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A ~ethod for Ascertaining the Direction 

of the Penetrating Radiation. 

Introduction: A portion of the ionization in closed vessels 

is attributable to the r ray radiation from the radioactive mater­

ials in the soil. That the whole ionization is not attributable 

to this cause is, however, borne out by the fact that an appreciable 

residual ionization is found when experiments are performed over 

the great oceans, in spite of the fact that the amount of radio­

active material in the water and in the air above is almost neglig-

ible. 

There are tvo views as to the origin of residual ioniza­

tion: one attributes it to the presence of radioactive impurities 
1 

in the walls of the containing vessel, while another su poses the 

~~{ttgJ1Jeeo f a true penetrating radiation of cosmic origin. on-

siderable evidence in favor of the existence of a radiation of this 

kind is afforded by the ballon experiments performed by ein-
2 schmidt and by KohlhBrster, in which it was found that t e in-

tensity of the residual ionization increased very greatly with al­

titude; but strong additional evidence would be provided if it 

could be shown that the ostulated radiation partook of a directive 

character, for it is inconceivable that such a property could be 

explained as the result of radioactive impurities in the walls of 

lsee for example, ~.:cLenn .:;..nd Tre lea$~n, Phil . Mag. 30 
pp. 415-427, 1915. lso I1"cLenn and I.:urray , Phil . ~ag . pp . 
428-434, 915. 

2Deutsch.~hy. Gesell. Verh. 16, p . 719 , 1914. 
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the vessel. 

Experiments to detect the direction of penetrating radia­

tion have been erformed by Cook3 and by 1ood.4 The former 

measured the rate of discharge of the leaves of a i.ilson electro-

scope when shielded on different sides by lead slabs, but Yas un­

able to detect any evidence as to direction. He concluded that 

the radiation was of practically uniform intensity in all direc­

tions, coming equally from the floor, walls, and ceiling of the 

laboratory. The latter usoo an ionization chamber of brass with 

the electroscope system contained within it. A rectangular screen 

which could be slipped under the lower side or rested on the upper 

side served as a shielding device. .i.:.:xperiments ·,ere performed on 

the top floor of the building and also in the casement. On the 

top floor) the results sho11ed a greater screening action when the 

lead was above than when it was below, 1hile in the base~ent the 

revers3 was the case. 

\ ood considered his result very inconclusive, in vie1 of 

the fact that the irregularities of the readings ere such as to 

ake it not im robable that the effects Jbserved ~ere attributable 

to experimental error. lthough he does not refer to the oint, 

however, it is of interest to observe that his obtaining a greater 

shielding, on the top floor, 1hen the plate was on the top than wher 

it was underneath, and a greater shielding effect in the basement 

when the plate was underneath than when it 1as on top is consist­

ent with what is to be expected as a result of absorption by the 

building . For such absorption would tend to make the radiation 

lphil . ag. 6 . p. 403, 1903 . 
4Phil. l.18.g. 9 , p . 550, 1905. 
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from above the preponderating influence on the top floor, and that 

from below the pre onderating influence in the ba ement. 

The fundamental difficult in all e erimenta of the kind 
b 

carried out by ood and ~ooke is that, in vie1 of the ir ... egulari-

ties 
t,-,.,,e 

ith ~ of the main .art of the ionization n the ve el, 

and of the small differences in the effect .roduced b ere on 

various sides, the difference n uestion beco e aske the 

irregularities in t e in art of the ·onizat·on. T e fund ental 

idea of the method of investigatioz: Gocribcd in th. s t e is, is 

to . rovide for a mean of co ·M en a.; .,he main art o t e ef cot, 
So 

;:,O that t e time irregular.ties are co • en ated, and , te leave o 

t.e uant·t oug t as the quantity ob erved. 

In t e course of t e or , certa·n m tters n relation to 

t .e perfo ... ance of the ol alo ua ra.Dt electro ete ... .r en ed. 

t emselves. ' ile these ad no fund a ental be ri- u on t e . rob-

lem in h 
I " ey 1ere 0 uffic·e t inte.est to arrant in esti 

t ·on, an " e conclusion reac ed in elatio to t e rri are inc d d 

in an e. •• endix to t is t e 

General outline of the od. 

It ill be rocal-ed ta~ according to tee er e.t o 

Braeg5 , the number of electron emit~e b -ray fro a urf c 

at ich ~. y ra emer e i different from, in ener 1 

greater than, the numbe~ emitted rom e rfe.ce at ic t e 

enter. S eaking of the former as t e emcr ence radi tion and t e 

latter a the incidence ra iation, Bragg fins, for exa .le1 t at 

in t e case of hard y ray , the ratio of t e emergence number to 

the incidence is about 0 . 94 or lead, and ~or aluminum about 6 . 62 . 

5studies in -:.S.dioactivity - Bragg, p . 110-134. 
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Further ,the incidence radiation for aluminium is 0 . 24 times that 
e 

for lead, so that the emergance radiation for aluminium is 1 . 69 

times that for lead . Or , if , in arbitrary units, EL and I refer 

to the emergence and incidence intensities for lead , and if Eil and 

IA refer to aluminium, we have : 

EL E I 

- - = 0. 94; = 6 . 62; = 0. 24; = 1 . 69. 

IL IA IL EL 

+ 
Hence 

- 2 . 2 . ( 1) 

t 
I 

Suppose now,we make a cylindrical vessel one half of whose 

cylindrical surface is composed of lead and the other half of alu­

minium , and to fix our ideas, sup ose that a r radiation enters 

from above . Then if , for purpose of qualitative description, e 

neglect consideration of the fact that all of the rays do not 

strike the surface normally , ,;e may conclude that, as far as order 

of magnitude is concerned , the number 2 . 2 given in (1) re re e ts 

the ratio of the effect to be e oted when the aluminium is u er-

r.::ost to the effect to be expected .1hen the lead is u ermost . 

Thus , if the penetrating radiation is of a '( ray ty e. and 

is not uniform in all directions , ~e may expect that a variat·on 

in the ionization will occur as t e vessel is rotated b)ut a hori-

zontal axis . 

In practice , two such vessels ere used . he central sys-

tems \lere connected together and to an clectrometer . m e two ves­

sels were charged to potential s of equal positive and negative 
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amounts respectively, so that , when th "Y"e6~ele were sym~etrically 

arr anged with regard to each other, there was compensation as re­

gards the charge communicated to the central system, as a result 

of the ionization within them. On rotation of one cylinder, ho.­

ever, the compensation was destr.0 ed to the extent that there was 

lack of uniformity in the direction of the external radiation. 

Practical annullment of time irregularities ~as alwa s secured, 

however, by the system of com ensation adopted . 

I Description of the pparatus 

The arrangement of the apparatus is sho;7n in the accompany-

ing diagram . The ionization vessels B and B1 were designed as de­

scribed above . ~megohm, M, was connected to the oles of a 100-
I 

volt battery; its ends were connected to the ves~els B and B and, 

in the preliminary experiments, its mid- oint was con..~ected to 

earth. By this scheme, cofupensation as ecured for fluctuations 

in the :potential of the battery as ~1ell as for ::?luctuations in t e 

radiation under investigation . The insulated central system~ 

and I 

I 
were con..~ected toget er an t.en con.ecte to o •• e ""a·r of 

quadrants of a sensitive electro~eter (1500 division 

s sbo,-m in diagram, t .e T- ire con.llccting the rod , 

er volt . 

rld ~· I tO­
J 

gethor, and t en to the electrometer was .1el s ielded b a t:l_ ·ube 

which vas connected to earth, as as also the electrometer ca e, 

the guard rings , the second terminal of t e elect ometer, and t e 

tin vessel ~hich shielded the electrometer. r. e needle of t e el-

ectrometer was charged by a 100 - volt battery. 

The sensitivity of the a paratus was such as to make evi­

dent the Sch1eidler fluctuations , resulting from the emission of o( 

articles by the radium emanation in t e air contained in the 
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vessels; a small amount of radium emanation is, of course , always 

to be found in atmospheric air.· In the first experiments, the mid­

point of the meg-ohm was - ermanently earthed, and the intensity of 

I the radiation was measured by the rate of movement of the electro­
the 1"nsu..7atea system WdS 

meter needle whe~released from earth . In order to render the ef-

fects of the Sohweidler fluctuations a small art of the ~hole de-

flection measured, it was necessary to allo7 the otent:al of t e 
-w-a s 

system to depart from zero to a degree ;;hich 1YOlild b-e greater than 

was desireable in view of the leakage which results, when the cent­

ral system is not at zero otential . In order to over~me this 

difficultY; the method of procedure was modified in the follo ring 

manner: 

The mid-point of the meg-ohm ;;as connected to a voltmeter, 

V, which was in turn connected to the sliding contact of a variable 

resistance . The extremities of this variable resistance ere con-

nected to a battery B. One extremity of this variable resistance 

as connected to the second terminal of t e voltmeter and to eart . 

purpose of this modified method ·1as to establis a ean ere-

by the needle of the electro eter ould never be allo 1ed to deflect 

from its zero position . s soon as the needle moved a milli eter, 

t e voltage at the mid- oint of Lhe meg-ohm ~as raised or lo ered, 

according to the direction of the deflection by means of t e vari ­

able resistance . This increased voltage acted inductively on t e 

insulated central system ,thus annulling the effect due to ioniza-

tion . fter a definite eriod of time the change in voltage as 

recorded and the charges released . Readings were ta~en in this 

manner for various positions of the right cylinder , the left cyl-
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inder remaining constant. The right cylinder ~as rotated in a 

counter-clockwise direction. 

In order to ascertain the percentage hie the effects 

obtained in this manner formed of the total ef ~ect due to one 

cylinder, readings were also taken \7i th cylinder B / alone. In 

this part of the ex-pcriment it ~as necessary that B should be at 
/ ed. 

zero potential so that only B function. To this end1 the con-

nection C was broken and B was connected to eart • It must be ob-

served that , under this condition, tho inductive action brought 

about by the increase or decrease of the otential o~ t.e mid-

oint of the meg-ohm is only about half es great a in the case 

of the two cylinders. In other ,10rds, it takes about t ice the 

otential to annull the effect of the ionization ffhen u ing one 

ves~el, that it takes to annull the effect when using bot cyl-

inders. In order to obtain the reduction factor necessary to re-

duce the observations ~ith one cylinder to the conditions corre -

onding to those qith two cylinders, deflections ore obtained 

~hen a definite change in potential "as produced in t_e one c lin­

der, and in the two cylinders. T c ratio of t e t o deflections 

gave the necessary factor of reduction. 

i.:.xperiments were also erformed ihen a sealed tube con­

taining ;. / n.illigrams of radium "M:omide was broug t into t e same 

room as the apparatus , and also, ~hen lead screens of various 

thicknesses 1ere interposed between the radium and the apparatus. 

The radium was placed on a shelf on a level ~ith the geo­

metrical axis of the cylinders, and at a distance of about 20 

feet frol'!l. them. 
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Experiment With No Radium in the Room. 

Table I. R=l. 933 April 24, 1919. 

- -

e JY- x /0;. JV fi·,,-t0:, ·10~ 
( "D ~ehtl Re mar Ks 

oo 5.4 1.313 7.9 

30° 4.4 1.313 6.5 

45° 4.7 1.313 6.9 

60° 5.2 1.313 7.7 

90° 7.66 1.313 11.3 Ra. in safe 

120° 4.76 1. 313 7.0 

135° 6.8 1. 313 10.0 Ra. in Chem. Lab. 

150° 5.4 1.313 7.9 

180° 5.a 1. 313 7.7 

a10° 9.08 1.313 13.4 Radiation from sky. 

aa5° 6.2 1.313 9.1 

240° 6.2 1.313 9.1 

270° 5.2 1.313 7.7 

300° 4.8 1.313 7.1 

315° 6.0 1.313 8.8 

330° 5.oa 1. 313 7.4 Ra. in soil 

360° 4.9 1.313 7.2 

e, joining center 
ar.gl~ hich the diameter 
aluminum makes with the vertical. 

of le d and 

/Y, 
. .tU.. Vo7t-s 

change of potentia~on sliding rneoetat,per unit time 

when using both cylinders. 

/71, 
in vo1hi 

change of potentia~Aon s iding rheostat 1per unit time 
when using only one cylinder. 

. ~ R, factor for reducing the sensitivity of J'-Y-to !tr 
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Experiment With No Radium in the Room. 

Table II. R = 1.933 April 23, 1919. 

l1 rc· ======~8~=F~/~Y-~-~~1=o~z==~cf~?r~~r~~~o·~~~~~~::,_g~~~~~~e~rn~a~r~~~s======dl 
0° 4.a 1.313 6.a 1 

30° 

45° 

60° 

90° 

120° 

135° 

150° 

180° 

2JOO 

225° 

240° 

270° 

300° 

5 • 4 1. 313 7. 9 

4.3 1.313 6.3 

1.6 I.313 a.4 

4.6 1.313 6.8 Ra. in safe. 

4.4 1.313 6.5 

5.6 1.313 a.a Ra. in Chem. Lab. 

4.2 1.313 6.2 

5.4 1.313 7.9 

5.8 1.313 8.5 

7.5 1.313 11.0 Radiation from sky. 

s • a 1. 313 9. 1 

5.5 1.313 8.1 

3.0 1.313 4.4 

1.6 1.313 a.4 

5.6 1.313 8.2 Ra. in soil. 

CJ , angle hich the diameter joining centers of lead and 
aluminum makes with the vertioal. 

i17 volh,1 Jv, cnange of potential," on eliding rheoatat1 per unit time 
when using both cylinders. 

J in vo71-s, 
~, change of potentia~~on alidine rheoata~ per unit time 

when using only one cylinder. 

i R, factor for reduci ng the sensitivity of dfto JV 
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Experiments Witn Radium In The Room. 

Table III. 

30° 

45° 

60° 

120° 

135° 

150° 

180° 

a10° 

225° 

240° 

270° 

300° 

315° 

330° 

360° 

0.36 

2.00 

3.04 

5.40 

8.96 

8.80 

7. 30 

7.50 

2.00 

2.40 

2.80 

5.62 

12.80 

8.20 

6.40 

5.50 

0.36 

R = 2.08 April 46, 1919. 

Thickness of screen, 1.46 om. 

!?r 
2.09 

2.09 

2.09 

2 . 09 

2 . 09 

2.09 

2.09 

2.09 

2.09 

2.09 

a.o9 
2.09 

2.09 

2.09 

2.09 

2.09 

2.09 

0.4 

2.0 

3.0 

5.4 

8.9 

8.8 

7.3 

7.5 

2.0 

-2.4 

-a.a 
-5.6 

-1.26 

-8.3 

-6.4 

-5.5 

0.4 

Remarf<s 
Forenoon 

• 
n 

" 
Afternoon 

" 
" 
n 

n 

" 
" 
" 

• 

• 
" 
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90° 

120° 

150° 

180° 

210° 

225° 

240° 

300° 

315° 

360° 
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Experiments with haJium in the Room. 

R = 1.92 April 28, 1919. 

Thickneas of screen 2.96 cm. 

dY-X IO'l-

o.o 
3.8 

5.4 

4.0 

8.a 
8.8 

8.0 

8.6 

5.0 

2.0 

o.o 
2.6 

6.0 

3.6 

5.0 

1.6 

0.8 

f' v R · 11f= ·10->-

0 foer f'.f".n~ 

1.62 

1.62 

1.62 

1.62 

J.62 

1.62 

1.62 

1.6a 

1.62 

1.62 

1.62 

1.62 

1.62 

1.62 

1.62 

l.6a 

1.62 

o.o 
4.5 

6.4 

4.7 

9.7 

10.4 

9.5 

10.3 

5.9 

2.4 

o.o 
-3.1 

-7.1 

-3.l 

-5.9 

1.9 

1.0 

7Te mar Ks 

Secondary radiation. 
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Experiments with Radium in the Room. 

Table V. R = 1.80 April 29, 1919. 

Thickness of screen, 4.46 cm. 

f'-tr-

e d'V-x 10~ lu f;, ,.1ft.;, ~~; He ma. r /ls 

oo 5.0 1.61 5.6 

30° a.a 1.61 9.a 

45° a.o 1.61 a.a 

60° 9.0 1.61 10.1 
I 

90° 10.2 1.61 11.4 

120° a.o 1 . 61 8.8 Reading tak n ~fter-
ard.1 

135° 11.0 1.61 12.3 Secondary radiation 

150° ] 1.6 1.61 13.0 " " 
180° 5.0 1. 61 5.6 

210° 7.2 1.61 8.0 

225° 4.6 1.61 5.1 

240° 3.6 1.61 4.0 

270° 0.8 1.61 0.9 

300° 0.8 1.61 -o. 9 

315° 0.4 1.61 -0.5 

330° 4.0 1. 61 4.5 

11 360° a.o 1.61 2.2 

11 
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Experiments with Radium in the Room. 

Table VI. R= 2.15 April 30' 1919 . 

Thickness of screen, 5.76 cm. 

Pv-

e JV-X /Oz. J 1J 
Ii' · --!.<-L- · Io !I. 

I oe tv;, t> nf:) He rndrl/s 
oo l .2 1.47 1. 7 orning 

30° 5.0 1.47 7.3 " 
45° 4.0 1.47 5.8 

60° 6.4 1.47 9.4 " I 

90° 7.0 1.47 10.2 " 
120° 6.8 1.47 9.9 " 
135° 7.2 1.47 10.5 " Sec. Ra. 

150° 7.4 1.47 10.8 • ft " 
180° 6.0 1.47 8.8 Afternoon 

210° 5.2 1.47 '1. 6 • 
aa5° 4.0 1.47 5 .8 " 
240° 3.8 1.47 5.5 

270° 1.0 1.47 1.5 

300° 4. 1.47 C.5 " 
315° 4.0 1.47 5.8 II 

330° a.o 1.47 a.9 " 
360° 1.4 1.47 a.o • 

. 
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Experiments with Radium in t Roo • 

'l' ble VII. April O, 1919. P •• 

{) JY-x /oz JY- e rn ct I' /ls 
oo 5.0 l.48 

30° 7.8 1.48 11.2 

45° 7.8 1.48 11.2 

60° 5.4 1.48 7.7 

90° 10.0 1.48 14.3 

120° 9.a 1. 48 13.2 con Y r at1on 

13o 0 8.8 1.48 12.6 

150° a.a 1. 8 11. 7 

180° 9.2 1. 8 _3.2 

210° 6.0 l.48 8.6 

a o 6.0 1.48 8.6 c 0 dy. 

a40° 5.•) 1.48 1.a 

a10° a.a 1. 48 3.2 

300° .... o. 1. a 3. 

315° .a 1.48 6.9 

330° a.a 1 48 .a 

360° 2.2 1.48 3 2 
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Results and Discussion . The experiments were performed in a large 

laboratory in the basement of the Physics Department, and a general 

view of the conditions will be gathered from the accompanying blue­

print . Referring to figure 2 , the cylinders were situated at 

B is a window, and C indicates the level of the ground outs~ide. In 

a safe on the next floor a sealed tube containing /! milligrans 

of radium is stored in a lead case , and on the second floor of the 

building an4 equal amount of radium bromide is contained in solu­

tion in the Chemical Laboratory belonging to the ..... h.,rsical De art-

ment . The arro"s F,G ,H,K, indicate$ respectively the lines oint-

ing from the apparatus to the ground outside, a point just above 

the windo , the radium in the Chemical Laboratory, and the radium 

in the safe . 

The observational data are given in t e acco anying table 

the data in tables 1 and 2 referring to a case ere the~e as no 

radium in t e laboratory in ich t e apparatus as set up, and t e 

remaining tables referring to experiments erformed ·th the tube 

of radium from t e safe placed in the laboratory at a di tance of 

about twenty feet from the ap aratus, and on the ame orizontal 

level as its diameter . In the experiments 1ith the radiUI.'l;Ob erva­

tions were taken with screens of lead o different thicknes~ in-

dica tea in the tables • 

... eferring first to the observations performed . ·th the rad­

ium in the safe , it will be seen,from tables 1 and 21 that the fourth 

columns of tables 1 and 2 give the percentage ich the effect, it 

the t 'lo cylinders in oppositionJforn:5of the total ef ect ~ith one 

cylinder, for different orientations , of t e movable cylinder . 
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Thu , for example in table 1, the d'fferences bet een the number 

7.9 and the other numbers in this column indicate the effect of 

change orientation. ' This difference is represented by t e dis­

tance of the polar ourve ·n f' re 2 from t e circle D. It ill 

be ob erved that thi difference attain m .i a in directions cor-

responding a ro~imately ith the ositions oft e ground out ide, 

t e ~indo , t e radium ·n t e emical Laborator , and t e radium 

i the afe . T i i 1 at e t have e ected, for in t e fir~t 

ca e t o radio-active terial i. t e oil outside t e build n i 

being deuected, in t e second t e enetrating radiation rom ov 

sho its in luence, bein o e o er 1 n t e direction illdicated 

th in an ab olutel vertic 1 direction on account o 0 

tion oft e building. Int e t.ira la ca. e e, o cour e, 

ave t e ef ect of the radium in t e C emical L bore.tor an 

res ... ectivel It i ot to be c ected t t ould 

actl corre pond ith ~ e direct·on in hie t c influenc -i 

since the su c o ition of cu e due to t c v riou flu nc 

tend to ift th irna of t e indi i 1 c es. ain, · f o 

of t e in luence e for e 

variable from da to a 

o ition of the ima 

le , t e di tio 

lig t alter tion in t 

r eult . 

ro t c i 

itu e d 

It ight be thou t t at a i bould be obtaine .ro 

the oun i ea· tel belo t e laborator • b t t e bsence o 

thi i is not eurpris·ng in vie of th e istence of founda-

tional ateri 1 of bsor.tive ut non-.a o ctive nature 

•. efer::-ing to table l .o... ex le, it ill be observe t a• 

t e imu.m c ange due to cane of orienta•·on orrn onl ~ . s er 

cent of t e effect due to one c··linder alone. l':1 i 0 o; nee-
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essary is the employment of a system of compensation such as that 

here adopted; for , in its absence, such small effects 1ill be masked 

by the fluctuations of the penetrating radiation itself. 

Figure 3 shows t~o curves . Curve (1) illustrates the ef-

feet when the screen interposed between the radium and the cylinder 

was 1 . 46 cm. thick . Curve (2) illustrates the effect 1hen the 

screen was 4 . 46 cm . thick . The tables giving the data for these 

curves are numbered (3} and (5) respectively . As in the case above , 

the fourth columns of these tables give the percentage rhich the 

effect of the two cylinders in opposition fornsof the total effect 

.1i th one cylinder . 

In order to bring out the ef~ects more clearl· , ~he circle 

E has been drat'n and the oints lotted ~ith reference to this 

circle . The points outside the circle re resent the ercenta e 

decrease and the oints inside , the crcentage increase of t e to­

tal effect uith one cylinder, as a result of rotation from the zero 

position . It 1ill be observed that a chan0 e occurs at F. 

This is t e point ere t e ionizat·on in bot c linder is 

the same. Points outside the circle corres_ond to cases . ere t e 

ionization ~as greater in the fixed t an in t e rotated c linder . 

Points ins de tle circle cor:espond to cases 1here t e ionization 

as greater in t e rotated than in tho fixed c lindor. 
be 

From the theory given above, it will/\ re cal le l t at, en 

the right cylinder is in the 90° osition, a minimum uober of ions 

is formed , and vhon in the 270° position a maximum number of ions 

is formed . Thus in the former case , the ionization in t e rotated 
11 

cylinder is less tha that in the fixed cylinder , 1hile in t e lat-

ter case it is greater , since the fixed cylinder occupies an ori-
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entation mid-way between the G0° an~ the 270° orientations. 

These facts are well br0ugtt out by the "hump at tt S0° and 

270° lines in curve (1). 

Curve (2) ahowe the "hump" at 90°. However , a some-

what remarkable phenomenon is presented by the existence of 

the 1 hump" at about the 150° line. Thia 1 hump 1 is perhaps 

due to secondary radiation from the ceiling. The ceiling is 

shielded only by the lead oaee, while the cyl in · ers are shie l ded 

by the lead case and lead screens. In the case here the 

screens ere absent, it is not surprising that this hump' 

is much less markej, for, in this case it would be largely 

obliterated by the strong direct ionization produced by the 

radium . 
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Appendix 

An effect occasionall}" produced on charging the needle of an elec­

trometer: 

If an electrometer needle is adjusted symmetricall, with 

respect to its quadrants and connected to a so rce of high poten­

tial, it should remain in its median position provided that the 

quadrants are at a common potential. Ho ever, some needles are 

deflected momentarily upon charging and discharging even hen 

symmetrically adjusted so that they come back to thei initial 

position after a few seconds. The purpose of this article is to 

explain the initial throw in question. 

Considerin the quadrants to be connected toge her, and he 

needle to be adjusted properly and to be char ed and allo ed to 

come to rest, it ill then have the same orientation as be o e 

charging. 

Considering the state of af :airs after the needle as re-

turned to its median position, e observe that in this condi ion 

it experiences equal attraction from each pair of q a~s e 

to attractions annullin each other's eff ect. If his· needle is 

a poor conductor of electricity, and is moreover, s e· ic 1 

in its conducting pro~erties differen parts ill ch i -

ferent rates , so that, al thou h the final distribu ion o char e 

is the same as if the needle ere symmetricall cond· ctin , duri 

the process of charging the nature of the c ar e distribution ill 

be different from that finally attained. ile the needle is re-

cei Ving charge, the two pairs of quadrants ill act upon it ith 

cou~les of different strength, so that, during this process it 
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will receive angul ar momentum. After a length of time has elapsed 

sufficient to enable the needle to attain its final charge dis-

tribution, the two couples will have reached a state of equilibrium, . 
but the angul ar momentum communicated to the needle persists, so 

that the latter experiences a throw after which it 1of course, fin­

ally, returns to the median position. 

On discharging the needle , a similar action should take 
shou.. ld be 

place . The throw . however , .was- in the reverse direction, a re-

sult which was found to hold true in practice . 
su.p 

In order to verify this position 
" 

as to the effect of 

non- symmetrical conductivity, a few paper needles e e specially 

constructed so as to have non- symmetrical conducting properties . 

the parts which it was desired to render conductin bein ~ra h-

ited . Fig. 1 shows just such needles . he needles ere set 

in an electrometer . Adjustment of the system as made so t hat the 

final position attained after char in was the same as th t at­

tained when the needle was uncharged, and the initial hro ere 

measured for different vol tages applied to the needle, the thro a 

on charging and discharging being noted. 

The sensitivity of the electrometer as such as to ive 
3'"/b per volt 
ru-4- di vi ionsA with 100 volts on the needle . 

Table I sho s the result for needle A. V is the potential 

(in volts) apnlied to the needle . The second column ives, for 

the case of charging, G( 1 the electrome er readin bef ore t he t hro 

cf z, ,the maximum reading as a result of the thro , and ~3' he read-

ing to which the electrometer returned after he thro~ . q 1 d of~ 

give an idea of the adjustment of the electrometer . !he third col­

umn gives $ , the throw for the case of charging. The last columns 



A B C D 

d-r' 
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give the corresponding quantities for the case of dischar ing. 

After the readings, recorded in ~able I, had been taken, 

the needle was carefully graphi ted as in ~i ure 1, B . Here, as 

might be expected, the throws are considerably less than in the 

former case. See table 2. 

Needles of the types C and D in figure 1 ere constructed 

and tested, and, as might be expected, they sho ed still smaller 

throws. Also, a needle ras graphited thinly but uniformly, as 
no 

shown in ~igure 2, A and sho ed perceptible throw. ~inally, a 

needle was graphited heavily as sho 

ible throw was detected . 

in igure 2, B. o percept-

The conclusion cited abov~ as to the origin of the th o J 

thus, seems abundantly verified. 

At first si~ht, it mi ht seem that the thro s on char in 

and discharging should be equal. he thro s indicated in tables 

1 and 2, for charging and discharging are, ho· e er, b no means 

equal. he reason for this is bound up with the fact that a por-

tion of the momentum is communicated to he needle a ter it has 

started to move, and the amount of the momentum is not s 

as regards motions in op.osite directions. 

The Adjustment of the eedle 

If a uniformly conduc in needle is erfectl 1 

e rical 

and a 

) lel to the quadrants, the ad ustment or absence o pe anen de 1 c 

tion on cha.rgin should be independent o the level o be needle 
a.dj LLstrnent: 

bet een the quadrants . In _ractive, ho ever, '· of the lev-

el makes a very decided chan e in adjustment. In fact, attention 
te t-he (;..:£level is itself usually the most imoortant aa·ustment in secur-

ing absence of deflection on char ing. 1he reason for this effect 
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Table 1. 

y r~/.,/A . - c;l3-~ £ ~#1 J/ ; ,,,,... I :;;i / 

~ (/ ~ b - ,,/, : , - A(~) 
.., 

I (~) iii- _1:, ·.; ~ r~.) e e 7¥ 
v v 

o(, :: 182 o<, ::::- 180 

39 d:J- :::; 151 - 30 ~~ = 2 5 4 . 

= 180 
o<3 = 182 

0( 3 
---

e:r, = 177 o(_ I = 176 

58 o("l- - 120 - 56 . 5 o(j. = 231 54 . 5 

.:>('3 = 1 76 o(~ - 177 

o(, == 1 76 o<,= 175 

100 P( .,_ == 12 -163 . 5 4'. = 320 144 . 

o( ;, ::. 175 ~~ = 176 

Pl, -:: 176 o{, = 176 

119 '7{~ = Off scal e ? o/2- = could not ? 

read it . 
o(;, :. 176 cl3 =. 

176 

I J. b l e . I 

I y (~~; II./A ~,/ ~_,,. L- M - , ·, 
i, -

-:r / - -- - - - ~ """? 

(~) t/ {/ ~,J,~·:-f~.) 
'c/ 

e 
I e-<, = 213 ~ (/_ l 

I -

100 o< -2. -
15 - 60 ,,,(2.. ::::::. 2 6 23 

~ '3 ::. "'1'-' o(3 ::::.. ... 13 

I 



o level becomes eviden 

phenomenon. 

ram a mathematical examination of the 

Let B B represent the uadrants of the electrometer . B 

nd A a.re in each case lar e co-planar sur aces insulated ram 

A B 

c 
\\.----__..;...;;:;;._.IJ -

B A 

e ch o her all i c D e e n 1 0 

hall sup o e 0 0 r l in 

ne ho n in 

et t h di c or h i -

e. ce o c bove, d he 1 0 lo e 

bet een or B 

up ose , 1 s the· orce ain 0 o e the ne le C n 

he direction . 
... hen if the nee·1e i moved u a d·a ce x the or 

done ill be nix . the ore i elec ostatics: 
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ilx = increase in the electrical energy of the system, the poten­

tials remaining constant . Thus when the potentials of the two 

pairs of quadrants are alike and equal to V, 1e have 

;7-,,f~ =h±ra.) {7T-V-/+%lffa./!T-Y}J-b-!;f/7T--Y/'~ 
.A trr-Y} 

hen V is the potential of the needle . Jro~ this e fi-rf'~(,1-+#) 
rt' - (V -y} 2X-[ __! - - I/.) J - 4--,,- .r ~a. '2. ;/:- 2._ 2. 

It will be observed that the force , d will be zero only when a = b . 

Hence a deflection will be expected unless the screws which raises 

and lowers the needle is so ad ·usted that a = b . 
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