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metric data obtained a t  the regular observa- 
tions o the Weather Bureau Office at Philadel hia. 
By means of the ban, a h and thermograph trace s eets 
from Philadelphia a n r  t1e corresponding weather maps, 
the bog minimum temperatures on those days which 
clearly showed that they were not of radiation origin 
were eliminated. Thus the writer could feel quite sure 
he was using data representative, or fairly so, of radiation 
conditions. In  all, 61 observations were used. 

“Dot charts were made, usin bog minimum tempera- 
ture data for Whitesbog anf h grometric data for 

shown in Figures 3 to 8, inclusive. 
‘‘From the arrangement of the dots on each chart, a 

straight line appears to be the best fit and the equation 
(y r (I + 7122) has been calculated, the coefficients of 
whch have been entered on the respective charts. 

TABLE 7.--Dwtributioli of departures of foremst bo niiir irnuni &in- 
pemtures made Qmn hygronaetrie data at Philndc&hin. Pa., from 
actual bog mnininkuum telia eratztres at whitesbog (Nt-/fi Lisbon) N .  J . ,  
Ueing Figures 3 to 8 ,  iiw&sioe. 

% with hyr 

Philadelphia, followin the same p r an for plotting these 
data as was used in R; igures 1 and 2. These charts are 
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“Figures 3 and 4 show the data charted for the total 
number of 12:OO noon and 8:OO . m. observations for 
both the spring and fall seasons. Agures 5 to 8, inclusive, 

minimum tem eratures forecast could be increased i 7 were charted to ascertain if the accuracy of the bo 

a n 1  fall seasons were separately considered 

sli htly increased but not so much as was hoped for, 
alkough some of the largest departures were eliminated. 
Table 7 ‘ves in summanzed form the remarkable results 
ob t aine f 

“The data in Table 7 show that the forecast bog mini- 
mum tem eratures for Whitesbog, based on hygrometric 

minimum temperatures from 65 to 75 per cent of the 
time, while departures in escess of 4’ were very few 
indeed. ” 

for the both spri% o noon and evening data. The accuracy was 

data at P f . adelphia, were witahin 2’ F. of the actual bog 

CONCLUBION. 

(1) In  conclusion it map be said that for the best 
possible results in forecasting minimum temperatures for 
cranberry bogs a good hvgrometric. formula is necessary 
for use with the weather ma . (2) That when the 

good, the hygrometric formula will ive a closer and more 
uniformly consistent estimate of t B e probable bog mini- 
mum temperatures than it is possible to obtain otherwise. 
(3) That a hygrometric formula, correlated between the 
bog minima and data from a near-by Weather Bureau 
station, wi l l  ive fairly accurate and reliable results, 

gronietric forniula adapted to a given locality, if int& 
ently and accurately applied by the grower, would be a 

fairly reliable safeguard without other information. (5) 
That in the latter case, when general radiations were 
not so good as they appeared to be locally, the formula 
might ive too low a temperature and cause the grower to 

aid of the weather map would in most cases avoid. (6) 
That under ideal radiation conditions the error of a well- 
calculated hygrometric formula seems to be no lar er 
than the ersonal e uation in obtaining the data. 77) 

tion nights should be used in calc.ulating t e formula. 

weather map indicates the ra (P iation conditions to be 

and is a valua % le aid to the forecaster. (4) That a h 

flood t % e bogs unnecessarily and at some loss, which the 

That the zata for a t  7 east 50 good, or fairly ood, radia- E 
A SIMPLE QEOMETRIC DERIVATION OF THE LAWS OF REFRACTION OF LIQHT INCLINED TO A PRINCIPAL PLANE 

OF A PRISM. 

By W. J. HUMPHBEYS. 
[Weather BUNU, Washington, D. C., November 23,10!22.] 

In  the theory of halos, as also in any enerd discussion 
of the action of refractin prisms on ii %t, it is necessary 

to a principal plane-that is, a plane normal to both the 
face through which the light enters the prism and the 
face through which it leaves the prism, or, what comes 
to the same thing, normal to the intersection of these two 
faces. 

This problem was first discussed fully by the French 
astronomer Auguste Bravais, and the lam found (often 
called Bravais’ laws of refraction) used in his classical 
memoir on halos.’ They have also been variously de- 
rived by other miters, most recently by T stra,’ and, 

However, none, presumably, of these various derivations, 
some of which are tedious to follow, is readily available 
to the aver e reader of the REVIEW. It may be worth 
while, ther 2 ore, to give those naturally most interested 

to consider the come o f rays incline 8 at various aqgles 

with mathematical elegance and dispatch, ”g y 

1 Jo!~mal de 1’Eeole Royale Pol techni ue IS 1847. * at. I. den hys. und q. dntmich ,  b. do, March, 1922. 
a Journal de #hp. et le Rdurn,  2, p. 62,1021. 

in halos a straightforward discussion of the refraction 
of light rays inched to a principal plane. 

In what follows it will be necessary to remember the 
well-known facts: 

1. The angle of incidence is the angle between the 
incident ray and the normal to the surface at the point of 
incidence. 

2. The angle of refraction is the angle between the re- 
fracted ray and the normal (within the prism) to the sur- 
face at the oint of refraction. 

mal to the incident surface at the point of incidence. 
Similar1 the plane of the refracted and exit rays is nor- 
mal to tge exit surface at the point of exit. 

4. If i is the angle of incidence and r the angle of re- 
fraction, then sin a = p sin r, where p, called the index of 
refraction, is the ratio of the velocity of light in the sur- 
rounding medium, air, say, to its velocity within the 
prism. 

Remembering these facts, let ABC, Figure 1, be a prin- 
cipal plane of a prism; let DEB’ be the plane, perpen- 

3. The p P ane of the incident and refracted rays is nor- 
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dicular to the face of incidence, determined by the inci- 
dent and interior portions of a ra entering the prism 

these two planes: and let ON be normal to the face of 
incidence at  0. Draw 0 M normal to the principal plane, 
and connect hi with L and K, the points on the intersec- 
tion GE determined by the interior ray and the incident 
ray extended, res ectively. 

which are normal to the incident face, it also is normal 
to that face and, therefore, parallel to ON. Hence the 

at 0 and leaving it at  0'; let GH g e the intersection of 

Since GH is t E e intersection of two planes both of 

RG. l.-Path ora ray inclined to the principal plane. 

angle OEG is e ual to the angle of incidence, i, and the 
an le OLG equa P to the angle of refraction, r. 

&early, then, since 

sin i = p  sin r ,  

if, in length, KO - 1, it follows that 

M - P ,  

and sin h = p sin k ,  in which h and k are the angles between 
the princi a1 plane and the incident and interior rays 

he angg  between the principal plane and the incident 
and interzor rays, respectively, are connected by the. law of 

Similarly, 

ective P 
&MS. 

sin h' = p sin k', 

in which h' and k' are the angles between the principal 

OWBER, 1922 
plane and the exit and interior rays, respectively. But, 
obviously, 

.THER REVIEW. 

k' = k, hence h' = h. 

The incident and the exit rays are e+y inclined to 

Finally, if i f  and T' are the rojections of i and T ,  

the principal plane. 

respectively, onto the principal p P ane, then 

p cos k sin r'=cos h sin i', 
or 

sin i' COS k 
cos h' 

-- sin r' -p' = p 

A ray inclined to the principal plane o a prism is so 

in this plane woU?!d take if the refractive index of the medium 
were increased by the ratio of the cosines of the angles 
between this plane and the internal and the i d &  (or 
exd) rays, respectiuely, 

bent that its pro'ectwn on this plane is t .x e course a ray 

RARE HALO OF ABNORMAL RADIUS. 

By A. F. *PO, Observer. 

[Madison, Ms., May 12, 1922.1 

On April 27, 1922, there was observed at  Madison, 
Wis. (lat. 43' 05' N, long. 89' 23' W.), a very distinct 
form of solar halo of abnormal radius occurring simul- 
taneously with a ve brilliant halo of 22'. Halos 

mobably less than a half dozen times in the United 
hates,  references to those on record in the MONTHLY 
WEATHER REVIEW being 43:213, 43:593, 47:120, 47:340. 

The rare occurrence of such halos warrants special 
record being made thereof. Photogra hs of the halo 

to lack of fdters. A prosimate theodolite readings 

The appearance of the halo was first noted by the 
writer at 3:15 p. m., 90th meridian time. The sky 
was nearly overcast with a thin, whitish ciFo-stratus 
veil (west) escept where patches of cirro-cumuli appeared 
ap arently at a lower level (WNW.). The smaller 
ha P o appeared as a distinct white rin of not more than 
1' in width, the accompanying 22' falo being brighter 
t.han usual. 

There was little change in the conditions of the phe- 
nomenon until 3 :50 p. m., when for a short time it attamed 
its qeatest brilliancy. The 22' halo showed 
coloring at  its upper and lower parts, appea-kg ightly 
ellip tical. However, no measurements to indicate the 
distortion were made. The 8' halo continued as a 
whitish ring esce t that in the upper righthand quadrant 

47' 18' at approximately 2:50 p. m. The phenomenon 
was easily visible until 3:lO p. m., when it disapgeared 
behind a dark patch of cirro-cumulus. The 22 halo 
of average brightness was recorded at  7:30 a. m. and 
again at  6:15 p. m. 

of abnormal radius of '9 ess than 10' have been recorded 

in a black conves mirror were made. !r hese failed due 

establish the radius at  a % out 8' 12'. 

rter 
could be seen t E e reddish blue tinge. Sun's altitude 


