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The dip of the horizon, geometrically deter- 0.003665, there emerges, after some trans- 
mined, is, in minutes of arc formations 

D = 1.927vTt; 
D = 5.04v 0.1123h + T, + Th 

where “h” is the height of the eye in meters. 
Taking into account normal refraction to the 
sea horizon, this formula becomes 

D = 1.78vT 

The latter formula is used in computing most 
published dip tables. If the temperature of the 
air, T,, and of the water at the surface of the 

sea, T,, are very different, then the true dip 
may differ from that computed by the foregoing 
second formula. In general,’ the dip is given 
by an equation in the form 

D = aVz+ b(Tw - Th) (1) 

For Centigrade temperatures, Kohlschfitte? 
gives the values of the coefficients in the 
formula (1) as n = 1.82 and b = 0.37. These 
coefficients have not been generally accepted 
because many series of observations, made for 
the purpose of their verification, have yielded 
discordant results. 

Calculating the theoretical path of a ray of 
light through an atmosphere divided into a 
number of concentric layers of refractive index 

“n,” we find that the value of the dip is given 
by the expression 

7 n 
D= s rono dr 

rV r2n2 - rant 
+ 

rono dn 

70 s nO nv rana - rznz 

where “Y” is the radius from the center of the 
Earth, and the subscript “0” indicates the low- 
est layer. Putting r - r, = h and n = 1 + 

c/l + ~TJL, where c = 0.000293 and (Y = 

* This article is abstracted from a detailed repor? 
made jointly by the author and Dr. G. Priifer, based 
on observations inaugurated by the late Rear Ad- 
miral Dr. F. Conrad. 

The effects on the value of D yielded by equa- 
tion (2), caused by variations in pressure and 
humidity are negligible. Under stationary atmos- 
pheric and ocean temperature conditions, the 
temperature T, may be replaced by T,. Making 
this substitution and expressing equation (2) in 
the form of a series gives us the equation 

- 
D = 1.69v h - 7.5 $, (3) 

where AT = Th - T, 

Equation (3) is in the form of equation (l), 

from which it differs in that the coefficient 
“b” is smaller, and the second or correction 
term is a function of “h” as well as of the 
temperature difference. 

We have made many actual measurements of 
the dip, at various places, but especially on the 
shore of Heligoland. The Heligoland observa- 
tions were made at three different heights of 
eye, with the following results: 

b D 

4 meters 1.74vT - 0.47AT 

8 meters 1.74vT - 0.23AT 

50 meters 1.77vT - 0.04AT 

AT = Th - T, 

These results were generalized into the em- 
pirical formula 

- 
D = 1.8Jl h - ‘$T; AT = Th - T, (4) 

Reconciliation of equation (4) with the the- 
oretical equation (3) is possible only for sta- 
tionary conditions and then only by arbitrary 
alteration of the numerical coefficients. Under 
stationary meteorological conditions, T, is the 
same temperature as T,, in accordance with 
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modern theories of the atmosphere and of 
turbulent motion. 

A graph of the exact formula (2) shows that ” 
it can be adapted, for certain heights of eye 
and temperature differences, to the form of 
equation (I), but both “a” and “b” no longer 2. 
remain constant. See Figure 1. “b” must de- 
crease when “h” increases, as was shown by the 
Heligoland observations. The coefficient “a,” 
on the other hand, will vary with changes 3. 
in AT. 
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Figure 1. 

METHODS USED IN CELESTIAL NAVIGATION* 

FRED FRANKLIN 
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Introduction lunars and time sights. Sumner, in 1837, added 

From the days of the time sight, back in 
materially to the science of navigation when he 

1763, down to the present day there has been 
discovered that a single observation produces a 

a gradual development in the science of navi- 
line of position, somewhere on which the ship 
must be. The method of intercepts of Admiral 

gation. Bowditch, in his first edition of The Marcq Saint-Hilaire, which utilized the dis- 
American Practical Navigator in 1802, included 
in his work the then known methods, including 

covery of Sumner, was another important step 
forward. The publication of Davis’ cosine- 
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