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TABLE 8.-Extract from observations on the north coast of Russia (L. L. Breitfuss)-Continued 

March.- 
A ril 

June---. 
July _ _ _ _ _  
March.. 

May __-_ 
June.--- 
JUIY _ _ _ _ _  

&y:::: 

April____ 

- 

Stations 

-30.1 1-124 -42.8 
17 9 +3 o -41.4 

+lo. 0 I+% 4 -4.6 
+15.6 '+a. 9 +2.9 

-26.5 -6.0 -46.8 

+7.1 ,+27. 6 -6.8 

--4: 6 1 +7: 5 -23.3 

-17.9 I -1. 1 -39. 2 
-5.0 I +8.9 -28.5 

+io. 4 1+26.5 -0. 8 

Steamship Eclipse. 1915 
(Taimyr Coast near 
Cape Wild. 75O 40' 
N., 91' 25' E.). 

MWCh. - 
April _ _ _ _  
Mav..-. 
Jun'e _ _ _ _  
July _ _ _ _ _  
Marrh.. 
April _ _ _ _  
June _ _ _ _  M a y  _ _ _ _  
JUly __.__ 

Steamship Sarja. 1901 
(Taimzr coast, 76O 8 
N., 95 8'E.). 

-31 7 '-44. 6 -40.1 
-21.9 1-11.8 -36.2 
-11.0 ' -0.9 -220  
+0.7 ! +4.4 -9.8 
+a. 1 ' +?.8 -1.7 

-31.0 -14.1 -48.6 
-21.9 -3.0 -44.8 

+4.S +%.6 -11.7 
-6.4 +6.4 - 3 . 9  

f10.8 ;+%. 5 -1.2 

Bulun, 1914 _ _ _ _ _ _ _ _ _ _ _ _  

Kszatchle, 1901-1905-.- 

Steamshi Sarja. 1003 
( N x q n L h  Harbor, 
Sibrria Island 7 5 O  
22' N.. 137O 10' h.). 

Rowkoe OustIe, 1895- 
1903. 

Nizhne holymsk, 1901- 
IlnJi. 

Pitlekai, 187% _ _ _ _ _ _ _ _ _  

. . . .. _. ._ 

Temperature 

Mean 1 Max. I Min. 

i 
Month 

March. - 1-22 8 1-10.4 1-40.9 

March-- -34.3 !-la 6 1-47.5 

May-.-. -20 1+15.4 -31.3 
June _ _ _ _  +lo. 1 ,+25.0 -0.8 
JUIY _ _ _ _ _  +E I 1+1.7 +a I 

I Wind 

Frequency (In per cent) I- 
Velocltg 

2 4  
5.6 
5.5 
2.7 
2.8 

4.8 
5.2 
7.0 
7. 1 
6.4 

4.7 
5 .2  
6. 2 
6.8 
8. 9 

6.1 
3.6 
5.3 
5.7 
5.4 

2.7 
3.5 
3. 9 
4.8 
5.2 

5. 4 
6.8 
4.3 
La 
5.8 

3.8 
3.9 
4.1 
5.2 
5.2 

2 4  
3. 2 
3.2 
3.4 
3. 1 

. - - - - - - - 

. - - . - - - - - - - . - - - 
-. - - - - 
---.___- 

-- - 

- 
N. 
- 

1 
4 
0 

10 
15 

2 
3 
1 
7 
5 

1 
2 
5 
4 

16 

3s 
17 

13 
22 

1 
7 
9 
9 

13 

2 
11 
14 
8 

12 

4 
4 
6 

11 
10 

6 
9 
1R 
15 
XI 

29 
37 
24 
29 
10 

40 

- - 

- 
rlE. 
- 

9 
13 
7 

19 
29 

3 
5 
R 

10 
4 

5 
7 
9 

11 
31 

3 
6 

25 
27 
33 

0 
11 
9 
7 

12 

0 
16 
14 
20 
5 

8 
11 
8 

10 
I 

6 
9 
9 
9 
8 

6 
6 

19 
7 

16 
- - 

- 
E. 
- 

6 
7 

12 
15 
2 

16 
9 

16 
7 

13 

2a 
23 
23 
27 
37 

0 
1 
4 
7 

10 

8 
14 
23 
25 
18 

1s 
40 
20 
28 
11 

14 
25 
31 
27 
9 

14 
12 
10 
10 
10 

2 
2 
13 
2 

16 
- - 

SE. 

9 
3 
7 
4 
3 

13 
3 

10 
10 
11 

25 
14 
16 
19 
18 

1 
0 
1 
2 
2 

21 
5 

15 
11 
9 

55 
18 
8 
8 

16 

6 
10 
17 
1 I 
12 

29 
27 
21 
26 
10 

6 
2 
3 
2 
7 
- - 

- 
6. 
- 

5 
16 
10 
4 
4 

9 
2 

17 
20 
7 

14 
7 
9 
7 
0 

10 
9 
1 

I4 
8 

13 
5 
6 
4 
5 

16 
3 

11 
5 

11 

2 
3 a 
5 
9 

6 
6 
7 
(I 
7 

13 
5 
8 

14 
16 
- - 

-_ 
3W. 

23 
41 
31 
6 
8 

26 
13 
17 
18 
19 

7 
11  
9 
R 
0 

14 
18 
1 

17 
7 

13 
8 
4 
3 
5 

1 
2 
3 
2 
5 

26 
17 
6 
5 
5 

11 
6 
9 
7 
9 

8 
8 
5 

m 
18 

- 

- - 

- 
W. 

6 
9 

10 
6 

13 

7 
18 
16 
22 
27 

12 
31 
15 
15 
0 

5 
6 
3 
8 
4 

15 
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13 
10 
11 

1 
1 
4 
1 

10 

12 
12 
8 

11 

7 
8 
8 
8 
9 

i 
6 
8 
3 
7 

- 

la 

- - 

- 
gW. 
- 

1 
2 

13 
4 
8 

1 
17 
3 
4 
9 

3 
10 
11 
10 
8 

1 
6 
6 
3 
4 

fl 
14 
15 
IS 
23 

0 
3 

12 
21 
23 

4 
6 
7 

10 
12 

5 
S 
8 

12 
13 

24 
28 
19 
16 
8 
- - 

D8yS With- I 

3 __.____ 11 3 3.7 
4 _ _ _ _ _ _ _  4 18 9.3 

14 _ _ _ _ _ _ _  3 16 7.3 
19 _ _ _ _ _ _ _  6 14 6.4 

3 _ _ _ _ _ _ _  o a i  ao 

1 __-_ - - -_____-__  3.2 

I 10 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  7.7 
I 2  8 _____________._ 8.0 
18 5 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  7.6 

0 4 8 10 5.8 
0 8 3 14 6.8 
o 1 2 1 3 J 6 . 8  
0 7 1 13 7.5 
0 7 3 15 7.2 

0 8 13 3 3.7 
2 8 7 9 5.0 
4 8 5 12 6.3 
6 12 4 14 6.9 
4 15 3 16 7.4 

3.4 
6.9 
6.7 

3.4 
3.4 
6.7 
7.7 
7.0 

4.0 
4.6 
5.4 
5.3 
6. I 

5.1 
6.4 
8.5 
7.0 
7.5 

T H E  EFFECTS OF A LIGHTNING STROKE 

N. ERNEST DORSEY 
[National Research Council] 

On the night of Sunday, Se tember 13 a tuli tree 

ning. %n the 
following day it was ins ected very carefully and photo- 
gra hs were taken. 8 ther photographs were t,aken 
anlinspections were made from time to time, for t.he 
purpose of confirmin or of extending the memoranda 
previously made. Tfe  case is of considerable interest, 
as the e%ccts produced give uite clear evidence of the 

restricted areas a t  points not over about 8 feet 

Some rain had fallen earlier in the evening; it is not 
known ositively whether i t  rained much after the 
stroke, {ut the appearance, the nest morning, of the 
round in the corner by the steps (G, fig. 11, and the 

fact that leaves and dirt were still adherin to the wall 
of the tower (fi 
but little after t f e  stroke. 

The prominent objects in the nei hborhood of the 
tree are shown in Figures 1 and 2. %xcepting a one- 
story concrete building about 60 feet to the east, there 
is no other tree or other prominent object to the west, 

(Liriodendron tulipi era) in t E e yard o! All Zaint's 
Chapel, Annapolis d unction, Md., was struck b light- 

It was examined the ncxt morning. 

direction of the stroke, and s 1 ow that it was delivered 

from to '"P t e ground. 

6) indicate that it pro % ably rained 

north, or east within 200 yards of those shown in Figure 
1. On the south there are trees, but the nearest is 75 
feet distant. The group shown in Figure 1 is essentially 
isolated. The ourid is near1 level to the south, west, 

east. 
The tree which was struck is A: it was 47 feet high, 

and 6 inches from the ground it had a girth of 49 inches. 
It stands between a 56-foot tower (wood, stone founda- 
tion, no lightnin rod) and three other trees of approxi- 
mately its own %eight ; of these, two are of the same 
kind as itself. The highest and most exposed tree in 
the ard is B: i t  was not damaged in the least. The 

plane between C and D, each about 47 feet tall, and 
finally struck A about 8 feet from the ground. The 
most distant s linters were found a t  K and L; they 
were small. Zmall splinters were on the roof of the 
chapel, one was sticking in the frame of the door. The 
only lar e section torn from the tree lay a t  E; it was 

and was bent about as indicated (see also 
, and 0.5 b 1.5 

inches in section. 
and which will be 

and north, an f slopes gradualy T downward toward the 

stro z -e ignored both B and the tower, passed in a vertical 

14 feet f on 
fig. 7). At%, was 

4-foot sp P inter 
which was caught 
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mentioned again, the other splinters thrown off were 
small. Circles indicate the overhang of the branches 
of C and D. 

Figure 3 is a view looking u and slight1 to the east 

portion of the trunk lay in the an le HA1 (fig. I),  its 

tree. Notice that the blazed portion did not extend to 
the top of the trunk. It had a very definite upper 
limit, 27 feet from the ground. The entire ap earance 

somewhere between the u per and the lower arrow- 

standing splinter to the left (upper arrow) was 12 feet 
long, and 6 feet from the ground it had an arc of 4 inches; 

of southeast. At 5 feet from t Yl e ground, t 1 e splintered 

vertex was 4 inches from the nort f west surface of the 

of the damage suggests that the center of vi0 P ence lay 

that is, between 12 feet an B 8 feet from the ground. The 

L 
x x x  

X s 
6 0 '  T55' 

X 

X X A,#. 
.-X,T41' .' \ 

.e.--- 
,.*..' 

...,I 9 \ 

X', 
r47' / H ... r4i' 41'',J 
5 ': 

I 

SCALE INFEET ,a ,x x x X %  x x, T k  
IO' t o  20' I 10 20 __I' 

Fro. L-PIan of surroundings of tree A which was struck by  lightning on September 
13,1926. Treea are denoted by  crosses; tuli trees are markedwith aT; numbersindi- 
cate height. Fuel shed is 6 feet hiah. dtched area la a brick walk. Splintered 
SemMUt-lay in angle HAI, near ground the vertex was 4 inches below surface 

sides of wedge1 were 3.5 inches; some grass and dirt 
were on its upper end on Tuesday morning. At the 
level of the central arrow is a knot hole in the trunk, 
where a branch has been broken off and pulled out. 
On the upper side of the hole, a sliver from the branch 
still projected from the trunk; it can not be distinguished 
in the figure. At the lower arrow, notice a splinter which 
has been split and bent into the form of a T. This is 
a valuable reference object which will appear in other 
fi es, and to which we shall have occasion to refer. 
K s h a l l  call it the " T s linter." The black, weathered 

inclosed by the trunk, may be seen. 
Figure 4 is a view looking upwards and to the north- 

west; it shows the split in the unsplintered ortion of the 

A J  (fig. 1). %e extreme top of the s lit was near 

he is 4 feet 8 inches tall. The lower 30 inches of the 
trunk was unsplit. The two sides had merely been 

ends of several stubs o P branches, which had become 

trunk. The s lit lay in the vertical p Y a m  through 

the top of the blaze, about on the level of t R e boy's head; 

I The crosssections of all splinters have roughly the shape of truncat8d wedem, the 
bounding lines approxfmately coinddin wlth growth rings and radial lines. The di- 
mensions nre given in terms of the lengti of the outer am and the average thickness 
don,# the two-bounding radial lines. 

bowed apart beyond the elastic limit of the wood. The 
blunt end of the cross of the T splinter is seen projectin 

is seen the end of a s m d  splinter which was caught in 
the frame of the door. 

T h e  
large s tan ing  splinters; also the small ones which have 
been driven out from the interior and broken down, and 
which are now firmly clamped between two of the stand- 
ing splinters. At the upper arrow is the top of tha 
T splinter. At the lower arrow and in the interior, 
may be seen the u ward pointing end of a reflexed 

stencling splinters. This sliver was one inch wide, 0.5 
inch thick, and 25 inches long, and was attached to the 
standin splinter at  a point 54 inches from the ground. 

arc of 3 inches, sides of wedge were 3 inches. In order 
for the sliver to be able to fly clear of the standing trunk 
so as to be caught and bent into nn angle of 30°, as shown, 
this splinter must have been blown out to a considerable 
distance from t.he vertical. If its deflection was such 
that i t  was bent into an arc of a circle tangent to the 
vertical at the ground, then the radius of that circle 
could not hare been greater than 4 feet, and the chord 
joining the base of the splinter to the oint of attadzment 
of the sliver must have made with t % e vertical an angle 
of over 30'. 

Along the edge of the unsplintered portion of &he 
t.runk, extending from the central arrow to the ground, 
there was a strip of bark 0.75 inch wide which had been 
frayed out as if whipped by the wind. It lay along 
a crack. From its lower end, and in the plane of the 
crack, there was a shallow furrow in the ground. The 
furrow was an inch in diameter and about 1 1  inches Ibng. 
With the exception of two insolated frayed areas and four 
small punctures, this frayed strip was the only portion of 
the bark which was damaged except bv a purely mechan- 
ical tearing. The four punctures will be described in a 
later paragraph. 

One of the isolated areas of frayed bark was on the 
southwest side of the tree, not far from the frayed strip; 
it was 1 inch bronc1 and 5 inches high; its lower end was 
29 inches from the ground. The other was on the 
unsplintered segment of the trunk, in the plane of the 
split (AJ, fig. 1) ; i t  was 3 inches broad and 6 inches high; 
its lower edge was 3 inches from the ground. The trunk 
was not split under either of these areas, but the sapwood 
was discolorecl, and there was a central area which 
presented a porous appearance, but in which no hole 
nor crack was found, thou h a shar probe was used. 
In the plane of the split fAJ, fig. l r a n d  beginning 11 

inches from tohe unsplintered side of the tree, there is a 
superficial hole in the ground; its opening was 1.5 inches 
in diameter: i t  was traced for a distance of 18 inches, and 
was nowhere more than 2.5 inches below the surface. 
Just beyond the brick walk, in the corner by the steps, 
about 15 feet from the tree, there was another hole 
about the same size and lying nearly in the same plane; 
i t  was even inore superficial than the one on the other 
side of the tree; its opening was directed towards the tree. 
A little to the northeast of the hole first mentioned, and 
6 inches from the trunk, there was a vertical hole 1 inch in 

are burrows made 

across the top of the frame of the door; just below ita en f 

roc1 f eanin against the tree is 4 feet long. Note the 

sliver which is attsc i ed to the farther of the two up- 

At 5 P eet from the ground, the standing splinter had an 

Fi ure 5 is a view looking slightly north of east. 

. 

. 



mber. 1925 (To face p. 480) 

FIG. P.-Thegrr~w indicates the tree which was struclc 

4 

FIG. 4 

II 
I 

I 
FIG. 5 



M. W. R.. November, 1925 (To face p. 481) 

I 
FIG. 7 

FIG 9 
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charge, but i t  seems improbable that they are otherwise 
relatvd to the stroke. 

Figure G is interesting in showin how small leaves 

to a height of 9 or 10 feet; none was on the east side. 
The ground in this corner, between the steps and tahe 
wall, gave no evidence of more than very superficial dis- 
turbance, but t,hat disturbance was pronounced; the 
grass a.nd d6bris had t.he appearance of having been 
combed upwards. The disturbed area was en tirely 
within the rectangle (28 bv 48 inches) between tlie steps 
and the wall ( G ,  fig. 1). Only a few small splinters were 
found in t.his corner. 

Figure 7 shows the only large sect,ion which was torn 
from t.he h e .  It was bent. ap roximatdy as shown a t  

t,o trlie east; the bend la From 

p0int.s about 30' to the right of t,he c.nniera; the branch 
projechg from i t  and seen lying in front of t4he steps is 
the one which came from the knot hole a t  the central 
arrow of Figure 3. it,s junction- with the section was 
about 3 feet from the bend. Neither end of this sect,ion 
dug int.0 tlie ground; the condition of the ground and 
the appearance of t,he dirt adhering to t,he bend clearly 
indicated trlint the section struck u on the bend. The 

Figure 8 shows the bend of the large section shown in 
Figure 7; the section has been readjusted so as to obtain 
a more suitable view; the upper end extends to t,he left. 
Notice how the fibers have been crumpled. An esaminn- 
tion of the bend showed that tlie two portions of the 
section had been driven together, crumplin and crushing 

damage must have occurred before the sectZion left tho 
tree. 

Figure 9 shows the broken but,t of the limb project,ing 
from t$e lower ort-ion of t,he section shown in Figure 7; 

below the section. Notice how squarely t.he but.t ha.s 
heen broken; the fibers were not twisted nor split apart 
in t,he least. Where the break occurs, the fibers of the 
limb have become nearly parallrl to t,liose of tjhe main 
trunk. This broken butt fibtecl into the knot hole a t  
the central arrow of Figure 3. That hole mas 10 feet 
3 inches from the ground, and was nearly 1.5 inches 
deep. Furthermore, tlie sliver which still roject,ecl from 

this cavity was about 3 inches deep. The branch has 
been broken off squarely across the grain, and has heen 
pulled out of the trunk as a tenon might be pullecl froni 
a mortise; in doin this, the sliver attached to the t,runk 
has, reciprocally, %een pulled from this section without 
damage to it,self, although i t  wa.s only 1 inch wide aud 
near its tip was only 0.25 inch thick. Such a breaking 
and ulling apart could have resulted only from a tension 

lying in the plane between tlie sliver and the butt; these 
made an angle of 33' with the vertical. What seenis to 
have occurred is this: A force directed about 30' from 
the vertical was 

and dirt were spattered over the sout f i side of the tower, 

E (fig. l)? convex toward t,he E ark; the lower end was 

the bend to the lower en B was about G feet.. This port,ion 
20 feet from tho tree. 

sect,ion must, have been so bent be f ore it left the h e .  

the fibers. As the section struck upon t 5 o bend, this 

here it is upsi B o down. The limb it.se1f map be seen 

the trunk fitted into t.he cavity a t  the le P t of tlie butt; 

whic I; i was quite closely along the direction of the fibers 

wedge 3 inches, and trhrew it up into the branches, 
where i t  was st.ill hanging on Monday morning, some 
3 feet higher than the top of the blaze. This splinter 
carried the hark which was torn from just below the 
branc.h seen in Figure 3 at the left and near the extreme 
top of the blaze. 

search failed to disclose any other charred spots; s ecial 

ing portions of the trunk. At the lowest spot, merely 
the surface of the bnrk was charred: at  the next, the 
bnrk seemed t.o have been penetrated, but there WRS no 
evidence that the wood under it WR,S damn ed. The hole 
a.ppenrec1 to nitike wit.h the vert,ica.l an ang B e of about 28O. 
Marks matching the other two holes were found on the 
large, torn-out section and on two other (interior) stand- 
ing splinters. I t  was thus possible to reconstruct, in 
)art., this From the region of the 

was n.va.ilable MYIS too damaged by the bending and 
swaying of the splinter to permit. one to draw m y  very 
definite conclusinn regardine the initial nature of the 
hole, but i t  seemed to  enber h e  tree almost horizontal1 . 
was avnilable. and liad been damaged but little. In 
pa.rticular, a fair length of the hole, including it,s very 
end, was found in n single large splinter. In  sections 
normal to the 1engt.h of the hole, the wood was discolored 
(grayish) over an elliptical area: 1 inch beyond the bark 
the vertical nsis wns 4 inches, the horizonta.1 was 0.75 
inch. The hole entered the wood at nn angle of about 
50' with the vert.ica1. I ts  entrance was a proximately 
three-eighths inch in dinmet.er, nncl a very s K ort dist,ance 
after entering t,he t,runk it mas but. litt,le lnrger than the 
lead of an ordinary drawing lend.  It extended into 
the wood about 2 inches bepnc l! the bark, and the vertical 
plane including it clevinted but little from that marking 
the westernmost face (AH, fig. 1) of 6he unsplintered 
portion of the trunk: the deviation, if any, was probably 
to the north. 

same seemed to have eeen true of the upper hole, but there 
n strip of the trunk lying quite near t.he surface was 
shredded. Beyond this narrow skip, the wood appeared 
to have merely been slit apart,, until the apex of the 
splintered ort,ion was reached. 

blaze and split, there was a column of fibers which had 
been quite completely shredded. Some idea of the nature 
of the shredding niav he obtained from Figures 8 and 9. 
At a height of 10 feet, the shredded column was 0.75 
inch in diameter. It lay quite closely dong the grain of 
the tree. It was split, probably by a small knot (fi 
9), just below the square break; one segment was niuc 
larger than the cther. The snialler segment passed to 
the west, and the larger to the east, of the squarely 

attention was given to t.he bend (fig. 8) and t.0 neig R bor- 

ort.ion of the tree. 
Iiighest ho P e? too much material wn.s missing, and what 

A large part of the material from around the second ho T e 

The hole went strni lit t,hrough the sa. 
wood without (~amnaing it cscept f y perforation. TK 

Along t e e itpes, estending the entire length of the 

k 
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broken limb; both followed the grain of the trunk, and 
thus united above the limb. It will be noticed that in 

around the limb to unite above it,. the direction 
passin! of the bers has 
and where they 
the direction of 
the butt of the 
Figure 9 nearly upside down, so 
natural position.) The inner fibers actually formed a 
kind of inverted cup. 

As the shredded strip estended to the to of the split, 

tree was struck at a But such was 

the bark was examined very carefully, from the t.op of 
the split to the very highest crotch. It was entirely un- 
damaged, except a t  one point. The point was 15 inches 
above the top of the split (hence about 15 feet below the 
top of the tree), on the unsplintered side of the tree, and 
on the upper side of a minor branch, close to where i t  
joined the trunk. There, a piece of bark 0.2-5 inch wide 
and 1 inch long had been blown off, and at the trunk end 
of the strip ed portion there was a hole about one- 

tuft of shredded fibers. Not only the presence of the 
fibers, but the ap 8aranc.e of the edges of the hole and 
the manner in wlich the bark was torn showed quite 
lainly that the damage was caused by a mechanical 

force ctcting from within outwards. After cutting off 
the branch, the hole was probed into the trunk to a dis- 
tance of 3.5 inches, the probe being a No. 36 copper wire. 
Obviously the hole was almost completely clear for this 
depth, or i t  would have been impossible to have probed 
it with such a wire. Whatever produced it, blew it 
almost completely clear of woody material for a distance 
of about 4 inches. 

S t  
the section 3 inches below the branch with the hole, the 
shredded column was evident as a spon y area; B part 

the section 6 inches higher, the spongy area was much 
smaller; and a t  the top of the next 6-inch section, there 
was none to be seen. From that section there was but 
one branch, and neither i t  nor the bark of the section was 
damaged in any way. The top of the shredded column 
did not reach the surface, but ended in the interior of the 
trunk. 

At the section made a few inches above the original 
ground level, the diametcr of the shredded column was 
much less than it was at  the level of the top of tLe T 
splinter. 

There were five large, spreading roots (the tulip tree 
has no ta root). Of these, only one was damaged: of 

The damaged root was 5.5 inches in diameter, and left 
the trunk in a newly northwest direction. The apex of 
the damage was 0.75 inch from the south face of the root. 
The entire damage consisted in a rather minor splitting 
of this side. A small root (1 inch in diameter) from the 
same portion of the trunk was split on its lower side; the 
s lit was nearly radial, and not over one-fourth inch 

. Beep. This root lay entirely below the large ones. 
Here eseemed to have been quite 

seemed to be merely a vent where the root gave way. 
There were incipient splits nearly coinciding with the 
growth ring passing through the column. 

From these observations, i t  seems probable that, until 
it reaches the heart of the tree, the shredded column, 

and possibly beyond it, it  is natural to conc f ude that the 

not the case. On the 5 uesday after the tree was struck, 
oint still higher. 

sixteenth inc R in diameter, from which projected a small 

After the tree had been thrown, it was sectioned. 

of i t  entered the knot corresponding to t B e branch. At 

the five, t E ere was but one which was smaller than this. 

ain the source of dam 
narrow P y restricted to a smal P column of fibers; the split 

marking the apex of the damage, is bounded throughout 
its length by the same sets of growth rings and radial 

lanes, or by their counterparts in the roots and where 
Rnots disturb the regular arrangement. It seems that 
whatever produced the shredding had its origin near the 
level of the top of the T splinter, passed both upwards 
and downwards, with ever decreasing intensity, alon a 
slender column of fibers, and experienced reat d a c  f t 
in passing in a direction transverse to the fi % ers. Indee l  
there was no clear evidence of any passage transverse to 
the fibers: in this direction, the trunk was merely splin- 
tered or split apart, or, as in the case of tshe hole in the 
small branch 15 inches above the s lit, the fibers are torn 
and punched out, but are not shre i ded. 

Herein seems to lie the explanation of the square 
break. In  its rush up the fibers, the shredding agent 
encountered the overhangin and somewhat cupped 

them transversely with sufficient freedom to prevent the 
stresses from becominv greater than the tree could stand, 
even though most of tEe agent continued along the fibers, 
around the bend, and upwards. 

What was the agent which roduced this shredding? 

liberated by the passage of an electric current throug the 
tree. But to me this is not satisfactory; it seems to 
me improbable that steam or other gas could primaril 
have been responsible for all of the effects observed. 
am of the o inion a that in this case the lightning stroke 

speed beam of cathode rays, w ich planted in the trunk, 
at  the depth of the shredded column, a large number of 
electrons. Their mutual repulsion, when their onward 
velocity was arrested, urged them in all directions; but 
having become attached to the molecules formin the 
contents and walls of the cells. they were unabe f to 
penetrate the fibers in a lateral direction, althou h they 
could travel with moderate freedom along the fi % ers, in 
the direction of the flow of the sap. Hence they traveled 
alon the fibers, shredding them as they went; being 

split, and the branch was broken squarely and pulled 
from the trunk. 

Although many accounts of the effects produced b 
lightnin have been written, their correlation is exceeB 

fibers above the branch, an d was unable to penetrate 

The orthodox answer seems to % e: Steam, or other ases, 

P 
consisted o P something ana10 ous to an intense, high- 

I 

5 

unab 5 e to penetrate the fibers transversely, the tree was 

ingly di Ei cult, 

the Weather gureau seems 

details. It is very 
on record in appropriate 
detailed descri tions of 

the assembling of such data. 
has been struck, the following 
vations seem desirable; others 
case under study will occur to 

1. A plan of the surroundings, drawn to scale, showing 
all prominent objects and the heights of those which are 
as tall or taller than the one struck, should be made. 
The kinds of trees and the t (whether 
frame, brick, with lightning roT etc.) should E stated. 

2. Both general and detailed photographs of every- 
thing that a pears of probable sioPificance or interest as 
affording in P ormation re arding &e nature, extent, and 
location of the damage sEould be taken. 

3. The ground, for a considerable distance in all direc- 
tions from the tree, should bebarefully examined, and 
notes should be made of all holes, furrows, and -other 
disturbances which may -have”resulted from the stroke. 

es of buildin 

- __-___ 
a For an elaboration of this oplnion, see Journ. Washington Aced. Sclenoea, January, 

19%. 
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Their sizes, locations, and directions are of importance. 
They should be entered upon the plan. 

4. If the tree is splintered, notes should be made of the 
positions of the most distant splinters, as well as of all 
the large ones. The positions of the latter should be 
carefully determined; the distance, position with refer- 
erence to the tree, and the position of the bark are of 
importance. Do they a pear to have hit violently upon 
an end; if so, upon w h i z ;  if not, is there any evidence 
of which part bore the brunt of the blow? (The main 
evidence is to be sought in the ground and in the soiling 
of the s linter.) All significant features, such as those 
which refate to the nature of the breaks, should be noted 
and photographed. 

Are 
all portions of the splintered niaterinl damaged in the 
same way, or is there indication of a path, or of paths, 
of eculiar damage? In  the latter case, how do these 
pat R s differ from the rest, how are they situated, do 
they reach the surface at tiny point; if so, where, and 
how is the bark affected at  that point? Whtit are the 
sectional dimensions of the paths, and how do they vary 
from point to point? Trace the paths as far as possible; 
do they encounter any knots and; if so, how do they 
pass around them? 

6. Search for punctures of the bark; remember that 
they may be very small. Are their borders scorched? 
Do they appear to have been made by a mechanical 
force acting from within outward, or the reverse, or 

position of each puncture should be carefu gointa y noted, The so 
is there no evidence bearing upon this 

5. The nature of the splintering should be noted. 

so that it can be correlated with the other observations. 
If only a segment of the tree is splintered, an especially 
careful search for small unctures should be'made in 
the neighborhood of eacl boundary of the splintered 
segment. In  so far as possible, reconstruct the tree in 
the re 'on of each uncture so as to determine the size 

the vertical, and the lane in which it lies; the latter 
should be entered on t l e  plan. 

7. Note carefully the nature and the location of the 
damage to the bark and to the sapwood. Distinguish 
between a mere mechanical tearing of the bark as a 
result of the splintering of the tree and damages of other 
kinds. 
5. If practical, throw the tree and note the location, 

estent, and nature of the damage to the roots, photo- 
graphing everythin- of interest. Note cwefull how 
the roots lie with reyereace to the ground plan. lection 
the tree at such points as seem desirable. 

9. Nothing should be moved until everything of interest 
regarding its ori inn1 position has been recorded. But 
after such recor a s have been made, eshibits should be 
collected, carefully labeled, and preserved, at  least until 
after tt detailed re ort has been written. 

upon the spot, make written notes of a1 observations 
and of the impressions which they produce upon . 
If practical to do so, move nothing unt.il after you g.. ave 
written up and studied all the not,es which you can other- 
wise obtain; you will frequently find that additional 
observations are desirable. 

of the f ole, depth o P penetration, the angle it mrtkes with 

9 10. Above all t R ings, trust nothing to our memory; 

OCEAN TEMPERATURES AND SEASONAL RAINFALL IN SOUTHERN CALIFORNIA 
A REVIEW OF THEIR RELATION BASED UPON RECORDS OF T H E  PAST NINE YEARS 

By GEORGE F. MCEWEN, Physical Ocemogrspier 
[The Scripps Institution of Oceanography. La Jolla, Calif., December 28,19251 

The continuous record of seasonal rainfall a t  San Diego 
be an in 1850, and may be regarded as typical of southern 
CafLfornia in the variation from year to year. What is 
the likelihood of being able to redict the rainfall for a 

the record for San Diego, which is the longest available in 
this re 'on, there appears to be no defiite relation of the 
rainfal ff during any season either to the rainfall of one 

ear or to that of any sequence of years preceedin it. 
%or example, a rainfall above the avera e is just as lifely 
to follow a dry ear as a wet year. T%e distribution in 
time, of seasonafrainfall, appears to be as fortuitous as 
the result of coin tossing or drawing odd and even numbers 
from a pack of numbered cards. 

Although it is im ossible to predict what the next 

it is possible to state the probabilit that it will be be- 

fitted to t i e  75 values of the seasonal rainfall at  San Diego, 
yielded the results entered in Table 1. 

TABLE 1.-Frequency, in number of times per hundred that the 
rainfall at Sun Diego may be expe+ed to have u value between the 
given limits 

given year solely from a rainfal P record? On examining 

season's rainfall will 73 e solely from the record of rainfall, 

tween an assigned limits. A suita g le frequency curve, 

m u  mcy...l 0.81 9.21 20.71 z i . s /  11171 11.31 7. e 
L d t s  _ _ _ _ _ _ _  0-3.3 3 .34 .3  b.3-7.3 7.3-9.3 9.3-11.311.3-13.3 13.3-15.3 

Freumcy-. . l  4.11 3.01 1.61 1.01 0 .61  0.31 0.2 
U J t s  _ _ _ _ _ _ _  16.3-17.3 J7.3-19.3 19.8-21.3 23.3-26.3 25.3-27.3 27.8-28.3 29.3 

I In the paper by L. E. Blochman following, the reger will flnd a disqssion, based 
on the San Diego rainfall rewrd, whhh indjentea a relation between San Dlego summer 
miru and the rainfall d the pmrulng aeaaon u1 southern Cslliornia-Ed. 

From the frequenc distribution of the rainfall, esti- 

given intensity (number of successive years when the 
rainfall is below a given amount) within any period, 50 or 
100 years. For esample, in an 11-year interval we may 
expect 8 or more years to have a rainfall less than 9.2 
inches about once in a century. 

About once in 50 years an 11-year period will contain 
5 or more years during which the seasonal rainfall is less 
than 7.3 inches. The 11-year period from 1893 to 1904 
corresponds to both of these cases. I t  contained 8 years 
during which the rainfall was less than 9.2 inches, and 5 
years durin which it was less than 7.3 inches. Com- 

is one kind of prediction, although no information 
regarding any particular year is thus obtained. Such 

redictions are of. value to engineers in the economic 
sesign of storage systems for conserving the maximum 
amount of water. 

Considerable work has been done in attempting to 
discover cycles or periodicities in various natural phe- 
nomena. The possibility of cycles in sun spots, tem er- 
ature extremes, drouths, etc., and attempts to &td 
correlations based upon such phenomena has aroused the 
interest of able investi ators, as well as those less ualified 

of certain cycles have not been ab e to establish their 
claims. The problem of determining cycles em irically 

Many people believe that the seasonal rainfall at  San 
Die o is cyclical, and that the period is about 20 years. 
d e  periods of light and heavy rainfall do alternate in 

mates can be made o 9 the chances of having a drouth of 

puting the c % ances of a flood or drouth of given intensity 

1 to deal with such prob f ems. In man cases the a vocates 

from observational data is in general elusive and i ifficult. 

T 


