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ABSTRACT 

The horizontal deflection relative to the rotating earth is determi

ned of an object dropped from rest from the top of a tower. A salient 
feature of rhe rresent qi.;est is tl:at the relevant equations of motion 
are formed without bringing in the concept of conolis fores. 

1. INTRODUCIION 

The well-known problem of horizontal or east\rnrd deflection of a 

body dropped from rest from a certain height has been worked out in 
many text-books of classical dynamics (see 12) and [4]) introducing 

the idea of coriolis force that arisesj due; to the interaction between 
the rotation of the Earth atd the velocity of the body as observed 

relative to the Earth . J. M. Potgieter [l] whifo solving the problem 

in an alternativ method, first derived the equation of the path of the 
object with resprct to an inenial frair.e (non-rotating) and then 

obtained the exact horizontal deflection by transforming the former 

equation to those with respect to a rotating frame relatively fixed to 
the earth • Stirling [3] derived the same result almost with the same 

technique as that of Potgieter (l] bLt only when the object is allowed 
to fall in th' equatorial plane (zero latitude). 
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Potigieter [l] tackled the problem in unnecessary details incorpor

ating many redundant equations . However, the present design brings 

forth altogfther a different method of attacking the same problem. 

2. SOLUTION TO TtlE PROBLEM 

Case I. Let the particle fall from the top of a tower of height 

h situated in the equatorial plane and (x,y) be the instantaneous posit

ion of the particle with reference to a non-rotating frame XOY, 0 

being the centre of the earth . If g be the acceleration due to gravity, 

w the angular velocity of the Earth about the polar axis and a its 

radius then the equations of motion of the particle are given by 

d2x 
-dt2 = - g cos wt (I) 

d2y . -- = - g sin wt 
dt2 

(2) 

along with the initial conditions that at t = 0, x =a + h, i.e.· y=O, 

dx = O, dy = (a + h) w due to the earth's rotation 
dt dt 

.. (3) 

The solutions of equations (!)and (2) with the help of (3) can 

be obtained as 

x = a + h - g ( 1 - cos wt ) / w2 

y = ( a+h) wt - g ( - sin wt ) iw 

(4) 

(5) 

which, on expanding cos (wt) and sin (wt) in series aud neglecting the 

square and other higher terms of w, reduce to the iorm 

x =a+ h - i gt2 (6) 



Y = ( a + h ) wt _ gwt3 
6 
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(7) 

If T be the time taken by particle to reach the surface of the earth

then at t=T, x = a cos (wT) and y =d (say) so that by the use of eqns 

(6) and (7) along with the foregoing approximation we get : 

h=i gT2 

d= (n+h) wT- gwT3 6--

(8) 

(9) 

Eliminating T from (s), (9) and taking into consideration that the 

foot of the tower in the meantime has already moved eastward a 

distance equal to a sin (wT) :::::::: awT, the eastward or horizontal def

lection, from the foot of the tower, of the object is given by 

( )

l 
1 . 3 1 2h 2 

D=d-awT = __ gwT = - 2hw -
3 3 g 

(10) 

Case 2. If the particle be dropped from the top of a tower situated 

in the norfhern hemisphere at the latitude .\ then because of the 

Earth's rotation about the polar axis, it initially acquires the velocity 

___.,. ___.,. A 

Vo= w x (ath) r 

-kw x (a+ h) ( i cos ,\ + k si1? ,\ ) 

= jw (a+ h ) cos.\ (11) 

where the right-handed inertial frame OXYZ consists of the X-axis 

whicn is the line of intersection of the equatorial plane with the plane 

passing through the polaraxis and the radius vector joining the centre 



90 ' 

0 of the Eatth to the top of the tower, the Y-axis perpendicular to 
the former axis and the Z-axis coinncident with the polar axis, U.j.k) 

being the un.it vectors a~sociated with the system of axes. Equaiion 
(I I) reveals th~t the P,article initially gains a ,;elocit,y equal to w(a + h) 
cos,\ and that too in tne eastward direction indicated by the Y-axis. 

If (x,y,z) be the position of the particle at any instnant of time 
t with respect to this non-rotating frame ffxed in space, the equations 
of motion can be written as 

d2x 
dt2 

qx d2y -,--
r dt~ 

- qy d2z ----, --r c/12 

( r2 = x2 + y2 + 2 2 ) 

where the initial conditions are 

= -

t=O, x=(a+h) cos,\, y=O, z,.= (a +Ii) sin..\, 

q? 
r 

dx 
dt 

dz 

dt 
~ 0 and _dy 

dt- (a+h) w cos A 

( 12) 

(13) 

1t is a formadible ta;;k to obtain solutions to equations (12) subj.~ct 
to the initial conditions. However, approximate closed form solutions 
can be found out the equations, in the fo!lowiPg way 

If w is considered to be so small as to be totally negligible, obvi
ously the path of the particle is vertical, i, e., one dimensional 

. accounting for no deflection eastward or otlierwise, which is tanta
mount to solving equations ( 12) where.in the parameters x, y, z as a 
way of the first approximation are replaced by tl:eir initial values 
from (13). Because of this fiast approximation, equations (12) reduce 

to the form 

cPx - - g eos ,\ ,.!!!Y = 0 d2z 
dt~ ' "di7~ - g sin,\ (14) 

ut 4 



which, as a consequence of (13) and neglecting w, yleld 
x ·= ( a+ h ) cos,\ - E g cos ,\ t2 

Y=O 
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z=(a+h)sin.\-];,gsin,\t2 •· (15) 
The second approximate solutions to equations (14), which can be 
carried out by not neglecting w in (13 ), become 

y = ( a + h ) ( w cos ,\ ) t (16) 
where the expressions fer x and z remain the same as in (16), In order 
to obtain the the third approximate solutions to the equations of set 
(12), we ban pa proximate in its s~cond equation y and r by w ( a+h) 
cos ,\ t and ( a+h) respectively; in view of the second approximation 
( 16), initial conditions (I 3 ), a1Jd u,2 and other powers of w being negll· 
gibly srr.all, then, by virtue of (13). the intrgrations of (12) lead to 

y = ( a+ h ) w ( cos ,\ ) t - ( 116 ) gw ( cos ,\ ) t3 • . • ( 17) 
d = ( a+h) w (cos,\) T- ( 1;6) gw (cos,\) T3 . .• (18) 
h = igT2 • • (19) 

wbrre Tis the time taken by the particle to fall on the surface of the 
earth. Combinit:g equations (l8J and (19) on the lines of (8) and (9), 
the eastward deflection of the particle relative to the foot of the tower 
can be (.,btained as 

D=d-aw (cos,\) T 
= l I /3 ) g ( w cos ,\ ) T2 
= ( 1/3) 2h (cos,\) ( 211/g )1/2 • . • (20) 

To continue this approximation process, we need to replace in the 
secOLd equation of (l2) y by its expression from {17) and r by its 
initial value as mentioned earlier, so as to obtain with the help of 
equations (13) and (19) the more accurate deflc;ction. 

I h 2h 2 [ J ( )
1 

n1 = 113 2hw I - 20 ( a-:+li)- (cos A ) ---g (12) 

The comparision of (20) with (21) reveals that since h < < a, the 
former gives the most ideal result • f--Iowevd, from the theoretical 
point of view, further oo ntinuation of this process entails greater 
ac- uracy in determining the deflect ion of the particle , 
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