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p AINBOWS arc usuall \  obscr\cd during showen when raindrops catcb sunl ight.
l \  Sometrmes a rainbow rs formed by rei iact ion and ref lect ion of l ight weaker than
sunlight. Rainbows have been ÍcpoÍtcd in moonlight (Minnaert 1954), the beams of
ce i l ome te rs (Kang iese r l 950 : . l o rgensen l95 l )andsea rch l i gh t s (Ha rschandWa lke r l 9T5 ) .
FiÍst we shal l  repoÍt and analysc our observations ofrainbows in the beams ol l ighthouses
and thcn go on to discuss the possible formation of haloes in these beams.

RAI \BOU'  BFANl  OVERHFAI)

The author observed rainbows during rain in the beams of l ighthouses of the Dutch
North Sea Islancls ol Terschell ing (FIoor 1978) and Schiermonnikoog. The paral lel beams
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o l  t hcsc  l i gh lhouscs  ro l l t e  i n  r  ho r i zon tn l  phnc  l h rough  l he  l i gh l  \ ou rce .  I n  F1g .  I .  I -  i s  t he

l ighl-sourcc r l  heighl h i lb()\ 'e the obscÍ\.er O. The obserrcr is stancl ing diÍcct lv under

thc  bcam wr lh  l r i s  back  1o  t he  l i gh thoL rs t .  I l  t he  ang l c  r y  be tween  the  ho r i zon ta l  p l ane  and
{hc  d i r cc t i on  o f  r i e \ \  i s  , 12  e  b r i gh t  a r ca  i s  sccn  i n  t he  beam.  I f  t hc  l i gh thouse  has  an

rnc i i ndcsccn t  bu lb  lTc rsche l l i ng )  t hc  cdgc  o l  t he  b r i gh t  a Í ! ' a  l l l c i ng  t he  l i gh t - sou rce  has  a
redd i sh  ro l ou r .  11  , 12 ' {  r y  {  5 l ' a  da rk  i l r ca  i s  \ ccn  i n  t hc  bcam.  A  sccond  b r i gh l  a r ca  i s

s o m a l i m c s  s e e n  r Í  V  -  5 l  ; i n t h i s c a s c l o o a f e . l d i s h e d g c í l c e s l h e d r l k p a r t o Í t h c b e e m
The  second  b | i gh t  a r ca  i s  $ .akc r  t han  l hc  l i Í s t  one  E \cn  i f l hc  sccond  b r l gh l  a r ce  i \  absen l

o r  no t  c l e tec t rb l c  t hc  beam r \  b r i . eh t c r  i f  y  l : 5 l "  l han  r l  i s  i l ' 1 :  <  V  <  5 l  .

F i g . l .  L r g h t  s o u r c c  L o l  t h .  l i g h t h o u s t i r i r t h e i Ê t h t h a b o ! . o b \ e r r t f O  O i s r l d i s t i r n c c d
Í ron r  I hc  l i j o t  o f  ! hc  l i gh lhou \c .  The  b i j r  r  b  i s  ho Í iTon ta l  r nd  o !e r  t hc  l t cad  o l  O .
L )u r  i ng  r l i n  ( )  sccs  h r i gh l  a reu \  u l  R  r ,  ( r l r  : , 11 ' )  ( co r I esp ( rnd ing  t o  i  p r ima Í \ '  bow)  and
r t  R ,  í \ /  -  5 l  )  ( seeonda r \  bo \ \ ) .  Bc t$c .n  R .  t nd  R , .  ( 42 '< \ y  ' : 51  ' )  l hc  bc i r Í n  r s
ra th t r  da r  k

Ihese  b r i gh l  and  da Í k  a Íeas  i n  t he  bca  a rc  f o r Í ned  i n  exac t l \  t hc  samc  wa ]  as  a
no ro re l  r i l nbo ! \ .  I f  r y  -  , 1 - r '  t he  b Í i gh t  a r c^  i s  e  p r ima rv  bow :  i f  r y  5 l '  t hc re  i s  a
secondarl bow. Iherecl eclges ol lhc ho\r 's aae fàcinq cach othcr as in a normal rainbow.
Thc  da rk  a rea  ( , 12 ' {  y  {  5 l ' ) co r responds  l o  A l cxande r ' ' s  c l a r k  band .  r h i ch  i s  usua l l y
no rc  cas i l v  v r s i b l e  i n  t he  l i gh tbe rm o l  a  l i gh thousc  t han  i n  \ un l i gh t .  The  \  a l ues  men t i on .d
i ibovc appl! to orange l ishl.  I-or l igh1 ol other colours thc valucs ere sl ightl)  laÍgcÍ or
slnal lcr.  due lo the di i ïerent rcfrrclr\e indices of wrtcr for thc di l lèrenl colours oJ the
spec t Í um,

Whcn obsr:rvtcl through a polarisation-l i l ter thc bright arca appcars to be polarisccl
pc rpcnd i cu la r l o thcp laneo l i nc i c l cncc (LRO.F - i g .  l ) .Th i s t r peo l  po l t r i ! a t i on  i s  t he  same
as lha to fno fmà l  r a i nbo 'Às  Po la r i s r l i on  hasa l so  been  no t i ccd  1n  ra i nbows  l nce l l onc t c r
beanrs (. Iorgcnscn 195-' l) .

The nrost str iking dif ference betwecn a Íainbow in thc beam ol a l ighlhouse and a
nc)rmal reinbo\r '  is the' wcalth of colour in the latter and lhc absence of colour in thc
lo rmer .

' Ihc 
nrercun vapour l ights used ln nrost ol the l iehthouses ma) be considcrcd as

'nearl\  monochronratic ' íKangieser 1950). so lhat di l- ferent colours cannot bc obscrveLl.
Bul even in lhc bcam ol a l ighthouse thal hes an incandescenl bulb. onl-"_ a rcddish edge
\ \11s  scen  íTe rsche l l l ng ) .  I  he  hck  o l  r ome  co lou rs  i n  t hc  l i gh lhousc  beam mu \ . l n  pa r t .  bc
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due  to  t l ' r c  spc . l r L lm  o i  t hcb . i l Í r .  I hc  me in  r c t son  t ha t  o thc t  co loL l r s  r r c  ah \en l  i n  l h l l

ca \ c  i s  t ha t  t hc  cvc  i s  l ess  \ e r r s i l  r \  r '  t o  co l ( ) u f  l l l  l o$  l l gh t  i n l an \ i t i c s .  Fo r  t he  same  reeson  rn
l una r  r a i nbows  mo \ l  co lou Í s  r Í c  hck ing  (M inn rc Í i  195 ,1 ) .

^no the Í  d i l l c r cnce  i s  l he  d i s tance  t o  t he  I a rnbow i l s  pc Í ce l vec l  b )  t hc  obsc Í vc r .
A l l hough  th i s  d i s tancc  i s  l nde l l n i l e  i n  t hc  case  o f  no r  ma l  r a i nbo$s .  t hc  scconc la r \  bo \ r .
\ \ ' h i ch  i s  h i ghc r  r n  t he  sk -v .  r s  c Í Í oneous l !  pe rec i r cc l  l o  bc  a t  x  h iShe r  a l t i t ude  and  i u r l hc l

l u \ \ a \  l r on r  l hc  p r ima r \  bo \ \ .  I n  I he  ca \ c  o f t hc  l i gh l l r o r r s , :  bcan l  t hc  \ i l L l a l i on  i s  r l i 1 t i ' r cn l

l lere ,.rnly thc l i l in(]r()ps in lhc berm conlr ibrrtc lo thc l i )rmati()n ol the Íninbow. The

fnmary ho\\ '  is at a dislnncc h/sin ,12 - l  5h lronl thc obserrer. the secondlÍ\  bo$ l t t
h / s i n  5 l '  l  l h .  so  t hc  seconda r \  bo \ \  i \  nca Í c r  t he  obs r r ve r .

r . \ , ' / / ,_ , L é
t ;

I r i g .  I  C i comc t r r , o f  l i gh l  r a \ s  l o f r n l ng  Í a i nho$s  i n  l hc  Í o t l l t i ng  t r e l l n ]  o l  l t  l i gh thoL rse  C )

sccs  a  b f i gh t  a r ca  i n  t he  beam.  I ) L r r i ng  r r i n  t he  I i gh t  J ron l  t he  l i gh t - soL r Í ce  I  r s
de \  l r t ed  b t  r a i nd rops  o !  e Í  an  ang l c  à  ( l  -  l J i l  

' .  
p r ima rv  h l rw  ) .  O  \ ees  a  b Í l { h t  r l r c l l

at R. r LR. The oÍienlat ion ol thc beam is given b1 q (q = i i :  beam overhcad).
u  : ' :  O I -R .  Fo r  d  and  h  scc  I : i g .  I

R \ I \ B o W ,  C i I  N I R A I  C  { S F

When  a  I i gh l l r ouse  bc : l n l  f o l a l es -  t hc  b r i gh t  e rea  co r r cspon ( l i ng  l o  I he  p r lma rv  bow
(à - l31l ')  appears to move back and 1i)rwards along thc bcam. I i  the observer is looking
at the bcan'r through a polaÍ isat ion f i l ler he has to changc thc posit ion ol the l i l ler so that
t hc  b r i gh t  a rea  i s  e l  n ra l rmun  l iSh t  i n tens i l \ .  F rg .  2  g i \ es  l he  geome l r !  o l  t hc  \ l l L l a t l on

Thc movemenl ol thc bright afer can be dtscÍ ibcd b\ an expression lbÍ Í /h t1ls a function oÍ '
t he  o Í i cn re l i on  rp  o l  t he  be 'am í0 :0 :  beam ove rhead ) .
App l v i ng  t hc  s i nc  Í u l c  t o  t r i ang le  LRO (F ig .  2 )  one  ob ta rns :

r (  I )

((l<6) (2)

The anglc o is felatcd to g and d/h by:
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r,uh : fd,zhlcos q (l + fd:/hrl sin: rp) cos rp

L 2

t /

\
r \ 1

t r 2

I

_  r r : o . 6 h

d :  t . t  h

- - - - -  d : 2  h

Fig. L Horizonlàl plane through L. The curves indicate the points in the plane where the
obseÍveÍ sees the primary bow. The observer is direct ly below the horizontal axis oi
t he  Í i gu Íe  a t  d i s tances  0 .5h .  I  . l h .  and  2  0h  i i om  L  respec t i ve l l .  (Fo r  h  see  F ig .  l . )' l  

he sol id curve is for d - 0.5h, the dolred curve lor d - I  .  lh and the dashed curve
i o r d - 2 h

This relat ion is derived bv applving the cosine-rule to t . ianglcs LOR and LO'R and thcn
by applying PythaÉloras's theoÍcm to lr iangle OO'R. I  hus bv solving Fqualion {2) for d
and substi tut ing n in Equation ( l)  we hav€ an cxpression for r/h in terms of the rat io d/h,
the orientat ion of thc beam e and deviat ion of the beam i i .  nameh

F i8 .  I  shows  p lo t s  o l  r / h  l o r  t he  p Í i na r ]  bow  (à  :  138 - ) l b r  d  -  0  5h .  I  l h  and  2  0h .
The f igure can be interpreted as fol lo\r 's: the planc oftbe drawing is the horizontal planc
thÍough lhe l ighi-source L in which rhe beam rotales. Thc axes are marked in unirs of h.
l  he curves give the points R where the observer sees the primaÍv bow and indicate the
posit ions of the raindrops that contr ibute to the lbrmation of the bow. FoÍ examDIe, when
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d  :  2  0h  t heobsc rvc r i s l oca tedbenea lh  2on  I heho r i zon ta l  ax i so f  t he f i gu reandobse rves
thc pÍ inarl_ bow at points on the dashcd curve ̂ s the bcam rotates.

As is readi ly derived from F-quation (3). i f  d/h :  0 the curvc rs a circle with centre L
a n c l r a d i u s r -  h c o l  I 1 6 ' : 0 . 9 h ( n o t s h o \ r ' n ) .  l f  d , / h :  I  l  t h e n f o r r g : 1 8 0 " r  0 , a n d
thc clrrve passcs thÍough the l ight-souÍcc I-.  The primarl bow then begins aod ends tts
movcmcnt along the beam at I- .

' l  
hc Ícsults shown in Fiq. - l  are consistcnt wi lh observal ions made bv the author ncat

the above-nentioned l ighthouses. In the case when d - 2.0h the rapid approach and
retreal ol the bow as the bcam passed o!erhead ({p :0) wis ver! signif icant.

l  hc  au lho Í  made  i n l e res t i ng  obse r \  a l i ons  nea r  t he  l i gh thouse  o l  V l i e l and  (ano the r
Dutch North Sca Island). This l ighthousc has divergent beams. w hich i l luminale a quartcr
of the horizontal plane Ihrough I he I ighl-source on cither side of the l ishthouse. Thus the
rainbo\r '  observed was not jusl a small  bright area but was part ofa brighr cLrrve. l ike thc
cu r res  shown  i n  F ie .  J .

Inspeci ion ol Fig. 2 also sho\\ s that lhe posit ion of the plane of incidencc LRO alters
w i t h  i hc  \ a r i a t i on  o l  r p .  Th i s  cxp la i ns  rhe  \ a r i a r i on  obsc rvcd  i n  t he  p lane  o fpo la r i sa t i on
du r i nq  t hc  ro ta t i on  o f  t he  beam.

O J

Fi-e. 4. During snow or in Í loating ice-crystals at temperatuÍcs Íàr helow freezing. O is
I i ke l y  t o  scc  b r i gh l  a reas  a r  H r r  ( ) ( : 22 ' )  ( 221ha lo )  and  1L "  ( /  -  46 . )  ( , 16 , -ha lo ) .
(Fo r  b .  d  and  h .  see  F ig .  l )

l l ^ t o t . s

Just as rainbows originate from a IJ8' deviat ion ol sunl ight caused by faindrops, the
common 22" hàlo originates from a 22' cleviat ion oi sunl ight causcd b,- ice crvstals
( yc l l ow- l i gh r ) .  The  e rac t  va luc  o f t h i s  dev ia t i on  dcpends  on  t he  co lou r  o f  t he  l i gh r , j us t  as
in the case oÍ the rainbow. I Ialocs have also been obscrved in moonlight and in l ighr from
stÍeet- lamps (Minnaert 195,1). In addit ion. haloes have been seen at or ncar the surlàce of
the earth in lreshly-fal len snow and in l loating rce-cra-stals (Minnaert 1954) at
temperatures far below l ice., inÉ!. I t  is probablc that in lhese wcather condit ions halocs
n1al ' .  also be visible in the bcams ol cei lometers. scarchl ights and l ighthouses. As the
dev ia l i on  i n  t he  casc  o f  t he  common  ha lo  i s  22 " .  g round -bascd  obse r \ r t l ons  nea r
searchl ights or cei lomcters are usuallv impossible. The horizontal beam of a l ighthouse
I t owcvc r  ck res  n rake  obse r ra t i ons  poss ib l e  i l  t he  d i \ t anee  d  - - - ' h l l an  12  : 2  5h  (F ig .  1 ) .

Just as whcn observing solar halocs. one has to makc sure Ihat thc l ight source is
bchind thc roof of a house. a trcc or somc o!her object. I f the angle berwcen thc horizontal
plane and the dircct ion oi view rs 22'{obscrver lacing the l ighthouse. beam ovcrhcad) a
bright area should be visiblc. possibly wrlh a rcddish cdge towards thc l i -ehthouse (Fig. 4).
Ncarer the l ighthouse the beam is l ikely ro be darkcr sincc the sky looks darker inside tbe
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l : i g .  5  HonTon la l  p l dnc  rh roL lgh  I  The  cu rves  i nd i ce te  t hc  po in t s  i n  t hc  p l ! r ) '  ! \ ' he Íe  o  i s

l i k c l r  t o  s t c  t hc  2 l  ha lo .  O  i sd i r ec l l ]  be low  o  l ac i ng  t hc  l i gh lhou \e  l l  d i s t anc '  5h

( l i r r  h  scc  l - i g .  l )

2 l  ha lo .  l l l l t i r l l l l t  Vc rs .hL r r t  í  l 9 l 9 )  ha \  obse r r cd  t h i s  k i nd  o l  phe r l on renon  rn  l l oa t rng  r cc

necdlcs in thc hcl l l l ' l  ol  a loÍch
\ '(  t  i rnolhcÍ hf ighl \Pol nrl ]  be r isihlc i l  r j  : '16 . coÍÍesponding to thc '16' hal 'rr '  Br

n r . r n \ o l l h c c q L r i l t i o n \ ( l ) a n d ( 2 ) r n d l e k i n g ó : 2 1  ( ) l  h a l o ) o r l - ' 1 ( r  í ' 1 6  h r l o )  l h '

mo\clnanl ol lhe hir lot\  l l long Ihc beanr cln be coÍr lpute(l
I  i g  5  g i r cs  r t n  c \a f i p l L ' l i ) r  d :  - 5h r  t hc  ha locs  a r t  r i s i b l e  l i ) Í  on l \  l l  s l t o r t  t imc

du l i ng  cach  r ( ) t a l 1 ( )n .

, \ ( K \ O \ \ | I I ) ( ; l \ 1 1 \ I

Tlrr i( l \ icc of Miss S. l \ ' Í .  N' lc\ab in the prcp|Íat ion oÍ lhi \  mantr\cÍ i f t  is gÍatcl ir l l l

rck do\\ ledgcd.
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