
INVESTIGATIONS IN TO  THE DIP OF THE H O R IZO N
a fte r  H . C. F r e ie s l e b e n  (G erm an H y d ro g ra p h ic  In s t itu te ) .

W ith  reference to the article entitled “ Refraction”  by J. E. R. Ross, which appeared on page 35 

of Volume x x n  of the International Hydrographic Review,, Monaco, 1945, and to Dr. F r e ie s le b e n ^  letter, 
published on page 77 o f the International Hydrographic Review,, Volume x x v ，No. 2，1948，under the title  
o f “ Studies on Refraction” ，an analysis of an article by Dr. F re ie s le b e n  entitled “ Investigations into 
the Dip of the Horizon”  appearing in the Journal of the Institute of Navigation, London, Volume 3，No. 3， 

Ju ly 1950，pp. 270-279，is given below. In  this article, which the author already alludes to in  his letter 
to Mr. Ross, the results obtained by the la tte r are confirmed.

M ost nau tica l tables use as the fo rm u la  fo r d ip  o f  the h o rizo n  D ip  =  i r -8o \/h

w here h is  the  h e ig h t in  m etres, ob ta ined  fro m  the  fo rm u la  D  =  1,.93 \ /  A ( i  -  k )9 
w here k 9 the  coe ffic ien t fo r re frac tion  used in  geodesy, is assumed as h a v in g  a m ean value 
o f 0.13. T h e  fig u re  ho lds  good fo r n o rm a l a tm ospheric  con d itio ns  in v o lv in g  a u n ifo rm  
decrease in  dens ity  o f the a ir  w ith  in c reas ing  h e ig h t. Irre g u la rit ie s  o ften  o ccu t, how ever, 
and the p ro b le m  is w hether such a b n o rm a litie s  can be p red ic ted  th e o re tica lly  o r e m p ir ic a lly . 

A fte r d e sc rib in g  the p ra c tica l d iff ic u lt ie s  in  m easuring  a ir  pressure, te m pe ta tu re , and 
h u m id ity ,  on  w h ic h  the o p tic a l d ens ity  depends, encountered in  a theo re tica l approach 
to  the  p ro b le m , and after a b r ie f h is to ric a l o u tlin e , the  au tho r notes the  e m p ir ic a l fo rm u la  
ob ta ined  b y  Koss and  K oh lsch ü tte r :

o ,.3 7  A  ⑴

w here A  is  the d iffe rence in  degrees cen tig rade  betw een the tem perature  o f  the sea surface 
and  the  tem pera tu te  o f  the  a ir  at the  h e ig h t o f  eye.

F o rm u la  (1) was con trad ic ted  as o ften  as n o t w hen  i t  became possib le  to  o b ta in  accurate 
m easurem ents o f d ip  b y  u s in g  the P u lfr ic h  in s tru m e n t.

T h is  la tte r feat was accom p lished  b y  Rear A d m ira l D r . F . Conrad, w ho  m ade observations 
o f the  d ip  on  H e lig o la n d  and R ügen fro m  1934 to  1938 w ith  the  P u lfr ic h  in s tru m e n t and 
b y  th e o d o lite , ta k in g  tem perature  m easurem ents under v a ry in g  a tm ospheric  co n d itio ns .

T h e  au tho r shows th a t i f  a fo tm u la  o f the type  o f (1) is used and  the coef
f ic ie n t A  is  fo u n d  to  depend on  h e ig h t o f  eye, th e n  the best representa tions o f  the 
H e lig o la n d  observations, at m ean he igh ts  o f 4 m ., 8 m . and  50 m ., were as fo llo w s  :

4 m . D ip  =  1,.74 \/h —  0 :4 7  △

8 m . D ip  == 1,.74 \/h 一  0,.23 A

50 m. D ip  — 1:77 \ J  h — 0,.04 A

in d ic a t in g  th a t the  in fluence  o f  tem pera tu re  decreases w ith  the  increase in  h e ig h t o f  eye.
T h e  conc lu s io n  reached is  th a t the  K o ss-K oh lschü tte r fo rm u la , a lth o u g h  correct fo r 

a n u m b e r o f  cases, is  o n ly  app rox im a te , and th a t a m ote  precise fo rm u la  m ust be evo lved .
T h is  the  au tho r achieves b y  assum ing , as in  the  case o f m ost N a v ig a tio n  M anua ls , the  

atm osphere to  be d iv id e d  in to  concentric  layers- I f  the  dep th  o f  a laye r be denoted as dk, 

the  h e ig h t above sea-level as h、and the  re frac tive  in d e x  as «, th e n  the  d e flec tion  o f 
a ray  o f l ig h t  passing  fro m  laye r n to  ano the r laye r n + dn w i l l  be g iv e n  b y  « ß  =

( - 夺 5 tan

O n the o ther hand  丫 =  tan  Z where r =  the  E a rth ’s rad ius  +  h.

m r (  dtt \
T h e  coe ffic ien t o f  re frac tion  used in  geodesy is  de fined  as k  — ( —̂ ~  j  • In  a

firs t a p p ro x im a tio n  and at m oderate h e ig h ts , th is  coe ffic ien t depends on  the tem pera tu re



grad ien t and n u m e ric a l constants d e rived  f ro m  the  gas constant o f  the  a ir , the  refrac tive  
in d e x  a t 760 m b  and 00 C ., and the  rad ius  o f  the  E a rth . Its  va lue m ay be g ive n  as

dT \
一  d h T  )

A g a in , the  re frac tive  in d e x  « o f  a s in g le  laye r o f  a ir  depends on  its  h e ig h t h and 
its  tem pera tu re  T h .  In te g ra tin g  d y  - fo r  th e  in d iv id u a l laye rs , he gets

D ip  =  5r .o4 \J (0.1123Ä +  T 0 —  T h )  (2)

where h is  the  h e ig h t in  m etres and T 0 the  tem pera tu re  o f  the  low es t layer in  
degrees cen tig rade .

T h is  fo rm u la , w h ic h  o n ly  uses tw o  tem pera tu res, is  lik e w is e  an a p p ro x im a tio n , a lth o ug h  
i t  exp la ins  p rev ious  anom alies ; and the a u th o r p o in ts  ou t th a t the use o f tem perature  
T 0 o f the  lo w e s t laye r o f  a ir  instead  o f  th e  w ate r surface tem pera tu re  appears to  m ake 
a decis ive  d iffe rence .

A  bo rde r laye r o f  a ir  exists over the  w a te r, and d e te rm in a tio n  o f the  tem perature  
o f th is  laye r is  essentia l to  know le d g e  o f  th e  pa th  o f  l ig h t  rays. I t  is  no t necessarily 
re lated to  the tem pera tu re  o f  the  w ater its e lf. O n ly  under n o rm a l a tm ospheric  cond itio ns  
can the  tem pera tu re  d iffe rence A  be tw een  the  w ater and the  a ir be regarded as 
representative o f  the a ir  mass s truc tu re . O n ly  th e n  does a re la tio n sh ip  ex is t betw een A  
and T 0 - T h ,  and  fo rm u la  (1) a p p ly .

T h is  co n c lu s io n  corresponds w ith  resu lts  o f m ode rn  research on  tu rb u le n ce , and 
attem pts have been m ade to  de te rm ine  the  h e ig h t above the surface where a tem perature  
T 0 p reva ils . In ve s tiga tio n s  o n ly  revealed th a t i t  m us t c e rta in ly  be b e lo w  1 m . I t  is 
there fore  im p o ss ib le  fo r  naviga to rs to  com pu te  re l ia b ly  the  d ip  o f the  h o rizo n  fro m  te m 
perature m easurem ents.

T he  a rtic le  is  a s ig n ific a n t c o n tr ib u tio n  to w a rd s  the exp la n a tio n  o f  the  m uch-debated  
p ro b le m  o f  the d ip  o f  the h o rizo n  and shows th a t fo r  p ra c tica l purposes tem pera tu re  
m easurements o n ly  s u p p ly  app rox im a te  va lues and  th a t resu lts  in  in d iv id u a l cases w i l l  
no t be correct.

k  =  6.84 ( 0.034


