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Tne use of electric wires in nineg.fol-poveRr.pur-
poses is dangerous to uuman lifes> :Deuths ccceur every- -
year from electric sinocks, and in most éaded.tiese acci-

dents could nave been prevented 1f sonme nprecaution uad
been taken vy tuae viectings, or if some care nod bLecn take-
en to protect tien fror corming in contect witih live
wiregs. lost workingmen accustomed to working around
electric wires become careless and a lack of knowledge
of the danger involved gives rise to tue mang accideﬁts
trnat occur.eacih year.,

Special precautions are necessary in mlnes even
viere low or rniedium voltages are used., Lverybouy knows
that nigh voltage wires are dangerous, ana are carefully
avoided; Lut nmany tuink thet circuits carrying.only a
few nundred volts are not dangerous. This is & serious
mistake vecause many destis gcecur from pressures ol 30U
volts and less. In fact, a considerable numver oi acci-
dents occur oﬁ coming in contact witi circuits ol less
than 200 voltis.

Flectric circuits in mines are nore dangerous than
similar circuits above ground, on account 'of lack of

gpace wuich increases tie liability of coming in contact
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withn tee wires, but w:inl, dwe®so{le danp cdnditions

of most mines. In order Ly recdiVi iz feibdtric..suock a

. ot e

person wust place .is body betw¥em .tvp,.condy@itrs of

different electric pressures, or vetween one conductor
and toae ground. 'If tae e:rrtin were dry «nd a person
coming in contact Letween tails dry ground and & live
vwire he would receive o much ligiter suock then if tae
ground on which he stood was damp, uecause dry ground
is a poer conductor of electricity, wirile wet or dequp
gfound is a good conductor.

Tie object &f tiais investigation is to determine
just what resistance tne huwan body would offer to an
electric current under all the conditiouns wet with in
mines,. |

A Leeds and llorthrup Viieatstone bridge and correct
to 1/10 of 1% was used in making tne pliysics laboratory
measurements and & portable testing set correct to 1/5
of 1% was used for otiler measurements.

The contacts used were two snall brass cylinders
about tnreeéeights of an inch in diameter anua seven
inches long. Witn the above apparatus tune following re-
sistances were measured, parties being in dry room and

under normal conditions:



Mr. A.

L;r . B .

Ky . .D.

r. K,

It

: Oimis
hand to hand 24000
" " . e = e = 1Q00G
u " ?MQF-ISOOO
‘ ; -m BOOO
W " 6000

was noticed unare that a small difference in

pressure of the iands on tile Ltrass electrodes mude &

great variation in the resistnnce, so it was decided to

nave two "U" shaped grips nade that required a certain

pressure to bring their pvoints togetuer, so in tuig way

different individuals would exert t.e same pressure.

With tuis arrangment the Tollowing meusurements were

taken:

Chms
Mr.E. hand to nand, sirong grip =---=-ece-e-- ——-= 6700
Er.A. " " " " eermneem e e e == 13000
¥r.A. M " moderate M eeeemeemcmmeoao -=20600
Mr.A., " " gentle LR - 26000
¥r.Cc. " " o --—--—-u---n-----lvobo
Mr.C. " " moderate " emeecamcceccnewaa=l15000
¥r.c. " " strong Vo eemmemcemmm e e == 13000
¥r.D. ¢ " Gentle " eemmccamrmm e meeme 8900
¥r D, * " moderate " ececcecmmcccaaaaa- 8000
¥r.D. ¢ " strong B ceccec e mme—a== BOQO
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Tiie above resistances were nll measured uhder sane
conditicns and show turt the res.stance decreased indi-
rectly witn tne areé of contact, and siows a wide varia-
tion in the resistances of different persouns, waiich may
be attributed to a nwiter of causes, suci s the condi-
ticn of tuhe skin as to noisture it contained, callouses,
cuts, cte,

At tuils point it was decided to try a contact from
hand to tongue in order to obtain suvme data on what ef-
fect tiie nature of tlie skin would uave in maeunsuring lie
resistances of the same person, The following resistances
were recorded:

. Ohms
¥r.A, witihb full grip on contacts w-weecweae-we 20000
Er A, from tongue to nand «e-e--cccemecacceaa=e 8000
Mr.C. full grip on contacts ~---cecceccavemaa= 17060
Mr,C. from hand to tONgUE ==memcemcacoconea - 7000
Mr.F. full grip on contacts ==----====w-===o- 13100
Mr.F. from tongue to hand =eweececccccnccwcaaas 000

Mr.G. full grip from nand to hand --=--------= 16000

Mr.G. from tongue to hand ---~--- cmemmmm = G000

In all the above cases tne tongue was pressed
upon the contact so0 ag to make & good connection. The
tongue beinyg demp gave rise to tue gquestion as to what

effect a wet contact would nave on the resistances of

the peraow:



. Two glass Jjars were
water (enougil salt being
it & guod conductor) and

were tnrust down

following measuremnents were taken,

into water.

-6-

arranged anu fillced with salt

vul in the water so 8 to maxe

tile nands gripping the contacts

Under tiuls condition the

First the persun's

resistance was measured frow nand to nand witia dry con-

nectioun,

Mr.,H, dry contacts ----

Mr.H. wet under waler

Mr.I. dry contacts

Mr.I. welt under water

Mr.C. dry

Mr.¢. welt unuer water -=-

kEr.B. dry contuacts

Lr.B. wet under water

"HMr.G. dry contacts

Mr.G. wet under water

- -
A e e e S WA LY S e TR O Gm W e R
. WA e e G W e e e ea B e WA DR WA L R e W SR N e AR

L A i B I S R

contacts «wwe=--

Om W e me We e W A R G MR e e A e R G R S W e e e SR
. R WA W W We e e e we e UR OW Ga Wm e dme S
e B G e me W e e e TE A L G W e e AR e e W RS AR R

- em R n W W wm G e MR A S S S e e e e e

taann his nends werce put under water.

Oums
15000

1800
11360
1800
16000
1900
19800
2200
15000

1900

In the above measurements it did not muke any

difference in res.stalce

tight or not.

if tne cuntzcts were gripped

The measurement shows wnat a great dif-

ference lies between wet and dry connections.
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Anotuner tiing was noticed iere, in case ot tue
sxin Lein. wroxen on tlie uunu‘undcr water tnat at tidls
purticulcr n»oint more currenf“seemud to'fiow; i.e.,
wien tnére was no wreak in tie skin the poriy could
feel & burning sensation «ll over tie surfrce ot the
nand and wiaen the ghin was broken this burning seemov
to concentrate itself wt tuat point. Tids would indi-
cate that the skin offered @« certain pretection from
low voltages or acted os on Ingulation for tie vody.

That tue tuoickness of $kin hans a great deal to do
witih the resistance tnat the numan body offers to an
electrical current is shiown by tie folluwing experi-
ments. Tirst tune party was measured frum uand to hahd,
then tie same person wmeusured frow neck to liand, as tie
skin on thnie neck would be much thiner thnan on the hands.

Ohns
¥r.C. hand to negk w-ecermeecmmcrcncenn- —————— 5200

Er.C. hand to land -ceeececccmcreonciamaananas 12300

Mr. 7, " NECK wmwwwmmeocememcmerweeew=== 9000
Kr.F, hand --ce-mcmcmemmunmenan- ———— 13990
Mr.A, " nNeck wemwemcemumcecremeameae-cae 12000
Mr,A. " hand =e-cemecccacccacenecena=-a 20000
Mr.D. " NECK === mmmmmmcmemmmmmmcmcnean 9900

Mr., D. " hand =--eemcemmmcecmaceeeao=aae 15400
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The above would go to prove tiatr tue condition
of ones skin is o rore or less orctection to electric
BLoCKs.,

The next consideraticn wos to medasure the resist-
ance ot o person wiouse feet were dunp. In order to ac-
complishh tals tie persen put on a danp sock and an old
water soaked s.woe, standing with tie wetl suoe 6n one
electrode while dhe liand served as the otuer electrode.
Tiie following measurements were taken:

Chms
Mr.C. wet hand to wet hand -cweeeeccacenecne~aa 1900

Xr.C. wet foot to wet band e-cceccwcmcccanaaae 2400
Mr.C. wet foot to dry hand =e--e-ce-eeewmcae--a 12500
¥r.C. dry foot to dry hand eeeeceececmaceamaaman 18000
¥r.C. dry foot to dry foot -=ec---emeecuemenaawa 1000

Mr.C. wet foot to wet foot mecemceawaa- “---==e 89100

The following measurements were tiwen on parties
coming in out of the rain wihose shocs Wwere damp, part-

ies standing on electrodes:



Qhms
Lir., J. from foot to foot (hob nails) ------- 99900

wearing two pair of woolen socks

Mr.G. fool to 00t Wel cemccmcm e w = 21000

Mr.D. * " S 7060
Mr.®. " n fmmmmceae - YeTo ¢
Er.L. " " RS —mmmmmmme== 20000

The albove measurements show a wide valiation in
resistance, due to different conditions of foot wear,
for instunce, J. naving on boots tiat were Lob nailed
and wearing two pair of woolen socks, siows @ resistance
of $99C0 omms, t:idis undoubtedly being due tue woolen
socks acting as an insulation and offering high resist-
ance. Algo in anotiier case, G., wiere tiue party resist-
ance was exceedingly nigh, was due to huving cork inner
soles. Again in otuer cases wnere the resistances were
low in comparison to tiie above, was where tuelr sioes
were of thin soles and wet, tiliis making a good contact.

Consequently, we may conclude tuat wiile persons
working in the presence of live wires at times would be
safe, wnile again they would not, all depending upon con-

ditions.
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The following neasurements werc nnde on parties

tnet were working under different conditions:

Chms

Ly, Ho hand o land, greas)y .lallius --—--ema= <STOLC

r.W. hand te foot, dry lands =------=---- 30000

Lr.B, hand to liind, gredsSy ==ec-mecececamca- 20300

r.B, nand to hand, dayp -=-eecccemccccenna 11000

Lir .2, " eoow I it T --~%2000
Temperature of above 60° I',

6th party nand to hand, sligitly damp -=---== 12000

7th " " ¥ domp  emmmme—-— 140C0

sth " " n R it 16000

g9th " " v ' eemmemena- 10000

1ot v " i T 17000
Temperature of wbove 74° ¥,

11lth party nwand to hand, drYy ereceemeecceccwns 20000

12th B o L et R 19000

13th " " Aamp comemmemcmmcmm—an 7000

l4th ® " ATy  emmmmmmemcemm—a- 13000

15th " n i ———————— 14000

Temperature of above 60% P.
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16t nand to hand, persplriig -ceeeeceeewa —e——— %ﬁgz
17t ¥ "o U 1 101
1ot " dry memenmmeeemnees 17000
1otn " " " e ———— - 13000

In front ¢f assay furnace.

Tevperature Qo F.

Tne foregoing measurements snow tlhe resistence
tue swunman body offers under various conditions and in
order to suow now tile resistance ol eacihi party under
different conditions would be affected, it was tuought
Leut to siow 1t in form of 2o table, widcn is on tue
following page. Tids tulle suows how for instance C,
is aftected by an electric current wunen is gurip wus
gstrong, w.icii suwowed a resistance of 13000 cias; wien
nis grip was mediwn, wilcel snowed 10000 oiss resistance;
and wiien his grip was gentle, tiie resistance being 17000
oims., It can cuasily Ve seen tunt the contact Lears
greatly on tile oimic resistance to wiucn tue passage of
an electric current affords. It is tuen concluded that
tie resistance variés inversly as the area of‘contact,

for wien the grip was gentle tue area of contact was



OHMIC RESISTANCE :
Hand t & [t o Hand | Hand foHand. ‘ Neck || Hand | Foot Fo Fool D/;v/a-af }mefn/hnd
Grip 7o 7o fo ‘ o
. ?Tm/yﬁv PModerale. Genlle 75n7//z We? D/’/\/ | Hand \Wetteod! ML&_&%W ,Q/"}/
YAV/ Y/ | 00o| 20000 ol 80oo | 2500 | 2oooo | /2000 -
N i
y | | | |
B | 12000, /4000 | /7000 2200 19000 : ]
]
" C /3000 | /5000 ! 17000 | Tooo | /900 | t6o00 | 9200l 2500 | Qw0 | /5000 | 13000 | 19800
"D 5000 8000 | 8900 | 7000 | 2200 | /3500 | 9900 || 1/00 | 7000 | 9900 | 15000 | /1000
N
N
TE G700 Sooo | 9ooo || Sooo | /800 | Fooo 2300 | 3600 | /0000 9000
"F /0000 /2000 15000\ 9000 | 2200 /3900 | Qo000 || 3000 | /600 | 11000 || /4000| /2000
"G /3000 | 12000\ 17000 Q000| 1900 | /6000
_”1—/ /2500 | /3400 | /6000 /900 | /5000
"J 9000\ /1000 | /3000 /800_| 11300 % 99900
L/’/ob—na/'ea’ boots, B pair woolerr Socks.
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less than when tihe ¢grip was strong, since in tue gentle
Lrip bnl;v purts of ithe palw of the wiad was in cunﬁa.ct,
wﬂereus i tile other «ll or nenrly all of tue paln of
Lae swod vas in contact,

Tue talle snows furtiier in tuals case tuot ine re-
gsistance from wnd to tongue was nbout one-lialf of the
resistltance of Liandg to nand, walchh snows Lnat tiue sxin
on the palm of the hand otfters greanter resistunce than
tarougn tiie mucous membrane, the skin ot tue nand being

r,

much tougher. Thne resistance to tue neck snows tho
same relation, being Y9200 ohms as owposed to 160U 1rom
nand to nand; tie ncck bedng tender.

Tne resistance c¢f tie swnie partiest! lLhands in salt
woter was 1900 ohws, while lhands dry wos 16000. This
sunows tiwwt water and daupness is a very good conductor
of electricity and is nearly 1/10 that of dry conditions.
In all othepr cases where tiie resistance was taken {rom
foot to foot, liand to foot bothh wet and dry, tne case
whiere conditions were damp siowed & very low resistance
as compared to tue otuers,

In most mines conditions are generally damp and
from tiie avove @ person working near electric wires must
exercise greater caution than one working near electric

wires on the surface.
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Tie following experinent wag serformed on a
aressed iwg to see 1 tue current ‘vﬁurie:u urldz':'r'.coxm‘cunt
pressure. Tue remlutmuﬁe deterrinegd by o standard
portavle Leeds and Lorturup testing set, was founﬁ to
Te 2000 oluns, contacts belng acrusy tae shoulders., The
G Wees connected to o 220 volt D.C. circuit ond &
spunuard YWestern azweter was conoected and tae follow-
ing readings were taken:

When current woas turned On =eemewecewe (.2b anmp.

30 sec, later -~mmmememaoo e ———————— 2 W
O M W rmmmcmm——— e ————— NevA
8o " n PO ¢ 1<, S

T.ue skin of the piy was burning at (+) pole.

From the above data we iufer tunat the resistance
witii & circult averaging 0.12 anps. with pressure of
220 volts would be 1867 ommsg, and tne resistance from
liie set was BOOQ QiNg, w@icg SHOWs & good chieck. As
tiie current wag kept on,tie awmp. went down, vwuicun seen-

ed to be caused by tlhe carbon formed by tiie burning

Q .

skin anda was of & greater resistunce., L8 tues scoue
to be contrary to wiat we anticipated; i.e., tist ine
current would rise, we weclded to experiment on a calf

at the time it was to lLe slaugntered.
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Trie experirent was made on & six weeks old calf.
A pressure of 158 volts was applied immediately atter
tile animal naa been killed, connection veing mede just
back of tne slioulders, ana tiie armeter sunowed tue follow-

ing readings:

Time Arperes
2130 Turoat Cut cecccmccccmcccaana N )
2:31 e
2:32 First noticed burning e=ececmcvccma-= 10
2:33 Burning eeceecemocmccnwccnanncncccees 12
2:34 cresesdcmcsmsmsmmmmnmmmmnae= (1§
2:35 T T LT <
2:36 Burning severely --w=ecm-=---- rmmmmeana 2B

. 2:37 Calf dead =w-emamecccmcccaccanca—aa 25

Tinis s:iows that the amperes went up gradually
and at the time of death this would give tile animal a
resistance of 630 ohms as against 2000 olms at .0

amperes winen the animal was living.,
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A normal bou; nes {rom DUUO-1o: 15000 owts resisl-

r * .
ance Iron and e nand, wodn toe nanas Lre wet thne re-

: o A S P R
sistance drops from leQC {0 LIEG-Saibte; e resistance
e st s

fror smia to weand of men IF A Y, SoLie

munas perspiving and some dry, ranbéd.frum <G00 to 14000
olms,; men 1N tae cuemical lalboratory were cuvout normal;
men in bolloer. . room with nands moist and greesy vere.
from 110C0 to 1200C o:mwmis. IFrom uand to foot, normal
cendition, resistance 1s from Y0U0 to 20000 ohmis, and
when the unands and Teet ﬁre wet, tne resistance drons
to from 1CC0to 3000 oims. Tinls shows with o voltage of
250 and resistance orlloogsifes a current of one-fourth
of an arpere, wiicua wccoraiing to tile experiment courried
out on tihe calt would burn severely.

It was found t.at in wie case of tie person who
wore Woolen socks and waose resistance mecasured 99000
oms, tnis would give awcut (UCZD awp., witun 250 volts,
or p;actically no wiperes. Tuis would indicate thut
woolen socks would offer & good protection to an elec-
trical current if a person suould happen to step on &

live wire.
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