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The idea that building s et t l e m e nt s and 

ci ti e s  are forms of shelter, c rea tes  a 

central concept even in the e arl ies t 

cl assical wri tings on A rchi tec tur e, 

B ui l d in g and Medicine.

V i tru viu s, drawing on earl ier  work, 

d i s c u s s e s  the concept tog ether with its 

n e c e s s a r y  counter par t - the e l e m e n ts  from 

w hi ch shelter is required - the Climate.

In t h e  III c e n t u r y  A.D., V i t r u v i u s  

p r e s e n t e d  his i de as  on the l a y o u t  of 

t o w n s  a n d  of  i n d i v i d u a l  b u i l d i n g s  

a c c o r d i n g to various c l i m at ic  influences. 

He h a s  s i n c e  b e e n  d e s c r i b e d  as the
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f o r e f a t h e r  of m o d e r n  t o w n  p l a n n i n g .  He 

stated:

"...he (the Architect) must know the art 

of m e d i c i n e  in its rel ation to the 

r eg ion s of the earth (which the Greeks 

call clim a t<i) and to the c h a r a c t e r s  of 

the atmosphere, of localities (wholesome 

or pe stilential), of water supply. Tor 

apart from these c ons i d er at i o n s ,  no 

d w e l l i n g  can be regarded as healthy".

and he noted:

"1. First the choice of the most 

h e a l t h y site. Now this will be high and 

free from clouds and hear frost, with an 

aspect neither hot nor cold but 

te mperate. Besides, in this way a ma r s h y 

n ei g h b o r h o o d  shall be avoided. For when

the morn ing  bree zes  come wit h the risi ng 

sun to a town, and clouds rising from 

these shall be conjoi ned , and, with t heir 

blast, shall spr ink le on the bodies of 

the inh abi tan ts the p oisoned breaths of 

marsh animals, they will m a k e  the site 

pestilential. Also, if the walls are 

along the coast and shall look to the 

south or west they will not be w holesome, 

because through the summer the southern 

sky is warmed by the rising sun and burns 

at midday. Also, that which looks to the 

western sun is war m at sunrise, hot at 

noon, burns in the evening."

"2 . The refore by the c ha n g e s  of neat 

and cold, bodies which are in these 

places will be infected. We may even 

perceive this from those bodi es which are 

not animal. For in wine sto r e s  no one 

takes light from the south or west, but 

from the north, b ec aus e that quarter at 

no time admits changes, but is c o n t ­

inually fixed and un ch an g e a bl e.  So also 

those grana rie s w hich look towards the 

sun's cou rse  qu ic kl y  c h a n g e  their 

goodness; and fish and fruit which are 

not placed in that q ua r t e r which is 

turned away from the sun's c o u r s e  do rot 

keep long."

"3. For always, when heat cooks the 

strength out of the a t m o s p h e r e  and with 

warm vapours r e move s by suct ion  the 

natural virtues, it di ss ol v e s  and r e n der s
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them  weak, as they become so ftened by 

warm th.  Moreover, we see the same 

thing in iron, which is hard by nature 

and yet when it is heated through in 

furn ace s, by the vapour of fire becom es 

so soft that it is eas ily  fashioned into 

e ve ry  kind of shape; and when, being soft 

and red-hot it is chil led  and steeped in

cold water, it hardens again and is
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r es t o r e d  to its previou s c har act er. "

"4. We may i*lso c o n s id er  that this is 

so from the fact that in summer, not only 

in p est ilential, but in s a lub rio us 

d i s t r i ct s,  all bodies become weak by the 

heat: and also, through the winter, even 

the regi ons  which are most pes til ent ial , 

are r endered salubrious because they are 

r e nd er ed  solid by freezing. Not less also 

the bodi es which are tr ans fer red  from 

cold to warm regions cannot en dur e but 

are dissolved; while those which are 

t r a n s f e r re d from warm places under the 

n o rt he rn  regions not only do not suffer 

in health by the change of place but even 

are strengt hen ed. "

"5. Wherefore in laying out walls we 

must beware of those regions w hich by 

their heat can diffu se vapours over human 

bodies. Fjr acc ording as from the e l e ­

me nts  (which the Greeks call stoccheia) 

all bodies are composed, that is from 

heat and moisture and earth and air, just 

so by these mixtures, owing to natural

temp era men t, the q u a l i t i e s  of all animals 

are figur ed in 'he w orl d a cc or d i n g to 

their kind."

"6 . T he ref ore  in w h a t s o e v e r  bodies, one 

of their p rinciples, heat, is pre- 

dominant, it then kills them and by its 

fervency, d i s s olv es the rest. Now a hot 

sky from certain qua r t e r s pro d u c es  these 

defects; since it settles into the open 

veins mor e than the body p e r mit s by its 

natural tem pe ra me n t  or ad mixture. Again, 

if m o i s t u r e  had filled the bodies and 

altered their dim ens ion s, the other 

elements, as though d ec om po s e d  by liquid, 

are d il ute d and the virt ues  d e p en de n t  on 

this p ropo rti on are disso lve d. So also 

from the c hilling of m o i s t u r e  of winds 

and breezes, vices are infused into 

bodies. Not less the natural p rop o r ti on  

of air arid also of the e a rt hy  e lem ent  by 

increase or di min ut io n  w ea k e n s the other 

elements; the earth by re p l e t io n of 

food, the aerial, by the heavy clim ate ."

"7. But if anyone wis hes  c a r e f u l l y  to 

ap prehend these things by pe rce pti on,  let 

him regard and attend to the n a tur es of 

birds and fishes and land animals, and we 

will so c o n s id er  d i f f e r e n c e s  of 

t e m p e r a me nt  or a dmix tur e. For the race 

of birds has one te mpe r a m e nt , fishes 

another, far ot he r w i s e the nat ure  of land 

animals. Birds have less of the earthy, 

air. Therefore, being c o m p o u n d e d  of the
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lighter principles, they rise more ea sil y 

against the onrush of the air. But fishes 

with their water nature (because they are 

te mpered by heat and are c omp o u n d ed  of 

much a i »• and earth, but have r em ar ka b l y  

little moistu re) , the less they have of 

the p ri nci ple s of m oi s t u r e in their 

frame, the more e asi ly  they persis t in 

mois tur e; and so when they are brough t to 

land they lose their life along with the 

water. Terrestrial animals, also because 

they have a m o d e r a t e  degree of the 

el em e n t s  of air and heat, and have less 

of the earthy and more moisture, cannot 

keep alive long in water."

"8 . Therefore if these m a t ter s are 

accept ed as we have set forth, and if wo 

a p p reh end  by p er c e p t i o n  that the bodies 

of animals are c om p o u n d e d  of elements, 

«jnd if we judge that they suffer and are 

d i s so lv e d  by excess or defect of them, we 

do not doubt that wo must d i li g e n t l y  seek 

to choos e the most t em pe rat e regi ons  of 

climate, since we have to seek 

h e al th in e s s  in layout out the walls of 

cities."'

The foregoing t rea ti se  is d is ti n c t i v e  

b e cau se it e x e m p l i fi es  the fact that the 

c li mat e of a site influe nce s not only the 

layout of the b u i l d i n g s  but the health of 

the inhabitants.

The genius of V i t ruv ius  is again

ex pr es s e d  in other passages: "When the 

walls are set round the city ... these 

will be righ tly  laid out if the winds are 

c ar e f u l l y  shut out from the alleys. For 

if the winds are cold they are u n ­

pleasant; if hot, they infect; if moist 

they are injurious. And: "For when the 

q ua rters of the city are planned to meet 

the winds full, the rush of air and the 

frequent breeze s from the open space of 

the sky will move with m ig ht ie r  power, 

co nf in e d  as they are in the jaws of the 

alleys. W h e re fo r e  the d ir ec t i o n s  of the 

streets are to avoid the q uarters of the 

winds so that when the winds come up 

against the c orn ers  of the blocks of 

b u i ldi ngs  they ma y be broken, driven back 

and d i s s ip at e d . "  V it ruv ius  also f ur ­

nishes two plans to i ll ust rat e the 

pr inc ip le s  he proposes. One is "so 

mapped out that it may appear when ce the 

certain breezes of the winds arise; the 

second, how by layings out of quarters 

and streets turned away from their 

violence, da ng e r o us  cu rre nts  may be 

av oided." In Book V, Vi tru vi ou s  comments: 

"the s hi py ard s are to be built with a 

northe rn aspect, as a rule. For southern 

aspects b eca use  of their warmth generate 

dry rot, wood worms and ship w orms with

other noxio us c reat ure s, and feed and 

1 / ?
main ta in  them."

But the full scope of V itruvius' thinking 

is p r o b a b l y  e x p r e s s e d in the following
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quot ati ons : "For in one part of the 

earth is o p p r e ss ed  by the sun in its 

course; in anothe r fart, the earth is 

far r e mov ed fr om  it; in another, it is 

af fec te d by it at a odera te distance. 

Theref ore , since, in the sun's course 

thro ugh  the i n c l inat ion  of the zodiac, 

the re lat ion  of the heavens to the earth 

is arr ang ed by nature with varying 

ef fects, it appear s that in like man ner  

the a rr an g e m e n t  of bui ldi ngs  should be 

guided by ihe kind of locality and the 

ch an ge s  of climate. Towards the north, 

buil din gs,  I think, should be vaulted, 

th or ou g h l y  shut in rather than exposed, 

and wit h an aspect to the wa rme r quarter. 

On the other hand, where the sun is 

violent in s outhern regions b ec au s e  they 

are op pr e s s ed  by the heat, b ui ld ing s 

should be open to the air with a 

no rthern, or n or th - e a s t e r n  aspect." Thus 

we may remedy by art the harm that comes 

by chance. In other regio ns also, 

b u il d i n g s a r <> to be sim ila rly  adjuste d to 

suit the rel ati on of clima te to latitude. 

In r elation to the o r i en ta t i o n  of the 

va riou s rooms d e pe ndi ng on their proper 

as pect s he said that "The baths and 

wi nt er  d in in g r o om s should look towards 

the winter setting sun, beca use  there is 

need of the evenin g light. Besides, when 

the setting sun faces us with its 

splendour, it reflects the heat and 

r ende rs this aspect warmer in the 

evening. Priva te rooms and libraries

should look to the east, for their 

p ur po se  demand s the m o r n i n g  light. 

Further, the books in lib raries will not 

decay. For in apa rt m e n t s which look to 

the south and west, books are damaged by 

the b ook w o rm  and by damp, which are 

ca use d by the moist winds on their 

approach, and they make the papyru s rolls 

m o u l d y  by d i f f u si ng  moi st air. The 

spring and autuum d i ni ng r o o m s should look 

to the east. For expo sed  as they are to 

the light, the full power of the sun 

mo v i n g to the west rende rs them temperate 

at the time when the need to use them is 

customary. The summer d i ni ng ro o m s  should 

have a n orthern aspect. For while the 

other aspects, at the solstice, are 

re nde red  o pp re s si v e  by the heat, the 

northe. aspect, b eca use  it is turned 

away from the sun's course, is always 

cool, and is h althy and p leasant in use.

Not less should the pictu re galleries, 

the w ea vin g rooms of the e m b r o i d e re r s , 

the studios of painters, have a north 

aspect, so that, in the steady light, the

c o lou rs in their work may remain of

1 /2
u ni mp a i r e d qu ality."

There are yet other r efe r e nc es  to climate 

in V itruvius' thesis on archi tec tur e, as 

in Book VI, c hap ter  vi, w here there are 

de ta il s  on how to orient vario us units in 

the f armyard and the farm hou se.  We have 

seen, however, from what has a lr e a d y been | 

quoted, V it ruv ius  p o s s i bl y m a y  so have I
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Vi truvius may have been read and the 

practical aspe cts  of his work used during 

the Middle Ages.

But it is 1n t h e  15th c e n t u r y  t h a t  the 

s e r i e s  of g r e a t  t h e o r i e s ,  m a n y  of t h ? m  

c o m m e n t a r i e s  on, or c r i t i q u e s  of, 

v 1 t r u v 1 us starts with the p u b l i c a ti on  of 

A b e r t 1 " s  "Ten B o o k s  on A r c h i t e c t u r e "  in 

1485 .

His picture of the beginning of a r c h i ­

tecture is simpler and more general than 

Vitruvius'. But his work, like V i t r u ­

vius', devotes substantial parts to the 

selection of the site, micro cli mat e, s u i ­

table m a t e r ia ls  for keeping space w a r m  or 

cold and p ro te c t i o n against sun and wind.

He gives one of the earliest de scr i p t i on s 

of advection and post hollows.

Albe rti 's e xamp le was followed by others. 

Pa lladio refers to Vitruvius' desc rip tio n 

of the original hut and elabor ate s on the 

change from flat to pitched roofs.

He too advises against valley sites, on

account of humidity, wind and the

reflection of the sun's rays c r ea ti n g

1 /?
exces siv e h e a t .

He wrote:

"It is not ad visable for any one 

to build in valleys which are enc los ed by

mo un ta i n s ; . . .  when you are d ete rmi ned  to

build upon an em inence, choose such a

s it uati on as faces the tem perate region

of the air, and is neither always

o v e r s h a d o w e d  by higher hills, nor

s co rch ed up, as it were, with two suns,

by the refl ect ion  of the real one from

some adjacent rock: For in either of

these cases, it becomes an incommodious

2

habitation.

However, the R en ai s s a nc e architects (17th 

and 18th century) did not realize to the 

full the i mpl ica tio ns of their climatic 

d i f f e r e n t i a t i o n  theories any more than 

the Roman a rch ite cts  had before them.

This is not to say the buildings were 

e n v i r o n m e n t a l l y  or c l i m at ic al l y  unsound 

far from it.

G e n e r a l l y of m as si v e  construction, with 

limited win dow  areas, they achieved a 

t ec hn o lo g y  which had the universal merit 

of thermal mass, limited heat loss and 

gain through w ind ows  and reasonable 

thermal res is ta n c e  of walls and roofs.

This served well in both warm and cold 

climates, against diurnal swings - and at 

a time when internal thermal standards 

and e x pe c ta ti o n s  were, by all acount,

3

fai rly 1 ow.

N e v e r t hele ss,  it is surpri sin g to find
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that a Pal ladian villa in Lo mba rd y and in 

London uses the same plan form, winc*ow 

pattern and volumet ric  relations hip s.

This lack of d i ff ere nti ati on,  is in 

st riking contrast to the varie ty found in 

v er na c u l a r building even within a limited 

area such as Provence, Tuscany or the 

Black Sea coast.

Rykwert shows that the pr eoc up at i o n  , 

ob s e r si on  perhaps, with the p r i mit ive  hut 

comes through the 19th and the first half 

of the 2 0 th centuries.

L w " s , the futurist Sant'Elia, Mendelsohn, 

Neut^a, Frank lloyd Wright, C o r b usi er and 

Gropius each in his way returned to the 

purity and harmony of this natural 

s o u r c e .

But, the descr ipt ion s are now more in 

terms of landscape*, uns e l fc on s c i o u s forms 

and honest us« of m at er ial s than of 

clim ati c f a c t o r s .

It must be e mph asi zed  that climatic 

principles, (as they were understood), 

deeply influenced the thought and work of 

these architects.

To refer merely to the l;.st three in the 

list: Wright used solar g e om et r y  in a 

number of houses; notable is the Sturges 

house, Los Angeles, where the varying

projection of the eaves on each e l ev ati on

3
was related to solar angles F i g . 24.

Fig. ? 4 .
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G ropi us put climat e as foremost in basic 

de sig n c on ce p t ion ;". .. true regional 

c h a r ac te r  L«nnot be found through 

sentimental or imitative approach by 

in c o r po ra t i n g  either old emblems or the 

newest local fashions, which disa ppe ar as 

they appear.

I, -‘jR* ■

Fig. 2 5 a) If the site area and the

illu min ati on angle remain the same, the

number of rooms increases with the 

number of storeys
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Fig. 25 b) If the il lum i n a ti on  angle and 

the number of rooms re-’Mri the same,the 

site area dimini she s as the number of 

storeys increases
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F i g . 25 c) If the site area and the number 

of rooms remains the same, the 

illumination angle d i m i ni sh es  and the sun 

e xp osu re improves with the number of 

storeys

But if you take ... the basic dif fe re n c e  

imposed on arc hitectural design by the 

cl imatic c on dit ion s ... d i v e r s it y  of 

e xp res sio n can result ... if the 

architect will use the u tt er ly  c o n ­

trasting in doo r - o ut do or  re l a t i on s ... as

3/5

focus for design c o nc ep ti o n . "

Much of his housing and pla n n in g design 

was based on angles sui t a bl e for sun 

pene tra tio n F i g . 25 a) b) c).
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Co rbu sie r, from the 1920's onwards, was 

d e e p ly  c o n c ern ed in his design research 

and w r i t i n g  with the use of the sun and 

wind as fo rmative influences in cit y 

plan nin g.

F i g . 26

But at this time the idea of cl imatic 

influ°nce on building design was still 

unfor med . In 1922 his c r u c if or m  tower 

bl *:k of "une ville c ontemporai re" shows 

no attempt at elevational d i f f e r e n t i a t i o n  

or solar control F i g . 26. In 1929 he 

d es c r i b e s  the future office block:

A sheet of glass and three part iti on 

walls m ake an ideal office: this type of 

c o ns t r u c t i o n  holds good when a thousand 

have to be provided.

So from top to bottom the facades of th» 

new city's office b u i l din gs form unbroken 

expanses of glass... These tr ans luc ent  

prisms that seem to float in the air 

without anch ora ge to the grouiid flashing 

in summer sunshine, softly gleamii under 

g r e y  W i n t e r  s k i e s ,  m a g i c a l l y  lit e r i n g  

at n i g h t f a l l  - o n e  h u g e  b i c:k.

Although he was v a g ue ly  bec oming aware 

that this really c ould not work, the 

abstract picture became co ncr ete  in the 

hands of hundre ds of hack d e s i gne rs from 

the late 1 9 4 0 ' s on.

So in all cities of the world there are 

now acres of just such c l im a t i c a l l y  

unco ntr ol la bl e  c ata st r o p h es  - curtain 

w a 11 facades .

C or busier himself saw that in summer 

"... l'entree c a ta s t r o p hi qu e du soleil" 

needed to be combatted. In 1928 he is 

already e x pe ri me n t i ng  with sun shading in 

the house at Carthage, F i g . 27.

By 1933 his Algiers housing has more 

complete shading s tra teg y F i g . 28 a) b). 

And by 1936 he suggests the 

"brise-solei 1" to Oscar N iemeyer and his 

associates for the National E d u cat ion  and 

Public Health Building in Rio de Janeiro.

This, like so much of his work, became a 

fashion which for a quart er of a c ent ury
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was p l a s te r e d  on bu ildings in a varie ty 

of clima tes , i rr es pec tiv e of orie nta tio n, 

latitude or shading principles.

One of the most e x t r a o r d i n a r y  aspects of 

e arly 2 0th c e ntu ry a rchi tec tur al thought 

and pra cti ce is the u n a wa re n e s s of the 

effects of scale and size.

Some e x p er ie nc e s  of tall bu il di ng s  had 

already been ob ta i n e d  in the late 19th 

century in North A merican cities, but 

they were g e ne ra ll y  in main streets and 

of 1 imited hei g h t .

The new towers and slabs were de sig ned  as 

simple p r opo rti ona l e n l a r g e m e n ts  of 

traditional smaller structures.

In terms of solar g eom et ry  this worked 

but only within the limits that shading 

angles r emained unaltered.

f i g .71

C or bu s ie r ' s  own solar studies 3 lways 

r em a i ne d simple often c onsi sti ng of no 

more than a few sketches or the note of 

solar' al tit ude  in mid- winter or mid- 

-summer on a particu lar  o r i en t a t i on  at 

noon or the notion of the "axe helio- 

thermjq ue"  explo red  in his plans for 

N e m o u r s .

He had the CJAM Athens Congress of 1933 

adopt his pri nci ple  that "the material 

of town planning are: the sun, the 

space, the vegetation, steel on co nc r e t e  

In that precise order and h i e r a r c h y ." ^

Vast areas of open ground between the 

blocks were more or less p e r ma ne n t l y 

deprived of sunlight, and substantial 

parts of skylight, too, with c on seq uen t 

loss of energ y for p h o to sy n th e s i s  in 

grass and plants.

I ' l 'H  \ M » .  \ I. Ci I .  It I ti 3 3 - 3 I

Fi g .28 a )

Moreover, the white co nc r e t e  b uil din g
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s u r f a c e s  - l a t e r  to be r e p l a c e d  by 

m i r r o r s  of c u r t a i n  w a l l i n g  - r e f l e c t e d  

s o l a r  e n e r g y  so tha t e v e n  n o r t h - f a c i n g  

f a c a d e s  a n d  w i n d o w s  1 n th e n o r t h e r n  

h e m i s p h e r e  were now re cei vin g substantial 

solar heat gains.

F i g . ? 8 b)

Even Alberti, who had c o n c e i v ed  no 

b ui ldin gs of this scale was n ev er t h e l es s 

aware of this "double sun" effect, from 

s o u th- fac ing  valley slopes.'*

The tall buildings also e x p e r i e n c e d  a new 

wind climate; higher ve loc ities, t u r b u ­

lence and rain flowing up a build ing  

facade under the pr ess ure  of wind. In 

turn they altered the c l ima te around 

their base.

The re mar ka bl e  aspect of the 18th and 

19th C e n tu ry  Beaux Arts w r i t i n g s  , and of 

the t heories and p ra c t i c e s  of the "modern 

masters" is the o v e r - s i m p l i f i e d  view of 

climate.

The most o b v i o u s l y  and e a s i l y  handled was 

s o l a r  g e o m e t r y  - it i n v o l v e d  g r a p h i c s ,  

s h a d o w s  w o u l d  be p r o j e c t e d  a nd  d r a w n  on 

plan, s e c t i o n  a n d  e l e v a t i o n ,  or b e t t e r  

s ti ll ,  on r a c y  p e r s p e c t i v e  s k e t c h e s  and 

spatial rules deduc ed f ro m sun paths.

But it was mai n l y  p i c t o r i a l l y  handled and 

there was little of any gr ea t e r  analytic

d e p t h .

This was all the more r e m a r k a b l e  as the 

growth of s ci ent ifi c c l i m a t o l o g y  and 

me teo rol ogi cal  i n s t r u m e n t a t i o n  from the 

mi d-18th C e n tu ry  ma de  available 

theoretical and emp iri cal  data of 

immensely gr e a t e r power than the 

R en a iss anc e wr it er s  could d r a w  upon.

Soon new o r i e n t a t i o n s  in A rc hi t e c t ur e 

Theory and H i s t or y arose, not only from 

ar chitects but also from historical 

studies and d i s c o v e r i e s  of a rc ha e o l o gy  

and a nt h r o p ol og y  and f in al l y  they became 

reinfo rce d by econ omi c, political and 

popular f o r c e s . 3

These reac hed  a c li m at i c  e x p r e s si on



after the con fli ct of 1973, with the 

co ns eq u e n t  re app raisal throug hou t the 

world, of the a va i l a b i l i t y  and uses of 

the globe' s fossil fuel reserves.

It ma y turn out that this war and its 

p ar t i c ul ar  c o n s e qu e n c e s  will be seen by 

future hi sto ri an s  of our e n vi ro n m e n t  as 

having created changes as si gni fic ant  as 

those brought by the industrial 

re vol ut io n  and the u r b a niz ati on of rural

3
populat i o n s .

Two Amer ica ns who have con duc ted  many 

in ve st iga tio ns c onc e r ni ng  the re lat ion  of 

c lima te to a rch it e c t u r e are twin br others 

Victor and Aladan Olgyay.

Their mode of approach to a par ti cu l a r  

p ro ble m is suggested by their sketch 

F1g.?9. "A" shows the usual o b s er va t i o n  

of radiant heat impact - on main 

d ir e c t io ns  only - "B" p roposes that more 

e l ab or at e  charts are necessary; "C" 

d ep ict s the winter and summer sun 

po si ti o n s  with respect to the ove rh ea t e d  

period. " E“ The "Helio axis" and the 

"Thermo axis" wich c omp l i ca te  o r i e n ta ti o n  

problems. '^

I
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That s u n l i g h t  foll ows  cycles must have 

been known since the dawn of mankind.

senses furnish,) was noticed in all eras 

and used to me as ur e time, F i g . 30.

Much of m an' s basic work is g ove rne d by 

the p eri od ic  rise and fall of the sun, by 

the s equ enc e of day and night, and by the 

"ycle of the seasons.

One day men noticed that during the day 

time there was a shadow created by the 

trees ... and what was more ... this 

sh ado w would move and change during the 

d a y .

Fr o m  there on, they started c o r r e la ti ng  

their ac tiv it ie s according to the shadow 

c o n f i g u r a t i o n  and position.

However, it was only at Babylon, about 

6000 years ago that the space covere d by 

the shadow during the day, was divid ed 

into equal parts, and the first sundial 

c r e a t e d .

S un d i a l s  left by our ancestors are i n n u m ­

erable.

There are a great variety and they can be 

rela ted  to Ma the matics, History, Art; 

their study would take dozens of ch apt ers  

of d esc ription.

Hi
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The apparent daily and regular mov e m e nt  

of the sun around the Earth (as our

Fi g .30

One im portant remark must be made from

0
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