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CHAPTER 8

Zenithal Map Projections

ccting the parallcls and the meridians of a globe
of the poles or at its any other point. When the
is called a zenithal projection (equatorial

ctions are constructed by proj

(Fig. 57) to it at onc
he equator, the projection

HE 7enithal map proje
on a plan¢ placed tangentially

plane is placed tangentially ata pointont

Plane is tangent to the sphere at the South Pole.
Fig. 57

aced tangentially at a point between a pole and the equator it is call
Ily at one of the poles, it is called a zenith

anc is placed tangentia
the polar cases. The propertics common 1o

case). When pl ed a zenithal piojection
(oblique case) and when the pl al piojection
(polar case). In this book we shall study only the zenithal
projections (polar cases) arc given below

1. The pole is the centre of a projection.

2. The parallels are concentric circles.
3 The meridians on a globe are great circles. They are projected as straight lines on these projections.
of these projections are represented as straight lines.

Therefore, all great circles passing through the centre
lines radiating from the centre of the projection. They are spaced

1 The meridians are straight

umformly at the correct angular interval.
5. The plane on which the globe is projected is placed tangentially at onc of the poles and the

centre of the projection coincides with the pole. Therefore, the meridians on these projections rzpresent
somuths® or bearings The bearings from the centre of all zenithal projections are thus truc. The

re g
uyazmuth s o bearine meastred clockwise -
\n azimuth 1 o bearing measured clockwise from the north, When measured from the true north, it is a true

ssured from the magnetic north, 101 & magnetic aztiouth

bty
and when me
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ioclions are circular,
6. The outlines of maps on thesc projections ar

: The right angle is formed between "“n"g ’
intersect the parallels at right angles. Th Ifgib 58 ¥y
7. The menidiansinter an ion as shown in Fig. S8. : [
int of intersection a — _‘
d the tangent placed at the poin _ as than other arc: :
. : P ; suitable for showing polar arcas ;'
8. The projections are more suit: :
!
° a
:
!
f
l
i
|
t
L o |
\ B |
A T !
CT  meridian of longitude
AB  tangent
T point of intersection .
LM parallel of latitude «
Fig. 58
b
i
. : S |
We shall study the following zenithal map projections &
|
(@ The Polar Zenitha] Equal-Area Projection, 4
() The Polar Zenitha Equidistant Projection, |
(@) The Polar Gnomenjc Projection,

(iv) The Polar Stereographic Projection,

jections are perspe
ngentially at (he North (
meet the plane js differe
Projcclion. antipodal for the

clive projections. [n the o ‘
or South) Pole but (e past

nt for differen, projection = |
Stcrcogmphic Projection, !

€ 1ays are projected (o
for the Gnomonic
¢ Projection,

example, it is at (he centre
infinity for the Orthographj

. THE POLAR, ZENITHAL EQUAL
tion s a15o called
C year 1772,

Let us draw
& 200,000,000

This projec

-AREA PROJECT[ON
designed it in g

Lamben s Equal-Arey Projection

after (s Inventor J.H. Lambern

the p ' : jecti
e ?lar.Zcmlhal Equz_ll-Arca Projection for the Northery, Hemi
pacing Parallels 4 |50 Interval anq merid

. sphere on the &
1ans ar 30 mnleryvy|
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al Map Projections
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Cons(ruction
Radius of the carth
.. Radius of the globe on the scale of 1 : 200,000,000

=250,000,000 inches,

5

250,000,000 .
. — = ——4— = ].25 inches

i 200,000,000

S .
Fig. 59
Draw a circle with radius equal to the radius of the globe, i.e. 1.25 inches. This circle represents the globe.

ach other at right angles at 0, the centre

Let NS its polar diameter and WE its equatorial diameter, intersect €

of the circle (Fig. 59).
Draw radii Oa, 0b, Oc, 0d and Oc making angles of 159, 30°, 459, 60° and 759 respectively with OE. Join
Ne, Nd, Ne, Nb, Na and NE by straight lines. These straight lines are chords. With radius equal to chord Ne
ond N as centre draw a circle (Fig. 60). This circle represents 75°N parallel. Similarly with centre N’ and radii
al to the chords Nd, Nc, Nb, Na and NE draw circles to represent the.parallels of 600, 45°, 30°, 159 and

quator (0°) respectively.

Draw straight lines AB
(Fig. 60). Radius N'B represe
meridian. Draw with the help of a protractor more ra
in Fg. 6(.)__/

The Polar Zenithal Equal-Area Projection for the Southern Hemisphere i
sbove The degrees of the meridians are, however, written differently. The 0°
showing the Southern Hemisphere is placed where 180° meridian is placed in the pr

Northern Hemisphere (Fig. 61).

equ
the e

cach other at right angles at the centre i.e. point N’
meridian, N’D 90°E meridian and N'C 90°W

| to represent the other meridians as shown

and CD intersecting
nts the 0° menidian, N'A 180°
dii at 30° interva

s also drawn as explained
meridian of the prujection
ojection show:ng the

showing the Northem Hemisphere, i€ 90°
western meridian

meridian on the

the case of the projection
dian and that on the left-hand side is the

is marked as 90° East and 90°

It should also be noted that in
meridian on the right-hend side 1s the castern men

I' however, the 90° meridian on the left-hand side
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Fig. 60

‘ i ingi r change in the positions of 0° and 180° p,

ight- ked as 90° West without bringing any ¢ o anc |

i?fw{]i;li;fcssl::t’?:; Sfoulhcm Hemisphere. This also applies to all other zenithal projections. See ;.
map of Antarctica and that of the Arctic Cccan in an atlas.

Properties

1. The parallels are concentric circles. The pole is a point ferming the centre of the proje

2. The meridians are straight lines radiating from the pole. They are spaced correctly at trug ;|
interval i.e. the azimuths are true in this projection.

3. The meridians intersect the parallels at right angles,

4. The scale along the parallels increases away from the centre of the projection.

5. The distances between the parallels go on decreasing
means there is a decrease in the scale along the meridians tow
in the scale along the meridians is in the same proportion in

parallcls away from the centre of the projection with the result that the projection is cqual-area, Thi
Is further elaborated as under - |

away from the centre of the projecl|
ards the margin of the projection, The !
which there is increase in the scale 2

. . . ’ . . X
N In this projection a parallel is a circle.drawn wigly the radius equal (o (he chord connecting I
with that parallel. For example, the parallel of 750N has been drawa with radius equal to chorﬁ i}

parallel of 60°N with the radius cqual to chord Nd and so on (Fig. 59)

area of the circle described by 7
from the pole to the 750N par

To illustrate how the 50 -
SN parallel is ¢
cap of the globe extending ’ i

al to the area of the S
allel and the arca

of the circle describio: -
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Zenithal Map Projections

v

o
150 »

SP=South Pole
Fig. 61

rical cap of the globe extending from the pole to the 60°N parallel

arallel is equal to the area of the sphe

p
and so on, W€ proceed as follows:
In Fig. 62, 1 is the radius of the globe, ¢ the chord connecting N (pole) with a parallel and L is the
radius of the parallel.
Cz = h7+ L?
= h+r-(r=hy
= pi4i-r'+2th=h?=2rh q
But the area of a circle =R’ where R is the radius of 7 h
the circle. L !
- area of the circle with radius equal to chord c=nc? or
Jark Now area of a zone (area between wo parallels) =2nrh r r-h
where ¢ is the radius of the globe and h is the height of the

Jone. Thus, the arca enclosed by a parallel (a circle in this

projection) is equal to c?. So area contained within a parallel Fig. 62
on this projection is equal to the area of the spherical cap of

(e elobe extending from the pole to that parallel. Hence, it Is an equal-area projection.

o< are more and more distorted away from the centre of the projection because the scale along

6 Shap
¢ compressed alony the

e mendians is too small and that along the parallels too large. The shapes ar

menidians but stretched along the parallels.
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represented in a satisfactory way for s
1 arc -

—————

7. The shapes of the central areas of the projectior
are distorted here but very slightly.

Limitations he central part of the pry; |
. e a3 ' the central pa € proj,

Shapes being distorted away from the centre of the projection. itisonlyt St

that can be represented in a satisfactory way. can be shown on this projection satisrauc_

o Ilel
Generally, the area lying between a pole and 45° para

) ies i | part ar !

. it f the countries in the centra 'p. e Prege, |

ince it is an equal-area projection and the shapes of t " istribution maps .

in a r:gl!r)l)s'l:;uc's'r[alcsrory way this pﬁojccu'on is used for preparing political and distn Ps of

regions. . hern Hemj
(2) It is also used for making general-purpose maps of large areas in the Northe ; 15phcrc

II. THE POLAR ZENITHAL EQUIDISTANT PROJECTION

Let us draw a network of the Polar Zenithal Equidistant Projcc?ti_on for lilanonllér;l ”ClniSpherC
the scale of 1 : 200,000,000 with parallels at 15° interval and meridians at 30° inteival,

Construction
Radius of the earth = 250,000,000 inches
= Radius of the globe on the scale of 1 : 200,000,000
250,000,000
=1.25" )
200,000,000 —
We are required to draw parallels at an interval of 15°

~+ Length of the arc subtended by 15°

PR - 22 15
=X —— = 2x _ x]25 x
360 7 360

03277
Wf’Fh N as centre and radius equal to0 0.327” draw a circle. This circle represents 75°N paralle| -
draw a circle representing 60°N parallel, double the length of the arc subtended by 15°ic. take g m
of 9.327 X2 0r 0.654" and with N as centre draw the circle, Similarly circles with the same ccmre.;,
radii equal 10 0,327 x 3 or 0.981",0.327 x 4 or 1.308%,0.327 x 5 or 1.635" and 0.327 x 6 of | 967" \

fepresent parallels of 459N, 300 » 15°N and the cquator (0°).

- rcDraw straight :incs AB and CD intersecting each other atright angles at (he centre . point N. Ry
" hcfrc(;srcnts the 0 meridian, N{x. 180° m_cn'dian, ND 90°E meridian and NC 90ow meridian Dr.aw\:
P ol a protractor more radjj at 30° interval (o represent other meridjans as shown in .Fi g. 63

Propertjes
I. The arallel T ,
’ ° e concentri circles, The Pole is a point forming the centre of the projection |

2. The merid;
. ndians are straight lines radjatj
| . radiating from the pol
» - : c ‘ - |
LC. the azimuths are true in this projection Poteand spaced correctly at true angular inter

. e
J. The mendians interseeq (he parallels af right angles

hY
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4. Since the spacings between the parallels represent true distances, the scale along the me ridians

15 correct.
The scale along the parallels increases away from th
and shapes distorted, the exaggeration and distortion increasing away

5. ¢ centre of this projection.
6 The areas are exaggerated

from the centre of the projection.

7. The projection is neither equal-area nor orthomorphic.

180°
. 150° A 150°
120° ,,’ ‘\\ 120°
QA
90° . = o
c ' .
75°
: 60°
~ 45°
60 60°
30°
15°
300 8 00 30°
00
Fig. 63
“Limitations
ion, it is only a .small area in the central

istorted away from the centre of the project

Shapes being greatly J
put of the projection that can be represented in 3 satisfactory way. The area lying between the pole and 60°

s shown satisfactorily.

parallel 1
Uses
This projection 1s commonly used for preparing maps of polar areas used for general purposes
) St cale along the mendians is correct, NATOW Strips running along the meridians ar¢ shown
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11I. GNOMONIC PROJECTION (POLAR C"S?
s been derived trom the gnomon ¢
It is o iling chart. Its name has been dernve .
15 also called a great-circle sailing ch 551000000 i,

D cale of 1
Let us draw a network of the Polar Gnomonic Projection %n the :]L ;];U(N
~ . - S0 A a .
AU 30° interval and showing the parallels of 30°N, 45°N, 60°N an

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

- Radius of the globe on the scale of 1 : 350,000,000
250,000,000

350,000,000
Draw a circle with radius equal to the radius of the globcr ie, 0.714 lhxls ijrlullc_llvc]i)[rcscms th,
Let NS, its polar diameter and WE, its equatorial diameler, intersec! cach other at g angley al

centre of the circle (Fig. 64).

Let LM represent a plane. It is placed at the north pole and it is pcx_pcndicular o the poly, &
NS. Draw radii Oa, Ob, Oc, and Od making angles of 30°, 45°, 60° and 75° respectively with (. [
these radii to meet LM as shown in Fig. 64. With N' as cenlre and Nd', Nc', Mb" and Na' o .
circles (Fig. 65). These circles represent 75°N, 60°N, 45°N and .
30%u parallels respectively. It should be noted that OF is | T
parallel to LM. Therefore, when radius OE is produced, it does ¢ S
not meet LM. Owing to this reason, the equator cannot be )

shown on the Polar Gnomonic Projection.

Draw AB and CD as straight lines intersecting each other W o
at right angles at the centre i.e. point N' of the projection (Fig.
65). Radius N'B represents the 0° mendian, N'A 1800
meridian, N'D 90°E meridian and N'C 90°W meridian. Draw with

=0714"

|

m

a protractor radii at 30° interval to represent other meridians as
shown in Fig. 65. >
- Fig. 64
150° A 150°
120° 1200
90 I VA
9 k]
, o)
6{,0
/ “ 45° ane
/ ™~ 300 |
; ] B |30 300
l; | 0°
/ Fig. 65
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Propcrtics

e

| The parallels are concentric circles. The pole is a point forming the centre of the projection. The “;
gistance of the equator from the centre of the projection cannot be determined because the radius passing "
through the equator (Fig. 64) becomes parallel to the plane placed on the pole. Accordingly the ejuator
cannot be shown on this projection.

{

|

|

n

\

3 The meridians are straight lines radiating from the pole and spaced uniformly at their correct i
angular interval, thus, making the direction from the centre as truc.

|
1 The meridians intersect the parallels at right angles. |

4. The parallels are not spaced at cqual distances. The distances between the parallels increase rapidly
towards the margin of the projection. This has resulted in the exaggeration of the scale along the meridians.

s The scale along the parallels also increases rapidly away from the centre of the projection.
6. The arcas arc exaggerated and shapes distorted on this projecti

on, the exaggeration and distortion
increasing away from the centre of the projection. The exaggeration in the meridian scale is greates than
that in any other zenithal projection.

7 1t is neither cqual-area nor orthomorphic.

8. A part of a great circle which is an arc on the globe and a curve on Mercator’s Projection is
represented as a straight linc on this projection. This is because the radii from the centre of the globe are
produced to meet the plane (on which the projection is drawn

) placed tangentially at the pole. To be more
explicit, the intersection of the plane passing through the centre of the

globe and the plane placed tangenually
at the pole makes a straight line. Thus, any straight line on this proj

ection is a part of a great circle. This
property is useful because it is with the help of this projection that we can mark the positions of great circles
on Mercator's Projection.

oudilnieu wiul udinSc
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1 Gnomonic Projection, docs nop. )

¢ or :
xodrome on Mg,

9 TRy : art of a great circl
A straight line which serves as a pa 5 I the help of a 10

as & loxodrome. Therefore, the dircction that we maintain wit
Projection is not possible to maintain on Gnomonic Projection.
!

’

Limitations
' jection.
I As already stated, the cquator cannot be shown on this prOJf " centre of the projeg
. ) d away from ' Iy
2. Shapes are greatly distorted and areas greatly enlarged awa) atisfactory way. Hg, |

; e resented inas
isonly a small area in the central part of the projection thatcan b‘l’ = les and 30° parallel.
it is constructed generally for the area lying between one of the po

L ——

i
Uses |
i iection i a great circle, Ty, |

1. A straight line connecting any (wo points on this p.rojccnon lskae ;l);::t 2}' Gfomonic Projcc;R :

' ! i rcator’s Projection, we ma : )
when we need to mark a great circle on Me w}ith T (Tokyo) is a part of a great circle. Th; |

Fig. 66, a broken straight line connecting L (Lopdon) , 1 i
has been transferred to Mercator's Projection (Fig. 42) where it appears as a curt

2 The direction which can be marked on Mercator’s Projection by df awing loxodr on‘f?fon I, o
be maxl'(cd on Gnomonic Projection. Itis, therefore, Mercator’s Projection wn_xch is gscd mostly or\ p,cp_;
navigation charts. Tt is used for preparing air navigation charis of arctic regions because Mar.

Projection is not drawn to show these regions.

IV. THE STEREOGRAPHIC PROJECTION (POLAR CASE)

Let us draw a network of the Polar Stereographic Projection for the Northern Hemisphere on the i
of 1 : 330,000,000 with parallels at 15° interval and meridians at 30° interval.

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

. Radius of the globe on the scale of I : 330,000,000

250,000,000

= —_— =(.757"

330,000,000
. Drawa circle with radius equal to the radius of the
Le. 0.757". The circle represents the globe. Let NS its
dxar}lctcr and WE its equatorial diameter intersect cach:
at night angles at O, the centre of the circle.

M

. Let LM represent a plane. It is placed at the nor?
Le. at Nand it is perpendicular to the diameter NS.
radii Oa, Ob, Oc, Od and O making angles of 15¢ ~“
60° and 75° respectively with O, ‘ .

Draw lines joining S (south pole) with E, a, b, ¢

D .o . J oL, g, UL

€. Froduce these lines to meet LM a5 shown in Fio

. . > DL il rly

N"as centre and Ne', Nd', Ne' Nb' Na' and \re e
) . ) ’ v YU iva 4NAG INC aSTac

). These circles represent

oudiiieu wiul LdMmSc
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Zenithal Map Projections
N S merian, B with a protractor radii at 30° interval to represent other meridians as shown

in Fig. 68.

180°

Fig. 68

Properties
projection.

entric circles. The pole is a point forming the centre of the

pole i.e. the centre of the projection and spaced
from the centre as true.

|. The parallcls are conc

es radiating from the

3 The meridians are straight lin
I, thus, making the direction

uniformly at their true angular interva
3. The meridians intersect the parallels at right angles.
nces between them increase towards the

¢ not spaced at equal distances. The dista
however, less than that in the case of

4. The parallcls ar
the meridian scale is,

margin of the projection. Exaggeration in

Gnomonic Projection. .
S The scale along the parallels also increases away from the centre of the projection. The scale along

the parallels, however, increases in the same proportion in which it increascs along the meridians with the
result that at any point the scale along the parallel is equal to the scale along the meridian.

6. This is, therefore, an orthomorphic projection and the shapes of small areas arc preserved on it.

¢ exaggerated on this projection, the exaggeration increases away from the centre of

7. The areas ar
s is, however,

this projection. The shapes of large areas are, therefore, not preserved. The exaggeration in arca
smaller than that in the Gnomonic Projection. :

y 8 Acircle drawn on a globe is represcnted by a circle on this projection. No other projection possesses
this propenty. This projection since can be centred anywhere on a globe, this property of the projection
is very useful for plotting the ranges of acroplancs, missiles, radio waves, etc., from the centre of the

projection
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Limitaﬁons

Areas are enlarged away from the centre of the projection. Itis onl a{‘\:mf].” L.”:::n”.‘ [.;.1:' ( i
the projL‘C[i(\n that is mprcscntcd in a satisfactory way The representation ol area 1s ¢ sa 15{'1‘:{“‘:
Projection than in the Gnomonic Projection.

Uses
. isphere can be shown on this projection; and j; .
I. The entire Northem or Southern chyaph:.n. can be \119 H.ﬂ‘ “ I 'J'f t d }l M
used to show the world in hemispheres as being orthomorphic it gives good visual ook of the
2. Since the shapes of small countries is preserved o some extent on this projection,
. " > : US (s used f
commonly for preparing general-purpose maps of polar ;_R‘]l;)? In the USA sed fiy .
aeronautical charts for the polar areas. (See also pp. 106 ¢ 7).
3. This projection (polar case) is used for preparing sca-navigation routes of arctie TCQigy

4. It 1s also used for making dpdf weather map of the polar areas.

V. ORTHOGRAPHIC PROJECTION (POLAR CASE)

Lel us draw a network of the Polar Orthographic Projection for (he Norihern Hemisphere i
of 1 : 350,000,000 with parallels at 15° interval and menidians at 30° nterval, "
Construction

Radius of the carth = 250,000,000 inches.

- radius of the globe on the scale of | - 350,000,000

250,000,000
= =0.714"
. 350,000,000
L Draw a circle with radius equal 1o the radius of the globe ¢ ¢
This circle represents the globe. Let NS its polar diameter y |
equatorial diameter intersect each other at nght angles at O yp !
of the circle (Fig. 69).
w Let LM represent a plane. It is placed at the nom pole !

perpendicular to the polar diameter NS. Draw radn Oa, Ob, (¢ (!
Oe making angles of 150, 309, 459 600 and 75 respectively |
Draw lines parallel to NS and passing through the points E, 4+
and e. Produce these lines to meet LM al points [, a' b !
and ¢',
Fig. 69 Wi.lh N' as centre and Ne', Nd’, N¢' Nb’. Na' and NE' as rali
concentric circles. These circles represent 75°N, 60N, 459N 300 |
parallels and the equator (09) respectively (Fig. 70). ‘

[ %]

Draw straight lines AB and CD intersecting cach other at right angles at the centre ic 3

(Fig. 70). Radius N'B represents the 0° meridian, N'A 180° meridian. NT) 90°F meridian NC |
meridian. Draw with a protractor radii at 30° interval (0 represent the other meridians as shown 1 !
Properties
N4

.
I. The parallels are concentric circles The pole is pomt formmg the centre of 1he projecti’

2. The meridians arc straight lines radiating from the pole and spaced uniformly at therr coredt

oudilieu wiul udmMmSc
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mterval, thus, making the direction from the centre as (rue. 180°

37 The mendians intersect the parallels at nght angles. 80

dv The parallels are not spaced at equal dislanccs;‘, The distances

. . . ’ . " ) “

between them decrease rapidly towards the margin of the projection. As 120 Q) 120
a result the scale along the meridians decreases rapidly away {rom the

centre of the projection 90"

%"
L. C 0
5 The scale along the parallels is, however, comrecta
6. Since the scale along the mendians decreases rapidly away o
trom the centre, the shapes are much distorted, the distortion increasing
away from the centre of the projection. W

7+ 1t is neither equal-area nor orthomorphic,
8 The projection presents a view which appears when a pole of Fig. 70
a globe 1s seen from a distant point lying above it (the pole).
Limitations
The shapes are much distorted near the margin of the projection. The sizes of the areas are durunished

away from the centie of the projection. It is only a small area in the central part of the projection that can
—be represented in a satisfactory way.

Uses
This projection 1s used to prepare charts for showing heavenly bodies.

NIIrQ
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