangefncnl_ol’ lines o_[ latityde
longitude in conformity with some principleg
to minimise the amount of distortion. Wi the he
of mathematical calculation }ruc‘ relation bclw&"
latitudes and longitudes i_s mamt'timed. Thus Varioy,
process of non-perspective projections hgyg beey
devised.

The need for map projections arises from
very fact than an ordinary globe is rendereq |,
for reference to a small country. It is not POssible
make a globe on a very large scale. Say, if you way
to make a globe on a scale of one inch to g mile,
radius will be 330 ft. Tt is dilficult to make gng
handle such a globe and uncomfortable 1o carry ity
the field for reference. Not only lopographica maps
of different scales but also atlas and wall maps woulj

Selesg

not have been possibly made without the yge o |

certain projections. So a globe is least helpful in the
field for practical purposes. Moreover, it is neif
easy to compare different regions over the globein
detail, nor convenient 10 measure distances over it
Therefore for different types of maps differen
projections have been evolved in accordance wih
the scale and purpose of the map.

Brief Historical Aspect

Our conception of the very ancient gcngmph%{ :s
obtained from writings of Homer and Hesit:
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omer'S work was based on legeng
p|lf’"“'"u.na weid vaguely used for suc
£ o of 'Ew‘“h“cﬁ' marking of timeg f
nis"““u* E""'“gf‘f sailing directions, ﬁ;- df‘ y and
| 5 alIUde sl ﬂ'nd made no furthey stod 3 work
Eo th theory”. Crates of Mallhug::rl:rl)rllhiui:‘?“
¢d In

flal il
i ﬂh{ml

:\’“T“nnm ical
! Purposes as

145 B.C. constructed the fj
” B.C. Tales of Miletus cnrl:: i::::l f'“b}h About
o first perse” to predict succes Sfu";’ ;’I:“fn::.ncq as
e sun- He is accredited with the inlmdbc ipse of
§ nat S now called Gnomonic pr U_c‘uop of
: nﬂ,(in'-an-:h:r wrote a formal (reatise ;:)(;)chnon.
b od considered that the carth was a C)'Iindcut nature
ihad considerable familiarity with math r. Greeks
B ometry- About 540 B.C. Py cmalics anc
ot ythagorus of Sam

mainlﬂlﬂed that the earth was a sphere. In 500 B 0s
! Hecalacus completed the correction of Anximand C
' ap. Later on Herodotus and Democritus pr oduir ;

fother world maps. Erathosthencs accepted l;c
_ phcrical shape of the carth and by measuring the
Jitude of the sun. deduced the circumference of
ihe earth. His work was further developed by
Hipparchus and Strabo. Strabo first stated the idea
hat a flat map cannot represent the features of the
h and he suggested adjustment in
_ arallels. Polemy made a map of the
fworld on @ net-work of curved meridians and
parallels. From the time of Ptolemy until the 15th
century, there was litle real advance in geography.
Prolemy'’s projection approximates (0 simple conical
projection and the Bonne's. Bonne's projection was
further developed by Waldscecumuller in 1507. No
dvance took place during the Roman period.
Germanus in 1466 produced the trapezifom map
hich later on lead to the Flamsteed projection: Fifty
Years later, Glatreanus made the first equidistant polar

benithal map. In 1554, Gerhard Kremer made a map
ith two standard

of Europe on conical projection W
onsible for the

parallcls. Kremer was also TesP
Mercator’s world map. In 1595 was Pmeh"’d a book

of maps in which the title ‘Atla

phcrical eart
eridians and p

s’ was used.

map projcclion has itself
h the new needs consequent
{and and air ‘

d to the out

design _
the earth and

The subject of
panded in harmony wit
flpon the expansion of sea.

fctivity is largely confine
therefore,
figuration of

he earth and he must,
8"3ps regarding the con

_4____‘.’-/_-2’4-2

its :
lar p:ms for his numerous requirements: Thus, &
E¢ number of projections Were devised 10
represent the spherical : f }.h _
plans based on v ical surface on maps,
now available ¢ Inrmug map projections: = of
which the g it large number of projections @ .
for his pu geographer may t-'hc_mse the mo?;t sum'ah
e ‘iillii"f;pom-:‘ Broadly Spcaklng: gqtfnmnal 'rcgl_ons
satisfactorily mapped on a cylindrical projection:
lemperate regions on a conical projection, and polar
regions on a zenithal projection: several modifications
of these projections have been made according 10
the purpose of the map. An important development
has been the use of modificd polyconic oF inter-
national (/M) projection for mapping the world in
2,222 independent sheets which can be
_logcthcr‘ From time to time many
investigations of the properties of the projections
have been made and many new ones proposcd. some
of which will be discussed in the following pages:

Classification of Map Projections

If you look at an atlas, or, any other set of maps. you
will find a number of projections used therein. Map

projection varies with the size and location ©
different arcas on the earth’s surface. While conical
and zentithal projections are commonly used for mid-
Jatitudes and polar regions, cylindrical projcclion are
referred for equatorial jands. Not only that,
projections also vary with the purpose of thc map.
While transferring the globe on 2 plane surface, the
following facts should be

kept in view : (i) Preser-
vation of area, (if) Pre

servation of shape. (iii)
Preservation of bearing, i.€.,

direction and distance-
It is, however, very difficult to make such a projection
even for a small country,

in which all the above

qualities may be well prcserved. Any one quality

may be thoroughly achieved by 2 certain map

projection only at the cost of others. So the following
roups of projections have

been made according Lo
the quality they preserve :

|. Equal area or homolographical projections.
2. Correct shape or orthomorphic projections.
3. True bearing Of azimuthal projections.

st group of projections the graticule is
prepared in such a way that every quadri-lateral on
it may appear propurtionately equal in area fo the
corresponding spherical quadri-lateral. It is, however,

In the fir
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(%j\sitjr to make the aren equal by ignoving the shape.
For instance, a rectangle can b made equol in aren
o & patallelogram by keeping them on the”same
base and between the same parallels.

The second group of projeclion is known ns
conformal projection. 1 is relatively dillicult to
preserve the shape but for a very small area. Strictly
speaking, only a few points of the sphere can be
prajected in their wue form over & plane surface. In
order to achieve the quality ol orthomorphism,
certain modification need to made, The scale is
¢hanged from point to point; it is true al one point
in all the dircctions. 1t is possible 0 make some of
the meridians and parallels true, i.e. equal in length
to the corresponding one on the globe, Meridians
and parallels intersect each other at right angles on
the globe, To make the projection conformal, certain
devices are made so that they may cut one another
of right angles over the araticule.

In the third group ol projections, correct bearing
d. This quality is well

or azimuths are preserve
hich the sphere

achieved in zenithal projections in w
is viewed from a point laying cither at the centre of
the globe, or at the antipode of the central points or
at infinity. The line of slight in every case is normal

180°

lo the plane ol projection at the cep r
map is required 1o show all dirccti{,n!’ul Point; ),
the rectangulur quality of the gpp Orrg ?.1;:'-
laterial as well as the true pmpmin:nca? :
and breadth must be maintained; Iy ¢ of jtg fms-_;' :
to show all distances, correctly, ng gﬂzrf' Une y,, |

. eﬁ;
drawn on a plain sheet of paper,

s e —

map Cin i

1 h.urc are various ways by which the i {
be projected over a surlace. A flat . (.
tangent to the globe at one point and figh, may },
kept at another point so as to reflect or pmfﬂa} b
lines of longitude and latitude on the p]al{!‘-':l&_
shadowed graticule may be modified ’-‘Onside' ij
by simply shilting the position of either the F]:rn?';
light (Sec Fig. 255). In all cases some {cmr(.‘
geometrical or perspective projections sha]fE
obtained. As the globe is viewed from a pgy
vertically above it, these are called zeni:h;|
projections. They are also called animuthal becasg
the bearings are all truc from the central point wher:
the plane is tangent to the sphere. The plane may
touch the globe at the poles, or at the equator, or,a
any point on the sphere between the poles and i
cquator. When it touches the globe at the poles, te
projection is called Polar Zenithal; when itis langeat

U ——

e

160° 160°E
1207 120°
90° 90°
60 60°
30°
UD
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- 3Q° 60° __P
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qul‘ jobe, OF: o1 the diameter produced to infinjg
D{ill_uz through the point at which the m"n.l.y,
: pﬁ:cn' This infinite line forms the locus ::rbu::-,
mﬂgliﬂﬂ of light. In case lI'_tc view-point is on the
I.ﬁ;t . of globe, ‘thclprouccllon is called Gnomonic
: oo contra! Projection; when the light is at the
§ of gt end of the diameter, it is known as the
raphic Projections; when the view-point s
Jat infinity so that the rays may all be normal
\angent plane, the projection is called
) 0 ,;,f;anghff- Other position_s of the light along the

ameter may also be conc.ewcd and subsequently
| jifferent names may'hc attributed to the projections

s derived; but their treatment will not be possible
i1 the SCOPE of this book.

¢ §reros
| situat
o the

There are other surfaces over which the sphere
may be projected. After projection such surfaces may
| pe cul open into flat surface. These developable
| surfaces include () cylinder and (if) cone. When the
graticule is prepared by imagining the surface of a
globe projected on the surface of a hollow cylinder,
| itis called Cylindrical Projection. When the cylinder
is unfolded into a fat surface, it gives a reclangular
E (hape to the globe in which the meridians and
parallels are represented as straight lines, intersecting
cach other at right angles, (Fig. 256). Here all the
meridians are equal and parallel straight lines spaced
al equal distances. Likewise, all the parallels of
iitudes are also equal and parallel straight lines,
but they are shaped at purposely calculated distances
from the equator. The spacing of the parallels may
be accurately calculated mathematically and it varies

K

: ECTION

. pROJ 247

_ator it S known as Norm y ,

Ty L:'!-un‘nd when it touches at ur:ya{::l}: .Ermf”mff with different projections of this cla%s: clirpi"?'gd

{ z,ﬂfrﬁi’df oblique Zenithal. In all c.]w::hfl"::."' L for varying purposes. In the equal arca cylimh;;c'?;[
[;o-l i position of light must be on the dtnm:lcr projestion, 1R disprees. DR CC m;ﬂ p:;ﬁ!cbin

oles;

decrease proportionately fowards the P
Mercators, in which the shape and
preserved, the distances proportion
polewards. The cylinder may be
circumscribe the sphere along the equaty :
any other great circle, and you miy have perspecuve
forms 100, But the most useful types will be the
non-perspective equatorial projections in which the
cylinder is conceived 1o circumscribe the globe along
the equator.

A cone may be imagined t
a convenient size along any circle (other than a great
circle) but the most useful case will be the normal
one in which the apex of the cone will lie vertically
above the pole on the earth’s axis produced and the
surface of the cone will be tangent LO the sphere
along some parallel to latitude (Fig. 257). For the
purpose the parallel selected is one along which the
cone is tangential. I the sclected parallel is nearcr
the pole, the vertex of the cone will be closer to it
and subsequently the angle at the apex will be
increasing proportionately. When the pole itsclf
becomes the selected parallel, the angle at the apex
will become 180°, and thus, the surface of the cone
will be similar to the tangent plane of Zenithal
Projection. On the other hand, when the selected
parallel is nearer to the equator, the vertex of the
cone will be moving farther away from the pole. In
case the equator is the selected parallel, the veriex
will be at an infinite distance and the cone will
become a cylinder. Thus, the Cylindrical and Zenithal
Projections may be regarded as special cases of
Conical Projections (Fig. 258).

directiop am¢
alely increase
made 0
r or along

o touch the glabe of

180°W {50° 120° 90° 60° 30° 0° 307 60 90° 120° 150° 180°E
e >
0—-, Ec’ d

S

Fig. 256. Cylindrical Projection.
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248 . ELEMENTS OF PRACTICAL G&ogp,
have heen modified to suit such maps; for j,. e

Bonne’s and Polyconic Projections, oy 4 =
modified projections may be called C””"t'n:;%
Projections. ting Ly
Thus, now we have innumerable prg,,
possessing one-property or the other. The naxu,m’"
these projections are so complex thay they e o
POSSES ONE OF MOTE COMITON Propertics, They, iar;, ;
projection which can be grouped in a singj, i 5 b
Moreover, if onc attempls to obtain g ry
classification of map projection, it will pe
difficult to acheive it. There can be 4 '

classifications, as many bases. Hence fﬂfloa,-;; i
LI ]

H
g

lathey

classifications may be suggested depen ding &; .:_
different bases : 5
A. Based on the method of constructions - '
1. Persective.
2. Non-perspective. |
/ \\ B. Based on the developable surface useq : b
5 \ I. Conical. T
! S : 2. Cylindrical. 8o
‘ : 3. Azimuthal or Zenithal.  gon
4. Conventional. o
4 Sm‘!:
C. Based on the preserved qualities : '
|. Homolographic or equal area. The
P’ 2. Orthomorphic. bt
Fig. 257 3. Azimuthal or true bearing projections. E‘;
D. Bascd on the position of tangent surfaces:
The selected parallel is called the standard POt
parallel because it truly corresponds to that of the |. Polar. _ " ad
globe and the scale along it is also true. This becomes 2. Equatorial or Normal. i whi
an arc of circle after the cone is unfolded along a 3. Oblique. - fom
plane. There may be one or two standard parallels in -~ E. Based on the position of view-point or light: ad
conical projections. The axis along which the cone |. Gnomonic. Lol
is flattened, form the central meridian of the map. 2. Stereographic. i ol
Other medridians are straight Iil!cs radiating from 3. Orthographic. -; :;h
the vertex of the cone at equal intervals, dividing 4. Others )
; ' ' . : T
the standard parallels into equal arcs. Other parallels } L)
will be concentric with the standard parallel, F. Based on the Geometric shape : ! ?w
Besides the above general types, there are a h [SEGLARELY e
number of modified projections which are little 2. Clr_c"Fﬂr'
related to any of them. With the help of mathematical 3. Elliptical. ;
calculations, some modified projections have been 4. Butterfly shape. !
developed which are suitable for topographical 5. Others. ¥ s
survey maps, international maps and special atlas The above groups have their indcpi-‘ﬂd"“r-‘ ;
maps. ete. Even some of the conical. projeetis ¢, but a si et can occur in more 1572 e

i
} ¥
iy

L e
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(a) (b)
Fig. 258

one group, i€, an azimuthal projection is circular
(=

F innatre in its polar case and may show correct area A
slong with truc azimuth of points from centre. This,
10 doubt, will be a non-perspective projection.
gimilar may be the case with other projections.
The Construction of Map Projections
In the construction of a graticule, both graphical
and trigonometrical methods may be followed. The
former is based on the elementary principles of
geomelry; it is simpler and approximately accurate,
and it will suffice for the under-graduate students; & B
while the lalter makes use of trigonometrical Fig. 259
formulac to calculate the radii and lengths of parallels
and also their distances from the equator. In the case Perp.
of difficult projections like lhcq Mercator’s and AB/BC = B asr;=‘§= tan ZACB,
Mollweiode's, mathematical tables are also used. It
5, ht{wcvcr. essential (o get an elementary knowledge Bus b
of rigonometry so that the common projections BC/AB = ——=—= col ZACB,
My be easily followed. For the convenience of the Feep. 2
§ Sudents, various trigonometrical ratios arc given as ; i
Tollows ; Hyp. h_. L
, AC/BC = ——~ = —=sec LZACB: 34
In the right-angled AABC (Fig. 259) : Base b
Perp. | b
AB/AC = H—E-"-ﬂ: sin ZACB; ¢ AC/AB = M=£= cosec ZACB.
. h o . Prep. - p 5 g
£ ' -_BC{AC = B.“S_e' ol i :._éACB; In order to get the value of the ratios, Log tab’!c,-:l =

L1

Hyp - h
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In the construction of Map Projections the TABLE 1
scale is of much imporlancc.‘In pro.jecli.ou itis T aritude ' I° of "'m Furt
generally expressed by a fraction which is called —— —__
the “Representative Fraction™ (R.E); such as 0 69.6 miles: i
1 - 1,000,000 or 1 : 63,360, ctc. The [ormer means 10 68.3 miles
that one unit of the map is cqual (o the million units 20 64.8 miles
of the ground and if expressed in miles to the inch, 30) 59.9 miles
it shows that one inch denoles one-inch-to-a-mile. 40 52.9 smiles
The scale as R.F. is used in Map Projections so that 50 A6 il
it may be translated into any standard ol measure- 60 34.8 miles
ment (Chapter 2). 70 237 miles

According to Eratosthenes, the circumference 30 (1.8 il
of the ecarth is about 25,000 miles and the mean 90 0.0 miles

radius 3,660 miles (about 4,000 miles). As a round
number, it may be regarded 250,000,000 inches
because other figures in thousands will little affect
ordinary scale. Thus a small globe of one inch radius
will be 1/(250,000,000) the size of the earth. The
length of the equator of the globe will be equal to

m

the circumference, Le., 27R. In case R = 1 inch, the
length of the equator will be equal to 2 x 22/7 X 1,
i.e. 6.3 inch approximately. Latitudes are angular
distances morth and south of the equator, and the
lines drawn, from those distances parallel to the !
equator are called parallels of latitude. Longitudes :
are angular distances measured east and west along @
the equator are called parallels of latitude. Longitudes

are angular distances measured east and west along g ;
the equator the central meridian, and a meridian of In Fig. 260 (a), OF = OA = & (Radius of the B8
' sphere) and the parallel AB is drawn at the distance | -

longitude will be a line passing through the poles. ¢
All the meridians will be 360, ech drawn at a distance

of one degree, and the parallels will number 181 LEOA=¢
when drawn at one degree interval. All the meridians
will form 180 circles equal to the equator if two

(b)

Fig. 260

ZAON = Z, the co-latitude (90 - i
ZOAC = ¢ as they are alternate angles.  F .

opposite meridians are combined together, so these -

are distinguished as great circles. All the parallels In the right-angled AGAC.

(between the equator and the poles) form small AC

circles as their length decreases polewords. The AD = ¢

length of one degree of latitude, for all practical -
or AC = AO cos ¢

purposes, may be taken as about 69 miles. It may,
however, vary from 68.7 miles near the equator (0
69.5 miles near the poles. The length of 1° of arc
along various parallels, Le., the length of one degree
of longitude, decreases towards the | Ty
- be seen from the Table 1.

A
g SinZ

e, AC =

Iy et

The leng!h of each parafl
- calculated. 3

= R cos ¢ because AO = R

AO sin Z = R sin
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b AP _
' _arallel AB. Similarly the length of all the

B oic fels can e calculated by the formula :
2aR cos ¢
2R sin co-lat.

For cosine and sine, the mathematical table
2y be c(}nS'IJth.

The longitudinal distance between two
mg[idinns alonlg_the parallel AB (45°) can be
o ned by dividing Ehe l_ength of the parallel AB

60 and by multiplying the quotient by the

by 3 . .
Jistance (d) which may be 5° or 10° or 20°, etc.
. Thus when R = 17, the length of the arc of the
parﬂ"c‘ AB for a distance of 10° will be
2aRcosgxd _ 2R cos45°%10
360 360
_ 2x22x1x0.71 .,
= 7%36 =0.12"

The arc distance may, however, be found graphically
also. Draw @ circle with the radius AC. Let AB be the
Jiameter. Draw CD making the ZDCB = 10°. Now
DB is the required longitudinal arc distance at the
interval of 107 along the parallel AB [See Fig. 260

(b))-

ﬁlﬁ:le Conical Projection with one
Standard Parallel
' In the simple conical projection with one standard
parallel, the cone is supposed to touch the sphere
along the central parallel which is truly represented
on the gratitude. The central parallel becomes the
standard parallel because the scale is true only along
ths. Other parallels are drawn at their distances from
it, but the scale along them is not correct. Thus, the
scale is exaggerated north and south of the standard
paralle). This makes it quite unsuitable for large areas,
Le., areas with more than 20° of Jatitudinal extent.
The meridians are drawn as straight lines converging
¢ on the vertex of the cone. They are equally spaced
{ and intersect the parallels at right angles. They are
also drawn al true distances measured along the
standard parallel. The interval between (WO meridians
& ™My be oblained by dividing the standard parallel
: !3) 360, if the interval be 1°. The central meridian
it first chosen, which runs through the middle of the

petween the
| meridian:
e pm‘allcls
centre

The distances
the centrd
jlel. As all

¢ circle from &
cone, all the

dian becomc
So the scale

arca as a straight line.
parallels are marked along

starting from the standard pard
are drawn as arcs of concentri
coinciding with the vertex of the ¢
meridians including the central meri
their radii, radiating from the verlex.
along the meridians becomes correct.

\

S
Fig. 261

In Fig. 261, let V be the vertex of the cone
which is tangent to the sphere along the parallel AB.
V is verically above P, the pole and lies on the
prolonged polar axis of the sphere. If the cone is cut
upon along VC, the standard parallel will become an
arc of the circle drawn with radius VA, and centre ¥
Thus VA is the projected radius of the standard
parallel ACB (Fig. 257). While its true radius (r)
over the sphere is AQ". Now the length of VA and
the standard parallel ACB may be calculated as
follows :

In the right angled AVAO, ZAVO = ZAOE = ¢

",
on s

or VA = OA cot ¢ = R cot ¢ as OA represent the £
radius (R) of the sphere. o AR
Again in the right angled AAQQ', LOAQ' = ¢
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T @ o8 ¢ T i
or  AOQ'='A0 cos = K cos ¢
ra=Reos g

the length of the standard purallel = 2ar =
2mr cos ¢

Now n line VO may be drawn m (he centre of
the paper and with V as centre and radius VA, draw
an arc to represent (he standard parallel ACH,

The interval between the meridians along the
27R cos gxd

360
interval which may be 5°, 107, 157 209, ele,

standard parallel when d is the given

\

—

Yl’

o,
=<

)

Flg. 262

From the point C' mark-off the intervals along
the standard parallel and draw straight lines from
V, passing through the points of division. Then
find out the distance apart between the parallels,

- 2
The distance when d denotes the angular

distance between the parallels. Mark-off the distance
along the central meridian, starting from the point
C. the distances between these points and V will
from the radii of the respective parallels. Thus the
projection may be completed for one complete

ey

ELEMINT ‘!;E?!fﬁ,{?f!-.‘??!.?ﬁ&?ﬁ?ﬁm* .

fiemisplicre, [siit this [ir:.:ﬁ:'ilim‘i 1 l#uita?ég T
pnraw zones (ufp 16 207 of Tatiudinal gy, ;?,,"f'
i mmjd-latitudes. MORCOVE, 30 1% 101 g, ©
e cool lemperme 1egons. .z, Halje fwaq'.f
fretnd, gte. vhich can b, mot of by, %ws,,,r
m;u‘uﬁclllml. /

IXAMPLE
To construet a graticsle on simply
projection on | 1 25,000,000 scale a1 the L,
59 for an aren stretching betweets 5G7H ey i
535,
Let the standard parallel be 600Ny, Wit
be the central parallel of the arca and 20°¢ 4, o,
central meridian, The radivs of the sphere o .
siven neale
250,000,000
T25000000

’

Graphical Construction

Draw a circle AEQ with 10" radius. From js.
centre O draw OA, making the LEOA = 6. Frop,
the point A, draw AV as tangent to the circle at A 1,
meet the polar diameter produced at V. Now V4
the projected radius of the 60” north latitude Jine,
Make the £rOQ = 5°, the given interval belvwees
the parallels. Qr is the true distance between tug
paraliels. Qr is the true distance between two parallel;
at 5° interval. With centre O and radius Qr describe
a semi-circle which intersect OA at the point o
From a draw ab parallel to EO, the line ab mecting
OV at b. Thus ab is the longitudinal distance
between two meridians at the interval of 5° alons
standard parallel (Fig, 262).

Then draw VO in the centre of the paper. Wih
centre V and radius VA draw the arc ACB. From C
mark-off the points ¥, Z, M, L along VO, making, CY.
CM, YZ and ML cqual o Qr. With centre V draw
concenlric arcs passing through L, M, Y, Z respec-
tively. Similarly mark along the arc ACB longitudinal
points at distances equal to ab. Draw straight line
from V passing through the points thus marked. In
this way complete the graticule for the area.

Trignometrical Construction

‘The projected radius of the standard parafic}
=R cot 60° = 10 % 0,58 = 5.8".
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uth of the standard paralliel

= 2ne o8 60°
2x22%10x0,5 3

T | O i

: 7 L I‘4

o distances between the two meridians ulong

rd parallel ’

31.4
X3 = (),44"

360
The true distance between the two parallels at

q“clcﬂ

'|h¢ gtanda

[\

5 iaterval

— gﬂxs =§- Tl
=Sl Fa T

£ The construction may now be completed as
B e foregoing, 1O produce the require graticule

i (Fig. 263).

v
70°N
65°
A 60°
I T B
55°
7
n Z 50°N
5E  15° 25° 3%
Fig. 263

: '\Z"“Pla Conic Projection with two

Standard Parallels

In the simple conic projection with 1%/0 standard
parallels, two of the circles of the cone ase equal 10
two of the parallels of latitude of given ared. Along
these two lines of futitude, the scale is correct. This
is why they are called standard parallcls. Unlike the
simple conic with the one standard parallcl here the
code neither touches the sphere along the parallels,
not cuts through the sphere along them. Instead two
cireles of the cone correspond to the (wo respective
parallel of the globe and form an ordinary cone
independent of the globe [Fig. 264(a)). These are SO
selected as to cover two-thirds of the latitudinal
extent of the map. In this way errors are uniformly
distributed on account of which a wider extent of
area may be represented. This is, indeed. an
improvement over the simple conic with one
standard parallel; otherwise the projection has the
same properties. I is misleading to call it the Secant
conic projection as the distance between the
standard parallels does not cqual the true Secant
distance between them. Any straight line cutting
the circumference at two points represents a Secant
of a circle. While in the projection the use is made
of the arc distance so that the paralle] may be set
apart proportionately the same distances as on the

globe [Fig. 264 (b)].
In Fig. 264(a) supposc AC and BD are actual
radii of the standard parallels and VD be the produced
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axis of the'glabe. The distance between the standard

parallels is represented by a straight line AB which
on the sphere is an arc—the true distance between

them. BA is produced to meet V. the vertex of the

2aRkxd

360
the standard parallels. Now the main problem is (0
find the radii of the standard parallels. In the right-
angled AQBD and OAC in Fig. 264(D).

when d is the interval between

cone, AB =

DB

—— = CO5

#

or DB = R cos ¢, when OB is R of the sphere:

C.
A =cos ¢;; \

CA = R cos ¢ when OA is R of the globe.

Now, in Fig. 264(a) VA : VB :: CA : DB or,
VA : AB :: CA : BF because AB = VB - VA and BF
= DB — CA when AF is perpendicular (o BD.

VA .BF=AB.CA
VA, the radius of the parallel

ar

_ AB.CA
BF

2R dx Rcos ¢,
360

= Rcosg, —Rcos

VB, the radius of ¢, = VA + AB
After finding out the radii of the two standard
parallels on the projection, rest of the process for
constructing this projection is, more or less, similar
to that of the simple conic with one standard parallel.
That is the other parallels and meridians are equi-
distant and as such other spacings may be calculated

in the same way.

Graphical Construction
Draw a circle from the centre O with the radius

of the reduced sphere,

~ On the scale of 1: 25,00,000.
250,000,000

= e 2
25,000,000

calculated on the given scale.

ELEMENTS OF PRACTICAL GEOGF‘Mp' ¥

Draw OA and OB at angular distances deng; |
the standard parallels. ¢ and ¢y and OR a gi.!.[r _-‘
interval, say 10°% Deseribe 2 semi-circle from O'we,ﬂ_ 1
the radius QR to cut OB and OA at a and ¢, Fm'h
a and ¢ draw ab and cd parallel to £Q to meg o
polar diameter at b and d. Thus cd and ab repreg,,
the spacing between the meridians at the .‘i,!ive[
interval along the parallels ¢ and & "-'SPCCIiw,-[f
while OR shows the interval between two paraue:;;
[Fig. 264(D)). !

Now draw the central meridian Vb; on it mag
AB, the arc distance as straight line which is equy
to (¢, — $o)/d times the length of OR when d s (g,
given interval. From A and B, erect perpendiculy
AC and BD, making BD = ab and AC = cd. Join D¢
and the make it meet VB at V. Then VA and VR
represent the radii of the two standard parallels ¢,
and &, respectively [Fig. 264(a)]. With these radi,
draw the arc of the standard parallels from the centre
v and complete the rest of the construction as in the

simple conic with one standard parallel.

EXAMPLE

Construct a graticule on the simple conic
projection with two standard parallels ona
| : 25,000,000 scale for an area extending from
20°N to 80°N and from 0° to 80°W at the interval

of 10°.

Trigonometrical Construction

The latitudinal extent of the area = 80° - 20°=
60°. One-third of this is 20°. By subtracting 20°
from 80° we get the first standard parallel while by
adding 20° to 20°, we get the second standard
parallel. Thus, the two standard
(4) and 40°(). T0°(4y) and 30°(4y) will b §

better selection because the selected standﬂfd

parallels should cover between them two-thirds of
the total latitudinal extent of the map.
According to the given scale,
s 250,000,000 _ (0"
25,000,000 '

_ The distance between the standard parallﬂls- '
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;. the radius of the 60° paralle]

. dx R cos
Rcosp —Rcosg

when @ is the distance between

N 3.5x10x0.5
= (10x0.77)=(10x0.5) = 6-5"

ry, the redius of the 40° parallel
=6.5" + 3.5" = 10.0".

The describe the arc of @, and g, from the point

y lying on the central meridian of 40°W passing
| hrough the points B and A. From A and B mark-off
the points along the central meridian at the interval

o 35%10 5o 175m,
20

The length of the 60° parallel
=2nR cos 60
_ 2x22x10x0.5

7
the longitudinal interval
2x22x10x0.5x10

- a0 8T

Mark-off the points along 60°N parallel at the
interval of 0.87". Draw the meridians joining these
points with V. Thus the required graticule MNLP is
obtained (Fig. 265). This may also be drawn
graphically as discussed in the.foregoing.

i ———————

The projection is, therefore, not very difﬁ?“h
lo construct, It is neither equal area ROT
orthomorphic. But in atlases it has been usually
adopted for the continents like Europe, Asia and
North America, etc. It is, however, one of the most
suitable projections for mid-latitude countries With
small latitudinal extent.

\/B/onne’s Conical Projection

This is modificd conical projection designed by
Rigobert Bonne, a French Cartographer. In this
system all parallcls are true o scale but, like the
simple conic with one standard parallel, it has only
one selected parallel (the standard parallel) drawn
on definite radius which is the cotangent of the
selected parallel multiplied by the radius of the
reduce sphere (R cot #). The selected parallel varies
with different arcas, as it governs the curvaturé of
other parallels. If the main mass of an area is nearer
the pole, the selected parallel will be one nearer the
pole and if it be close (0 the equator, the selected
parallel will be one ncarer the equator. Supposing
for a continent like Asia, if 80°N is the selected
parallel, then the radii for other parallels will be so
short as to compress the shape of the continent on
the map. For it, 40°N will be better because in this
case, 1o start with, the radius will be longer and the
successive radii of other parallels will be conformable
so that the map will appear a little distorted. All
other parallels are concentric arcs whose radii are
found by marking-off divisions along the central
meridian true to scale. The central meridian is a
straight line. All other meridians are regular curves
drawn by joining the points marked along the
parallels at true distances according to the given
interval. Every quadrangle, thus formed on the
graticule, is equal in area to the correspoinding
quadrangle of the sphere because all the parallels
are drawn true to scale and they are truly spaced
from each other (Fig. 266). This is why it is an equal
area projection. The projection is conformal only |
along the central meridian. The amount of distortion
increases towards the margins of the map. It may be
used for drawing one hemisphere but its lateral
distortion restricts it suitability for continents
separately. In atlases it has been commonly used
| continents e¢xcept Africa. The
generally drawn on Sinusoidal
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Fig. 266

projection, which is a special case of Bonne’s
projection when the equator is taken as the standard
parallel. The Bonne's system is also used for the
lopographical sheets of small countries like France,
Netherlands, Switzerland and Belgium.

EXAMPLE
are graticule on Bonne’s Projection for

Prep
000 scale with an

North America on the 1 : 25,000,
interval of 10°.

Graphical Construction
According to the given scale the radius (R) of

the reduced sphere

250,000,000
= 125,000,000 ~
From the centre O and with radius of 2" describe
a circle EBP (Fig. 267). Let AB be the standard
parallel and VA be the tangent to the circle at A,
which meets the prolonged axis OP at V. Then
draw the central meridian VO and from the centre V
draw the standard parallel with VA as radius, which
cuts the central meridian at C. Starting from C, mark
off the divisions on the central meridian equal to
OR, when QOR = 10°, the given interval. With the
centre V draw the parallels, passing through these
points. From the centre O and with the radius QR,
describe -a semi-circle which intersects OR, OR;,
- OR5, ORs, etc., at the points Dy, D,, Dy, Dy, ete.
respectively. From these points draw lines parallel
to EQ to meel the axis OP at a|, a, a3, and _ete.
__Then with the distances Da;, Dyay :

"

Fig. 267

etc., mark-off the points on the respective parallels,
Join the corresponding points to get the meridinal
curves.

Trignometical Constructions

Let 60° N be the standard parallel; the radius
of the standard paraliel = R cot ¢ = 2 x cot 60°
=2x058=1.16".

Y which denotes the true interval between the

parallels

27R %10
360
X, the longitudinal distances along the parallels

= = 0.35" where the interval is 10°

_2aR cos ¢x10
360

With the help of the above formula, the
longitudinal distances along each parallel have been
tabulated as in Table 1A.

Now the graticule can be prepared as in Fig.
268. In drawing the meridinal curves, the use of
French curves may be made. If the radii of parallels
are too long to be drawn by an ordinary compas>
the use of a beam compass may be made.

lyconic Projection
The Polyconic Projection wa

A ML

s developed bY

O 5 91€ 1
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cos ¢ R v X R
098 Rous g QnRcos 436 (2nRN6)
I
0.94 9 :;’6“ 12.3" 0.34" 0.35"
0.87 2 v 118" 0.33" 035"
0.77 2" Iz'g,, 10.9" 0.30" 0.35"
0.64 o 12.6" 97" 0.27" 0.35"
0.50 2" {967 8.1" 0.22" 0.35"
0.34 o 6 6.3" 0.17" 0.35"
12.6" 43" 0.12" 0.35"
s many hallow cones as the circles of latitude to v
ich they closely correspond. Thus all (he cones
re tangent to the sphere along the corresponding
Wparzllels of latitudes, all of which subsequently
pecome standard parallels. But these are nog
oncentric circles as in the case of Simple Conic
od Bonne's (See Fig. 269). VT, V\T,, V,Ty, etc.. the 5
projected radii of the respective parallels, equal 1o TT;
he cotangent of latitude x radius of the reduced T/
sphere, i.e., R cot ¢ when ¢ is the lattitude and R,
he radius of the reduced sphere. The central meridian
nd the parallels are divided in the same way as in
Bonne's. Net unlike Bonne's meridians are smooth
curves drawn by joining the points of division q
ked along the parallels.
This projection is neither conformal nor equal
2a. As we have seen, the scale is true only along
e central meridian and parallels. The meridinal’
4
]
E 80°N
70°
60° Fig. 269
50° 2 .
scale increases as we proceed away from the central
40° meridian. The curvature of the meridians increascs
30° much rapidly beyond the first 30° of longitudes on
either side of the central meridian. Hence various
& sheets of a country adjoining east and west cannot
E 70N _ 10°  pe correctly fitted together if they. are drawn on this
7Y I ' 30" system with different central meridians. In fact, the’
©180° s o 80° _ pr_ojcction is not suil(thf:._to a coluntry which c_.x‘tc.nds
Fig. 268" beyond 30° on cach side of the. central mcndzag-.
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istorted on the polar marging so
it is restricted within 20° of the pole. The projection
is, however, fit for & map of Europe, The area ol &
quadrangle of map prepared on this projection 1§
pot cqual to the avea of the corresponding
quadrangle on the sphere, because the parallels are
not concentric circles. The projection is, however,
suitable for the topographic survey sheets prepared
with their independent central meridians, It has been
exten-sively used by American cartographers [or
various topographical survey sheets.

"The shape is nlso d

Graphical Construction for Europe on
1 : 62,500,000 Scale with 5° Interval :

Europe lies between 30° N-70° N and 10°W-
60°E. According to the given scale radius of the
reduced sphere,

250,000,000
R= 62500000 =

Draw a circle from the centre O with 4" radius,
and to OT, OT,, OT,, OT;. OT; to represent 30°, 40°,
50°, 60° and 70° respectively. Draw tangents (0 the
circle at the points T, T}, T3, and Ty, which meet the
prolonged axis OP, at V. V), Vs, V3, Vs Thus VT,
V\T,, Vo1, elc. are perpendiculars to the polar axis.
From the centre O with Ta, Tb, Tyc, etc., as radii
draw concentric arcs in the quadrant POE. The line
OL drawn at 5° interesects these arcs at Ly, Lo, La,
etc. Thus, L,E,, L,E,, LsEs, etc. are respective
longitudinal distances along the parallels of 30°, 40°,

parallels §° apart to be marked on the centry

meridinn,

In order to complele the construction tak,
central meridian VO, From () wark-ofT the pgipgy :
b, ¢, d, ete, on it at a distance of LE. Through fhe,,
points deseribe the circles of latitude with 7, Vﬂ;- ,
VT, cle., as radii, 1t may be noted here thy u,‘;
centres V), Vi Va, el will be moving along (;{»
produced. Divide cach parallel as in the Bonge:,
and draw smooth curves of the meridians by joining

the respective points of division.

Trigonometrical Construction

Calculate radii (r) of the parallels on the
projection with the formula, r = R cot ¢, when ¢ i
the latitude and R is the radius of the reduced sphere.
The length of the parallels = 2nR cos ¢ as in the
Bonne's; y the distance between two parallels
y = (2nR X 5)/360 when the interval is 5°, thus
y = 0.35"; x the distance between two meridians a

5 interval measured along the parallels is equal to

sl Lo COSPX5 Tyg he table 2 may be computed.

360

Draw the central meridian VO representing 25°E
and from O mark-off y on it. Through the poinis a,
b, ¢, d, e. elc., thus obtained, describe cricles of 35°,
40°, 45°, 50°, 55° etc., with corresponding r,
given in the table. Then mark-off seven points at x
distances along these to show 35° longitudes on each
side of the central meridian. Joining these points by
smooth curves, the meridians my be completed

(Fig. 270).

ELEMENTS OF PRACTICAL GEOGRAp,

50°, etc., and LE is the true interval between the
TABLE 2
¢ r X
(Lat.) cot § (R cot ¢) cos ¢ (y cos §)
30 1.73 2927 0.87 0.30"
35 ] 1.43 3.12" 0.82 0.29"
40 : .19 4.70" 0.77 0.27"
45 1.00 4,00" 0.71 0.25"
50 ; 0.84 3.30" 0.64 0.22"
55 0.70 2.80" 0.57 0.20"
BO= 0.58 232" 0.50 0:18% "
_. 65 {]_747 [}.15_"
S e 017"

Scanned by CamlSc.z-milér

Scanned by CamScanner



'.--":;‘;—.-_-_-..._.,

P g A

<

o

i &

h 60°

L 50.

e

d 40°
C

- 30°
a 50° GQ"(C-

| 0w o

10° 200 0 30° 40

Fig. 270

conical Equal Area Projection with
standard Parallel

This prnjcction is also called ‘Lambert’s Conical
Fqual-Arca Projection.

[tis a modificd form of simple conical projection
with one standard parallel. The modification is made
(o make it an equal arca projection. Like the simple
conic projection, in Lambert’s Conical Equal-Area
Projection too, the meridians are all radial straight
lines, placed al equal angular intervals and the
parallels are all concentric arcs. The scale is correct
dong all the other parallels.

But unlike the simple conic projection, in this
projection the meridional scale is not correcl. The
exaggeration of scale along the parallels is made
sood by a proportionate minimisation of scalc along
the meridians.

Thus the parallels are unequally spaced from
each other.

The main problem is then to find out the lengths

| Fthe radii with which the different parallel (other
e drawn on the

imilar

lhajj ll?c standard one) arc 10 b
E:D;ecuon. The rest of the construction is 8
“ that of the simple conic projection. |

 #9 The following formula, derived
E Y be used 1o find out the h:

drawing the concentric arcs to represent the various

parallels :

2sin ¢y
JualhadndsL. o
5in {ﬁo

us for drawing the

= R cot 2962 +2-

where 7, is the required radi
parallel of ¢, latitude.

(g is the standard p
the reduced carth according to the given s¢

Seleet the standard paraliel which will be the
middle parallel to the latitudinal zone for which the
graticule is to be drawn.

Find out the radius with which
parallel is to be drawn on the projection. It may be

found out mathematically, or graphically, the method
being similar to that in the casc of simple conic

projection with one standard parallel.

arallel and R is the radius of
ale.

the standard

Construction

Draw a vertical line Lo repre
meridian. Mark a suitable point along this line 10
represent its intersection with the standard parallel.
The radius of the standard parallel on the projection
is already known, hence the common centreé with
which the parallels are to be drawn can easily be
marked. With this common centre marked along the
central meridian and with radii calculated with the
help of the above formula draw the different parallels
as arcs of concentric circles. The standard parallel
should be truly divided and intereepls along it for
drawing the meridians at the given interval may be
36°N
2T as°
30°

sent the central

i
-1

1y

(‘JL"} 1"-\‘_
o

26°

7 s
\\/{F_"——— L Wio®

6°N
929 g96° 10D°E

. =
60°E 647 gg° 72° 76° 80° 84° 86°

g 600 1600
' m

Fig. 271
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36°N Lambert’s Conical Equal Area Pre;
lacu%

- |
h” }\.-; || Aaae with one Standard Parallel
. r } e. 1 see Case I. When the Meridians converge 3¢ the p
-\ - 7 . -‘@"'"34‘ . Let ry be the radius of the standard paraljy 4]
‘:) ""*m-_?i‘-_:_f'_— 26 the map, ﬂ] and Xu be the latitude and Co-Jay "
- Lo H 63.:____. 22? of the standard parallel respectively, g, g, buds
'"'"’;)"’"’F{ g other parallels whose corresponding radij 0};& !
7 )'D map are ry, ra, ... and let R be the radiys of th !
14° reduced earth. i
! \ ( 10° For a map of India let the extend be 6°N-3gexy i
s —'C oy (Table 3) and 60°E~I00E and interval 4°. iy
60°E 64° 68° 72° 76° 80° 84° 88° g2° 96° 100°E TABLE 3 :
0o igo . 1600 Lat. ¢ Case | (inch) Case Il (incly
m e gl
Fig. 272 6° 20.17670 34.3875 l
10° 19.38365 335315 |
found out graphically or mathematically as in the 14° 18.56645 32.6750 |
case of simple conic projection with one standard 18° 1772510 31.8125 |
parallel. Then the required meridians may be drawn 290 16.86250 30.9386 i
as radial straight lines from the common centre 260 15.97915 30-0625 !
passing through the points of intersection already 30° IS'(}??SO 29° 7 |
marked along the standard parallel. Thus the graticule e 5 > 1M ‘
is complete (Figs. 271 & 272). i ae i s |
38° 13.21995 27.5000 |
Properties
(i) The parallels arc all arcs of concentric Let the standard parallel be 22°N and the scale
circles. be | :20.000.000.
(if) The meridians are all radial straight lines The formula used are
placed at equal angular intervals. - Xo
(iii) The parallels intersect the meridians at right g =aiian 2 J'
angles. » .
0o . %o
(iv) The scale along the standard parallel is ~and r =2R sec 7~ sin—"
forech (x, is the co-latitude of the parallel ¢)
(v) Psrallels are unequally spaced from each (Radius of the globe is supposed (o be
SN 250.000,000"). :
(vi) Scale along other parallels is exaggerated. Intercept on the standard parallel
The amount of exaggeration in scale along .
5 = 27Rc0s22° 4o (80914 inch

the parallels increases away from the
standard parallel.
(vii) Scale along the meridians is

" (viii) The ratio.of minimisation
scale is proportionate ‘la
exaggeration. of scale al

3608 1

ircles and meridians

_ -.'("_f;"} It is an equal area project
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A be other parallels whose ¢
it on the map are r. ry ...
of the reduced earth.

For a map of India let the extent be 6°N-3g°N
(Table 3) and 60°E-100°E and intervg| 4°

orresponding
and let R be the radius

and

sandard parallel 22°N: let the scale be
l: 20,000,000.
The formula used are
ro =R cot ¢

2[: o,
W = ety +2- 20
’ l smg&l

(Radius of the globe is supposed to be
250,000,0007).
Intercept on the standard parallels
2aR cos 22°

= """ x4°=0.80914 inch
360°

Parallels are concentric circles and meridians
are staight lines converging at the pole.

*Fig. 272(a) represents a map of India on the
Conical Equal Area Projection with one standard
parallel, a projection which was devised by Lambert
in the vear 1772; while Fig. 272(b) is drawn on the
same projection which contains new suggestions.

In the first case the apex of the cone coincides
with the pole whereas in the second case the pole
is represented by an arc. Again in the former all the
meridians converge at the pole, while in the latter

hey converge beyond the pole (c.f. Table 3A).

Zenithal Projection
When the nets are obtained by projecting the lines
of latitudes and longitudes on a surface, which is
tangent 1o the globe at a point. they are known as
Zenithal or Azimuthal projections. The word
Azimuthal carries the full connotation of the nets in
the sense that they show the correct bearings or
azimuths of all the points from the centre of the
maps. This is an unique property possessed singularly
by the projections of the group. Further they can be
used for mapping any part of the world and for any
purpose, one desires, because a plain can be tangent
to the globe at infinite points. It has two broad
divisions.

I. Perspective zenithal projections.

2. Non-perspective zenithal projections.

Perspective Zenithal Projections
Stereographic Polar Zenithal Projection

This is one of the perspective zenithal projec-
tions. If you place the light at one pole and the
screen as tangent planc at the other pole, a shadowed
picture of the hemisphere will be obtained. This
system is known as the Stereographic Polar Zenithal
Projection. Like other zenithal projections, meridians
are straight lines and the parallels are concentric
rapidly from the centre of the map: so the projection
gives a very distorted view as contrary to the ortho-
araphic projection. The meridional distance also
increase towards the equator in the same proportion;
hence correct shape of smaller areas is maintained.

TABLE 3A

15t Case

2nd Case

ridional scale is exaggerated polewards and
ots minimised equatorwards of the standard
parallel.

2. The scale along the parallel is minimised

polewards and exaggerated equatorwards of the
standard parallel.

_preserve the equa

3. The scale along the meridians is inversely
proportional to the scale along the parallel to

|. The meridional scale is minimised on both sides
of the standard parallel.

7. The scale along all the parallels excepting the
standard parallel is exaggerated.

3. The same.
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The direction of all lines from the centre is also
true. Therefore the projection is both orthomorphic
and azimuthal. This is commonly used for the map
of the world in hemispheres by cato-graphers.

" Graphical Construction

In the diagram TG is the tangent plane touching
the sphere at P and light is thrown from the opposite
end L (Fig. 273). The ray LM passcs through the
point A which lics al an angular distance of, say,
60° from the equator. Then PM will be radius of
60°N parallel on the projection because the point A
is projected to M on the tangent plane. Similarly,
the equator will be projected to R and PR will
become the radius for drawing the equator. Likewise,
the radii for other parallels may be found. The
parallels will all be drawn as concentric circles with
their projected radii. The meridians will be drawn as
radial straight lines placed at true angular intervals.

Trigonometrical Construction
In Fig. 273, in the right-angled ALPM, the

perpendicular
PM = LP tan ZMLP
£LPOA
=2R tan 3

because the angle at the centre is double the angle
at the circumference when subtended by the same

arc.,

Fig. 273

Therefore r, the radius of the 60°N parallel = 2R
172 co-latitude = 2R tan . Z/2, when Z is co-latitude
and R. radius of the reduced spher With.the above
 formula the radii of all th
‘calculated as tabled (4) an\_l

_ drawn at the given interval
~ lines (Fig, 274). 24

Fig. 274

Table 4 showing radii of parallels for one

hemisphere on scale 1 : 250,000,000.
TABLE 4

z/z {
2R Latitude  co-lat tan Z/2 ' |
2 |

4" [0 40 0.84 3.36"

20 35 0.70 2.80"

30 30 0.58 2.3

40 25 0.47 1.88"

50 20 0.36 | 44"

60 15 0.27 08"

70 10 0.18 0.72"

80 5 0.09 0.36"

Gnomonic Polar Zenithal Projection

In this projection the source of light i
supposed to be at the centre of the sphere and the
tangent touches either of the poles. Like the
stereographic, it is also a perspective projection. It §
is impossible to draw the map of on¢ hemisp
this system because the equator becomes infinite
(Fig. 275). The scale increases very rapidly f“‘_"a_[ds ;

& nd therefore the projectio” }

is round the pole- There |
‘to which it is mostly -4
all wreat Circllcs'aPP"'?_f |

here 01 -
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Fig. 275

B suaight lines because their planes pass through
(he centre of the sphf:re, where lies the source of
fight for this perspective projection. That is, if you
want to find the shortest distance between two points
on the map you need only join them by a straight
“¥ lige.
28 Graphical Construction

In Fig. 275, P is the north pole at which the
plant TG, is tangent; V is the source of light lying at
the centre of the sphere. The rays VA, VB, elc., pass
through the latitudes of 60°, 40°, etc., and meet the
sangent plant at A", B, etc. Thus PA’, PB, elc., are the
projected radii of the corresponding parallels.
: Trignometrically, the values of PA’, PB, elc..
-8 may be easily calculated as follows :

In the right-angled AA"PV,

r

A'P = ZPV tan co-latitude.
Therefore. r = R tan co-latitude, when r is the
projected radius of the parallel and R denotes radius
of the reduce sphere.
E  Now, with this formula, the projected radii of
2l the circle of latitude on the projection may be
cculated as in Table 5.
With the help of the Table 5 the graticule for
8. Australia and New Zealand may be prepared as in

=B Fig 276,

(}rtliugtaphic Polar Zenithal Projection

- '_Iﬂ this case Iight'is thrown from a point at
"'mﬁmi}', on the tangent plane touching the sphere

TABLE 5. Radii of Parallels for Southern
Hemisphere extending from 20°S to 80°S
on 1 : 250,000,000 scale

R ¢ = Latitude Co-lat. tan co-lat r

2" 20 70 2.5 S0P
30 60 1.73 346"
40 50 1.19 2.38"
50 40 0.34 1.68"
60 30 0.58 1.16"
70 20 0.36 0.72"
80 10 0.18 0.36"

70°
807 160°
150°E
70° 5
S\ %, 0
KA
pN 2%

0"

SP
Fig. 276

at the pole. The rays of light passing through the
latitude are parallel to each other (Fig. 277).

In Fig. 277 the rays from infinity pass through
the latitudes and the point L is projected to B, the
LB being perpendicular to TG, the tangent plane, at
B. Thus PB is the radius of the parailel L (30°).
Similarly the radii of other parallels may be found
by dropping perpendiculars to ‘the tangent plane
fromi the corresponding points of latitudes, through
which the rays are supposed to pass.

| cned aanner
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Mathematically, too, the value of PB, PA, elc.,
may be calculated. In the right-angled ALMO,

L—M— = sin MOL = cos ZOLM
OL

or LM = OL sin ZMOL = OL cos ZOLM
= R sin co-latitude = R cos latitudes,
where R is the reduced sphere and ZOLM = £LOQ
= Latitude.
Since PB=IM :
So PB = R sin, co-lat. or R-cos latitude
r = R sin co-lat. or R cos latitude
Now, with this formula the radii of all the
parallels may be calculated as Table 6 below.

TABLE 6. Radii of all Parallels for Southern
Hemisphere on 1 : 250,000,000

R Latitude  Co-lat.  sin co-lat. r
Y 10 80 0.98 1.96"
' 20 70 0.94 1.88"
30 60 0.87 1.74"
40.. 50 0.77 1.54"
50 40 0.64 1.28"
60 - 30 0.50 1.00"
70 20 :

8., ih a.0f eve

Fig. 278

The graticule may be prepared in the same Way
as in the other Polar Zenithal Projections (Fig, 17g;
The projection is useful to astronomers who can sce
the position of heavenly bodies cvery time on sy
orthographic maps showing these.

Non-Perspective Zenithal Projections
Polar Zenithal Equal Area Projection

This graticule was designed by J.H. Lamben in
1772. It has become popular in recent years. Like
other Zenithal Projections, in this system, too, there
meridians are straight lines, drawn at their true
angular distances radiating from the pole and the
parallels are concentric circles. The circles of latitude
become closer away from the pole. Their spacing is
so adjusted as to make it an equal area projection.
This is most commonly used for polar areas in
atlases : but on this projection the world may be
represented in hemispheres with the pole areas a5
centre. '

From the diagram (Fig. 279) it is evident (hat
EP the radius of the circle EQA, which represen
the projected equator on the map of one hemispher®
is equal to V2 times the radius of reduced spher
EPQ. The area of one hemisphere = 2aR? f“‘_d, the
area of a circle is ar Thus the area of the ¢t -
EQA = n(VR)* = 22R* which represents the Suf®
of one hemisphere, Similarly, it may be prove dba -
' latitudinal zone on the mip ¥

onding ore o the £01

: i
e
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because in the angle LSN = 1/2 £ZLON the co-
latitude (Z) and NS = 2R

Ve, B ¢ o
\ e r=2R SinE s
- i'; : With the help of the above formula, the values of
Wi E the radii in inches of the parallels at 10° interval on
8 I+ 50,000,000, scale has been given in the Table 7.
i TABLE 7
| R Latitude 127 sin iR Z r
3 : 2" 10 40 0.643 6.43"
B 20 35 0574  5.74"
55 30 30 0.500  5.05"
o P’ 40 25 0423  4.23"
[ i 2 342
B Fig. 279 50 20 0.34 i
By, , 60 I5 0259  2.59
%yl Graphical Construction 70 10 0174 174"
Yol | the circle ENQ be drawn with centre O and 80 5 0.084  0.84"
gl i radius equal to that of the reduced spherc on a _
iven scale. Join NO and produce it to S. Draw OL A outline map of Asia.may be prepared on this

projection (Fig. 281). The equatorial case of this
B B he required radius for the parallel ¢, Similarly projection is generally used for hemisphericals maps
= AL eic., are the radii of other parallels drawn at but its construction is beyond the scope of our
B ome given interval. NE will be the radius of the ~present study.

4t a distance of ¢, denoting latitude. Join LN, which

1” Eqﬂaml' [Fig- 280)' G.O' 20° 40° B0° BO°N np .80-
9, e N IR E
it : a‘l’ll NS

Polar Zenithal Equidistant Projection

It has derived its name from the fact that the
parallels are equidistant on the graticule. Unlike
other polar Zenithal projections, this is an arbitrary
projection, and not a perspective projection because
the parallels cannot be projected equidistant in
any case of view-point (V). In this case the parallels
Fig. 280 are placed at their true distances; as such, their
interval can be easily calculated by the formula,

The value of LN may be calculated. Join L S.
I]'{ - : ' il i _ ._
the tight-angled ANLS', D 2::.:{;:1_ where D is the distance, R is the radius

LN = NS sin NSL = 2R sin 1/2 co-latitude, 3
- e A il ) . ;
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of the reduced sphere and d is the given interval in
degrees.
Graphical Construction

Draw the circle E£PQ, from the centre O and
with the radius of the reduced sphere. Make OR 1o
show the given interval, say, 10° (Fig. 282). OR is
the true distance at which the parallels may be
spaced. Thus from the centre £ the circles of latitude
may be described, making the distances between
two parallel equal to QR. Meridians will be drawn
by protractor from P at the given interval as in the
case of other Polar Zenithal projections. (See Fig.

282 and 283).

o

Fig. 282

As it is very easy to construct this projection, it
is very commpnly used for the map of polar area.
The scale along the parallels increases greatly away
from the map so the projection may be fairly good
only for small areas around the pole not exceeding
30° in latitudinal extent. On a map drawn on this
system, the distance and bearing of any point from

the pole are correct.
Stereographic Normal Zenithal Projection

In this projection the tangent plane touches the
- globe at any point along the equator and the source
of light is at a diamelrica
other normal zenithal projectio
enithal projection, the central Hie
~ equator. hoth are straight lin

ns, in stereographic
idian -and the

lly opposite point. Like all

Fig. 283

right angles. The globe is represented in hemispherg,
on this projection. But in all the stereographic
projections all angles on the sphere are reproduced
equally in the projection and all the circular arcs are
projected as circular arcs except the equator and the
central meridian. The projection is, therefore,

orthomorphic.

Construction

The polar axis and the equtorial axis can be
represented by (wo straight lines intersecting each
other all right angfes but the problem is to find out -
the radii of the circles of latitude and longitude and
the distances of their centres along the respective
axes from the point of intersection of the two axes.
From Fig. 284 in which the circle is drawn with 2
radius (2R) equal to double the radius of globe, it

is obvious that the radii of the circles representing

parallels of latitude are 2R cot ¢ and their cenlres
are at a distance of 2R cosec ¢ from 0. CB is tangent
to the parallel and C is centre from which the

AB will be drawn.

Now, in the right-angled triangle CBO.

CB _ ot por CB=0Bcol ¢
BO
=2R cot §

Similarly, -(())—g‘-;cogsec ¢, or OC = 0B cosec ¢

cosec ¢
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Fig. 285

Construction of Parallels

Draw the radius OA making the angles EQA
cqual to ¢ Then draw AC perpendicular (0 OA
meeting the central meridian SN, extended at C.

With centre C and radius CA draw an arc of a
circle meeting the circumference of the circle NESQ
S at A and B. The arc AB is required parallel of ¢.
Fig. 284 Similarly changing ¢ to 24, 34, 4¢, and so OF., the
subsequent parallels, all being at intervals of ¢
degree, can casily be drawn. The method of
construction will remain the same. In a similar way
the parallels on the other side of equator may also
be completed as the parallels on either side of the
equator are symmetrically arranged.
Construction of meridians

=2R cot ¢ From S draw a line ST making the angle NST
cs equal to ¢ degree. Then draw SC perpendicular to

Again, —— = COStC ¢, or CS = OS cosec ¢ TS meeting the equator EQ (produced if necessary)

In Fig. 285, C is the centre of longitudinal arc
| NDS and CS is its radius and ST is tangent to the
longitude of ¢ at S. The £TSO = LOCS = ¢.

Now, in the right-angled ACOS,

ocC
~— =cot g or OC = OS cot
05 ¢ ¢

at C.
= 2R cosec 4. With centre C and radius CS draw the arc SDN.
Thus, the centre of longitudinal circles will be  Now this arc SDN is the required meridian lying at i
ata distance of 2R cot ¢ from the point O and the  ap angular distance of ¢ degree from the central e
length of their radii will be 2R cosec ¢. meridian. Similarly, changing ¢ to 2¢, 34, 44, ....
Graphical Construction and so on, the subsequent meridians, all lying at
: intervals of ¢ degree, can be drawn. The method of

If R be the radius of the globe according to the gL pr . me
b given scale. then draw a circle NESEQ with radius  construction will remain the same. In a similar way
2R 10 represent one hemisphere (Fig. 285)- Let N§ the.meridians lying on the other side of the central
“ad EQ, intersecting each other at right angles, meridian can also be completcd.. -
| %epresent the central meridian and the equator EXAMPLE

Prepared a graticule for the Indian Ocean on

E 1espectively.
. the scale of 1 : 25.000,000, at an interval of 15° (¢f.
Table 8), and 2R = 4", '

Suppose the parallels and meridians are to be

Wn at intervals of ¢ degrees.
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TABLE 8 ~
¢ cot ¢ R cot ¢ cosec ¢ \mr\"
- .O_gt y :
5 3,732 14.928" 3.864 ‘I\if
30 1.732 6.928" 2.000 3-45&-
45 1.000 4.000" 1.414 Dty
60 0.577 2.308" 1,155 2'655*
75 0.268 1.072" 1.035 4'6%”
00 0.000 0.000" 1000 gy
4000
N _“-\
g
h
k
|
b [+ [+] b
€ 15°W [o° o* | 6o° | oo | 12Jo° | 15)0°E Q
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WA
L Ee and NS be the two axis of (he central

; mﬂfi jan and the equator intersceting at 0. Fro

d ar

. off the centre of parallels and wmeridianc - m g
s and EQ respectively at the ft‘Spcmi\l:il?Jni;::wc::l::%
aken from :hc lahh:' The centres of parallel I50
10% 45°, 60 and 75 WI]I bej', g h k1 mSPECIich};
and (hos® for the meridians of 15°, 30°, 45°, 60° and
se will be @ by ¢ . & respectively. The bounding
i peridians will be drawn as a circle with radius 2R
¢ 4 from O, and the points where it will intersect
s will be representing the poles. Then with the
| centres thus mar_ked and the radii equal to 2R cot
he parallels will be drawn, and the meridians will
drawn with the radii equal to 2R cosec ¢ The value
of 2R cot gand 2R cosec ¢ for the required latitudes
ond longitudes is entered in the table. In this way
the required graticule will be obtained (Fig. 286).

_ Wal Cylindrical Projection

{ " rnis is a perspective cylindrical projection.
| \When a cylinder is wrapped round the globe so as
0 touch it along the equator, and light is placed at
its centre, the true cylindrical projection is obtained.
The exaggeration of the parallel scale as well as
meridional scale would be very greatly increasing
away from the equator. On this projection is scale
would be true only along the equator. The poles
cannot be shown because their distances from the
equator become infinite. This projection serves no
| useful purpose as some non-perspective and modified
| projections do. For instance, the simple cylindrical,
cylindrical equal area, Mercator’s and Gall’s
Projection, etc., are generally used for various maps

Simple Cylindrical Projection

The Simple Cylindrical Prajection is @
known as the Equidistant Cylindrjedl Projection
because in this projection both the parallels and
meridians are equidistant. They are drawn as straight
lines, cutting one another at rigﬁf angles. As the
distance between the parallels and meridians is the
same, the whole network represents.a serics of equal
squares. All the parallels are equal to the equator
(27R) and all the meridians are half of the equator
in length. The scale along the equator is true. The
meridian sacle, ie., the north-south scale is also
correct everywhere on the map because the parallels
are drawn al their true distances. But the Jatitudinal
scale incrcases away from the cquator; this leads to
great distortion in shape and exaggteration of area
in high latitudes. Therefore the projection is neither
orthomorphic nor equal area.

also

Construction
Prepare a graticule for the world map on the
scale of 1 : 250,000,000 at| 10° interval.

On the given scale R = 1" and the length of the

2x22x1 _ 63"

equator =

The true distance at which the parallels and
o ; , 6.3x10
meridians will be spaced is equal 0~ ™ = 7

This may also be found out graphically. Draw a
circle from the centre O with 1 radius (Fig. 287).
Make the angle ROE = 10°. Now ER is the true
distance at 10° interval between the parallels and

the meridians. Let the equator be represented by

| of the tropical regions or the world as a whole.
l‘_-—
N~~~
10°R_A---
E 5 =Tt
11
§ s
---_.‘. _._’_-____-.___.'

Scanned by CamScanner

e S

Scanned ..




270

ELEMENTS OF PRACTICAL Geogy,

CHEme it} |
L
N
M; :
M|/ A h
|
by
031 | 15_
()
E 5 P ;;1 ) 2 Rl :
R
5
Flg. 287(A)

EQ. From its middle point O draw the central
meridian NS at right angles to it. Make NS equal to
half of EQ. Divide EQ and NS into 36 and |8 cqual
divisions respectively. Each division will be equal
to 0.17" or ER. From the points of division marked
along them, draw lines parallel to the central
meridian and the equator respectively so as to obtain
other meridians and parallels. In this way the
graticule may be completed as in Fig. 287.

Cylindrical Equal Area Projection

The Cylindrical Equal Area Projection, one of
the Lambert’s, has been derived by projecting the
surface of the globe with parallel rays on a cylinder,
touching it at the equator (Fig. 256). The circles of
latitude and longitude both are projected as straight
lines intersecting one another at right angles. The
area between two parallel is made equal to the
corresponding surface on the sphere at the cost of
great distortion in shape towards higher latitudes;
this is why it is an equal area projection.

In Fig. 256, the zone QEA'V" of the cylinder
represents the projection of the zone ABOE on the
sphere. The area of the zone AEQB on the sphere =
the area of the zone A’EQB’ of the cylinder = 2nRh,
when / is the vertical interval between EQ and AB,
the limiting parallels. The value of h may be
mathematically calculated. Let i be represented by
OM abd OA be the radius of the redueced sphere
NES with is touched by a hollow cylinder along the
equator EQ. AB is the parallel drawn at ¢° distance.

Vg .
or, h=Rsin 4, whe

With the help of the above formula the intery,
between the equator and all other parallels may by
casily calculated, As scen in Fig. 256, the cquayy,
is truly projected when the cylinder is cut opey
along the line NS and all other parallels includin,
the pole have the same length. The meridians i)
be 2R in length and will be cqually spaced. Thys,
cast-west extensions in area is made good by norih.
south compression, Therefore the area is represented
accurately on this projection but the shape is
distorted. The projection almost retains the quality
of orthomorphism only near the equator where the
amount of distortion is the least.

The projection is sometimes used for world
maps to show distribution of commodities, etc. But
it is suitable for the maps of the equatorial region
in which both the shape and area are more or less,
correctly represented.

Graphical Construction

Draw a circle from the centre O with the radius
of the reduced sphere as in Fig. 287A. Produce OF
to O, making EQ equal to the true length of the
equator (21R). Draw the central meridian NS equil
to PP from the middle of EQ, at right angles 10 it.
Draw OA, OB, OB’ elc. at the given interval. From
the point A, B, B’ elc., draw lines parallel to EQ- The
other meridians will be drawn at equal intervals and
parallel to the central meridian. Thus TGLM is the
required gaticule (Fig. 288).

EXAMPLE

le for Africaon | :50.(}(}9.000'
et Africa be bounded by
1d 20°W and 60°E long-
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Fig. 288

1 .mometrical Construction

According to the given scale the radius of the
]fduce‘d spherﬂ. f.e.:
_ 250,000,000 _,
50,000,000 — 2
Now with the formula & = R sin ¢, the intervals

petween the equator and the parallels may be
calculated as in the Table 9.

R

TABLE 9
¢ sin ¢ R h
10 0.17 5" 0.85"
20 0.34 1.70"
30 0.50 2.50"
40 0.64 3.20”

The distance between two meridians

=2m'?xd _ 2%x22x5x10 _087"
360 360

Draw EQ and NS from the point O intersecting
each other at right angles. Mark-off the points along
NS at 0.85", 1.70", 2.50" and 3.20" distance from O.
From these points draw the lines parallel and equal
to EQ. Starting from O, also mark-off the point
along EQ at a distance of 0.87". From these points
draw the lines parallel to. the central meridian NS.
Thus the graticule may be completed (Fig. 289).

For graphical construction the same procedure
- may be followed as in Fig. 288.
Mercator’s Projection :

The Mercator’s Projection belongs to the
- Ylindrical group of projection. The projection is

J D

/
R \|
\.___'__,.—"\__\

\_‘:
=

)
4

N

A

( )
K

N

Fig. 289

often called the cylindrical orthomorphic. This is
rather one of the most popular projections for the
world maps in atlases. Its popularity is great because
of its singluar use in navigation. It was first designed
by Flemish, a cartographer in 1569 and later
modified by Edaward Wright of the Cambridge
University. Like other cylindrical projections the
meridians and parallels intersect each other at right
angles but the distances between the parallels of
latitude gradually and proportionately increase
towards the area truly. Meridians are equidistant
straight lines, The scale is considerably increased
towards the poles as all the parallels are of the same
length, but it is the same in all directions at any
point of interscction of the parallels and meridians
because the distances between the parallels are so
arranged. As the interval between the parallels
increase considerably without distorting the shape,
this is why the projection is orthomorphic. On

e
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account of proportionaley equal exaggeration of
paraliel and meridian scales at one point nat only
the shape of small areas in any part of the map is
true. but the directions also become correct
everywhere. In Fig. 290. ABCD is a mesh on the
globe and ABC'D” is the mesh on projection. Tt
may be noted that the direction of C remains the
same when projected to C” because CC’ is
proportional to C'C” For this small area the shape
is magnified, not distorted. But if you take a large
arca then the shape also may be distorted because
the parallel scale changes in different latitudes.

The exaggeration in area is so much so that
Greenland on this projection appears to be greater
than South America, though in actuality the latter

D" cH

o
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is nine times bigger. While on the paralig) ¢
the arca is increased four times and gp 80
times. The pole is infinite so that it is futife 1, 5;

£y

gl

24
][}W

higher latitudes on this
projection, and thus the e
projection is drawn generally
upto 80° only. (Fig. 291a, b).

The value of this
projection for sailors is —
increased by the fact that
compass direction may be
shown by straight lines. Any
straight line drawn on the
projection make equal angles g.g:-
with all the parallels and
represents a line of constant [ Lo
bearing on the globe and thus 600
forms a “Loxodrome” or ~=~170%
“rhumb line”. This due to the -~ 160°
fact that all the meridians and EL Y

. : 40°

parallels intersect at right e
angles and both the vertical and 30°
horizontal scale are balanced. B
In any other cylindrical i
projection too, any straight line 10°) 100
may make equal angles with -
parallel and meridians, but it is =
not a “rhumb line” because the Fig. 291(a)

parallel and meridian scales are not adjusted. It is,
indeed, the adjustment of longitudinal and
latitudinal scales that gives the Mercator’s Projection
this distinction of showing constant bearings. A
sailor has simply to plot the bearings on his chart
so as to find the route. The bearing from one point
to another can be found out by only drawing a line
between them and reading off the angle which is
made by this line with the meridians. For
mathematical determination of sailing and flying
courses on the Mercator’s Projection Steer’s Study
of Man Projection, (pp. 165-175) may be consulted.

Here a comparison between the Mercator's and
Gnomonic Projections may be drawn. In the formet
staight lines correspond with those of constan!
bearing; on the latter, bearings are not conslﬂ“l}b“[

ey .denote shortest distance between two points
is due to this fact that Gnomonic charts
to Mercélcjr’s charts in navigation along
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1o routes: But as the amount of distortion
: cqually and rapidly outwards in gl
"nf":‘s (rom the centre of the map, it is useful

, small area, while the Mercator's has won
Jlarity of nearly .lhc‘wholc world, On
e P or's projeciion the direction may be marked
1‘\I{L,_r,;:ts‘mw way all over the map, a quality which
i l..‘- i; suitable for meicrc_blogicai charts also. Thus
o tion s appropriate for the world map
e " drainge pattern, roules, ocean, currents,

5;519‘“ and direction, elc.

mcﬁﬂﬂ
The construction of this projection becomes
simple with the help of the table, but the
M{:alioﬂ of the formula is much difficult. If we,
:;:rcver, find out how much a parallel is increased
i tength. it would be possible to calculate the
sy between [hfa parallels and the c'qualor. as we
Lave already noticed that lh(; vertical scale is
ed in Lhe same proportional in which the

jncreas ) i
| or horizontal scale is increased.

jongitudind

In the diagram 290, —rp= COS ¢.

[ is obvious that a degree of true distance
petween two meridians along latitude ¢ is equal to
4 degree of distance between the same along the
equator multiplied by cos ¢ or divided by scc ¢. In
other words, the length of the lines of latitude on
Mercator’s increase sec ¢ times its true length. Thus
e distance between the parallels and the equator
e, the vertical scale is also increased scc @ times
ihe true scale at every point along the meridional
line away from the equator. Now, as this increase
will be continuous of every minute and degree away
from the equator, the total increasc in the distance

~ between any parallel and the equator would be the

sum of an infinite series. The distance between any
paralic] and the equator may, however, be calculated
with the help of the following formula and tabulated.

¥=2.306 R log tan (45 + @#2), when Y denotes
the distance between any parallel and the equator,
ddenotes latitudes and R, the radius of the reduced

§ Sphere.

EXAMPLE
i R l:tm“' a graticule for the world map on
- £ 230,000,000 scale at 10° interval.

250,000,000, g«
0 Rl conle = - r g L +
n the given scafe & zﬁ""”n.uuﬂ,fm
The length of the equator

27-22%' = 5,3”
7

The interval between (he meridians

=R =

o 228

36
2.3026 K = 2.3026"

Y, the distance between the parallels
equator is given in Table 10.

and
and the

TABLE 10

) 45+ §2 (45 + 42) Y

10 50 0.07619 0.175"
20 55 0.15477 0.356"
30 60 0.23856 0.549"
40 65 0.33133 - 0.763"
50 70 0.43893 1.011"
60 75 0.57195 1.317"
70 80 0.75368 1.735"
80 85 1.05805 2.436"

‘Draw the equator, EQ = 6.3". From the middle
point O oniit, erect perpendicularly the central
meridian NS. Mark off the ¥ distance from O along
ON and 0S. From these points draw lincs parallel 10
EQ. Divide EQ at equal distances of 0.175. From
these points of division draw the meridians paraliel
and equal to NS, Thus the construction of graticule
may be completed [See Fig. 291(B)].

To avoid trigonometrical calculations the
graticule on this projection can be prepared with
the help of the table 11 in which ¢ denotes the
latitudes; Y, the distance of the parallels from the
equator, and R, radius of the reduced sphere.

From the construction of charts and maps on a
large scale, more detailed tables showing Y-distances
for every minute and degree of parallel, may be
found in Element of Map Projection by Deelz and
Adams.
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Fig. 291(b) Mercators’ Projections

TABLE 11 Sine curves. It may be regarded as a modification of

the cylindrical equidistant projection. The main

¢ Y 9 Y defect of the latter is that the parallels scale is
5% 008743 % R 50° 1.01069 x R exaggerated in it due to the fact that all the parallels
e 0.17547 % R 550 1.15424 x g @re equal to the equator in length. While in this
y50 026475 x R 60° 1.31695 x g Projection this defect is eliminated making each
T o B AR R p g N L el
25? 0.45095 x R 10 1.13542 x R on Bonne’s when the standard parallel is the equator,
30 054929 x R 57 202760 x R 304 hence all parallels are equidistant straight lines
35¢ 0.65282 x R 80° 243624 x R apq are drawn true to scale like the equator. The
40°  0.76291 x R 85° 3.13130 x R central meridian is a straight line and on a graticule

45" 088136 x R~ 90° @ for world map it is only half the length of the
cquator; other meridians are regular curves drawn
Las Sinusoidal or Sanson-Flamsteed Projection by joining the points marked off along the parallels

This projection has been devised by Sanson, 2 at true spacing. Thus it is also an cqual area
French cartographer, and Flamsteed, the British projection. The globe may be represented on this
o ) ; hence named after them. It is system but the shape is greatly distorted towards
gitudes present  the four corners of the map, because the curvature
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of the meridians is increased rapidly away from the From the point thus marked along the central
central meridian (Fig. 292). meridian, draw the lines of latitude parallel to the
equator. Divide the parallels equally at 10° interval
when their length is 27R cos @ just as in the Bonne's
and with the help of the Table 12 complete the
construction likewise.

The system is, however, best suited for the

: uqualorial countries with small east-west and north-
south extent. Thus, in atlases, a map of South
America or Africa is generally drawn on this

projection. TABLE 12
EXAMPLE R ¢ cos ¢ y X= (Y cos ¢)
Prepare graticule for South America on 1 : -
50,000,000 scale, at an interval of 10% 5" 10 0.98 0.87 0.85"
250,000,000 5" 20 0.94 0.87 0.82"
R ="35000,000 ~° s 3 087 087 0.76"
_ i 40 0.77 0.87 0.67"
Benigth ot Bqunter s 50 064 087 0.56"
L e 2x22X5 _ oy g s 60 050 087 0.44"
- 9 5" 70 0.34 0.87 0.30"
The length of the central meridian 5" 80 0.17 0.87 0.15"
LD s . |
e [n the Table 12, Y denotes the distance between
! : . rallels and X, the given interval between
The true distance at 10° e lr:.ll:::rli:)::;i:ans along' the r%:s;ucctivc parallels. ’if::::
- 31.4x10 _ 0.87" table gives data to construct the graticule for the
= adie world map. For the map of South America only a

few lines of latitude and longitude will be drawn
(Fig. 293). ' -
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is, therefore, obvious that all meridians form 1ADLE
ellip;;ss[Sec Fig. 296(a)]. To avoid m'gnomctri_cal from the equtor
calculations, a beginner may follow the following ) I F\
table* in which X denotes the distance between the y g Distance from e
parallels and the equator @ be latitude, &= the angle — Quaty,
in the cenral circle of the ellipse corresponding (o 5° 3°56 0.09701 x g
& and R = radius of the reduced sphere (Table 15). 10° 7°52: 0.19356 x g
In Mollweides projection let ¢ be any latitude 15° I 1249, 0.28961 x R
and ¢ the angle in the central circle of the ellipse 20° 15047’ 0.38466 x R
corresponding to §. 25 19°47 0.47866 x R
i 30° 23°50" 0.57145 x R
The parallel can be drawn with the helP of 350 27°55' 0.66211 x R
either column two or three. Say, the ¢ of 40° is to 40° 32°04' 0.75080 x R
be drawn. Draw a line to an angle of 32°04', which ., 36°18’ 0.83722 x R
meets the central circle at L; from L draw a line 50° 40°38° 0 9'2094 P
parallel to the equator, which will be the required 550 45°05" 1'00144 ok
parallel. Similarly the parallal can be drawn at a . e )
distance of R x 0.7508 from the centre along the 60 49°41 1.07830 x R
central meridian. 65° 54°28' 1.15085 x R
Graphical Construction ;go 22033' :; Ell ?22 : g
At first from the calculated radius a circle, NESQ 80° 20°59" 1:3376 4 xR
[Fig. 296(b)] and two axes of NE and EQ to be 85° 78°03" | 38354 x R
drawn. The radius of NE = RV2 taken to drawn the 90° 90° 0: 1'2“;‘;2 0 x R
longitudes both the sides representing 90° longitudes :
*The table has been reproduced from Elements of Map Projection by Steers, J.A., p. 152.
- —]
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7 GTION
g oot

which equatorial and polar axes 1o be fixed
ull \

:;[]L 15 the longitudinal distances on a particufar
{Rut“d“ to bo Cillﬁl‘l‘lilff!ll and parallel (o ¢qualor
o be drawn, Similar to u!m of equator outer
f oy are drawn on the !1:13:3 of doubling the
. ﬁ}lﬂlﬂ“’il“ distance, representing latitudes, Afterward
| he given mtu;mnl of 20” in total 18 longitudes
o be drawn with the help .“f respective curves,
ThUS: finally the graticule will be ready.

o he caquitorinl axes the axis 1o be- extenwd -
e sides cqually. Further, with (e help of |

“(#4l’s Projection

. Tiiis i# a stercographic cylindrical projection
 quite akin to Mercator’s but it differs from the latter
in that it is not orthomorphic. In Gall’s the distance
between the parallels is reduced to avoid too much
cxaggeration of area lowards the poles; while in
Mercator's the distance between the parallels
increases proportionately so that shape may be ir uly
preserved. Gall's projection is also not equal in
area, but as the distortion in higher latitudes is not
much, it is used for gencral world maps in preference

180°W 150° 120°

90° 60°

N to other cylindrical projections.
This projection is made on 2 cylinder which
is supposed to pass through the globe halfway
R between the equator and the poles; that is, the
cylinder cuts through the sphere along the 45°N
and 45°S parallels, parallel to the polar axis. The
E ) Q parallels are then, projected stereographically
(Fig. 297). The meridians, as in all cylindrical
projections, are equidistant vertical straight lines.
The 45° N and 45°S parallels are true 10 sacle and
all other parallels are equal to it in length. Thus
from these two parallels meridian and parallel scales
decreases towards the equator and increase towards
Fig. 296 (b) the poles.
N'
90°N
a
N b 60’
f' ( c
J'!
~7 30°
i, ""f S’
E ;_.:::" B 0°E'
(R} 2 \-‘::-‘;
\ ‘\ ey 30!
o H
1 ‘\ c o
1 EO'
s ks |
a
- 9008
0° 30° 60° 90° 120° 160° 180°E

30°
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' PO‘“‘S*- two marked on the circumference and onc

iy the central meridian, It may be noted that the

lines EQ and PS, (produced if necessary), will form

the loci of the centres with which the arcs of circles,

~ representing meridians and parallels respectively are

to be drawn (See Fig. 300). The centres may be
graphically located as stated.

International Map Projection

This is a modified polyconic projection.
Following the decision of International Map
Committee held in 1909, the projection was
introduced for the topographical maps of the whole
world on a scale of 1 : 1,000,000 in preference to

polyconic for the following reasons .

east and west of

(1) In the polyconic, sheets
perly because the

each other do not fit together pro
marginal meridians are curved; while in the

International Projection thay have been made to fit
on all sides (See Fig. 301). In the former, as. we
have seen in the foregoing, all the parallels are
equally and correctly divided into equal parts and
the rmeridians are drawn as regular curves by joining
the points of division thus obtained. Whereas in the
latter only the top and bottom parallels are divided
Q into equal parts at trué distances and the meridians
are drawn as straight lines, passing through the
corresponding points thus marked along them. As
the marginal meridians become straight lines, the
~ adjoining sheet on all sides may be fitted together
* with little distortion. But in doing so the intermediate

ot ek

Scanned by CamS;:ahner

Scanned by CamScanner



282 _ELEMENTS OF PRACTICA, il ; &4
e P___75°N N
| 75 i g
60" 60 , Ve ;!‘
: ' A . ! I 450 I -;I "‘. [0‘
457" | B
_ . b
o 300 ﬂr
30 &
be
: 0
° 15° S
15 ﬂ
o o :

ofis0°e| 180° 150° 120° 90 60 30°W| o
’ E Q "
-~

15° 15°
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45° 45°
60° —60° /
75°s s 75°S
Fig. 300
| central meridian. Thus the scale along the meridin {
4 4 becomes slightly too small and that along ¢ { =)
marginal meridians, slightly too long. The parallds |
1 3 2 | 1 ] 3 are true distances apaert only along the two It} ".']
. meridians. 1
' Each sheet is constructed independent vlfand o
5 S other adjacent sheets, with its OWn ccntraw'
s i — bounding meridians and parallels. Ilextcndsoﬂ
" Intemational Sheets Polyconic Sheets of latitude and 6° of longitude bel\';'eend ot
o : S of the equator; while between 60° an 5
Fig."30 S it covers 4° of latitude and 12° of I(Jflg;l o

polar maps are circular 4° in diame{ef-l |
other meridians it becomes gradually enla_r_'ged noted that every sheet, for all prﬂclll_!;a e f’i
- tdw&t_ds the margins. In the International Map reserves sufficiently both the quahty g ru‘:”“:I

SEEY: ; the c0
Projections. this -defect has been. minimised by morphism and equal area. Morcoven e 0{:{
2y P TN Aoy TS 4 e i e de NG ' = n :‘

k2

of the graticule on this projection 1 2
the ordinary polyconic, the parai=™.

e,
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per cent.

3. Block Piling Method

This method involves the piling up of a numpe;
of unit cubical one above the other in such a wa
that each one of them may be easily counted. '[hids
also produces three-dimensional effect. Its one side
1s deeply shaded or piiched so that the block may
become impressive. It is a simplified form of three
din-lensional blocks. provided by cubes, spheres
cylinders, etc. The difficulty of finding out the
:;:E;ii rzfprjr]:;‘s gmmetﬁcal fon;ns required (0
has been -avoiged b o Tepres?nted

in this method by assuming 2
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small unit cube Lo represent a certain quantity. The
cuch unit cubes may be piled one aboye the other
o produce onc full block, one side of which may
he sub-divided into 10 equal parts, and thus, one
qub-division may represent one unit, In Fig. 19],
such piled blocks showing 1/2 unit, | unit, |0
units, 22.5 units, 45 units, 100 units, 162 units and
[000 units may be noted.

This method is advantageous in comparison
with others in the following ways : () It is more
impressive; (if) the full meaning of the block can be
understood casily because the sub-divisions are
marked on the block itself, which facilitate exact
measurement of the quantity represented by it; (/i)
iL occupies less space than a bar, or rectangular
hlock of circle, a quality which makes it suitable for
being used as symbols in cartograms and distribution
maps (See Fig. 225). But it may be noted here that
asphere requires minimum of space for the maximum
of volume. So in maps where we cannot afford (o

LI L L I L L

-
W

161

L 777
777758

U

/

N e,

"’//A‘?”

T T T 7T rrvr

162
191

1000

give more space for a small volume, spheres may be
preferred to these blocks; but it is easier to construct
the latter than the former and moreover, calculation
of radii of spheres presents further difficulty; this
restricts the use of spheres to very specific end.

EXAMPLE

Diagrammatically represent the data given in
Table 5 by block-pile method :

TABLE 5. The production of some crops in
India in 1970-71

Crops Production in Metric Tons
Cotton 4555.7
Jute 4905.2
Tobacco 350.0

Let one-tenth inch cube represent 10 metric
tons. Then the number of unit cubes will be 455.6
for cotton, 490.5 for jute and 35.0 for tobacco. The

BAGES
N
N N
N N
I S
N D &
N

LT

COTTON _ _
. Fig. 192, Showing pr

oduction of cotton, jute and t;bacco.

A

JUTE TOBACCO
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whole numbers may be easily represented; the
fractions may either be deleted or approximately
represented. Let us take the tobacco block first. In
this case 30 cubical blocks may be piled together
one above the other and 5 unit cubes may be
attached with it. In Fig. 192 AB is of onc inch
length. Ten sub-divisions at an interval of 1/10" are
marked on it. BG and AS are perpendicular to AB
and are equal to 0.3” and 0.4" respectively, GF 1s
parallel to AB and equal to 0.5". FL is parallel to AB
and equal to 0.1”. CD is parallel to BG and equal
to 0.3". DE and OR are parallel to AB. SR is parallel
to LO, FE and BC and each equal to 1/10" except
BC. Sub-divide AB, BG, CD, GF and AS at 1/10”
interval. Thus, the block ABCDEORS may be
obtained to represent 350 tons of tobacco. The block
gives a visual picture of the pile of tobacco and its
~quantity is measurable to the decimal point.
Similarly, blocks of other production figures may

be made (Fig. 192).
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.Mcasurc a length BA and a1 A and B erect
pcrpcndlcu_lurs BD and AE respectively, On these
pc[‘]‘}{_‘,ﬂ(i[culilfs locate by trial two points I and G so
that points C, F and G are in one line, l

The traiangles AGC and BFC

are similar, So
that

BF x AB
AG-BF"-

sk

Plane-Table Surveying

For plane-table survey the following equipments are
generally necessary :

(1) The Plane-table with a tripod stand.
(2) An alidade or sighting-rule.

(3) A chain or tape for measuement.
(4) A spirit level.

(5) A trough-compass, also known as a box
compass.

(6) A few ranging rods and wooden pegs.

(7) A pair of field glasses for identifying distant

: objects.

(8) A plumb-bob.

" (9) Drawing essentials—paper, pencil, rubber,

drawing pins, a pen-knife, pencil sharpener,

plotting scale.

% (1) The Plant-Table

It is a light flat drawing board supported on a
tripod and this board can be rotated and fixed in any
desired horizontal position. (See Fig. 319). The table-
top is commonly made up of two pieces of well-
seasoned pinewood and Lhe size varies form, say,
15" x 10" to 30" x 24". The board is supported
below by battens with slot holes providing space for
expansion and construction. In the centre below the
board there is a brass plate with a bossed head which
fits into a hole in the centre of the head of the tripod
stand and can be kept tight by a wing-nut. The head
of the tripod stand is essentially a three-winged thick
piece of wood with three legs attached to the wings.

(2) Alidade

It is a strong flat ruler with perfectly straight
and parallel edges. At each end there are flap sights
which can be folded down when not in use. One of
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Fig. 319

the flaps has a slit in the centre and the other has a
vertical thread. Sights are taken along the thread-
line. The line joining the thread-line and the centre
of the silt is either perfectly midway between the

edges or dircctly over either of the two edges. The:

edges of the alidade may be graduated as in a scale.
Telescopic alidades are also used for surveying large
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area. Here vertical angles can be read and sight vanes
arc removed from the scale. .
(3) Chain or tape

This is used for measuring distances and special
care should be taken in measurement when only
one base line is used. Tape is helpful in frequent
offsel measurements which would give too oblique
intersection and the tape is also of use in taking
check measurements.

(4) Spirit level
This is essential for levelling the table-top.

Sometimes the spirit level is laid into the body of
the alidade.

(5) Trough compass

It is essentially an oblong box with parallel sides
and glass lid cover, carrying a magnetic needle
pivoted in the centre. The ends of the needle mover
freely over graduated arcs. The magnetic needle can
be fixed tight by a screw attached to the pivot or it
can be loosened to move freely when taking
observation. When the freely moving ends of the
needle come to rest with both ends pointing at zero,
the axis of the needle is parallel to the sides of the
box and thus lines drawn along the edges would
shown the magnetic direction.

(6) Ranging rods and pegs

Wooden pegs are necessary for making the
stations and ranging rous are used to facilitate taking
sights. For example, where one has to mark ficld
boundries, the edges could be marked by ranging
rods.

(7) Field glasses
They are of use in getting a clear view of distant
object to facilitate in the selection of sights.

(8) Plumb-bob

This is used to centre the plane-table over the
station.
{(9) Drawing equipment

In accurate plane-table work the paper must be
selected with care. It should be a drawing paper
with a good surface and be least affected with
changes in the humidity of the atmosphere. In very
damp weather, celluloid sheets may be used. Tinted
papers are less staining to the eyes. The paper should

- ek iy

Pliy

be larger on all four sides than the boyy
drawing pencils should not f{c soft and “"Icagt ;
should have a long thin chisel point for d%f_mc
sight lines. Wiy

In addition to the above equipments, a
proof cover also may be required.

Procedure for a complete survey

I

l
Before proceding to set up the table of sury ,
it is always desirablc to check that all pars of t? |
table are in good working order. The drawing papcc
should be mounted carcfully so as to give 3 sm%[;
surface. As stated before, the paper should be fargey
than the board so that the paper can be folded over |
and pinned or pasted below the board. To get 3 g, |
result it is advisable to dip the paper in clean Wate; |
and lay it flat on the board with its drawing Sutfage
upwards. The edges could be folded over and Pasteq
below, and the board allowed to dry in a cool pace,

Waley,

Fig. 320

The area to be surveyed is shown in Fig. 320.
The points to be fixed on the drawing are A, B, C,
and D, the four corners of the field and two other
points E and F. All these stations can be marked by
ranging rods. Hence CD can be selected as the base
line and the point C as the starting station. Before
fixing the table over the station, get it approximately
level by eye judgment at some other point and then
move it bodily over the station. Now place the spint
level parallel to one edge of the table and skillfully -
manipulate the legs to get the air-bubble of the level
in mid-run. Next, place the spirit level parallel 10
another edge at right angles to the former and agai
adjust the level.

Scanned by CamScanner

Scanned by CamScanner



307
e T

____‘__,_.,-..—--";.—v-"""

_ ;WEYWG

o * ,
Wwhe all the entire board will not be larger than

o arca to be surveyed is large, and the

s@m_is Si[;‘lhc drawing SO that the starting station
| ul’om,tﬂ“ po taken :lnywllgrc an the board; but when
| PO;nl L-a 0 be surveyed is small and station point
e ™ e exactly located and marked on the table,
oV s a jong fork can be used and with the h'clp
for ™+ bob the station point can be fixed exactly
board- Ordinarily the station point could be
f by eYe judgmcnl. After marking the point C
e sard 10 represent the station C, the side CD
o “(?ncd carclully and length cd marked, according
- jgeht ple scale. The length and direction of the
e sul chould be chosen with discretion so that the
lmﬂ;; rea should come squarely on the board. Now,
“'hocd e of the alidade is placed along the line c—
(he table wrned towards D until the hair line
lersects the rangil?g r-:!d at D. The table is clamped
nd 1OW the table is said to be oriented. One of the
o edges .;Ef the trough compass is now placed
 qinst the point C and the compass turned round
il the needle assumes a normal position, A line is
grawn along the edge touching ¢ and the inclination
- of this lin¢ with ¢-d gives the magnetic bearing.
The table 1s NOW said to be lying in azimuth. Rays
" gow can be drawn 10 other points to be fixed on the
" poard and these rays are labelled properly to avoid
' confusion. The board is removed to D and levelled
-~ up. The same edge of the alidade is placed along cd
- and after unclamping the board is rotated slowly
until the ranging rod at c is intersected by the hair-
' line. The board is now clamped and it is again
' oriented. Rays are drawn (0 the points A, B, E and
' Fintersecting the corresponding rays, drawn from
- Cata,b,cand f, and thus, all the points are fixed
* loscale. If a point which is not visible from C and
' Disto be fixed, the table could be moved to some
| other station and the point fixed from there. Even
- Otherwise, it is best to inersect every point, from at
. least three stations.

'
[ Suggestions

(1) The table should have a tight fit and should
~ not shake during work.

(2) Orientation over a station should be done
by back sights and the compass can be used
only as a‘check.

aced on fhic pourd

(3) No pressure should be pl with the Jegs

while working and contict ol
”| ST
shauld be carefully avoided, The BETE

lendency is to set the tuble 100 high. The
hoard should be jusl below the cl?mw 50
that all parts could be renched casily.

ave a perfectly stra ight
iId be drawn close 10
of the alidade is raised
| should not run

(4) The alidade should h
edges and lines shot
the edge. If any part ¢
off the surface, the penci
under it.

(5) The rays drawn should be as finc as
possible. It is convenient to have a piece of
sandpaper attached 10 the board by 2 thread.
The rays need not be drawn full lcng_th.
Carefully draw short line where the point
is to be plotted. While intersecting, the
second line need not be drawn at all—the
point is only marked. For orientation Jong
lines are necessary and for this, short lines
can be drawn, at each end of the alidade.

(6) The rays drawn should be properly labelled
so that there is no confusion while inter-

secling from a second station.

(7) As a matter of precaution every station
should be intersected from three or four
stations. Before leaving a station a check-
sight should be taken to sec if the table has
been disturbed. Short distances could be
measured in the field by chain or tape and
the corresponding lengths should be verified
on the drawing.

(8) The scale should be selected according to
the amount of details to be shown but it is
always convenient to choose some multiple
of 10.

(9) When it is necessary to continue the survey
on another sheet, a few stations from the
first sheet should be transferred to the
second by pricking or any other suitable
methods.

Sources of Errors

(1) Errors due to the station point marked on
the board being not exactly above the point
“on the ground. ' o i
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ELEMENTS OF PRACTICAL GEgg

Errors due to lpose fitting and wrong
levelling.

Errors due to imperfect sighting.

Errors due to lines not being drawn perfectly
straight.

Errors in measurement of the base line and
in laying off the exact length.

(6) Errors due to changes of weather.

(7) Errors due to wrong labellng of the rays

()

(3)
)

&)

The Three-Point Problem

Sometimes it is necessary to determinc the position
of a plane table in the field with the help of three
objects the positions of which are already marked
on the map. This interpolation is done by the method
of resection commonly used for plane-table survey.
There are three ways by which the problem can be
solved :

(1) Mechanical method,

(2) Graphic method, and

(3) Trial method.

The basic problem is that the plane table is set-
up at a point P in the field from where three object
A, B, C, are visible. If the plotted points a, b, c,
corresponding to the objects in the field are shown
on the map, it is required to plot the point, p,
corresponding to the position of the planc-table.

1. Mechanical Method

With the help of drawing-pins fasten a piece of
tracing paper on the broad. Mark a point p on the
tracing paper to represent the position of the table.
Put one edge of the alidade against point p and take
sights successively to the three objects A, B, C and
draw long rays. Unpin the tracing paper and shift it
until the rays pass through the correspoinding objects,
a, b, and ¢ on the map. Now repin the tracing paper
and prick p, the point of intersection of the three
rays, and the position of the table will be at the
point where the pin-prick touches the map. Next
place the edge of the alidade along p and orient the
table by sighting at A, Draw rays joining b8 and ¢C
respectively and the three rays would meet at p. If
ll‘{crc is a slighting inaccuracy, the lines form a small
triangle which can be eliminated by slight movement
: oi_’ the board or the position can be found by the
triangle of error method explained later.

2, Graphic Method .
There are several graphic solutiong i,

point problem, but here only Llano’s Rraphic "%

will be described, hey |

The three objects A, B and C ang their ™
positions are shown in Fig. 321. Dray, , Plosg;
cular line dividing ab into two parts, Place the ,‘I’Ti.
along this line and to rotate the table unyi g is ;gu,;,‘.i__
and then clamp the table. Place the edge U“;’hbi |
alidade at the point @ and to date the afjdy, ﬁ:;
A is sighted and then draw then ray 4 14 in:‘ ti
the previous line at d. ey

'8’
v A . .
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A" I
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1
%
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\‘ I
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Fig. 321

Similarly bisect the line be by a perpendicular
and after placing the alidade along this line
unclamped and rotate the table until B is sighted.

/B
oA /
s
/
7
be //
7
a
d //
// ‘ —
e C G
f
' Fig. 322
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{7 anp the able and draw the sipht Jine ¢

(Seo Fig. 322) ght line ¢C to
yith centres d and ¢ and radii ad and
. L}
‘ draw arcs of circles to intersee ¢ PF
g sition of the plane SeStoLf; the
ired PO planc-table on the map

| 00" ot at e
agtively

Tl’i"l MelllOd
This method is also known as the (riangle: of

b T HlClhOd.

QOrient fhg Illnblt:‘as. far as Possihlf: by the help of
pass. Choose three visible objects in the field
o find their c‘orrcspondmg positions on the map
 hese three OIhJE!ClS should nol be on the circum-l

ference of a circle. Now clamp the table and draw
jines & 0 and ¢ by sighting at A, B and C respectively.

If the table is by chance oriented properly, rays will
cct at the required point P, but most commonly

L they will form a small triangle called the triangle of
orror. In case triangle of crror is formed there are
wo alternatives. Firstly, if the position of the table
is within the iriangle formed, by imaginary lines
joining the objects in the field, then the position p
il be within by the triangle of error so that the
perpcndicular distance of such a position from any
ray 1S proportional to the distance of the object from
which that ray was drawn (See Fig. 323). Secondly,
when the table is outside the imaginary triangle the
position p of the table on the map will be outside

E he triangle of error either to the left or to the right
of all the rays. Fig. 324 shows that p and p' are the

- only two such positons, where p is to the left of all
the rays and p' to the right of all the rays. In any
other sector this condition is not fulfilled. To
| determine whether the point should be on the left
side or on the right side of the rays, unclamp the

{he com

eB
b

oC

Fig. 323

Fig. 324

eft and after clamping

table and rotate slightly to the |
bjects and if the new

draw new rays sightly at the o
triangle of error is larger than the first triangle of

error, the position should be p', that is on the right
of the rays, but if the new triangle of error is smaller
than the first the position is p, that is on the left of
the rays. After determining whether it is p or p' fix
the position by drawing perpendiculars to the rays
proportional to the distances of the rays from the
objects. This rule that the perpendicular distance of
such a position from any ray is proportional t0 the
distance of the object from which that ray was drawn
would also indicate whether the position would be

porp.
s of Plane-table Surveying

o necessity of a field-book and
g are completely

Advantage

(1) There is n

thus mistakes in recordin
avoided.

(2) The entire plotting is done in the field and
thus there is less likelihood of over-looking
any details which ought to be shown.

cribed it is necessary only
se line and thus mistakes
f lines or angles are the

(3). Inthe method des
to measure one ba
in measurement 0
least.

(4) There is ample sp
survey with.the progress

e method of resection the position of

¢ with respect to there known points

casily determined. Thus the surveyor

ace for checking the
of the work.

(5) By th
a pcin
can be

Ry DT e O A '
e T e O e e o
e e B R S e R R
ETE e N
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