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(d )  To verify the general e uation by deducing some 

(e) To confirni the above results by experiment. 

special cases actually observab P e with parallel rays of the 
sun. 

Dates. A. Y. P. Y. Dates. A.M.  P. Y. Dates. A . M .  P.Y. 

----__--- !-I- 
1917. mm. mm. 1917. mm. mm. 1917. 

dpr.2 2.74 3.00 Apr.8 3.15 3.63 Apr.6 
6 2.62 2.n 9 3.45 4.47 7 
9 2.74 5.36 18 7.29 l a 2 1  20 

12 4 3 7  3.63 21 5.16 5.16 21 
13 1.68 3.30 .................... 23 
21 4 7 5  6.02 .................... 24 ........................................ 25 .................................. 26 ........................................ ................................................ ...... I 30 

.................... ........I : ..... ::::::I ........ ................................. ........ 

TABU 2.- Vapor v r a  at Pyrlrcliomctrk stations on days w h  solar 
. mdiution intGnsitics were measured. 
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TABLE 3.-Daily totals and dp artures of solar and sky r d k l w n  duriit!l 
l p r i l ,  1917. 

[Gramcrrlories per squm centimeter of horizontal surface.] 

Daily totals. )epnrturesfrom normd Excess or deflclency 
sine M t  of month. 

FIG. 1. 

2. Let t,he rectangular coordinate axes be drawn as in 
figure 1, (-s,O,c), (O,O,h) and (z;y,O) being the mor- 
dinates of a source of light, L ,  of an observer's eye E, 
and of a point R in the arc R,R of t,he rainbow, respec- 
tively. 

And let e deiiote the nngle hetweeii the incident ray 
LR a. id the effective rap HE. 

Then we obt,aiii from the triangle ERL, 
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where 

Substituting (3) in (l), and remembering the relation 

DZ= ((!-h.)Z+$, 

D2 - 9 - h.2 - 82 = - 2c]hl or 

we have 

(3) 

na the required equation. 
The c.urve is symmetrical about the axis of 5, but not so 

sim le as to be traced. Since the equation contains the 
angL e and the coordinates of the eye, E, the position of 
the rainbow will be different as we look with the right e e 

3. When both the source of light, L, and the observer's 
eye, E, are in the 2 axis, we may put s = 0, so that we have 
from (3) 

hence 

( d l  + X 8  + 2 + y * ) Z  = (h3 +2 + y Z )  (8 +s? + X 3  + 
!/z + ~ Z S ) C O S ~  

or with the left. This was actuall the case even with t B e 
horizontal rainbow observed on t K e surface of the moat. 

(ih + = (c' + $1 (h.2 + 19) cosae, 

(en. + 9 1 2  sin2B = [ (c' + 9) (h* + P) - (ch, + la)2] cosae, 

ch+la= * ( ( C - ~ ) T  cote. 

= (c- h.)*laco8ze, 
therefore 

The plus or minus sign should be taken according aa 
c > h  or c<h.  

21 388 801 
22 587 1u) 

104 

23 p (  E 
166 
5oa 
134 
206 
574 

392 
549 
274 
77 

103 

'Decade departuro.. ......... 
Excess or deflcioncy calw h... ... 

sinrefirst ofyear..{Percent _ _ _ _ _  
cr/. 5 9 3  : 4 r 4  

EQUATION OF 
I 
INTAL BAINBOWS.' 

[Paper read before the Tokyo Mathematic~physIca1 Society, Jan. 20, 1917.1 

By K~KICHI  OTOBE. 

1. The subject of this paper was suggested to me 
when the horizontal rainbows were being demonstrated 
[ . MONTHLY WEATHER REVIEW, Jan., 1917,45:5]. My 

(a) To deduce the general equation of the horixonttd 
rainbows due to a source of light a t  a finite distance from 
the observer. 

( 6 )  To show that the curves are. not in general the 
conic sections ; 

(e) But when the straight line passing through the 
source and the observerls eye is perpendicular to the 
plane sheet of fine water drops, the curves become con- 
centric circ.les . 

o 1 ject is: 

I Repriruedfrorn Jour. Xoteorol. SOC. Japm. F h .  1917, 3b: 7-14. 
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Suppose c>h as in figure 1, then we have 

9- (e-h)r mte+eh=O. (4) 

(5 1 
Solving for r we obtain 

r=  i [ ( ~ -  h ) ~ t . t ? f  J (C - h)cotze - 4 chi. 

There are two values of r. For example, 
if e-200 cm, 

, h-10 cm, 
e = 420, 

we have 
r, = 19.7 cm.; r, = 191.4 cm. 

In my former demonstration the circular rainbow of 
radius r, was actually observed, while that of radius rz 
was beyond the extent of the blackened plate. 

4. When the sun's rays are perpendicular to a plane 
sheet of water drops, we must suppose e tends to become 
infinity, while h and 0 remain finite. Thus writing (5 )  as 
f OllOWS 

and expanding the expression under the radical sign, 
we have 

d t a n e  
e-h  - r= 

By putting e = o , we obtain 
r = Atan& 

This might have been obtained directly from (3) by 
su p i n  r and 8 finite and e: infinite, for then equation 
(Spw redguced to 

whence 
(7) 

This re resents a circle of radius h tan 0, being the base 

and semivertical angle = e, as shown m figure 3. 

P = (ha + sca + yz)cosze, 

zz + ~2 = h,tanze. 

of a rig % t cone having the observer's-eye as the vertex 

ma. 2. 

5. When the altitude of the sun is less than i, suppose 
e and s tend to infinity, while their ratio reinaim finite 
and equals tan 4, so that 

e=s tan 4; 
then writing (3) in the form 

APRIL, 19T7 

and putting s = - o , we have 

(z + htm+) = (ha + rJ)sec*+ cos% 

After a few reductions we obtain 

This is the equn.tion of conic. sections. 

I I 
I 

FIG. 3. 

If the suii's altitude + is equal to 0 (see fig. 31, equa- 
tion (8) becomes 

which represents a parabola having its latus rectum equal 
to 2htanB and intersecting the axis of z at B point whose 
distance from the origin is hcot 28. 

6. If +#e, transforming the origin to the center (see 
fig. 4 

I w = O  

equation (8) is reducible to 

h%inzBcosz8 
(cos2+ - cosz8)9 - cosz@P - cosz+ - coF3"8 = 0, 

or 

If cos2+-cosze>0 or +<e, t.he above equation repre- 
sents a hp erbola, which is the form of horizontal rain- 

the altitude is probably less than h 4 2 O .  
If cosz+- cosai9< 0 or +> 0, e uation (10) represents an 

7! To confirm the above results recourse niust be had to 
the following experiment. One end, E, of the glass rod 
sup orted horizontally on an adjustable vertical stand, is 

E', the shadow of E, is niarked on the blackened plate. 
-4s EE', EB, RE' and EP (the height of E above the 
plate) are directly measurable, the an es + and 8 can be 

be nearly,equal to that given by the exact theory of A q .  

bow most P requently observable with the morning sun, for 

elli tical rainbow as shown in ?i w e  5. 

use x to specify the position of the observer's eye. And 

easily calculated. The calculated v a t  ue of 8 is found to 

(cf. fig. 4.) 
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8. When the rainbow appears in the sky the air must 
be still and the space between the observer and the rain- 
bow must be clear from any thick cloud or falling rain) so 
that the raindrops causing the rainbow fall in a vertmal 
plane and the effective rays from these drops generate the 
surface of a cone having its vertex at  the observer's eye 
and its axis parallel to the incident rays. Hence it is 
robable that the skg rainbow is, in general, elliptic in 

form thou h it may appear as circular. 
To con& this statement experimentally proceed tu 

follows: When the sun shines from behind you in B l abe  
ratory, let your assistant stand at your arm's length and 
let him spray water drops in a vertical plane erpendicu- 
lar to your hne of sight. You will see a near y complete 

Hence the constancy of the angle between the incident 
and effective rays gives no more conclusive reason why 
the rainbow must be a circle. 

.s-s/. 5e8. 7 

elliptic rainbow whose major axis is vertical. i) 

IMPBOVED KITE HYGBOMETEE AND ITS BECOBDS. 

By W ~ L I S  RAY GREW, Yeteorologiet. 
[Division of Aerological Investigations, U. 8. Weather Bureau, Apr. W, 1017.1 

Free-air records of relative humidity are obtained by 
means of the hair hygrometer. In the Marvin kite 
meteorograph' the bundle of hairs is mounted lon '- 
tudinally in the horizontal screening tube, which a E  
contains the temperature element and recently the 
anemometer wheel. The meteoropaph is attached to 
the middle back rib of the kite, just behind the front 
cell, in such a manner that the wind aIways blows di- 
rectly through the screening tube, thus insurin good 
vendation. In spite of ita good exposure, consi erable 
difficdty has alwap been experienced in obtaining accu- 
rate values of humdity, because of slu r h e a s  or Vag '' 
in the hygrometer. Part of this trou e has been elimi- 
nated by connecting the element as directly as possible 

d 

- 
I See photographs published in this REVIEW October, 1W, P1. I: in Bulletin Mount, 

Wmther Observatory, v. 1, pt. 1, Pi. I; slso l#ecrther Bureau Bulletin P (Werhingtm 
1.W). flg. 1 and Jig. 5.4. A., jr. 

I B 

Fat. I.-SeaMon of horiwntd tube in klte Meomgraph, show method of mounting hairs of hygrometea. (I, Firecl post: b, Pivoted arm; c, Pan wm; d, 8p* ror 2Liw b i r s  at constant tension. 


