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l  \ \ 1 \ t h  l . uh t ) t d t t , t t un t .  I  t t ( t h t . \ t L1 t t , I  n i \ t t \ i t t .  t h t  . \ t : t h t : r l and . \

\ I  /  t l  F  N  t  l r .  r u  n  r \  r r \ r nB  '  ' \  e r  r  ! à lm  s ra  i t s  r e t l ec t i on  can  bc  sccn  as  a  b r lSh t  ho r iTon ta l
V V  r r r . o k a l , ' n g r h e h , , n / , ' n ( F r q \ 1 . 2 )  w h e n r h e r e t l c c l i o n m c r 8 e s $ i l h t h e s u n ' s d i s c

thc sl lapc resemble\ thir l  ol  a capital onlega (O). Thc lo\\  sun can also bc observed 1()
b r  ( ) u r c8 r  sh rpcd  l l  I hc  sc : r  r v r t L ' Í  1s  \ 4a r ' n r c r  t h rn  I hc  a i Í  i r bovc  í t  i 8 .  - l ) (O ' ( ' onne l l  I 96 i ) .
u  he | l  t he  l o$  e f  p l r  f t  ( l 1  t hc  ! un  s  d r \ c  i s  Í r Í l c c ted  r  

 

x  l e \  r r  o i  \ r  x Í r r  l r Í  l L r  s1  l bo | c  t hc  sea  s
\u Í  l l . e .  I  h .  pu fp ( ) \ .  o i  t h i s : r r l l c l r  r s  l o  hc lp  rn  ( ) bsc Í ! e r  ascc r r ; r i n  whc thL ' Í  r h i \  omega
s l r l pc  r s  d r r c  t o  i t  Í e l l c c l r { ) r )  l r o rn  t he  scu  \ L l r l i l c c  r ) r  i n  a  t h i r r  l l \ c r  o l  $ :1 Í r ) r  a r Í .  l hc
phL ' l r o l l r cn r  L l csc f l bed  i n  l h i s : r Í l i c l c  app l \  cqua l l \  u r l l  1 ( )  l h .  sc  t  ! i ng  \ u r r .  bu1  t hc  scq  ucn  cc
i s  ( ' i  r ( ) u Í sa  ra \ c r scd .

R t  I  I  I  (  t I ( ) \ t \ , \ S l t \ t I O \ \ ' I 1 \ t r R ( ) t  \ \ ^ R \ 1  ] \ ] R

\ \  h c n  I  h c  s u r  l s  r  e l l e c t c d  i n  e  l a \  a r  o f  $  a r I n  e i r  t h e  f c l l e c t i o n  i s  r l \ \  a ! s  s e e n  a b o \  e  t h e
h o r i z o n  e n d  c r n  b c  u n c l e r s r o o c l  l n  t e r n r s  o l  t h e  O  s h a p c  b c i n S  e n  i n f e r i o r ' m i r a - r l e  u h i c h
h a . . r  ' l r n r i t i n g  l i n c  a n d e  r l n i s h i I r ! r l i n c  ( l \ Í i n n e c n  l 9 5 , 1 l .  l - i 8  l  s h { r ! ! s  s u c c e s s i v e  l i ) f m s
( ) l  r l r e  r i \ r n r  s u n  o \ c Í  a  * r r n r  ! \ i r l r r  s u r l a c r : 1 s  o b s c r r c r l  o n  2 l  N Í a y  1 9 8 0  l r o n r
S . h i r f n r o n n l k o ( r r  i n  r h c  N . l h È Í l a n d s .  I  h c  s u l r  d o . \  n o l  i l p p c a Í  r i S h I  e t  t h c  h o r i z o n  b u I  i r
l c $  I n l | r l l c s o l a f c r b o \ r i t i l l r c h ( ) Í i , , ( )  l i i l  l r n e J l \ L h i e h l h c \ u D a n p c a Í s r s l h c  v a n r s h i n g
l r n c '  r n d  i s  m a r  k e d  x s  \  i  

 

I r r - q .  l .  I  h i s  l l n c  p i l s s c s  r h r o u g h  t h c  b r o a d c s l  p a r l  o f  t h c  ' i l f s l '

i e ! . n r c n l  (  I  r g .  . l a .  b  )  a n d  l h r o u S h  l h e  n e c k  ( t h c  n a Í r o w  c s t  p a r t  )  o l  t h e  o m e g a  ( f ; i g .  - ' l c .  l ) .
B c t u c c n  t h c  r a n i s h r n g  l i n e  r n d  t h e  h o n i , o n  i s  a n  i n v . f l c d  i n r g e  o i  t h e  p a r l  o l - t h e  s k r _  ( o r

s u n ) t h e r  i s  u s r  a b o \ c  t h e  | a n i s h r n S  l i  e .  I  h r \  i s  r v h l  t h c  r i s i n g  s u n  a p p e a r s  t i r s t  a t  t h c
r a n i s h i n g  l i n r  a n d  i s  I h c n  \ c c n  I ( r  g r o \ \ ' u f w e r d s  i l  d  d o $ n w e r d s  ( F i 8 .  l a .  b ) .  l h e  l i n e
k r ) ( ) r n  r s  I h r ' l r r r r r t i I l g  l i n e ' .  n r l r r k e d  a s  l i n  I : r e  I  i s  l h c  r n r a g i n a Í \ ,  h o Í i T o n t a l  I i n c

c o n n c ( l i n s  l h f  h r s h e s t  p o r n t s  o Í  t h e  s k r  ( r ) r  ! u n )  t h a l  a r c  r e l l e c l e ( 1 .  O n  e i l h c r  s i d c  o i  t h c
r c l l f c l r l ) n  ( ) l  t l r e  s r r n ' s  d i s c  l h r r c  i s  a  r c i l e c t i í ) n  o Í  I h e  b r i g h t  s k !  \ ' r h r c l r  c : l n n o 1  b e
d i s r r r g u r s h e d  i r o r r r  t h c  \ k \  i t s c l l .  (  o n s c q u e n t l l  l h .  w h ( ) 1 . ]  o i  t h r  Í c l l c c l r o n  i s  s c c n  a b o v e
t h c  h o r  i z ( ) n .
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I h e f e l l c e l i o n o l  t h e s u n i n t h c s e a s u r l r c c i s  g c n Ë r a l l \  s e e n b e l o $  t h e h o r i z o n ( F i - 9 .  l )
t r u {  ( ' c c e s i o n a l l \  i o o k s  a s  i 1  i t  i s  a b o \  e  (  I _  1 - q .  2 1 .  I  n  I h r  l a t t c Í  c a s e  t h e  b r i g h t n e s s  o l  l h e  s u n ' s
d i ! c r : x l r n o s l c q u x l t o r h x t o l l h c s L r r Í o u n d i  g s k \ r n d s o l h c b r i S h l n c s s o f t h e r e l l e c t i o n o l '

r h .  s u  

 

s  d i s c  r n  t h c  s c a ' s  s  r l : t c c  $ i l l  h c  Í o L r g h l \  c q u i t l  1 ( l  t h a t  o f { h e  r e f l e c t i o n  o Í  t h c
s u Í r o u n d r n g  s k \ .  l l n d e r  t h e s e  c o n d i t i o n s  i t  r s  a l m o s t  i m p o s s r b l e  t o  d i s t i n g u i s h
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Fig. L Sunrite ater !tu Wadl(n.ee obvtred ron Sthi.tnannikoog (Dut.h NoÍth S.a lsla d\/
29 March 1977. The te|lection ol the:iun in the \€a ! suíote is bclo\t thc hoti,latt

I ig .  ) .  sunn. \ .otet th.wat lden!eob\er te, : l f ronS.hi{nnnnikooq.. ] ( ) . \ lah:h1971.Tht t t í lLr tnt to i
the \un in rtu \eo \ \uia.t] loakt as i[ iÍ i\ ahav( thr horizon. ]n th( origitul tltdL u r ot /àint hot i:on
\.as.tu\Í rttibl( at thc lt\!l iníli.uted bt tfu datted li e
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Ftg 3 Sunt ist  otr  t fu North Si , , . / ron S(hiernaf intkoag ))  , \1u\  1930 Berte ' :n t fu un. lu lut tnq
harizon (h) an.l ttu vnshns ltn? (\) one secs an n*'rterl inase al thë paLt ai rhc !k\ (at !un)
het\t'c ttu linitins lint (l) a d lhe tmishikg litu (r). The sun [irst dt,flatt u! tht tunilhutr ]inl
(a). The lit tl vgnert ol th? lun t tli\. i\ teen ta ho|e upÍut tttd Lorn.r\ (a. h ..)
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t he  re t l c c t i on  o l t hc  sk !  l Í om thc  sk )  i 1sc l , : an  obse Í \ e Í  i s  l i k r l )  t o  nssune  (w rong l y ) rha t
t he  ho r i zon  i s  a t  t he  l owe r  s i de  o l  t he  re Í l ec t i on  and  $  r l l  pe rcc l \  e  l he  $  ho l c  o l  t hc  omcga  to
be  above  t h i s  t a l se  honzon .  The  o r i g rna l  s l i c l es  on  wh ieh  l r i g .2  i s  based  sho*  t hc  Í ca l
h ( , nzon  \  e r v  l a l n t l ) .

l  he  obse rva t i on  o fa  re i l ec t i on  above  t he  ho r i zon  i s  t he re lo re  no l  su l f i c i en l  I o  r evea l
t he  cause  o l  t he  O  shape .  neccss i t a l i ng  f u r t he r  d i scuss ion  o1  l omc  ch i rac t c r r s l r c  Í ea tu res
\\ 'hich act to distrnguish thc source of t l , !  rel lect ion.

( i )  A t  osphe íc  re f Í ac t i on  causes  f a r -o l f sca  uaves  t o  s l and  ou t  aga ins (  ! hc  ho r i zon

lM innae r t  1954 )  I n  t h i s  casc  l he  ho r i zon  q i l l  he  an  undu la t i ng  l i ne  (F ig  3 ) i ns l c i l d  o l  a
s t ra i gh l  one  íF igs  l .  2 )  so  i ha t  i f  an  on rega  shape  i s  sccn  t oge the r  \ r i t h  an  undu la r i ng
horizon i t  is related to reÍ lecl lon in a warm lavcÍ ol arÍ.

( l i )  when  the  sun  i s  l ow  i ! s  image  as  Í b rmed  b r  t he  a tm , r ! phe rc  i s  l l a t t ened  \ o  t ha l  r l s
he igh t  i s  on  ave ragc  l l 7  pc r  ccn t  o f  i t s  w id th .  The re  i s  l ess  l l a t t en inS  o f  t he  i n1agc  $  hcn  l he
a i r  l empc Ía tu rc  ove r  t he  su r face  i s  r e l a t i ve l !  h rgh  I n  F rgs  I  and  2  ( r c , l ec l i on  i n  wa te r )  t he
he rgh t  o f  t he  i r nage  o f  t he  so la r  d i sc  i s  on l r -  7 l J  pe r  cen t  and  75  pc r  cen t  o f  i t s  w id th
re \pcc t i ve l v ;  i n  F ig .  I  ( r e f l ec t i on  i n  a  l a l c r  o f  wa rma i r )  i t  i s  92  pe Í  cen l .  I  h r r \  l vhen  l he
l lattcnrnS of the sun's image is onlv sl ight. thc Íci lccl ion is more l ikel- ' - ' �  due to a laver ol
warm air.

( i i i )  Thc  d i s l ance  be tween  the  \ an i sh ing  l i ne  and  l he  ho r i zon  i s  a  n t casu re  o1 - t l t e
d r l l e rence  be t$een  the  sea  anc l  a i r  l cmpc ra tu rcs  and  i s  un l i ke l y  1 , i  change  du r i ng  t he ,ew
minu tes  {ha t  t he  sun  t akes  t o  r i s c .  Fo r  t h i s  r cason  t he  d l s tance  be l \ r ccn  t he  van i sh ing  I i nc
and  the  hoa iTon  shou ld  r cma in  more  o r  l ess  cons tan t  c l u r t ng  t h i s  pe r l od  (as  i n  F ig .  l ) .
when thcrc is a space belween lhe rel- lecl ion ànd lhe solaÍ disc thc vanishlng l ine ls aboul
ha l l  r r ay  bc t$een  the  l owe r  nm o í  l he  d i sc  and  i he  t op  o f  t he  re l l c c t i on  ( Í r i g .  38 ) .

I f t h c s h a p c s s c c n i n F i g s l a n d 2 w e r e d u e t o r e l l e c t i o n i n a l a - v e r c , 1 \ { a Í m a i Í t h c n t h c
!  an i sh ing  l i n  cs  wou ld  be  rough l y  ha l i  way  be tween  the  l o | \  e r  r im  o t  t he  sun ' s  d i sc  and  t he
top  o f  t he  Í e Í l ec t i on .  I  t  can  be  seen  by  compar i ng  t he  d i s l ances  be lween  t  hesc  ( imag ina r l  )
lanishing l incs and the horizon that ther arc nol constanL l  he o shapc in Figs I and 2 is
rhu : .  I no r (  l i l ( l )  t n  he  d r re  t , '  a  r e l l c . t r un  i n  * r t c r

( i v )Thc  Í e t_ l cc t i on  o f  t he  r i s i ng  su  n ' s  d i sc  i n  a  l a  yc r  o f  wa rm a i r  g radua l l l "  d rops  dow  n
f rom thc  van i sh ing  l i ne  t o  ! he  ho r i zon  ( sce  F ig .  3 ) .  l f t he  re l l ec t i on  i s  i n  ua te r  i 1  r a r i es  on l , v
rcrl '  sl ightl , ,"  wi lh the sun's hcight (Figs I and 2).

í \ ' )  When sea water is warmeÍ ihan {he air above. the lo\{ cÍ cdge of the ' l - i rsl  segment
o l  t hc  sun  s  d i sc  i s  no t  s t r a i gh l  bu t  ben t  upwards  a t  t he  co Ínc rs  (M innae r t  1954 ) .  I Í  t h l s
phenomcnon appearsjus! belbre the omega shape doe-s. i t  nrLrst bc attr ibuted to rel lecl ion
rn a laycr of warm air (Fig. - lb. c).

(vi) The presence ol higher sea than air temperalure can bc dcduced I rom lhe prcsence
o f  i n fe r i o r 'm i rages  ( such  as  l l oa t i ng ' coas t l i nes .  f l oa t i ng ' sh ips .  e I c )  a round  the  l ime  o i '
sun r i se  o r  sunsc t .  Fo Í  i ns tance .  j us t  a I I e r  t he  r i s i ng  sun  i n  F ig  J  was  obsc rved ,  t he
coas t l i nes  o Í  G ron ingen  and  F r i es land  wc Íc  sccn  l o  ' l l oa t '  above  t hc  wa te r  o l -  l he
waddenzee. In other words mirage condil ions were prcscnt and the Íel lect ion was due lo a
l ave r  o f  wa rm a  i r ,

( \ ' r i )  I f  representative obseÍvatlons of air and sea temperalure are ar 'ai lable the-v wil l
help to determine the cause of the O shape of the low sun.

l f the sea tempeíature is the highcr. the Q shape is more l ikely to be t lue to a rel lectton
in  a  l aye r  o í  wa rm a i r .

coNc r  l r s l oNs

when  !he  O  shape  o l  i hc  l ow  sun  i s  due  l o  re l l ec t ron  i n  a  $  a rm  l ave r  o l  a i r  one  can
usua l l y  obse rvc  some  o f  t he  o the r  phenomena  wh l ch  a Íe  l i nked  w i t h  wa rm sea  wa tc r  and
which have becn described above. When Ihe sun's disc is reí lected in the surface ofa calm
sea lbese warm water phenomena are absent, al lhough the rel lect ion sometimes can be
though t  t o  bc  above  t he  ho r i zon .  I f  we  r ràn t  t o  asce Í l a i n  whe the r  án  O  shape  l s  duc  t o
ref lect ion in a layer of warm air or in \ \aler. we need to veri fy whether the phr'nomcna
linked !r '1ih \rarm sea water are present oÍ absent.
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ecknorr ' ledged.
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