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TABLES OF SOLAR ALTITUDE' AZIMUTH' INTENSITY AND

HEAT GAIN FACTORS FOR LATITUDES FROM 43 tO 55

DEGREES NORTH

by

Do G. Stephenson

Solar heat usual ly causes rnuch of the cool ing load for

cornrnercial  and resident ial  bui ldings. An accurate est i rnate of

cool ing load rnust,  therefore, take account of the hourly and seasonal

var iat ions of solar bearn intensity and of the angle of incidence of the

bearn at the outer surfaces of a bui lding. The tables in this report

give the solar data needed for designing an air  condit ioning systern

by ei ther the tradi t ional hand-calculat ing procedures or digi tal  corn-

puter techniques. They have been prepared in exact ly the sarne way

as the tables in the ASHRAE Handbook of Fundarnentals (196?),  but

are for the lat i tudes of part icular relevance in Canada and for srnal l

enough incrernents of lat i tude that interpolat ion is unnecessarye The

data are in the engineering units cornrnonly used in North America
, 2 ?

(ntu/tt 'hr); and in the rnternational systern (watt/rnetre"), which is

corning into use throughout the world.

Solar Alt i tude and Azirnuth Angles

The posit ion of the sun in the sky can be expressed most

convenient ly by two angular co-ordinatesl  the solar al t i tude above



the horizon, and the

ang les  are  re la ted  to

sin Alt

s i n  A z

where h

L

6

-z-

solar azirnuth rneasured frorn South. These

the time, date and latitude by:

=  c o s  L  c o s  6 c o s  h t  s i n  L  s i n  6

= cos 6 sin ly 'cos Alt

-  0o 25 fnurnber of rninutes from solar noonl

= latitude

= solar decl inat ion

Values of solar al t i tude and azirnuth angles have been

cornputed for the 21st of. each rnonth and are tabulated in the first

two columns of the tables.

Intensity of Direct Solar Bearn

The intensity of the direct solar bearn, IO*, depends on

of the atrnosphere and the length of the solar bearnls path

The value of IDN 
"t  

the surface of the earth on a clear

the clarity

through it"

day is  wel l represented  fo r  so la r  a l t i tudes  grea ter  than l5  degrees  by

rotti = e/"8/sin 
Alt

where A and B are functions of the date that take account of the

seasonal var iat ion of earth-sun distance and the dust,  ozone and

water vapour content of the atrnosphet"( t) .  values of ro* cornputed

with this forrnula are given in the third colurnn of the tables. The

values of the A and B parameters that were used are given in Table I .

They were selected so that the result ing values of IO* would be in

close agreernent with the values given by Threlkeld and Jo"d"rr i2) rot

average cloudless days at di f ferent t i rnes of the year.  For very clear

atrnospheres, the value of to* 
"un 

be as rnuch as zo per cent higher

than the values given in these tables. The local atrnospheric clearness
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can be taken into account by rnultiplying the values of ro* and the

solar heat gain factors by a clearness Nurnber,  which can vary frorn

about  0 .8  to  1 .2 .  Reference 2  g ives  c learness  nurnbers  fo r  the

United States and the rnost southerly parts of Canada1 Further work

is  requ i red  to  p rov ide  c learness  nurnbers  fo r  a l l  par ts  o f  canada.

un t i l  these are  ava i lab le ,  des igners  rnus t  use  the i r  d isc re t ion :  a

va lue  o f  1 .2  be ing  appropr ia te  fo r  very  c lear  reg ions ,  1 .0  fo r  average

and 0 .8  fo r  s rnoggy indus t r ia l  a reas .

So lar  Heat  Ga in  Fac tors

The solar heat gain factors are the instantaneous rate of

solar heat transfer through unit  area of unshaded double-strength

sheet glass in sorne specif ic s i tuat ion. This is the solar power

transmit ted through the glass plus a fract ion of the power absorbed

by the glass. The rate of heat transfer through other fenestrat ions

in a sirni lar s i tuat ion can be found by rnult ip ly ing the tabulated value

of the S" H. G. F. by a constant cal led the shading coeff ic ient for the

part icular fenestrat ion. Shading coeff ic ients for rnany of the corn-

rnonly used fenestrat ions are given in the ASHRAE Handbook of

Fundarnentals (1967!-,  Chapter ?8, as are tables of solar heat gain

fac tor  s .

Equat ions  and Data  Used to  Cornpute  S.H.G"F.

The solar radiat ion fal l ing on a window consists of:

(a )  d i rec t  rays  f ro rn  the  sun;

(b) scattered radiat ion frorn the sky;

( .)  radiat ion ref lected frorn the ground and surrounding

o b j e c t s .

The power irnpinging on unit area of a window, IOr due
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to the direct rays frorn the sun depends or IDN and the angle of

incidence, g, between the bearn and a perpendicular to the window

sur face"

ro =  I D N . c o s 0

The cosine of the incident angle is related to the solar

altitude and azirnuth and the surface orientation by:

cos 0 = cos Al t  cos y  s in  X + s in  Al t  cos f ,

where slope angle of the surface

measured frorn horizontal

di f ference between solar

azirnuth and the azirnuth of a

normal to the surface.

W'hen the surface is hor izontalr l  -  0 degrees

t

so that

and for a vert ical  surface

so that

cos 0" = sin Alt

t  =  90  deg rees

cos 0, ,  =  cos Al t  .  cos to

= ,x5 t .  .o" i  o
J !3O  J

5 '=  .X  a .  . o "J  e
J = O  J

sky or ground
_  t .

- 2 - 5 J-  e  
i 1 o  i + 2

r fY

bearn radiat iono i .  € .  IO -0 "

The transrnission and absorpt ion factors for window

glasses can be approxirnated by a polynornial  with cos 0 as the orgur

rnent.  For the direct bearn the factors are:

Transrn iss ion  1^' t )

Absorption aD

and for diffuse radiation frorn the

fd
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od=
* 4 .

_ )  J
j ! "  j+z

values of the coeff ic ients t .  and a. for sorne cornlnon tyPes of
J J

glass have been cornputed frorn the data in Ref ,  3 and are given in

Appendix A.

The intensity of the di f fuse radiat ion frorn a cloudless

sky that falls on a horizontal surface can be approxirnated by:

rdH = c '  rDN

where c depends on the dust content of the atrnosphere and varies

frorn sumrrrer to winter. The values of C used for the cornputation

of  these tab les  are  g iven in  Tab le  I .

I f  c o s Q  >  - 0 . 2

0 .55  +  0 .437  cos  e  t  0 "  313  . o "2g

o .45 ,

The diffuse radiation frorn the sky that is incident on a

vert ical  surface is the product of Ia" and Y:.  
"r  

ernpir ical  funct ion

of  cos  Q tha t  has  been deve loped by  Thre l t  
" ta (4) .

Y=

Y=otherw ise

The radiat ion

a ver t i ca l  sur face  is :

ref lected frorn the ground that is incident on

Ito* ro* 
t"*  shal t )

where p_ is the ref lect iv i ty of the ground.' g

Thus the total  di f fuse radiat ion incident on a vert ical  surface is:

,u = rDN {".r  -+ (c* sinotr}}
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The solar heat gain factor is given by:

SoHoG.Fo  =  ID  ( ro  +  N i .  oD)  *  I a  ( "a  *  N .  "  od )

where N. is the fract ion of the absorbed radiat ion that is t ransferred
I

to the inside of the bui lding. These tables have been cornputed using

N .  =  0 o 3 .
I

The value of pg has been taken as 0o 2, which is an

appropriate average for ground that has no snow cover,  but when the

ground is snow covered the ref lect ion is great ly increasedo The

presence of snow can be al lowed for by increasing the solar heat gain

factors for vert ical  windows by about 20 pe.r cent for the winter rnonths.

Cool ing Load Calculat ions

The solar heat gain factors rnult ip l ied by fenestrat ion area

and shading coefficient give the instantaneous rate of heat gain of a

roorn frorn solar energy transfer through the fenestrat ion. The roorn

rnay also be gaining energy by heat conduct ion through the fenestrat ion

and through the opaque parts of the wal l  and roof,  and frorn the energy

being supplied to the lights and equiprnent located in the roorrr. The

surn of all these cornponents is the total instantaneous heat gain for the

roorrrc The cooling load, i. e. the rate at which heat rnust be rernoved

frorn the air  in the roorn to keep the air  ternperatt l re at a specif ied

value, can be quite di f ferent frorn the total  instantaneous heat gain at

the sarne tirne. In particular, the rnaxirnum cooling load is significantly

srnaller than the rnaxirnurn rate of heat gain if the floor and internal

part i t ions have sorrre heat storage capacity.

The sirnplest rnethod of calculat ing cool ing load is to f ind,

f i rst ,  the instantaneous heat gain and then apply a heat storage factor
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that has a value less than oneo The heat storage factor depends, on the

heat  s to rage caPac i ty  o f  the  s t ruc tu reo  Research  is  under  way to  de ter -

rnine appropriate heat storage factors for di f ferent types of bui ldings,

but unt i l  these results are avai lable designers must rely on experience"

The solar heat gain factors that were given in the ASHRAE

Guides pr ior to 1967 were, in general ,  about z0 per cent smal ler than

the values in the 1967 Handbook of Fundarnentals.  There is no doubt

that the new values are more accurate than the previous ones. Cool ing

loads were not usual ly under-est i rnated using the old values because i t

has been cornrrron pract ice to assurne a heat storage factor of one, i .  e.

that the cooling load was equal to the instantaneous rate of heat gain"

This assurnpt ion wi l l  g ive too- large cool ing loads when the heat gains

are  ca lcu la ted  w i th  these new tab les .  A  heat  s to rage fac to r  o f  0 .90  is

appl icable to l ightweight structure"(Ul 
"  

factor 0.25 is reasonable for

the type of buildings where the old Guide data have proved satisfactory(4),

and a factor of 0.60 or less rnight be appropriate for heavy structures

with a lot  of  solar h""t  g" in(6).

Sol-Air  Ternperaturg

The calculat ion of heat transfer between the outside environ-

rnent and the outer surface of a wall or roof is sirnplified by using the

sol-air  ternperature concept.  The S. A. T. is that ternperature of the

outdoor air  that,  in the absence of al l  radiat ion exchanges, would give

the sarne rate of heat entry into the surface as would exist with the actual

cornbination of incident solar radiation, radiant energy exchange with the

sky and other outdoor surroundings, and convective heat exchange with

the outdoor air"

-f-s .A"T .  -  t
alr
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absorptance of surface for solar radiat ion

emittance of the surface

0

C

I

h = convect ion

t
alr

AR

total solar radiation incident on the surface = ro * ru

coeff ic ient of  heat transfer bv radiat ion and

at the surface

outdoor air  ternpe rature

the di f ference between the long-rvave radiat ion incident

on the surface frorn the sky and surroundings and the

radiat ion erni t ted by a block body at outdoor air  ternperature.

For horizontal surfaces that receive long-.wave radiation

only frorn a cloudless sky, an appropriate value of 6R is
7 . 2

about 6O w/rn- (20 Bt{f t"  hr) .  For vert ical  surfaces i t

is cornrnon to assurne that 6R = 0.

The value of I can be approxirnated frorn the data in these

tab le  s i  v iz

f  =  1 .15  S .H .G .F .
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Table I

Data for Calculat ion of Solar Radiat ion Intensity

Date

J a n  2 l

F e b  Z I

Mar  21

Apt ?.L

May 21

June 2l

July  2 l

Aug Zl

Sept  21

Oct  Z l

Nov  2 l

Dec  2 l

6

Deg rees

-?0 "O

-10 .  B

0 .0

X , l "  6

20 .  A

?3 .45

zo" 6

rz.3

0 .0

-10 .5

-19 .8

-23 "45

Btu
?

hr ft '

390

385

376

360

350

345

344

351

365

378

387

39r

z
tn

Iz30

lzl5

1186

1136

I  104

I  088

108  5

I  107

r  151

LT9Z

lzz l

I Z33

Air

B

Mass

0 . I 42 .

o .144

0 .156

0 .  180

0 .  l g6

0 "  205

o "207

0 .201

o .177

0 .160

0 .  149

o. . l4z

A
w

Dirnensionless

0 .058

0 .060

0 .071

0 "097

0 .121

o "134

0 .136

0 .L22

o.o9z

0 .073

0 "  063

0 .057
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D A I E  I I I I E  S O L A R  P ( I S I I I I J A I  D I R .  N O R I 4 A L
A A  A L T "  A Z I M U I H  W A I T S / 5 0 .  H .

- . - - S T J I  A R  H E A I  G A I N  F A C I O R S i  H A r T S / S Q .  i I .
A I O R  T H  N F  E I S I  S E  S O U T I {  S H  W E S I  N I r  H O R .

r t t i E
px

J A N  2 1  8

l 0
l l
t 2

l o . I  8 1 0

2 6 5  ! 2 0  l 8 l
4 s o  6 6 2  4 1 1
1 1 2  1 4 0  6 5 9
1 8 4  6 9 0  1 6 4

6 0  5 6 t  7 9 9
1 2 9 0  2 6 9 6  2 4 6 1

t l
t ?
4 6
5 4
5 6

t 7 l

1
2 9
4 8
6 l
6 8
7 l
4 2

F E B  2 1  1
I

l o
I t
t 2

6 . 1
t 4 . 6
2 1 . ?
2 5 . 5
2 r . o

J . t
|  1 . 4
2 2 .  ? l
2 9 .  6
) 4 . 5
J 6 . 2

1 0 . 9
? . 1  . 4
r l . l
- r 9 . 3

4 1 - O

f  . 9
t 8 . 8
2  9 . 1
4 0 . 1
4 9 . 3
5 6 . 0
5 8 . 6

t . 2
1 1 . 5
2 . . . t
) 5 . 2
4 6 .  O
5  5 . 9
6 1 .  I
6 t . o

4 t . 4
) j 9
7 0 1

l 2
t 1

1 6 1
t 1 4

8 5 1

o . 0  8 9 9
H A L F  O A Y  T O T  A L S

l l  l l  2 7  4
t 2  t 2  1 3 5  t
4 6  4 6  2 5 4  2
5 q  5 4  3 3 6  I
6 0  5 6  1 6 4  t 2

l f 2  t  7 l  9 3 6

4 0
1 5
4 6
5 t
5 6

1 9 4

4 l
1 4 2

6 l
6 2
6 A
, l

l B 6

4 8 . 7

B8r'

l o ?

8 3 1
) q . \  9 0 7

4 0 . 2
2 l . c

0 . 0

2 t . o
o . 0

1 0 4 . 9
9 5 . 3
8 5 . 1

1 0 7 . 6

I 7 6
9 2 6
9 5 0
9 5 1

3
2 9
4 8
6 l
6 8
7 6

2 4 4

2 4
4 7

f l

9 l
3 4 4

l 6
4 5
6 6
8 2
9 4

t 0 l
l l l
4 5 8

I
t 4
6 0
? 9
9 4

l 0 6
l l l
l 2 q
5 4 4

6 1 . 0  6 5 1
9 t a f 2 5 l

5 4 2  5 9 1  2 A 1  2 9
5 6 5  1 6 2  4 9 9  5 l
4 1 A  1 7  B  6 5  I  t ? 7
z t l t  6 9 7  f 4 5  a 4 0

1 6  5 9 7  r 1 7  5 4 7
l A 5 ?  3 1 6 0  ? 5 1 6  8 t  I

4 9 5  4 t t  ? 0  2 4
( r r t  6 6 ,  2 4 t  4 l
6 3 0  7 5 0  4 2 4  6 6
4 1 5  1 a 5  5 6 4  9 4
2 4 2  6 4 1  6 5 1  2 . 6 5

9 1  4 8 0  6 8 0  6 8 0
2 6 1 9  ) 4 9 f  2 2 9 t  1 2 1

t o t  t 8 0  t ?  t 6
6 3 5  4 6 0  5 2  4 5
f o {  6 0 1  t 4 6  6 6
6 3 5  6 6 0  2 9 t  8 2
4 t 7  6 1 2  4 1 9  t 0 0
2 5 3  5 t 4  5 0 1  1 8 ,
I  I  I  t t 2  5 2 9  ) 7 2

1 0 5 7  t 2 t 5  l 6 8 s  6 5 8

3 0  l 0  I  I
4 1 0  2 4 0  t 4  t 4
6 6 4  4 2 1  6 4  6 0
6 9 4  5 t 6  I  0 0  7 9
6 l B  5 1 1  1 9 5  9 4
4 6 5  5 4 0  1 0 2  I  I  0
2 5 4  4 4 1  t 1 6  L 4 4
1 2 4  2 8 8  4 O 2  2 8 8

t 2 l 5  z e o a  1 2 7 2  6 \ 7

1 2 4  ) 9  9  9
5 0  I  2 ) a  4 t  4 l
6 6 0  4 0 1  6 9  6 6
6 8 0  4 9 9  9 5  A q
6 0 5  5 1 t  t 6 t  9 9
4 5 5  4 9 6  2 5 5  I  1 4
2 5 2  t 9 8  a 2 t  1 3 6
1 2 9  2 5 4  1 4 7  2 5 4

) t 2 l  2 7 3 2  t l ? B  6 5 1

l 8  l ,  2  2
4 5 A  2 1 2  3 6  1 6
6 4 8  4 1 4  6 ?  6 2
6 8 0  5 2 ?  l o t  a 2
6 0 8  5 5 9  1 9 0  9 1
4 5 9  5 2 1  2 9 t  I  I  3
2 5 4  i t t  t 6 5  |  4 5
L 2  1  2 8 2  1 9  I  2 a 2

- f l 7 l  ? - a 7 t  t 2 4 9  6 5 6

2 8 1  1 6 6  1 9  l 8
6 0  t  4 3 t  5 5  4 9
6 7 6  5 1 9  t 4 2  7 0
6 1  6  6 t 1  2 1 9  8 7
4 6 f  6 1 0  4 0 2  1 0 6
2 5 t  5 l  7  4 A 2  I  8 2
I  |  7  3 6 1  5 0 9  1 6 l

2 9 4 8  l l 1 4  L 6 1 t  6 7 1

4 4  I  3 6 q  6 1  2 5
6 1 2  6 ? : '  2 . 1 t  5 0
6 0 1  7 l  7  4 ( J 9  7 0
4 6 0  7 0 9  5 4 5  9 9
2 4 0  6 2 1  6 ! t O  2 6 )

9 1  4 6 7  6 5 9  4 6 f
2 4 1 2  r r i l g  2 2 t t  7 a 2

8 l  7 1  2 2  l
5 1 0  5 6 0  2 _ 7 0  3 l
5 4 8  1 2 9  4 7 1  5 3
t  2 7  7 5 0  6 2 1  1 2 6
2 1 6  6 1 5  7 2 0  : r 3 0

1 9  5 l l  7 5 2  5 3 1
t ? 8 0  1 0 2 5  2 4 1 4  7 i 6

2 5  |  3 o s  I  7 5  1 2 -
4 4 0  6 q 6  4 6 5  t 8
1 6 6  1 2 6  6 q 6  1 6 0
l 8 l  6 7 U  1 5 0  1 6 A

6 ?  5 5 1  f A 5  5 5 t
t 2 6 6  2 6 3 e  2 4 2 C  8 - | 9

l t 3
2 1 2
4 0 E
4 9 2
5 2 1  I

t 5 4 6

7 5
248
4 2 2
5 5 t l
63 l r
6 6 4  I

2 2 6 6

3 9
1 . 9  J
3 8 0
5 4 2
6 6 5
1 4 1
? 6 9  I

29..9

1
l o ?  6
2 8 1  5
4 5 8  4
6 0 7  1
122 2
794 I
8 1 8  t 2

1 t l  1

1 7  7
1 3 9  6
3 l l  ,
4 A t  4
626 t
1 7 1  2
9 0 6  I
8 2 4  t 2

, 5 9 1

4 7
l l l  6
z g t  5
4 5 ?  4
6 0 1  3
7 1 5  2
7 8 6  I
8 0 s  1 2

t159

4 2 6
1 9 5  5
1 7 6  4
53t  1
652 2
7 2 1  I
f s t  t 2

2904

7 1  5
240 4
4 0 8  a
5a6 2
6 1 5  I
6 4 2  t 2

?  192

I

4
?

I
2

5
4
3
2
I
2

6

4
3
2
I

f

t
2 9
4 8
6 l

? l
2 4 2 ,

2 4
4 1
6 4
f 7
8 5
8 7

t 4 2

4 5
6 6
a 2
9 4

l 0 t
1 0 4
4 5 6

I
3 4
6 0
1 9
9 4

l 0 6
l t l
l l 5
5 4 1

9
4 l
6 6
8'r
9 9

l t o
I t 7
l l 9
5 8 4

3 6
6 2
8 2
9 1

I  O 9
l l 5
l l 8
5 5 8

t 8
4 9
7 0
8 7
9 9

l 0 6
l 0 9
4 8 1

2 5
5 0
6 8
8 0
8 8
9 l

t 5 8

9
4 l

8 4
9 9

I  l 0
I  l ?
t 2 9
5 8 7

2_
1 6
6 2
a 2
9 1

1 0 9
I  l 5
l 2 ?
5 4 , I

I 8
4 9
7 0
8 7
9 9

1 0 6
I  l ?
4  8 6

5 0
6 8
8 0
8 8
q 7

3 6 0

l B . o
o , o

9 4 1
9 5 1

H A L F  O A Y  I O I A L S  2

r4aR 2 l  I
I

l 0
t l
l 2

A P A  2 1  6

I

9

l 0
l l
t ?

H A L F  I ) A Y  I O T A I S

9 8 . 5  t o 6
8 8 . 4  6 5 2

6 8 . 5  f ? l
? 5  2 8 0
4 1  2 6 9
6 q  l r 0
t 1  8 l
8 5  8 5
8 7  8 7

, 4 1  9 2 2

1 1  2 4 6
5 0  4 3 5
6 8  1 8 4
a 2  2 3 0
9 4  1 0 7

l o l  l o 4
1 0 4  l o 4
4 ? 8  l 5 5 l

t l  t l
t t (  4 2 1

8 2  5 1 4
8 5  4 5 2
9 4  t o l

t o ,  I 5 0
I  t : r  l I 8
t l s  l t 5
6 4 t  2 O O 8

6 ?  I  3 3
I  5 0  4 6 1
l o t i  5  1 6

9 2  4 1 t
1 0 3  l ? l
I  l 0  t f  4
I  1 7  1 2 4
t t g  l t 9
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:t0
t 4
l6
4 0

l ? t

6
l 5
2 2
2 7
, t
t l
3 6

l . 5 l

7
l 5
2 t
2 4
2 f
:t0

1 0 9

o
9

l 9
l 9
2 l
2 4
?4

t t
l 3  l ,
2 2  2 l
: t l  26
5 f  ? l
89  36

r l r  4 5
1 2 0  8 6
186 212

l t
1 2  1 2
2 t  2 0
1 4  2 6
66 f0

t o l  1 6
125 rt9
l t ,  9 1
426 2 t1

5 6
l 8  1 5
48 22
9 4  2 l

l r 4  t t
1 6 0  6 2
1 6 9  I  2 0
544 219

2 t  7
7 5  1 5

t r z  2 1
l ? ?  1 2
204 8?
214 152
t t '  2 t 5

4 0
8 ?  9

1 5 0  1 6
l 9 e  4 l
2 lo  I  0 r
240 I 70
7 1 9  2 5 4

H A L F  D A Y  T O I A T S

B
3 6
z q
2 6
2 9
l l
:t5
3 6

2 0 3

6
1
I
9

t 0
, l t  - ,
l 2

)
6

1
I
9

t 0
t l
l 2

7
I
9

l o
l l
L 2

H A I . F  D A Y  I O T A L S

2 l
155
2 1 8
24e
266
2f5
280
2 8 2

5 6
1 6 6
2 t 8
24t
26L
2 t o
2 1 5
276

2 l
1 4 9
2 1 0
240
2 5 7
26f
2 1 2
2 7 4

92
t 9 0
215
256
264
2 7 4
2 7 6

1 3 8
2 2 1
256
2 f 1
2 8 1
244

l 6
l 8 l
2 4 t
?-69
2 8 1
2 4 4

I
3 l
7 7

l l 0
1 4 1
t52
444

J U N E  2 1  5
6
I
8
9

!.o
l l
t 2

t
t l
2 l
z6
3 l
14
,6
1 f

1 8 2

I
l 2
2 0
2 6
, 0
t4
f6
1 f

l ? 6

6
l 5
2 2
27
3 l
t t
t4

1 5 0

f

I '

2 l
2 4
2 7
2A

1 0 8

H A L F  D A Y  I O I A L S

H A L F  D A Y  I O I A L S

S E P  2 I

H A L F  D A Y  I O T A L S

l 4
6 T

t l ?
1 6 5
2 0 t
224
2t2
0 9 8

5
1 t
7 0
94

l 0 t
256

o
2 l
5 l
t4
8 2

I 8 8

HOR.

1
I
9

l 0
l l
l 2

1
I
9

t 0
l l
t 2

a
9

l 0
l l
t 2

I

9

l o
l l
L 2

t o . 5  1 9 . 1
2 0 .  I  6 7 . 8
3 0 . 0  5 4  . 7
, 7 . 8  : t 9 . 2
4 3 .  I  2 0 . 8
4 5 . 0  0 . 0

2 . 9  7 2 . O
t 2 . 6  6 0 . 8
2 t . t  4 4 . 1
2 8 . 2  3 f . 9
1 2 . 9  I  7 . 6
7 4 . 5  0 . 0

5 4 . 9
4 f . l
3 0 . o
t 5 . 4

5 2  . 7
4 1 . 2
2 t t . 5
1 4 .  7

o . o

H A L F  D A Y  T O I A I S

6  1 5  1 4
4 0  1 5 3  1 6 9
l 8  t 6 9  2 2 1
I  9  t rz  216
2 1  6 1  2 t q
2 2  2 4  1 7 0

1 0 5  5 3 2  9 1 )

l 0  l l
1 0 8  t 6 6
l 0  l  2 t 2

5 0  2 0 6
1 5  l ? l

249 701

| l E s T  s t i

2 t 5
7 2  4

t 2 t  1
162 2
1 6 7  I
1 9 5  t 2
662

t

I

t
2
I

t 2

H A I F  D A Y  T O T A L S

5 . t
I  r . 4
1 9 .  t
2 t .  a
2 5 . 2

t 0 . 2
1 6 .  l
2 0 . 2
2 L - 6

1 A
202
2 4 4
2 6 1
2 7 2

l 4
t 7 5
2 1 5
259
265

4 2
1 4 0
2 0 0
2J5
2 4 6
7 4 3

I
1 2 5
t94
2 t 2
2 4 4
692

S O U T H

H A I - F  D A Y  T O I A L S

H A L F  D A Y  I O I A L S

THTS TABLE AFPLIES TO:
FREDERTCTON. HALIFAX, MONTREAL. OTTAWA, ST. J-OHN AND TRURO.
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s o l ^ R  P 0 s l r l l l N  a N D  l N r E N s l t y  i \ N D  s o t - a R  r t E A T  G A I N  F A c l o R s  F 0 R , 4 ?  D E G .  N o R r H  L A r r l u o E

D A T F  I I H E  S O L A R  P O S I T I O N  I ] I R .  N O R I { A I  - - - - S O L A R  H F A I  G A I N  F A C I O R S ,  B r U / S Q .  F I . - H R . - . - - -
a f . r  A t l .  A I | M U i H  B T U / s Q .  F I . _ B R .  N O R r H  N E  E n S r  S F  S O U I H  S H  f E S l  N t {  H O R .

J A N  2 1  8
9

l 0
I I
t 2

F E 8  2 1  1
I
9

l 0
l l
l 2

r { a R  2 1  7
I
9

l o
l t
t 2

2 9 . 6  2 4 4
1 5 . 2  2 6 5

4 0  4 8
l 2 t  I  g 4
l o 8  2 2 1
5 4  2 l r
1 6  t 7 t

t4o  763

3 9  4 7
1 2 0  1 7 9
1 . 0 6  2 1 6

, 1  2 0 7
l ?  l ? 0

3 3 1  7 4 6

2 7  I
I  t . r  l0
t e 9  t t
2 3 5  l t a t
2 4 t  t 7 1
125 260

4 . O
l l . 7
I  t . 8
z l . 6
2 1 . 0

2 . 1
l l . 4
1 9 . ?
2 6 . !
l o . 7
1 2 . 2

1 0 . 2
1 9 .  9
2 8 .  I
3 6 . 2
4 t . 2
4 t . 0

8 , 5
1 8 . ?
2 8 . 8- i 8 . 3

4 6 . 5
5 2 . 4
5 4 . 6

4 . 8
1 4 .  5
2 4 . 6
1 4 .  8

5 3 . 6
6 0 . 4
6 l ,  o

1 6 . 9
2 6 . 9
t 7 . l
4 1 . 2
5  6 . 4
6 t . 6
6 6 . 4

5 .  . t
1 4 . 9
2 5 . 0
1 5 . 2
4 5 . t
5 4 . 1
6 0 . 9
6  J . 6

1 0 .  2
1 9 .  9
2 8 . 4

4 t . 2
4 1 . O

l l . 7
1 9 .  9
2  6 . 6
l l . o
1 2 . 5

4 . 2
t l . 9
1 7 . 9
2 1 . 8

8 . 7
l 4 . 5
1 8 . l
1 9 .  6

5 4  . t
4 2 . 1

s l
l 9 l

5 0
l 8 t

0 . 0 2 1 1
H A L f  D A Y  T O T A L S

7 0
t 5 t
1 6 6
l 4 l

9 3
,.6

J A
3 ?

7 2 8

J 5
l 3 t
1 5 1
1 3 4

8 6
4 2
, 7
t 6

6 4 0

I

t ?
l (
l 5
4 3

0
I

t 3
l ?
l 9
2 0
6 6

l 4
l 9
2 t
2 5
2 6
0 t

t 2
l 5

2 5
2 B
r l
l l
{ 5

t 9
3 1
2 5
2 l
3 0
t t
f 5
3 6

2 1 6

l i l

l ?

2 l
2 6
t 0
t 2
] l

1 5 1

9
t 2
l 4
l 5
4 t

2
t 0
l 6
l ?
l 9
2 0
9 2

8 2
f 7
t4
2 4
2 5
2 6

264

84
t 3 4
l l : r
6 '
, l
3 l
3 l

4 6 6

,
2 A
60
8:t
9 l

220

0
2 6
7 0

l l 0
t 3 5
1 4 3
4 t l

2 l
7 0

t 2 l
1 6 0
1 0 4
1 9 3
652

I
8

, 2
l 4
l 6
4 J

0
I

t 3
l ?
l 9
2 2
6 6

8
l q
4 l

I  l 2
1 7 6
260

I
t 4
2 0
t2
92

1 6 0
2 4 2

I
I

t 2
l 4
l 5
4 a

0
0

l f
l 7
l 9
20
66

f
l 4
l 9
2 t
2 5
26

l o l

l 4
20
2 5
2A
3 l
3 l

1 3 9

2
l l
l 9
2 5
2 9
3 2
34
3 5

1 6 9

4
l 4
2 l
26
3 1
1 4
3 6
17

1 8 4

l 2
2 0
2 5
,0
1 t
3 5
a6

t74

I illE
Ptl

4
t
2
I

t 2

5
4
l
2
I

t 2

5
4
I
2
I

t 2

6

5

t
2
I

l 2

1
6
5
4
1
2
t

L 2

f
6
5
,r
1
2
I

l 2

1
6
5
4
t
2
I

t 2

I  ? . 2  2 9 0
o . 0  2 9 4

H A L F  D A Y  T O T A L S

? 1 . 7
6 0 . 2
4 1  . '
1 3 . 2

1
|  8 5
2 5 1
2 I A

2 1 2
2A I l
296

2 4 4
2 7 0
2 8 2
2 8 8
2 8 9

6 6 1
t 5 4  l 7 l  8 4
l 7 l  z f l  t 5 6

66 22 t  219
22 t  ?6  250

5 2 2  9 4 8  8 0 5

6 t .  I  2 r 8
7 8 . 9 7

l 4
l 9
2 t

2 1
t d l

1 5 5  1 l q  7  t 2 4  2 2
206 207 I I
1 9 4  2 t 9  l 4 t
1 4 7  2 t 1  t 8 ?

14 ZO9 2t6
2 7  1 6 0  2 2 6

? 9 7  I  l t 2  7 5 9

t 2  f t  2  2
1 5 8  8 3  t l  l l
2 1 2  l 4 l  2 0  1 9
2 1 9  l ? 6  1 6  2 5
1 9 4  1 9 0  7 4  2 9
t 4 6  t 8 l  t t 2  t 4

1 9  t 5 2  |  3 7  5 2
3 8  t O 3  1 4 6  1 0 3

1050 986 465 217

A P R  2 1  6
7
I
9

l o
I I
t 2

n A Y  2 1  5
6

6

9
l o
l t l
l 2

5 3  . 8
] 8 .  t
2 0 .  I

1 r . 4
6 1 . 9
4 5 . 4
2 1 . 6

0 . 0

o.  o  299
H I I F  T ) A Y  T O I A L S  I

9 8 . 0  1 0 6
8 7 .  I  2 0 5

1 0 5 6 3 6 5 '
2 0 0  t { 8  l ?  L 4  l 4
2 2 0  t 9 6  5 3  2 0  7 0
1 9 8  2 1 5  t O 4  2 5  2 5
1 4 9  2 0 8  1 4 7  3 l  2 8

? 8  1 7 9  l 7 , t  6 f  3 l
3 4  1 2 9  |  8 : '  |  2 9  1 4

9 6 2  I  O t ?  5 9 t  2 2 t  |  4 0

2 e  . 9
o . 0

2 7 9
2 8 1

1 3
t 3 9
l 5 e
t 3 5

8 5
4 0
l 6
' J

6 3 8

l 4
60

l l 5
t53
200
2 2 t
2 t o
890

4
1 A
9 l

t 4 3
1 8 7
2 2 1
2 + 2
250

|  050

l 0
5 0

l 0 2
152
1 9 4
2 2 f
244
251

l  l 0 9

40
9 l

t4 t
1 8 6
2 1 9
240
247

I  045

H A T F  D A Y  T O I A L S

1 1 4 . 4  t 4
1 0 3 . 9  1 6 0

9 1 . 5  2 1 8
8 2 . 3  2 4 A
6 9 . 2  2 6 5
5 2 . 4  2 7 4

I  { 5

t 3
t 5
2 3
2 6
2 9
1 2
, , 1

a ,
20 ,

t 2
. ,h

3 0
2 A
t l
! \
3 6
1 f

2 5 6

7 9
1 2 8
t t 2

6 5
) 1

3 t
4 6 0

f a
f t
3 5
2 5
2 6
2'l

2 5 1

2
t l
l 7
l 8
2 0
2 l
9 5

9
t 2
l 5
l 5
4 8

0

l 0
l 2
l l
:15

N H

?
l 5
20
2 4
2 6
2 l
o 5

o
B

t 4
t 8
2 0
2 l
6 9

I
I

l 5
l 5

l l
l 9
2 5
2 9
t 2
3 4
3 8

l ? o

o
I

l 4
t 8
2 0
2 i
70

H A L F  D A Y  T O I A L S

I  1 6 . ?  7 0
l 0 { r . 5  l ? o

J U N E  2 1  5
6
7
I
9

l o
I t
l 2

4 t 4
1 4  1 4  1 4
2 2  2 t  2 l
t 3  2 6  2 6
6 1  1 t  3 l
9 7  3 6  7 4

l 2 l  4 1  3 6
129 9 ]  40
4 1 9  2 1 9  1 8 5

6 6  2 l
t 6 ?  a 2
2 l t  t l 3
2 t5  166
leo  t i l
l 4 : l  t  6 I

1 9  1 3 9
4 0  9 t

l 0 9 l  9 t 5

9 6 .  l 2 1 9
4 5 . 4  2 4 5

H A L F  D A Y  I ( I T A L S

7  2 . 6
5 6 . 0
1 2 . 2
o . o

.r 8. : l
2 0 .  I
o . 0

4 7  . 7
J 3 . l
l t . 3

o . 0

t 4 . 5
0 , 0

260
269
2 1 4
2 f 5

J U L Y  2 1  5
6
7

9
l 0
l l
t 2

1 6
t 5 4
2 1 0
2 4 0
2 5 7
2 6 6
2 7 1
2 1 J

H A L F  D A Y  T O f A L S

9 8 . 5  9 6
8 r . 6  1 9 0

t 4 t 2 2
t 5 4  8 0  t 2
207 |  17  2 l
z t t  t 1 2  1 6
l 9 l -  1 8 5  1 2
1 4 4  l t l  l O 9
? 9  1 4 8  l t 3
J 9  t o l  t 4 2

1036 962 456

9 8 5 A 6
1 9 0  1 4 0  l 8
2 l l  t 8 ?  5 l
l 9 z  2 0 6  9 9
1 4 6  2 0 1  l 4 l

7 r f  t 7 1  t 6 7
1 6  1 2 5  l ? 6  I

9 2 8  |  o l t  5 6 9  2 .

a u G  2 1  6  9 . 0
7  1 9 . 2
a  2 9 . 3
9  3 8 , 8

l 0  4 7 . 1
I  I  5 t . l
1 2  5  5 , 3

t l 4 . B
1 0 4 . 4

9 4  . 0
8 2 . 8
6  9 . 8
5  3 . 0
2 9 . 9

0 . 0

7 5 . 9
6 2 . 5
4 5 . 9
2 4 . 9

o . 0

2 1 2
2 5 4
266
2 1 2
2 1 4

2 1 0
2 7 9
2 8 t

2 t6
264

2 8 0

6  l 5  6
1 5  6 1  5
2 l  l l 4  4
2 6  1 6 l  t
t o  1 9 6  2
t 2  2 1 8  I
t t  2 2 6  t 2

1 4 6  8 7 8

2 2
t 2  1 2
2 0  2 0
2 5  2 5
3 0  3 0
l 5  3 l
5 2  t 5
0 t  t 9
2 0  1 7 5

6 6
1 5  1 5
2 1  2 l
2 6  2 6
t1  fo
6 6  7 2
2 5  t 6
?4 t1 f

0 0 5
8 2 1  4

1 4  7 0  t
l 8  l o 8  2
2 A  l t 1  I
2 t  t 4 l  t 2
6 9  4 0 1

1 3 4
a 2 a t

1 2 6 0 2
l 5  8 3  I
l 5  e l  l 2
4 4  2 2 0

s E P  2 1  1
I
9

l o
l l
t 2

o c r  2 1  7
I
9

l o
l l
t 2

N O V  2 l  I

l 0
l l
t 2

r 2 0 5
1 5  6 ?  4
2 0  l l 7  t
2 4  1 5 5  ?
2 6  l ? 8  I
2 t  1 8 6  t 2

I  05  6?0

0 0 4
5  1 6  t

t o 4 2 2
l 2 6 t l
l ,  7 0  t 2
1 1  1 5 6

N E  H O R .

D E C  2 t  A
9

t 0
l l
t 2

6 7 . 1  z t l
53 .8  2 -53

I I A L F  D A Y  I O T A L S

7 8 . 9 I  J 4 l f o  2 t  1  1
t 9 4  7 f  1 5  t 5
2 2 1  1 r '  2 t  2 0
228 I  80  ta  24
202 209 9 l  26
t 5 5  2 t 8  1 5 5  2 9

I  0 5 1  7 3 0  2 4 2  1 0 6

t t o
l 9 l
1 8 6
1 4 2

I t
2 9

? 5 1

6
1 4 4
1 6 4
1 2 9

6 5
2 1

I { A L F  O A Y  T O T A L S  I

7 1 . 9  |
6 0 . 4  1 ? l

H A t F  0 A Y  t O l l t 5

6 l o
1 6 0  1 9  I
2 2 2  t 4 8  1 5
2 t 4  1 9 9  4 2
2 1 4  z t t  I  0 8
t 7 0  2 4 t  I  ? 0
9 0 8  1 7 2  2 5 4

5 4 .  d
4 2 .  A
2 9 . 6  2 ) A
1 5 . 2  2 5 9
o . 0  2 6 4

H A t F  D A Y  I O I A L S

5 2 . 6
4 1 . 0
2 a . 1  2 2 - 2

? 7  |  I
l l 0  t 0  I
l e 4  5 0  t 2
2 i t  I  l 4  l 5
2 4 2  1 7 0  l ?
? 0 9  2 5 6  1 5

H A L F  O A Y  I O I A L S
2 5 5

0

t 0
l 2
l l
l 3

N O R T H

0 0 0 0 0
9 4  1 4 5  1 0 9  n  5
9 4  2 0 t  1 6 4  5 0  I  0
4 f  t 9 9  2 2 4  t  t 3  t 2
l 4  1 6 6  2 t 1  t 6 6  1 4

255 648 645 250 74

THIS TABLE APPL1ES TO: x E S l sou rH  sE  FAs t
CHARLOTTETOWN. MONCTON, NORTH BAY, QUEBEC. S. ST. MARIE! ST. JOHNIS. SUDBURY AND SYDNEY.
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t ?  2 t  t 2
l l t  1 6 7  t 2 2
r o 2  z t l  l e l
5  |  205 229
1 5  t 6 9  2 4 2

!o0  to7  684

J A N  2 I  O
9

l o
I I
l 2

2 . 9
l o . 2
l 6 . O
1 9 .  I
2  1 . 0

1 . 5
1 0 . 4
1 8 . 3
2 4 . 6
2 8 . 8
3 0 . 2

9 . 8
1 9 .  I
2 1 . 6
1 4 .  6
) 9 , 3
4 t . 0

8 . ?
1 8 .  5
2 a . 2
i f . 1
4 5 . 1
5 0 . 6
5 2 .  6

-  5 . 1 -  _
1 5 . 0
2 4 . 7
) 4 . 5
. r 4 .  0
5 2 . 4
5 8 . 6
6 t . 0

8 . 3
1 7 . 5
2 ' ! . r
, 7 .  0
4 6 . 5

6 1 . 8
6 4 . 4

6 . 1
1 5 . 4
? 5 . 1
4 4 , 9

5 2 . 9
5 9 . 2
6 1 . 6

9 . t
l 9 .  t
2 8 . A
3 7 . 9
4 5  . 1
5 1 . 3
5 1 . 3

9 . 8
1 9 .  I
2 1  . 6
1 4 . 6
1 9 .  t
4 l . o

1 . 7
1 0 .  7
1 8 . 6
2 4 . 9
2 9 . O
1 0 . 5

t . o
t o . 4
t 6 . 2
I  9 . 9
2 t . 2

7 . 2
1 2 . 8
1 6 ,  3
1 7 . 6

5 4 . 6  Z z

f t r E
Plt

4
I
2
I

t 2

5
4
1
2
I

l 2

2 9 .  t  2 a t
l 5 . o  2 5 6

4 2 . 5 1 7 5

t 5 9

2 1 5

1 6 9

2 4 9

o 2
t 7

t l  l l
l l  t 3
l 4  1 4
3 8  4 0

0 0
7 t 4

t 2  t 4
1 6  1 6
t 6  l 8
1 9  1 9
6 t  a 2

f  7 8
1 3  7 4
l 8  l l
2 2  2 1
2 4  2 4
2 5  2 5
97 250

I
2 2
5 0
r l
? 9

1 8 4

o
2 2
6 2

1 0 0
l ? 4
t12
3 t t

0  - o  0
9 7 1

4 9  l t  l l
l l 4  L 3  i t
1 6 9  l 3  1 4
25 '  39  38

0 0 0
t l t

t t  t 2  1 2
q 4  1 6  1 6

t t 3  l 8  l 8
f 7 6  2 1  1 9
260 62  6 l

6 6 6
t l  l ,  I t
1 9  l 8  l 8
3 3  2 2  2 2
96 24  24

1 6 3  2 7  2 5
246 96  95

6 6 6
f 4  t 4  l 4
2 0  2 0  2 0
2 4  2 4  2 4
l 0  2 8  2 A
l l  3 0  3 0

t l q  3 1  1 l
2 2 f  1 1 7  |  3 t

6
l 4
2 l
26
3 l
1 4
1 6
t 6

1 8 6

z
t 2
l 9
2 4
2 9
J2
t 4
3 l

1 6 9

6
l 4
2 L
2 6
3 l
f 4
J 6
t 9

1 8 7

t 1 1
l ,  1 3  1 3
2 0  2 0  2 0
2 5  2 5  2 5
30 l0  30
t 5  t 3  t t
5 5  1 5  3 5
07 39  16
2 A  t  t f  t f 6

6 6 6
1 5  1 5  l 5
2 t  2 t  2 l
26  26  26
t 2  2 9  2 9
7 0  1 2  t 2
3 0  1 5  t 2
, o  t 4 6  1 4 5

F E 8  2 1  7
I
9

l 0
l l
l 2

f t a R  2 t  7
8
9

l 0
l l
t 2

x a Y  2 l  . 5
6
7
8
9

l o
t l
t 2

J U N E  2 1  5
6
1
I

9

l 0

t l
l 2

J U T Y  2 1  5
6
1
n
9

I O
I T
t 2

A U G  2 1  6
1
I
9

l o
l l
l 2

{ r c l  2 1  7
I
9

l o
l l
l 2

N U V  2 l  B

I O
l t
t 2
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APPENDIX A

TRANSMISSION AND ABSORPTION DATA FOR SINGLE- AND
DOUBLE -GLAZ,E.D WINDOWS

The transrnission and absorpt ion factors for windows

depend on the angle of incidence of the radiat ion, index of re-

f rac t ion ,  ex t inc t ion  coef f i c ien t  and th ickness  o f  the  g lass"  The

variat ion with incident angle can be approxirnated by using a

polynornial  with cosine of incident angle as the argurnent5 The

coeff ic ients in such a polynorniar depend on the glass character-

i s t i cs .  The da ta  in  Tab le  A- I  a re  fo r  w indowF us ing  g lass  w i th

a  r e f r a c t i v e  i n d e x  o f  l . S Z .

The ext inct ion coeff ic ient and glass thickness always

aPpear  as  a  p roduc t ,  so  tha t  these two pararne ters  a re  cornb ined

in a single pararneter cornrnonly represented as k4. A value of

k ,  =  0 . 0 5  i s  t y p i c a l  o f  d o u b l e - s t r e n g t h  s h e e t  g l a s s  p r o d u c e d  i n

Nor th  Arner ica ,  whereas  s imi la r  g lass  rnanufac tured  in  Eng land

h a s  a  h i g h e r  a b s o r p t i o n  a n d  i s  b e t t e r  c l a s s i f i e d  a s  k X  =  0 . 1 0 .

F igure  A- l  g ives  the  re la t ion  be tween t ransrn iss ion ,  inc ident  ang le

and the  k4  produc t  fo r  g lass .  Tab le  A- I  g ives  the  coef f i c ien ts  fo r

absorp t ion  and t ransrn iss ion  po lynorn ia ls  fo r  s ing le -  and doub le-

grazed windows. rn double grazing, the inside pane is assurned to

have kL = 0.05 and the outer pane to have the value given in the lef t

colurnn.

Transrn is  s ion  1  
5

"D = 
jEo

5- . I a .
J=O J

. o " j  o

"o "J  o

t .
1

Absorp t ion 0, .
J



Table A-I

Coeff iciente for Use in Calculat ion
of Transrnit tance and Absorptance of Glass

k l t
Single Glazing Double Glazlng

a .
J

t .
J

a .  (ou ter ) a .  ( inner ) t .
J

0 . 0 5 0
I
2
3
I

5

o"ol l54
0 " 7 7  6 7  4

-3.94657
8 . 5 ? 8 8 I

- 8 . 3 8 1 3 5
3 . 0 1 1 8 8

-0 .00885
z . 7 l z 3 5

-o "62062
-7 

" O7 329
9"7  5995

-3.89922

0 , 0 1 4 0 7
I . 0 6 2 2 6

-5 "  s9 l3 l
12"15034

-I t "78092
4"20070

o.ooz28
0"34559

- I . 1 9 9 0 8
z . 2 2 3 6 6

-2"05297
0 . 7  2 3 7  6

- 0 . 0 0 4 0 i
0 . 7 4 0 5 0
7 .20350

-z0 . l l 7  63
r i .68824
-6.7 4585

0 .  l 0 0
I
z
3
4
5

0 . 0 1 6 3 6
l .  4078  3

-6.79030
14.37 378

- l  3 .83357
4.92439

- 0 . 0 I  I  l 4
2"39371
0.4297 I

-8.98?'62
l l "  5 1 7 9 8
-4" 52064

0 . 0 1 8 I g
1.86277

-9"24831
19.49443

-t8.56094
6.53940

0 . 0 0 1 2 3
o .29788

-0 .92256
1 . 5 8 1 7 1

-1 .40040
0 . 4 8 3 1 6

-0 .00438
0 . 5 7 8 1 8
7 " 42065

-20 "?6848
19"7  9706
-6.79619

0 .  l 5 0
I
z
3
4
5

0 , 0 1 8 3 7
L"92497

- 8 , 8 9 1 3 4
1 8 " 4 0 1 9 7

-17.48648
6 .17  544

-0 .  0 l  200
2"13036
l "  1 3 8 3 3

-Lo.07g25
lz"44l6l
-4.83285

o .  o l g 0 5
2 .47  900

- l l  
"7 4266

24 .L4A37
-zz .64299

7 .89954

0 . 0 0 0 6 7
o . 2 6 0 1 7

-0 .7  z7  13
l . 1 4 9 5 0

-o.97I38
0"32705

-0 .00428
o " 45797
7 .4L367

-19.92004
t9.40969
-6.66603

0 . 2 0 0
I
2
3
4
5

0 . 0 1 9 0 2
2.35417

- 1 0 . 4 7 1  5 l
z l . z43z2

-19.95978
6.-gggo+

-0 "  01218
l .  909  5o
l "  61  391

-1o.64872
l?.83698
-4.95199

o .  o l 8 6 2
2"96400

- I 3 . 4 8 7 0 1
?7  .13020

-25 .11877
8 .  68895

0 .  0003  5
0 " 2 2 9 7 4

- 0 . 5 8 3 8 1
o"84626

-0.  67 666
0 .zz l oz

- 0 . 0 0 4 0 1
0" 36698
7 . 2 7 3 2 4

-19.29364
1 8 . 7 5 4 0 8
-6" 43968

0 . 4 0 0
1
z
3
4
5

0 . 0 1 7  I z
3 . 5 0 8 3 9

- r 3 . 8 6 3 9 0
26.34330

-23"84846
8" 17372

- 0 . 0 1 0 5 6
l . z 9 7 l l
2 .28615

-Lo .37 l3Z
I  l .  9  5884
-4.54880

o . 0 I 4 z 3
4. \4384

-t6.667 09
31 .  30484

-27 .81955
9.36959

- 0 : 0 0 0 0 9
0.  I  5049

-o.27 590
0 . 2 5 5 1 8

-o . l z9 l9
o . o 2 8 5 9

-0.00279
0 . 1 6 4 6 8
6 . 1 7 7  l 5

- 1 5 . 8 4 8 1 1
15.28302
-5 .23666

0 . 6 0 0
I
2
3
4
5

0 . 0 1 4 0 6
4.  I  5958

-I5.06279
27 .L8492

-23.  88 518
8 . 0 3 6 s 0

- 0 . 0 0 8 3 5
o . 9 2 7  6 6
2. l57Zl

-8.7L429
9 .87L52

-3.73328

0 "  0 1 0 5 6
4.71447

-17.33454
3 0 . 9 1 7 8 1

-26.63898
8 . 7 9 4 9 5

-0 "  000  I  6
0 . 1 0 5 7 9

- 0 . 1 5 0 3 5
0 . 0 6 4 8 7
0.027 59

-o.02317

- 0 . 0 0 1 9 2
0 . 0 8 1 8 0
4 .947  53

-12.43481
1r.92495
-4 .07V87

0 . 8 0 0
I
z
3
4
5

0 . 0 1 1  5 3
4 .55946

-L5.43294
26.70568

-22 "87993
7  . 5 7 7 9 5

-0c 00646
o.68256
l . 824gg

-6.95325
7.80647

-2.94454

0 . 0 0 8 1 9
5.  o1? 68

-17.21228
29"46388

- 2 4 . 7  6 9 1 5
8 .  0  5040

-0c  000 I  5
0 .07717

-0 .  090  59
0 . 0 0 0 5 0
0 . 0 6 ? l t

-0.03394

-0 .  001  36
o.04419
3 . 8 7  5 2 9

-9.59069
9 . 1 6 0 2 2

-3.12'77 6

l ,  o o 0
I
z
3
4
5

0 . o o 9 6 2
4 . 8 1 9 1 r

-15.47 137
25.86516

-21.69106
7  .O87  14

-0 .00496
0 . 5 1 0 4 3
I .47 607

-5 .41  98  5
6 .o5546

- z . z 8 l 6 2

o . 0 o 6 7 o
5 . 1 8 7 8 1

-l 6. 848 20
27.90292

-z2,gg619
7 .38140

- 0 . 0 0 0 1 2
o . o 5 7  4 6

-0.  0 5878
- 0 . 0 1 8 5 5

0 . 0 6 8 3 7
- 0 . 0 3 1 9 1

-0 .00098
o .0257  6
3.  00400

-7 .33834
6.98747

-2.38328
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