CHAPTER 7

Conical Map Projections

a conc placed on the globe in such a way
arallel (Fig. 44). The parallel

T HE parallcls and the meridians of a globe are transferred (o
Il that its vertex is above one of the poles and it touches the globe along a p

along which the cone touches the globe is called a standard
parallel. The cone s unrolled into a a flat surface. The conical
projections s0 formed have the following common propertics :

| Parallels are arcs of circles which arc concentric in

most of the conical projections.
72 The central meridian is a straight line.
3. Other meridians are either straight lines or curves.

4. The distances between the meridians decrease towards

the pole.
5. They can represent only onc hemisphere, at a time,

northern or southern,

6. The standard parallel is correct to the scale.

These projections arc most suitable for representing
middle latitudes.

We shall study the following conical projections - -
"'/(i) Sirnple Conical Projection With One Standard Parallel.

-

(ii) Simple Conical Projection With Two Standard Parallels,
(iii) Bonne's Projection.
tiv) Polyconic Projection.

(v) International Map projection.

I. SIMPLE CONICAL PROJECTION WITH ONE STANDARD PARALLEL

r AA) Letus draw a graticule on the Simple Conical Projection With Onc Standard Parallel on the scale
"); ,l. ;rlxu‘m'm,ouu for the area extending from the equator to 90°N. latitude and from 60°W. longitude to i
10E longitude. Let its parallel interval be 15° meridian interval 20° and standard parallel 4§0N
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Cons(ruction
Radius of the carth=250,000,000 inches .
~ Kadius(r) of the globe on the scale of 1 : 180,000,0
l % 250,000,000 inches

1.388 inches

I

Q
i
I
Ny
P
a A
8L d| b -
\\\\\ ”—’ E
w 0 ¢
S
Fig. 44 A v

Draw a circle (Fig. 44A) with radius equal to the radius of (he globe, le 1388 inches. This ci
represents the globe. Let NS jts polar diameter and WE j( cquatorial diameter intersec cach other g ny
angles at O, the centre of the circle. Now the standard parallel is 455N, T herefore, draw radius OP mak;

an angle of 45° with OE. Draw QP tangent (perpendicular) to po and produce ON o meet P(
point Q,

qual to the parallc] interval, i.c. |50 with OF,
Draw line LM (Fig. 44B). This line represents the ¢
draw an arc intersecting LM af n. This arc descripes t

To draw parallels, e should know the dis
the arc subtendeq by 150 (paralle| interval),

Cntral meridian, Wi, L as centre ang QP asnad:

he standarqd parallel, ic 450N parallel

ance between (ha Successive parallels This is cqua

The length of the arc subtende by 130
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0° 20°
Fig. 44 B

v — x 15

= 2nr 760
22 5 .

= ) x — x 1388 X —— inch
7 360

~ 0.364 inch

es n u, uvand v M, each distance being

mark off distances ' I rs, s t and distanc
f the arc subtended by 15° (parallel interval) or 0.364 inch.

arc required to draw map projections on scales which are in fact very small. On such
{ the arc subtended by degrees less than 10 i practically equal to the length
th of the chord (EA) instead of the length of the arc (EA) may be taken
15 the distance between the parallels when the paralll interval is less than 10°. When the parallel intzrval
is 10° or more, the length of the arc should invariably be calculated.

passing through the points , s, T, v

From point i,

equal 10 the length 0

Note. Students
map projections. the length 0
of its chord. Therefore, the leng

and M. These arcs represent the

With L as centre, draw arcs
¢ meridians. This distance
dian interval, i¢. 20°
(Fig. 44A). The

parallels.
To draw meridians, We h

s marked along the standard paralle
with OW. With O as centrc and radius equal to the ar

length of the arc WB is calculated as under :

ave to find out the distance between the successiv

[ Draw OB making an angle equal to the meri
¢ WB (0.485 inch) draw arc abc

Length of the arc subtended by 20°

— 27" Y — X 2()
360
22 20
= 2 x — » 1388 x —= inch
7 360
= () 485 inch
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is the distance between m
i erpendicular bd on the line ON. Now db § lk}tlsésgzridians 0 be dra, dl;
From point b drop p g)al meridian. Keeping in view the number o e Dot o cadh distang, ™
In Fig. 44 B, llM ésull}lesf::dard parallel towards the east and the w}::sl (l)j”[(;:rdp para‘llil and pro due Le
off distances alon : i divisions marked on the st : o

e the points of divis Ke : . wn in Fig 4,

o Jc\)}lxn pom;lolx: ‘:\;Trk lhf parallels and the meridians with degrees as sho g
tinzs to meet the equator,

Of

Let it extend from 20°N latitude to 80°N latitude and from 300w
.Le

225,000,000 . |

©ngitude, its standard parallel be 50°N and the interval between the p

.

longitude to 3

»
\

arallels and the meridiang be 1
C°nstruct1'on

Radius of the earth = 635,000,000 cm,

1
Radius(r) of the globe op the scale of \225,00—0,000
]
= x 635,000,000
225,000,000
= 2822 ¢m.
Draw 4 circle (Fig. 45y with radius equal g (he radius of the globe, i.e., 2,827 cm
€ globe. I ¢t NS jts Polar diameter a4 WE its ¢

at O, the centre of the circle
with O

I'his circle Tepres;
each other
. Now the stan

AW radius QP .
ent Qp (pexpendicular) 10 PO and progyce ON (0 meet

quatonal diameter Intersect at nght ap
dard paralle] i 50°N. Dy

‘g an angle of

PQ at the Pomt Q. Draw al

ne .
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Conical Map Projections

This linc represents the central meridian. With L as centre and QP as radius draw an arc intersect:ng LM
o n. This arc describes the standard parallel, i.c., S0°N parallel (Fig. 46) g L

To draw parallels, we should find out the distance between the successive parallcls. This Gistance
arc subtended by 10° (parallel interval).

is equal to the
The length of the arc subtended by 10°

|
= 2mr X x 10
360
22
= 2 x —x2822x cm.
7
= (.493 cm.

From point n mark off distances n r, rsaad s t
and distances n u, u v and vM, each distance being
equal to the arc subtended by 10° (the interval between
the parallels) or 0.493 cm. With L as centre, draw arcs
passing through the points t, s, I, U, V and M. These -
arcs represents the parallels.

To draw meridians, let us k
between the successive meridians.
marked along the standard parallel. N
interval is 10°.

now the distance
This distance 1S
ow the meridian

Fig. 46

* The length of the ar¢ subtended by 10°

1
360

x 10

271 X

22 10

2 x ——_,— x 2.822 x cm.

0.493 cm.

With O as centre and radius equal to 0.493 cm. draw arc abe (Fig. 45). From point b drop perpencicular
b d on the line ON. Now b d is the distance between the successive meridians. .

In Fig. 46, (M is the central meridian. Mark off distances along the standard parallel towards the cast

and the west of point n, each distance being equal to db. Join point L with the points of divisions marked
e s . "

on the standard parallel and produce these lines to meet 20° parallel. These lines will be the required

neridians. Mark the parallels and the meridians with degrees as shown in Fig. 46
Properties
| The parallels are cencentric : S i A
e S ntric arcs ef cicles. The pale is / !
. pale is represented by an arc.

2. The meridians arc straight lincs.

Ihe mendians intersect the parallels at right angles
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\le,_' |

i is true, Thus, scale a i ‘
4 [ this projection s true, ht [ ]Ong;s :
he di between any two parallcls on | ‘
- ¢ distance \ £
yogn IS correct. ‘ - | ¥
meridians is s towards the pOlCS, i.c. the merid ang ar E |
he distances between the meridians decrease {
3. The di
to cach other towards the polcs.

;
, her i
ery large along all ot Para, |
; d parallel but very ing adan
rrect along the standar ’ arcas lying adig
Sl Scal::'olrst ?Zcreasing agmy from the standard parallel. Thus, arc YINg adj Ceny
exaggerati ‘

, — L,
cction.
standard parallel are fairly correctly represented on this proj _ g‘
7. This projection is neither equal-area nor orthomorphic.
Limitations

The scale along the meridians is 1rye But it gocs on increasing along the parallels awgy ¢
¢ : :

Ty |
: i arallel, areas are exaggerated and they;
standard parallel. Therefore, away from the standard paralle

i ' stri ing adjacent to the standard paralle]
distorted. It is suitable only for a narrow stnip of land lying idjac

o

Uses

A long narrow strip of land running along the standa
fairly correctly on this projection, Railways, roads, narrow
running in the east-west direction for 3 long d
Railway, Trans-Siberian Railway,
Valley, etc., may be shown on this p
the internationa] boundary, etc., s

rd parallel in the east-west di_fCClion it 5}
river valleys and the internationg! boynd
istance can be shown on thig projection. The C"‘“ﬂdian H.
international boundary between Canada aad the U.S.A the Na:f |
rojection. The parallel running close (o the railway, road, the m.c“it :
hall be selected a5 the standard parallel,

II. CONICAL PROJECTION

Let us draw Conical Projection Wit Two Standarg Parallels on (he scale of 17200,000,00 o :.
its parallels anq meridians at an interyq] of 10° Let it exteng from 300N latitude 1o 700N latitude ang| |
30°W longitude 1o 70°E longitude. '

. ; .
7 Construction ]
about half 1o two-th!
able 1o select thg
ithern halfoflhc
we shall choose 4()0

Generally (hose parallels are selected as Standard p
the total areg of the graticule of the projec

standard parallels, one of v
through the middle of the

4s standard parg]le]s

arallels which enclose
tion, Jq is, therefore advis
hich passes through the middle of (e 501

he map, Accordingly

€ two paraily

map and ghe!
¢ |

N and 600N e

Radius of the earth = 250,000,000 inches,

Radiys (1) of the globe on (}e scale of l

200,000,000
1

x & — - M
200,000,000 250,000,000 - 125 inc

hes
Draw}a crlrclc (Fig. 47) With radiys CQual to he fadius of 1. Blobe | je | 55 ches. This
represents the globe Let NS jis polar diame(e, and WE Cquatorial diapgpp . hehes. THES
angles at O, (he centre of the Circle, ey radii OP 354 “Cdiameter e
OE. '

rsect cach othe /|
\._,ICS of 4()° and 6o ]

Ies C:(‘nﬁ
oudilieu wiul udinSc
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S

Fig. 47

We are required to draw meridians at an interval of 10°. Therefore, the length of the arc subtended
by 10°.
10 22

=2x x 1,25 x
360 7 360

= 2nr =0218 inch Y

With O as centre and radius equal t0 0.218 inch draw arc abed. From points band ¢ drop perpenciculars

beand ¢ fon line ON. Perpendicular b e represents the distance between the meridians crossing the 60°N
parallel and ¢ f represents the distance between the meridians crossing the 40°N paraliel.

To draw the paraiels, find out the length of the arc between P and Q, i.¢., the arc subtended by 60°—
0 or 20°,

]
2nr x

I

The length of 20° arc x 20

360
22

2 x

inch.

20
x 1.25 x
360

0.436 inch
\ z
Draw a line xy cqual 10 0. 436 inch (Fig. 48). Draw perpendiculars gx and hy at points
v and y respectively. et g x be equal to e band h y equal to f ¢. Produce Yy X to point z. 4 570
om b g and produce it to meet line y x z at point z. Now x y represents the arc QP. The
pomnt x represents 60°N latitude and point v 40°N latitude. Since we are required to draw ~ *[
parailels at an interval of 10%, bisect X y 1o get the position of S0°N latitude. Produce i
7xyto R Open a pair of compasses equal to 10 arc, i.e., 0.218" and mark off point /
ity and point R from y. Point s represents 70°N latitude and point R represents 30°N h_j -

35?

Fig. 48
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Draw a linc LM (Fig. 49). 'l’l'u's]lfnc ‘GC:(.
central meridian. With L as centre ant ‘/.g, 2,21
2R as radii draw arcs. Thesc arcs rc;a'rc.;sctnl the ,
Now f ¢ and ¢ b represent the ip‘]'(:lf]ﬁs b%

maridians along 40° parallel and 6()0 ;?.ma- el e, |

Mark off distances along the 40°N standypy '

!

|

towards the east and west of the central Merig;,
distance being equal to fc. Also mark olT dlslan:c :
the 60°N standard parallcl towards l.hc cast ang We. |
central meridian, cach distance bc]|'ng cqu;l log.| |
i . sisi ' strai es and pro,
Fig. 49 M these points of divisions by straight lin Prody, |

10 meet 70°N and 30°N parallels, i.c. the outcrmost parallels. Thesc lincs represent the merigj,

Properties
1. The parallels are concentric arcs of circles. The pole is represented by an arc,

2. The meridians are straight lines. |
3. The meridians interest the parallels at right angles.

4. The meridians are correctly divided for spacing the parallels. The scale along all the merd |
is, therefore, correct. f

5. The scale is correct along the standard parallels but relatively small along l

the parallels between the standard parallels and relatively large along all other

parallels (Fig. 50). This projection is, therefore, suitable for an area which has small

extent in latitude only. In such a case those standard parallels are chosen which

are quite close to each other. We, thus eliminate to some extent the inaccuracy

caused due to different scales of the parallels lying between the standards parallels
and outside the standard parallels, :

6. Abeltofan area having very small [atitudinal extent but great longitudinal
cxtent can be shown quite satisfactorily on this projection,

7. This projection is neither cqual-area nor orthomorphic,

Fig, 50

Limitations

The scale being either too large or too small along the parallels other than the standard parallels
far away frf)m the standard parallels are not accurately represented on this projection. Therefore. for
fepresentation, an arca should be of smalj latitudinal extent, |

Uses

L. Bc'mg neither equal-area nor orthomorphic, (his projection is not used for a specific
Itis, thercfore, ysed for general-purpose maps. i I“

2. Along narrow strip of land ry
projection. The Canadian Pagj
between the U.S.A. and Canad
being more than itis in the ¢

nning in the east-west direction is shown fa
fic Railway, Trans-Sibarian Railway 3
a can be shown fairly accur; -
ase of Conicyl Projection \

irly correctly:
nd international be
iely on this projection, the &

: Vith One Stand:; , R L
3. The projection js quite s dard Paralicl

atisfactory ,
extent. Y for show

g small countries having small 1
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111. BONNE’S pROJECTION

It is a modified Conical Projection With One Standard Parallel. 1t was invented by Rigobert Bonne
(1727—1793), a French cartographer.

Let us construct a network of Bonne's Projection on a scale of 1 :200,000,000 spacing the parallels
and the meridians af an interval of 15° for an area which extends from the equator to the North Pole and
from 75°W to 75°E longitude.

Construction
Radius of the earth=250,000,000 inches.

_ Radius (1) of the globe on the scale of ———————
v s 200,000,000

n

I
——————— x.250,000,000,
200,000,000

1.25 inches

Draw a circle (Fig. 51) with radius cqual to the radius of the globe, i.c. 1.25 inches. This circk? represents
the globe. Let NS its polar diameter and WE its equatorial diameter intersect cach other al right angles
a1 0, the centre of the circle. This projection is a modified Simple Conical Projection With One Standard
parallel. Like the Simple Conical Projection With One Standard Parallel, Bonne's Projection has one
standard parallel. The parallel running through the central part of the projection will obviously be a suitable
standard parallel. Therefore, we choos¢ 459N parallel of latitude as the standard parallel. Let radius OP
make an angle of 45° with OE. Also draw radii Or, Os, Ot and Ou making angles of 15°, 30°, 50°, 75°

respectively with OE.

1

We are required to draw meridians at an interval of 15°.

]

The length of the arc subtended by 15° = 2ar x 360 x 15
3
n 15
= 2x — x]25x inch.
! 360
= 0.328 inch.

With O as centre and radius equal to 0.328 inch draw an arcab ¢ d e f g. This arc cuts the radii
Or, Os, Op, Ot and Ou at b, ¢, d, ¢ and f. From points b, ¢, d, e and [ drop perpendiculars b 1, ¢ k, dj
¢iand fhon ON. T

Draw QP perpendicular to PO. Produce ON to meet PQ at Q. Draw a line LM (Fig. 52). This line
represents the central meridian. With L as centre and QP as radius draw an arc intersecting LM at N'. This
arc will describe the standard parallel i.c. 45°N parallel.

To draw parallcls we have to find out the distance between the successive parallels. This distance is
cqual 1o the length of the arc subtended by the parallel interval which is 15 in this examplie.

= The length of the arc subtended by 15°
|

= 2arx — ~ 13
360

Scarnieu witurcamSc
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= 2x x 1.25 x inch.
= (.328 inch.

V7 anA ot
YL Qa0

From the point N°, mark off distance N'w, w x and x 90° [oward.? L and distances N7y, y : i

M, cach distance being equal to the arc subtended by 15 i.e., 0.328 inch. With L as centre, draw arcs |
through the points x, w, y, z and M. The arcs passing through x, w, y and z will represent the par:
the arc passing through M the equator.

Now a0, bl, ck dj eiand f h represent the spacings between the meridians along the +|
15° 30°, 45°, 60° and 75° parallels respectively. Since the area is bounded by 75°W and 75°E p-
and the meridian interval is 15°, we need to draw 75/15,1.e. 5 meridians to the west of the central r:
(0°) and 75/15, i.c. 5 meridians to the east of the central meridian, Starting outwards from the:
merid“an mark off distances along the equalor, each distance being equal to a0. Similar] vmark off d:
bl ck,dj,ciandfhalong 15, 30°, 459, 60°, and 750 parallels respectively. Join the points of ¢
on the parallels by smooth curves and Jet these curves also pass through the pole and the points of ¢
on the equator. The curves represent the meridians.

Note. Had the meridian interval been 25° instead of | 5 in the above projection, the radius of
abcdefginFig 51 should have been equal 1o |

2 2 1.25 ul |
T 25 m inch or ().545 inch.
Properties

2. All the parallels are correctly divided for spacing the mendians Thy, l
: a scale

along all the

oudilieu wiul udi NS



Limitations

Conical Map Frojections

———

is. thus, correct.
ne and it is correctly divided for spacing the paralicls. The

being curves are longer than the
larged. The scalealong the meridians

aight li
thus, correct. Other meridians

3. The central meridian is a str

scale along the central meridian is,
corresponding meridians on the globe. The scale along them s, t

increases away from the central meridian.

4 The central meridian intersects all paral
parallel at right angles but all other parallels obliquely. The shapes are, therefore,
meridian and the standard parallel only. Elsewhere they are distorted, the distortion increasing to
margins of the projection. This projection is, herefore, not orthomorphic.

5 The scalealong the parallels is correct and the distance (perpendicular) between them is also correct.
Evidently, the area between any two parallels on this projection is equal to the area between the same two
parallels on the globe. It is, therefore, an cqual-area projection.

hus, en

dians intersect the standard

preserved along the central
wards the

lcls at right angles. Other meri

/

central meridian are distorted, the distortion inéreasing away from the central

meridian. The shapes in the margins of the projection showing a large area such as Asia are much distorted.
Therefore, this projectien maintains shapes satisfactorily along with its cqual-area property if areas are small

and compact and have not large longitudinal extent.

The shapes away from the

Uses
| Since it is an cqual-arca projection and since shapes are maintained satisfactorily for smalt arcas

cction is commonly used for showing maps of European countries such as Spaih, France Ge,many
|-purpose map of India. _ .
'
l . e
n on this project'on In

this proj
¢tc 1t can also be used for drawing genera

2 Large arcas such as North America and Australia (Fig. 53) arc also show

some atlases
[his projection is also used by small countries of middle latitudes for making topographical
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