523. 7 (512. 317)

ROYAL OBSERVATORY, HONG KONG

TECHNICAL NOTE NO. 14

SOLAR DATA FOR HONG KONG

By

J«E. Peacock

First published October 1955
Reprinted November 1962
Revised Edition Octobe 1976
Revised Edition Octobe: 1978

CROWN COPYRIGHT RESERVED



5.

CONTENTS

TABLES

FIGURES

TIME IN HONG KONG

SOLAR ELEVATION AND AZIMUTH

SUNRISE, SUNSET AND TWILIGHT

DURATION OF SUNSHINE

SOLAR RADIATION

REFERENCES
APPENDIX BASIS FOR OFFICIAL TIME
ENCIOSURE TRANSPARENT OVERLAY FOR USE WITH FIGURE 1

ii

page

iii

iv

14

inside
back cover



TABLES

page
CONVEFSION OF HONG KONG TIME TO TRUE SOLAR 8
TIME
APPARENT DECLINATION OF THE SUN THROUGH THE 9
YEAR
TH. ELEVATION AND AZIMUTH OF THE SUN'S CENTRE 10

FROM HONG KONG

iii



EIGURES

Solar elevation and azimuth for Hong Kong

Time of sunrise, sunset and of civil and astronomical
twilight for Hong Kong

Daily sunshiné duration and solar radiation

iv

page

11

12

13



1. TIME IN HONG KONG

The determination of the sun's position in the sky, relative to an
observer at =« station, is one of the fundamental methods for measuring time
at the station. In Section 2 we are concerned with the position of the sun
as seen from Hong Kong and so it is pertinent to define some of the systems
by which time may be reckoned in Hong Kong.

Hong Kong Time T

This time syster is specified in the Interpretation and General
Clauses Ordinance. Cap. 1 of Laws of Hong Kong, Section 67 is quoted in
full belows~=

67. (1) Whenever any expression of time occurs in any
Ordinance the time referred to is Hong Kong Time.

(2) For the purposes of subsection (1), '"Hong Kong
Time" means the time used for general purposes throughout Hong
Kong namely, 8 hours, or such other period as may be determined
by the Legislative Council by resolution, in advance of Greenwich
Mean Time.

(3) A resolution of the Legislative Council under
subsection (2) may determine Hong Kong Time for the whole or
part of a year.

(4) Nothing in this section shall affect the use of
Greenwich Mean Time for the purposes of astronomy, meteorology,
navigation or aviation, or affect the construction of any document
mentioning or referring to a point of time in connexion with any
of these purposes.

Local Mean Solar Time

This is a measure of time based on the position of the "mean sun"
at Hong Kong. The mean sun is an imaginary point which moves uniformly
eastwards in the celestial equator, completing its circuit in the same period
at the true (or apparent) sun in the ecliptic. The mean solar day is of uniform
length. On this system, noon (local mean time) occurs when the centre of the
mean sun crosses the meridian through Hong Kong. 24 hours- is equivalent to
360° of longitude. Since the longitude of Hong Kong is 114° 10' 18.75"E (at
the Royal Observatory Trig-Station) and Hong Kong Time is the mean time of
120°E, Local Mean Solar Time is 23 min 18.75 s behind Hong Kong Time (or 7 h
36 min 41.25 s in advance of Greenwich Mean Time).

True (or Apparent) Solar Time

Apparent solar days are of irregular length. The two main causes of
this are the eccentricity of the earth's orbit and the obliquity of the
ecliptic. True Solar Time is defined by the position of the true sun. It may
be obtained by adding the Equation of Time to the Local Mean Solar Time.

I See also Appendix



True Solar Time = (Local Mean Solar Time) + (Equation of Time)

(Hong Kong Time) - (23 min 18.75 s) + (Equation of time)

(Hong Kong Time) - H
where H = 23 min 18.75 s - (Equation of Time)

Tn Table 1 values of H are given to the nearest minute for each day
of the year. The table is based on Equation of Time values for 1977 but may
be used for any year if an accuracy of one or two minutes will suffice.

2. SOLAR ELEVATION AND AZIMUTH

The solar elevation above the celestial horizon, h, and azimuth from
true north, z, may be expressed in terms of True Solar Time, the Apparent
Declination of the sun, d, and the latitude, @

8in h = sin @ sin d + cos @ cos d cos t
sin z = =sin t cos d sec h
where ¢ is the latitude;

t is the local hour angle of the sun. It is measured from
thg local meridian and increases as the day progresses.
157 is equivalent to one howr. At 0600 true solar time,
t = 270°5 by noon, t = 360°; and by 1800, t = 90.

The Apparent Declination of the sun (d) is the angular distance of
its centre from the celestial equator as measured from the centre of the earth,
and is considered to be positive to the north of the celestial equator. Table 2
gives the sun'. Apparent Declination for each day of the year. Values are for
1977 but may be used for any year with a possible error of one or two degrees.

The Equinoxes (d = 0°) occur on about 21 March (Vernal Equinox) and
23 September (Autumnal Equinox). The Solstices occur on about 22 June (Summer
Solstice d = 23° 27') and 22 December (Winter Solstice; d = -23° 27'), It is
of interest to note that the sun at noon (True Solar .Time) is in the north
from about 3 June to 9 July; for during this period the sun's declination is
greater than the latitude of Hong Kong (22° 18' 12.82"N at the Royal Observatory
Trig-Station).

If the True Solar Time and Apparent Declination are known then Table 3
or Fig. 1 may be used to find the elevatior and azimuth of the sun.

In Fig. 1 the concentric circles are isopleths of equal elevation.
The centre o2 the diagram rep"esents the zenith (h = 90°‘ and the outer circle
the celestial horizon (h = 0 ). The straight lines radiating from the centre
are isopleths of equal azimuth. The other two sets of lines are isopleths of
True Solar Time (for each hour from 0600 to 1800) and Apparent Declination (for
every 5  and the Solstices).



An example will illustrate how the tables and figure may be used:-

It is required to find the solar elevation and azimuth at 1516 Hong
Kong Time on 14 December.

(i) From Table 1, 1516 Hong Kong Time is 1458 True Solar Time.

(ii) From Table 2, the Apparent Declinatici: on 14 December is -23°,

(iii) Using Table 3 or Fig. 1, we obtain h = 27° and z = 227°
corresponding to 1458 True Solar Time and an Apparent
Declination of -2300 In other words the sun is 27 above
the SW horizon at 1516 Hong Kong Time on 14 December.

The values of h and z are of little direct use to the architect in
considering the relationship between the sun's Position and the features of
his design. Two derived functions are of more direct application.

The first is the angle of incidence, i, of the sun's rays falling on
a vertical surface. The angle of incidence is measured from the normal to the
surface, and other factors being equal, cos i gives a measure of the energy
received by the vertical surface in the same way as sin h is related to the
energy received by a horizontal surface. If the outward normal to the wall
bears r degrees from true north then

cos 1 = cos h cos (n = z)

The second function of interest we will call the profile angle, p.
This is the angle between the component of the sun's rays that lies in the
vertical plane normal to the vertical surface, and the horizontal. The
profile angle may be used to give an indication of the depth of penetration
of the sun's rays into a room after passing through a window. If P is small
then the rays will penetrate well into the room. It is also useful to know
how p varies when designing overhangs to provide shade.

tan p = tan h sec (n - z)

Isopleths of i and p have been plotted on transparent paper using
h and (n - z) as polar co-ordinates in the same manner ac h and z are used
in Fig. 1. This plot may then be used as a transparent overlay in conjunction
with Fig. 1 to read off i or p at any time of year and day. The overlay is
enclosed inside the back cover of this Note. An example will indicate how it
may be used to help in the design of overhangs:-

A building has a wall facing ’70o from true North (i.e.
approximately east-northeast) in which there is a window whose sill
is 2000 millimetres below the undersurface of an intended overhang
outside the building. The architect wants to know how deep the
overhang should be to provide shade on the window in the morning by
the time the sun has risen high enough to make the heat and glare
undesirable. He should place the overlay on Fig. 1 with the
"outward normal to surfaceg arrow (for isopleths of profile angle, p)
pointing in a direction 70 . It will be seen that the profile angle
reaches about 490 by 0900 True Solar Time. An overhang designed with
this profile angle will give shade on the window by 0923 local mean



solar time throughout the year. A deeper overhang having a smaller
design vrofile angle would give shade earlier in the winter and
earlier still in the summer. A narrower overhang would start to
give shade later in the winter and later still in the summer.

For a desigg profile angle of 490 the overhang would be
(1800 x cotangent 49 )mm, that is 1565 mm, deep.

3., SUNRISk, SUNSwT AND TWILIGHT

(a) Sunrise andé Sunset

Sunrise and sunset occur when the upper edge of the sun's disc
appears on an unobstructed ~elestial horizon, with normal atmospheric
refraction. Assuming a ccnstant horizontal refraction of 34! and semi-
diameter of the sun of 16', sunrise and sunset will take place when the
sun's centre is 50' velow the horizon.

The full lines on Fig. 2 give the Hong Kong Times of sunrise
and sunset throughout the year at Hong Kong. Times vary a little from year
to year but the figure may be used to obtain the times of sunrise and sunset
within one or two minutes for any year. Tables of sunrise and sunset times
are included in an annual publication of the Royal Observatory entitled
"Astronomical Tables and Star Caarts for Hong Kong'.

(b) Twilight

When the sun is not too far below the horizom, light reflected and
scattered by the upper atmosphere reaches "hc earthe. The period during which
this occurs is known as twilight, and is usually considered to begin (in the
morning) or end (in the evening) when the true position of the centre of the
sun is 180 below the horizon. At the times this occurs, known as the times
of Astronomical Twilight, stars of the sixth magnitude will be visible near
the zenith. Generally there will be no trace on the horizon of the twilight
glow.,

The duration of twilight varies with the seasons of the year but
any degree of indirect illumination (neglecting moonlight, and the variation
of cloud amount) will always be associated with the same depression of the
sun below the horizon.

Civil Twilight is defined as the time when the depression of the
sun's centre below the horizon is 6 . At this time ordinary outdoor activities
are difficult without artificial light, although there will be ample light
to make possible large scale operations requiring outline only. The brightest
planets and stars (first magnitude) will be visible to the eye.




o Nautical Twilight occurs when the depression of the sun's centre is
127. At this time general outlines will be visible although the horizon
probably cannot be distinguished; all detailed operations are impossible, and
all the brighter stars are to be seen,

The times of Astronomical and Civil Twilight have been plotted on
Fig. 2. The times of Nautical Twilight have been omitted but they lie approxi-
mately midway between those of Astronomical and Civil Twilight.

b, DURATION OF SUNSHINE

Daily values of the maximum possible duration of sunshine, Sqoy were
obtained by subtracting the times of sunrise from the times of sunset and are
shown on Fig. 3.

Average daily values of the duration of sunshine, S, recorded in the
period 1958-1975 were smoothed by a 33-point binomial smoothing function and
the results plotted on Fig. 3. Until the end of 1960 the Campbell-Stokes
sunshine recorder was located at the Royal Observatory Headquarters but it was
then removed to the King's Park Meteorological Station.

The ¢limatological spell of cloudy weather in first half of June
corresponds clcsely with the maximum of the annual daily rainfall curve
(Peacock 1972). While the maximum in the sunshine duration curve occurs early
in July it will be seen that in terms of the percentage of possible hours of
sunshine autumn is, on average, the sunniest time of the year.

5 SOLAR RADIATION

Fige 3 also shows the daily total amount of direct solar radiation,
I falling on a horizontal surface at the top of the atmosphere above Hong

Kong.

I, =f(Jo sin h)/r2 dt

where Jo is the solar constant and has a generally accepted value of
1396 W/ ;
h iz the elevation of the sun's centre above the celestial
horizon;

r is the radius vector of the earth, i.e. the distance of the
earth from the sun.

The integration is carried out from sunrise to sunset during which
time it may be assumed that r is constant.



Global solar radiation, I, is the amount of direct and scattered
solar energy which reaches the surface of the earth. It is affected by:-

(i) variation in the length of the atmospheric path
‘traversed by the sun's rays for different values
of h,

(ii) absorption by water vapour, ozone, carbon dioxide,
oxygen and water droplets,

(iii) scattering by water droplets, water vapour, dust and
by molecular scattering.

Measurements of global solar radiation are made at King's Park
Meteorological Station by a thermo-electric pyranometer (or steel thermo-
pile dome solarimeter) located close to the sunshine recorder at King's
Park Meteorological Station. A bimetallic actincgraph is also installed
nearby for use as a standby unit to the thermo~electric pyranometer.

Average daily values of global solar radiation, I, recorded in the
period 1958-75 were smoothed by a 33-point binomial smoothing function and
the results plotted on Fig. 3. It will be seen that the curve is very similar
to the plot of mean daily duration of sunshine. Sham (1964) gives the following
regression equation based on monthly values of sunshine duration and global
solar radiation recorded in Hong Kong during the period June 1958 - August 1962.

I/I, = 0.220 + 0.575 5/5,



REFERENCES

Peacock, J.E. 1972 Markov chains and sequences of wet
' and dry days in Hong Kong, Royal
Observatory Technical Note No. 32.

Sham, P. 1964 Total solar and sky radiation in Hong

Kong, Royal Observatory Technical Note
No., 22.



pesn senyeva emy] Jo uoyjenby °Suo) Juofg yYInoayz uUBIpIIOW OYJ 3}V OW[J IB[O5 ONI] UTwIqO

*LL6L ‘ovuwm]y TeOTINEN oy3 WOIJ uexw; 6IeA

03 euwy] Suoy Buoy woxj pe3osvIIqNS oq 03 ‘H ‘sejnuTm JO Jequnu ey} SeATH e[qey eyl

IWIL HVIOS FOML O FAWIL ONOX DNOH 40 NOISHAAKOD

*L ITEVL

9¢ cm_mm Tm Ve ivejectectieejcaltzfre|oc|oeg|or|[6t]ar{ariit|Lli|oriot|otistlsr|viivilgiici|er]|er 10queda(
o la o oo fole (6 felelofefololole e etttz it zequency
IN L N ,N‘xrw;!fwllrm;!rmx;;mlafm 8 |8 |8 |6 (6 |6 ewlvﬁw 1,or O {OL | Lt frefrrjerfarjar]eL]et| et 1890300
- L }mﬁ v_-rmf Gl mhi,mp 9l wﬂ.rwr Ll >F1,mﬂ 8L 8L 6L 6L[6L|02|02|02|Le|Le|Le|ce|ee|ee|e| 2| e Tequejdeg
ve |ve |¥e |62 |Ge|Ge|Ge {92 {92 |9e |Lle|le|lz|lec|le|Bz 8BC|B2Z|BC|BC|62Z|6C|62|62|62]|6C|62| 62| 62] 0% 0% 3enfny
rm.nl..wm. 0¢ |0¢ | 0§ (0% [0f | 0% | 0% |O¢ Om%mnl 0¢ |62 |62 |62 |62 62|62 |6c|62|62|BC|BZ|B2]|0B2|08C|82]L2|L2]|Le Atup
- {Le |lej9¢ mm 9c |92 |92 |62 |62 mwlAmN ve | ve ‘mw beive|eziselce|cc|eeieecieelez|ee|ee|te|e|te]e eunp
1z 12 |te|oz |0z |oe oz |oc |0z |0z |og {0z |02 |02 |0z |0z |02 |0z|02|02]|02}02l02z}oz{oz|oz]oz]|o0z]|0z]| 02|02 Ko
- Je itz |te ez liciee |ec jee |ee |ce (s (e |ez (e Ve v b Ve |Ge|se|se|9e|92|9z|9z|le]|Le] 82 Trady
82 |82 182 |62 |6C |62 (62 |0% 0% [0€ 1€ [ 1€ |LE [2& |2e |2€ [ 2% | €€ [ &€ | €€ [CC | Ve | PC [ Ve | PC | G& | 6€ | 6€ | 6E | 9€ | 9¢ oIy
S =T Toe {oc Toc o6 [1e | g [1e [ue |6 1€ |26 |26 | s [o€ | o€ | o€ | o€ o€ | o€ | o€ | o€ | L€ |26 | L6 | L€ | 46 | 26| 26 |  fawnxasa
L¢ [ 1s |96 [o¢ |96 |96 [o¢ o [eg |6 |z [ve [ve |ve |ee [ec [ec |26 |2¢ |26 | ee [ v [og | of [o€ |62 [62 | 02 |02 | 12 | L2 fxwurep
Le |0¢ |62 |82 |[L2 |92 |62 |Ve [¢c |22 [tz |02 |61 |8L |LL |9t |GL|br et |2 Lot |6 |8 L |9 |6 |¥ |€ |2 |} foq J3uoR
Auoascunv H




ge-|¢2-l¢e-| g2 e-jee—|ea=|fe-| ce-jge—|ce-| ca-|Ce-|ge-| o[ c2-| c2- uwgmm- ¢e=l¢e-|fe=| 2= ¢~|ce~|ze~-| 2z~ ze~-| ce~] ze-| 22~ 2aquada(
— lee-{re=]ve-] 1= ve=] ve=| Le={ 0e-| oe-| 02| 0e-| 61- mv 61-{ 61| ai-{ au-lou-{mi-l =] 1=] 1= Li=[or=] 91-[ 91| 1=[c1=| 1= vie | zoqmonon
Pi-{pi=|ci={ei=jet={2t=j2i=|ct=| LL—=| LL=l{L=[OL=|OL= OL—| 6~ mu,rmul A= 8= L= {L= [L- 9= [9~ |&= |G= |G~ {¥= |¥= |V— |¢~ 18q0120
—— |¢= 2= |2-Je= [t= 1= jJOo |0 [0 i+ |+ je+ |2+ |2+ e | e+ |&+ vm,aww. G+ [G+=1G+ 19+ |9+ H[+ |[+ [+ [g+ |8+ |g+ Iaqmajdag
6+ |6+ |6+ |OL+H{OL+[OL+|LL+|bLH| 2L 2L+ eI+ | Qi {gisigLs mﬂw v+ mﬂ+ PL+ I GLH|GLH|GL+| QL+ 9L+ | 9L+ {91+ LI+ LL+] Li+]8L+|nL+ 0L+ ;l,nwm?w:<
A I A T L e T I e e N B e P L e 1t Tad 1 1Ad £ 144 £ 224 £ 1ad E The Anp
— |ge+|ger|cer|cer nmh ge+iger|get|get |t |ger e+ ﬂmy,wmw‘mm«.wmu,mmh+mMﬂemmu WNHfmmm.mm+ ge+ Amufmm+ go+|ge+|zer| 2z wa aunp
geH|zet|zeH| e |LeH|teH ettt | 1eH |02+ |02+ |02+ |02+ 102+ |61+ |61+ 6L+ 6L+ 8L+ |81+ 8L+ 8L+ | LL+|LL+|LL+|91+ |91+ 9L+ [9L+|GL+|G1+ Ke
— |SL+|PL+ipLt | Vi eiH{ei+ e l2ir gLt gt L LLr LI+ ]OoLH[OL+| 0L+ |6+ |Kh+ |6+ 18+ |8+ 8+ |L+ |L+ [9+ |9+ |9+ wm G+ mw \ 1rady
LAS LAJH S (S 0 LB A S A S N Pﬂa.r+ 0 sm = = e je- fe- e e (e (b (b= 16 16— |G- (9~ 19— |9 [L- |L- |e- yoxen
- == |- 8= |8~ |6~ mw oL=ot={ob=[Li=lLi=[1i—|cL={ar-{et—jeL—jeL—|ci—|PL=[Vi-|Pi1=|Gb=[GL={GL-|9L-{9t~ 91— Li—|LL-| L1~ Axenaqay
Li-|8L-|8l- mPLIMwHemru mhw m_m+mﬂy 02-|02=|02- |02— [L2=|1e~|te- 12— [1e- 12— |¢e~ |ee—~ |22~ Nmu,wmu 2e-|¢e-|ge-jee-|ge-[¢e-| e~ Axenuep
L¢ 10§ 162 (82 |L¢ 192 (62 |ve |€¢ |¢¢ [ Joe |61 |8t {Lb f9t |Gt (vi gt Jou fur jor {6 8 1L 19 (& ¥ € |2 |t feq q3tion

(893a3ap) uorjeuyroaq juazeddy

*3ax8ap 188Iwau 9y} 03 pajewyxoxdde pue /L6 ‘ovusmIy TedljneN ayj3 woxy

Pa310®BI}X3 U29q aAeY Sanlep

*gaaxPep ur ung ayy jo uofywur o8 jusxeddy ay3 saATH arqel Iyl

HVEA THL HONO¥HL NOS THL 49 NOTJLVNITOAM LNTHVAdVY

°Z ITHVL




Gve | — ¢be | 9¢z | Lzz | vz | 664 o8t ] 19t | 9bi | €¢v | veL | Lir | — Gt z Lz Cz-
0 - | ¥ 9L | L | 9¢ e | Wy | ev | 9¢ [ Llz | 9L | ¥ — | o0 4 3 °
gbe | — o¥z | 6¢2 | 622 | Ltz | oo2| o08L| 091 | ¢¥i | €L | 12t | v | — 2L 2 0z-
0 - | S BL | 62 | 6¢ I GV | 8F | GV | 6¢ | 62 | 8L | § — | 0 L
¥z | — oGz | eve | vee | w2z | coe| osr | LGL | 6t | 92t | Lt | OwL | — 90l z Czm
0 - 8 02 2 ¢t 06 14 0§ ¢y 2¢ 02 8 - 0 Y o
6Ge | — G662 | 82 | 6¢2 | 622 | 902 | o0BL | VGL | Q€L | 2t | 2Lt | GOL | — Lot 2z oL-
o | — ot g2 G¢ 9t 14 1414 14 1% G¢ €2 oL — 0 Y o
692 | — 662 | €S2 | Wve | Lez | otz| o8L | OGL | 62L | 9LL | LOL | OV | - G6 z -
0 — | 2L |62 |8 |05 |66 | €9 | 66 |05 |8 |G |2 | — |0 q o
oLe | oLz | v92 | 862 | 6%2 | Lge | G2 | o8L | GVL | ¢2L LLL | 2oL} 96 06 06 z 0
0 0 141 82 (84 ¢q €9 89 €9 ¢S Ly 82 14} 0 0 q 0
GLz | Gle | 692 | €92 | GGe | vve | 222 | o8t | 8¢t | 91t | GOL | L6 L6 68 G8 z C
0 2 91 0% . 19 94 L9 ¢l L9 96 ¢y 0¢ 91 2 0 q o
182 | 6Lz | ¥l | 892 | 292 | 2G2 | 2¢2 | o8L | 82L | BOL | 86 26 98 L8 6L z oL
0 14 8t Le 197 66 LL 8L LL 66 94 14 8l 4 0 q o
982 | ¥s82 | 6.2 | ¥le | 892 192 | Gbe | o8l | GLL | 66 26 98 18 9L vl Z L
0 9 61 ¢¢ Ly 19 173 ¢8 173 19 Ly 14 61 9 0 q o
c6e | 682 | vez | 082 | 9Lz LLe | v9e | o081 | 96 68 4] 08 9L A 89 z 0z
0 L L2 141 12174 29 9l 88 9L 29 217 144 L2 L 0 | o
G6z | 262 | lsec | ¥82 | 182 | 8lz | 8L2!| O 28 28 6L 9L ¢l 89 69 z Lz ¢z
0 6 z2 G¢ &V 29 9L 68 9l 29 (3% G¢ 22 6 0 q '4¢ o
8L L 9l GL vi ¢1 |uwooy | 11 oL 60 80 Lo 90 (sanoy) uoT3BUT 08
eury], xBTOS
AmmeMmﬁv ynuayzy

ONOX DONOH WOMA WHIMNAD SoNAS HHd, J0 HLIWIYY (INV NOXLVAATH SUiL

(s@ea8ep) uoryBASTH

.Aoo = ) uoztIoy [eI}89T[30 Y3 8888B0IO 3T
uaym (312suUns pue IsSTIUNS Ieau) S3WT3 8Y3} 3B 8IJUSD S,uns Iyl JO SaNTBA TEYJNUTIZB 8y} 8Ie pPapnIouy OsTy
UOT3eUTTOLD S, uns 8Yj JO s8aN[BA P8j3oalss e ‘auyy ar[og any] ‘Aep ayy Jo anoy yoea I0J ‘z ‘yraou anay
woxj paansesuw Yjnwrize pue ‘Y ‘uorleASIS 8,Uns ayj Jo ‘@saFop g4saawau syl 03 ‘sanTea ay3l BaATI alqey 9y,

*¢ TIAYL

10



&
%
~
AN o *
\ 5
2
R
70 *
K]
s 3
‘ s
12
EAST
4
3
; 7 .
260¢ \ // \ S / 100
)
v [ [T , P
\\ EERR ]
R \ \ y ) \ 3
7 280 ~ . M—M / o ¥
% ) /
-2P25. - \ ]/\fL _2¥27
\ ___*,/’\
\ [
240 4 “ 20
N
\\‘ \ . e
N\ N /
230X 130
\ N
\\ \\;
220 140
210
208 160
IS 70

Fig. 1.

SOUTH

11

Solar Elevation and Azimuth for Hong Kong.
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APPENDIX

BASIS FOR OFFICIAL TIME

Prior to 1972 the Hong Kong Time Service provided by the Royal
Observatory was based on Universal Time, or Greenwich Mean Time as it is
sometimes called. Any expression of timeoccurring n the Ordinances of
Hong Kong is still legally defined as exactly eight nours in advance of
Greenwich Mean Time. Whilst, in law, GMT thus remains the basis for time,
the de facto basis for civil time in Hong Kong changed in 1972 and is no
longer GMT.

Since 1 January "972 the Hong Kong Time Service has beer based on
Co-ordinated Universal Time (UTC). This time now forms the basis for civil
time and time signals all over the world and has been recommended for
adoption as the basis for official time in all countries.

A full history of the subject of time scales would be too long for
inclusion in this publication. However, some background information is given
because the difference between UIC and GMT may approach 0.9 second and can be
significant for some purposes.

GMT may be regarded as the general equivalent of Universal Time (UT),
In applications in which an imprecision of a few hundredths of a second cannot
be tolerated it is necessary to specify the form of UT which should be used;

UTO is the mean solar time of the prime meridian obtained
from direct astronomical observation;

UT2 is UTO corrected for the effect of the small movements
of the earthrelative to the axis of rotation (rolar variation). UT1
corresponds directly with the angular position of the Earth around
its axis of diurnal rotation;

UT2 is UT1 corrected for the effect of = small seasonal
fluctuation in the rate of rotation of the Earth.

The base unit of time, the second, was originally defined in terms of
the rate of rotation of the Earth (1/86 400 of a mean solar day). Barlier this
century it became clear that there are small but measurable irregularities in
the Earth's rate of rotation and time scales based on it are unsatisfactory for
more precise astronomical purposes. The time scale based on the Earth's move-
ment around the Sun, Ephemeris Time (ET), was established by astronomers to
avoid this difficulty but it is unsuitable for general use because the reduction
of astronomical observations to form it is necessarily a long process and the
scale is accurately known only long after the event.

Research on atomic frequency standards indicated that an alternative
basis for a definition of the second might be possible and in 1967 the Thirt-
eenth General Conference of Weights and Measures adopted a resolution to replace
the astronomical definition of the second bys-

The second is the duration of 9 192 631 770 periods of the

radiation corresponding to the transition between the two hyperfine
levels of the ground state of the caesium-133 atom.
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The International Atomic Time Scale (TAI) is the internationgl
refeience scale of atomic time based on the second as defined above in the
International System of Units (SI). It is in the form of a continuous
scale, e.g. in days, hours, minutes and seconds from the origin 1958
January 1d Oh Omip Os. The mean solar day is currently about 2.7 millji-
seconds longer than 24 hours, and TAI is gaining on UT by this amount eack
day. The rate is not constant, however.

At the beginning of 1972 a compromise time scale known as Co-
ordinated Universal Time (UIC) was changed to a new standard so that 1972
January 14 Oh Omin Os UIC coincided precisely with 1972 January 1d Oh Omin
10s TAI. This was accumplished by a step of 0.107 757 7 second being taker
out of UTC. Also on 1 January 1972, the duration of 1 second ULC was
shortened by about 30 nanoseconds so as to equal the second on the TAI
scale. So that UTC and UT1 would never differ by more than 0.9 second,
provision was made for the introduction from time to time of "leap-seconds'
in the UTC scale. As TAL is currently gaining on UT1 positive leap-seconds
are required. A positive leap-second was introduced to the end of June 1972
and again at the end of December each year from 1972 to 1977. As a result of
these seven adjustments UIC was exactly 17 seconds behind TAI during 1978. A
leap-second will again be inserted at the end of December 1978. Although UTC
will differ from TAI by an integral number of seconds, its seconds '"markers"
always coincide with those of Tal.
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