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T=[15 (t-T)+L-L] / (15 + 0.009 v/cos B),

= [15 (8-2) - 75 + 63] / [15 + (.009)(600)/ cos 50°]= 3.33 hours.
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1. Effect of Elevation
From simple geometrical considerations,
cos p=R/(R+h)=1/[1 + h/R]
~ I-h/R, h«R, (1)
where pis the additional solar depression at sunset (p in degrees; p* when
in radians).
On the other hand, from the cosine Taylor series expansion, we may write for
small angles:
cos p* = 1-44p*2 = 1% (m/180°)2 p2. (2)
Equating (1) to (2), we find:
p = (180°/m) v(2h/R) = 1.015° vh,
where we substituted R=6371 km and h is in km.
With the sun traveling at 15° per hour, the time, T (in hours), required to
traverse the path from zero depression angle to p, can be shown, by spherical
trigonometry, to be given by:
sin 15T = sin p / (cos B cos D), 4)
where B1s the latitude and D is the apparent solar declination (determined by
the date; see figure).
For small angles (15T), we may approximate:
T ~p/ (15 cos B cos D) hours. (5)
On substituting the value of p from (3), the additional angle due to observer
altitude is found to require a time of:
AT(h) = 1.015 vh / (15 cos B cos D) = .06768 vh [ (cos B cos D)
hours (6)
= 4.06vh / (cos B cos D) minutes
=4.78 ¥ h min. at the equinox (D=0) and the latitude of Jerusalem
(B =31.8°)

2. Calculating a Halakhic Time
The following formula permits the calculation of a halakhic time (T, in hours)
defined by a corresponding solar depression angle (p). The time the solar
depression angle reaches p° is found by solving the following for T:
AM: cosB(T)cosdsin[15(T+E-6) + L(T)-L.] + sin B(T) sin D + sinp =0(7a)
PM: cosB(T)cosdsin[15(T+E~6)+L(T)-L.]—sin B(T)sin D —sinp=0(7b)
where T is the time (standard time of the observer’s clock) when the sun
reaches p° below the horizon.
B(T), L(T) = latitude and longitude of the observer, both as a function of T,
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L, = longitude of the observer’s std. time (usually a multiple of 15°),
D = apparent declination of the sun (a function of the date:
-23.45°<D<23.45°),

E = the equation of time, in hours (a function of the date: -0.24<E<(0.28).

These equation can be solved quite readily for given values of B and L. (For
instance, if the pilot gave the data to a passenger at a given time, he may then
determine where he stands relative to the various times). More generally,
however, solving these equations for T would be no mean task, even if B(T) and
L(T) were well defined. In view of their being empirical functions, determined
by the flight path and plane velocity, such solution becomes clearly impractical.

3. Flight Along Constant Latitude

Relating to a flight eastward along latitude B, at velocity v km/hour: initially

the observer is at the starting longitude, L, and the event (sun at depression

angle, p) at at longitude L . The observer moves eastward at the angular velocity

V,deg/hr and the event westward at the earth’s rotational speed of 15°/hr.
Hence their relative speed is

V, = (V, + 15) deg/hr, (3)
and the time interval required for them to meet is:
T= (Lp-l_{s}j.-v! =15 (t?*ls)l."l (V!-‘—]S), fg)

where t _are the local times of event and starting,
and we note that the difference between local times equals the difference in
longitude (in degrees) divided by 15°/hr. By the same token, the local time
differs from the standard time defined at longitude-difference:
t =T +(L-L)/I5. (10)
The angular (V) and linear (v) flight velocities are related by the number of
kilometers per degree at the flight latitude, B. Since, at the equator, 9° span 1000
km, we find:
V. =.009 v/ cos B. (11)
Subsfituting from (10) and (11) into (9), we finally obtain the required
formula:
T=[15@0—T)+)L —L]/(15+ .009 v / cos B), (12)
which is the formula given in the text.
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