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Makes Motors Accessible 
for Inspection and Oiling 

The Jeffrey Pivoi-cd hattery box givcis an accessible locomotive without having 
to remove the battery hox, and permits of slandard construction thruout. 

Tho design is essentially thc same, and the parts aro all proportioned on thc 
same basis, aa those of tho standard line of trolley locomotives, which means 
a, rugged locomotive with a minimum oi! upkeep. 

Equipped with eilher lead or Edison Batteries. . 

Our New Cntalog No. 312-G Storage Ballery Locomotives for Mines Rivei com
pieie informiilion. Send for your vopy. 

T h e J e f f r e y M a n u f a c t u r i n g C o . 
950 North Fourth Street, Columbus, Ohio 
Denver Office: First Nationiil Bank Building 

A t the farthermost point of Staten Island, the prey of 
the wintry gale, the target of the summer sun, en' 
wrapped the year round in the dripping night fog— 
is a Goodrich " L O N G L I F E " conveyor Belt. When 
day coines a contractor pumps sand and gravel • firom 
the ocean bed and sluices it down the belt. 

Night and day, winter and summer, alternately the 
hustling conveyor and the perch for ocean gulls— 
good, old " L O N G L I F F sticks to the job. A n d for 
all the assaults of wind and wave this " L O N G L I F E " 
Belt still retains remarkable flexibility and sound body, 
emphasising its pronounced ageing qualities and ab

rasive resistance. 

A wonderful Belt is "LONGLIFE." Before replac 
ing your present conveyor send for a Goodrich Belting 
Catalogue and read the many fine points on " L O N G ' 
LIFE." 

S I G N I F I C A N T : The world's record for belt conveyed tonnage is 

held hy "LONGLIFE." From 1914 to 1918 in a Utah Copper 

Mine a "LOT^GLIFE" Belt carried 7,313,400 tons 0/ ore at a cost 

of Jess than twenty cents per thousand tons. 

T H E B. F. G O O D R I C H R U B B E R C O M P A N Y 

A k r o n , Ohio 



for Your 

Labora to ry tests on properly designed 
apparatus enable you to determine the 
m i l l i n g process best adapted to your ore 
before building' t l ie mi l l—they help you 
regulate every step of the process f o r 
highest efficiency—and the cost is ins ig 
nificant EIS compared wi th a m i l l run, 
M A S S C O Labora tory M i l l i n g Equipment 
saves money, and minimizes tlie possi
b i l i t y of f a i l u r e in ore treatment—why 
not equip your laboratory w i t h M A S S C O 
ore tes t ing specialties? 

• W I I . r i . E Y T A B I . E K o . 13 
A laboratory size W i l f l e y complete in 
every detail—enclosed head motion-—. 
t i l t i n g device—and two intercliangeable 
declis w i t h W i l f l e y roughing and flnish
ing r i f f l e s — a duplicate of our large ta
bles at a low cost that w i l l surpr ise you. 

T H E M c C O O L P U L V E R I Z E B A2TI> 
S A M P S O N C K U S H E I E 

Two machines that enable you to quic l i ly 
prepare the pulp f o r test ing purposes, 
crushed or ground to any desired de
gree of flneness—they can be depended 
upon f o r long service. 

T H E R U T H 
riiOTATIOM" M A C H I N E 

Consis t ing of an agi ta t ion com
partment, impeller and spitz
kasten fu rn i shes an ideal out
fit f o r determining the fiotative 
properties of any ore and the 
efEect of var ious oils and rea-
p-pntsi. The pulp thoroughly 

» ' «aiL-i m i x e d w i t h a i r 
' •T^rs fJ i ^ . ^ drawn down the ho i -

low impel ler sha f t 
is a e r a t e d a n d 
forced i n a steady 

stream toward the 
spitzltasten and 
f r o t h discharge 
l i p — i t i s a com-

g plete laboratory 
" m o d e i of t h e 
L large R u t h M a -
I chines. 

W r i t e f o r our Bu l l e t in s . Massco Equipment includes every laboratory requirement. 

T h e M i n e & Smelter S u p p l y C o . 
D S N V E B , C O I ^ O K A D O 
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MOUNTAINS, miles and minutes give 
way before electricity, the magic motive 

power. Properly applied, it drives giant loco
motives across the continental divide, tows 
ocean liners through the Panama Canal, or 
propels huge ships. Through good light, 
safe signals, and illuminated highways, it 
is making travel better and safer and also is 
increasing the usefulness of transportation 
methods on land; sea or m the air. 
In short, electricity is revolutionizing transporta
tion, making it quicker, safer, more economical 
and reliable in all sorts of weather. 
And back of this development in electric transpor
tation, in generating and transmitting apparatus 
as well as nnotive mechanisms, are the co-ordinated 
scientific, engineeringandmanufacturingresources 
of the General Electric Company, 
working to the end that elec
tricity may better serve 
mankind. 

mwAm 
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Analysis of Oi l Shale 
By C. W. Botkin.* 

Introductory. 

T b e amount of o i l and a m m o n i a i n an 
o i l sha l e i s de t e rmined b y des t ruc t ive 
d i s t i l l a t i o n of the shaie . A p p a r a t u s and 
methods v a r y g rea t ly i n d i f f e r en t l abora 
tories . H a r d glass r e t o r t s ' a n d d i s t i l 
l a t i o n f i k s k s have heen used, bnt the 
cha rg ing and c l e a n i n g of the glass re tor t 
is d i f f l cu l t , and tbe glass i s a poor con
ductor of heat. C y l i n d r i c a l re tor t s made 
f r o m i r o n pipe by s c r e w i n g o n caps at 
the ends - are u s u a l l y f r e e f r o m lealts , 
but the cap is d i f f i cu l t to remove, the 
threads soon b u r n off, un less nsed i n a 
h o r i z o n t a l pos i t ion , and t hen the re to r t 
does not r e a d i l y p e r m i t of even d i s t r i 
but ion of heat. T h e re to r t ( i ron p ipe 
6 f t . l ong , 2. i n , i n d iameter , c losed at 
one end) and m e t h o d ^ used b y E , M . 
B a i l e y of the P n m p h e r s t o n O i l Co. , Glas
gow, Sco t l and , f o r a v a i l a b l e y i e l d of 
crude o i l is no t s a t i s f a c t o r y f o r sha les 
con t a in ing l i g h t e r - o i l s , s ince i t i s heated 
w i t h one end open and has no condenser . 
T h e U n i t e d States G e o l o g i c a l S u r v e y ̂  
and m a n y chemiea l l abora to r i es i n the 
W e s t have s u c c e s s f u l l y used i r o n "mer
cury d i s t i l l a t i o n " re tor t s . I have used 
them f o r two years W i t h s tudents i n 
sha le ana lys i s , a n d i n ahout fifty-iive de
t e rmina t ions w h i c h I have made on Colo
rado and W y o m i n g shales a n d cons ider 
th is type of re tor t mos t s a t i s f a c t o r y f o r 
both l abo ra to ry and i i e l d . d i s t i l l a t i o n s . 
W h e n th is re tor t i s p l aced v e r t i c a l l y and 
p roper ly heated by one gas bu rne r a un i 
f o r m d i s t r i b u t i o n and pene t r a t i on of heat 
i s secured . T h e o i l i s d r i v e n to the 
cooler por t ions at tbe center a n d top and 
finally out at the top w i t h o u t a n y chance 
of overhea t ing , and a m a x i m u m of o i l is 
produced w h i c h i s s i m i l a r i n q n a l i t y to 
that p roduced f r o m the same shale Ijy a 
p lant retort , T h i s re tor t i s eas i ly 
c h a r g e d ' and the spent shale r e a d i l y re
moved . " S m o o t h - O n " cement prevents 
leakages , a round the cover of the re tor t . 
T h e re tor t las t s f o r a l a rge n u m b e r of 
c l l s t ina t icns , but the cover m a y w a r p 
a f te r t en or t w e n t y d i s t i l l a t i o n s where 

* Research Chemist, American Sha.le and 
Petroleum Co., formerly Associate Professor 
of Chemistry, Colorado School of Mines. 

^ Grafe, Shale Oils and Tars, Scheitliauer, 
p. 14S. 

' Tinkler and Challenger, Chemistry of Pe
troleum, p. ISS. 

= United States Bureau of Mines, Notes on 
Oil Shale Industry. 1919. Colorado State B u -
leau ot Mines, Bul le t in 8, p. 37. 

•"United States Geological Survey, Bullet in 
641. p. 147, 1916. 

the final t empera ture reaches a b r i gh t 
red. B a i l e y ' s me thod f o r d e t e r m i n i n g 
ava i l ab le ammonia '^ ( d i s t i l l i n g the shale 
w i t h s team i n an i r o n tube) i s accura te 
f o r the t o t a l a m m o n i a , but i s not w e l l 
adapted f o r an accura te d e t e r m i n a t i o n of 
o i l as the quan t i ty of shale used (30 
grams) i s too s m a l l . T h e " m e r c u r y " re
tort m a y be nsed w i t h cons ide rab le sav
i n g of t i m e to de t e rmine the y i e l d of 
o i l , a m m o n i a and pe rmanen t gas by one 
d i s t i l l a t i o n e i ther w i t h or w i thou t s team. 
F o r the stearn d i s t i l l a t i o n the re tor t i s 
d r i l l e d near the bo t tom ( f r o m one s ide , 
h o r i z o n t a l l y ) , threa'ded, and a s m a l l p ipe 
f o r the i n t r o d u c t i o n of s team t i g h t l y 
s c r ewed i n . Ou t s ide the re to r t the p ipe 
bends d o w n w a r d , where i t connects w i t b 
a su i t ab le source of s team. T h i s type 
of re tor t is su i t ed f o r con t ro l w o r k i n 
p lan t s r e t o r t i n g w i t h s t eam and for the 
de t e rmina t i on of a m m o n i a unde r condi
t ions s i m i l a r to those of p lan t r e to r t ing . 
T b i s me thod is not des i rab le f o r the de
t e r m i n a t i o n of the m a x i m u m y i e l d of am
monia , s ince the comple t e r e m o v a l of 
a m m o n i a w i t h s team requi res a l o n g t i m e 
even w h e n s m a l l quant i t i es of shale are 
used, as i n B a i l e y ' s me thod . T h e amounts 
of o i l and e spec i a l l y of a m m o n i a v a r y 
cons ide rab ly w i t b the same shale depend
i n g on the m e t h o d of hea t i ng and on the 
type of appara tus used. It i s t he re fo re 
impor t an t tha t some s t andard me thod be 
adopted f o r genera l use. N o t h i n g new 
or pe r fec t i s c l a i m e d f o r the f o l i o w i n g 
method, but i t i s f a i r l y accurate , easy of 
m a n i p u l a t i o n , c o m p a r a t i v e l y r ap id , and 
whe the r the d i s t i l l a t i o n i s made w i t h or 
w i thou t s team, tbe condi t ions can be 
eas i ly v a r i e d so as to approach those i n 
a p lan t re tor t . 

Analysis by Dry Distillation. 

T h e a.pparatus i s set up as shown i n 
the a c c o m p a n y i n g cut. W h e n ava i l ab le , 
a flow-meter i s used ins t ead of tbe car
boy. A we ighed sample (241) g rams of 
the shale i s p l aced i n a one-balf p in t 
" m e r c u r y " re tor t and a paste of "Smoo th -
O n " cement ( E n g i n e e r ' s N o . 1) q u i c k l y 
I-laced on the j u n c t i o n su r faces of bo th 
the re tor t and cover , a n d the cover at 
once c l a m p e d down t i g h t l y . T h e re to r t 
is p laced i n pos i t ion , covered by an insu
l a t i o n (85 percen t m a g n e s i a s team-pipe 

" Bla i r , Journal Society Chemieal Industry, 
1911. p. 397. Grissom, Journal Industrial and 
Engineering Chemistry, February, 1920. p. 
172. 
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i n s u l a t i o n , 8 i n . long , 4%, i n . i n s ide d iam
eter ) , w h i c l i also serves a.s a bu rne r 
guard, and t hen a l l o w e d to s tand at l eas t 
15 minu te s to g ive t ime f o r the se t t ing 
of the cement . A s m a l l p iece of asbes
tos board is p l aced over the top of the 
magnes i a i n s u l a t i o n so as to cover two-
th i rds of the re tor t on the s ide f a r thes t 
f r o m the condenser . T h e condenser i s 
p laced i n a, v e r t i c a l p o s i t i o n i n order to 
secure better dra inage , and the w a t e r f o r 
coo l ing first r u n t h r o u g h a s m a l l flask, 
w b i c b is heated at the end of the d i s t i l 
l a t i o n to me l t and remove any s o l i d ma
t e r i a l r e m a i n i n g i n the condenser tube, 
T b e o i l and wa te r d i s t i l l i n g f r o m the 
shale are co l l ec ted and m e a s u r e d i n the 
graduated cy l inde r . T h e a m m o n i a i s ab
sorbed f r o m the gases by about 25 ee. of 
a p p r o x i m a t e l y n o r m a l s u l p h u r i c a c i d i n 
the M e y e r abso rp t ion tube. T h e perma
nent gases are best measu red hy a flow
meter, but tbey may be co l l ec ted over 
water and measu red hy the amoun t of 
w a t e r d i sp laced . W h e n t h i s l a s t me thod 
is used i t is necessa ry to have a la rge 
conta iner sueh as a carboy . A s iphon 
tube leads f r o m the bot tom of the ear-
boy in to a d i s t i l l i n g flask (also conta in
i n g w a t e r ) , and tbe pressure i n the re
tort and the tubes l e a d i n g f r o m i t i s reg
u la ted by a d j u s t i n g tbe he igh t of the 
flask so as to keep the pressure approx i 
ma te ly a tmosphe r i c th roughou t the dis-
t i l l a t i on . 

W h e n a l l i s ready f o r the d i s t i l l a t i o n , 
a number 4 S c i m a t c o burne r i s ad jus t ed 
to produce a 4-inch flame and p l aced 
w i t h tbe top 4 inches f r o m the bo t tom 
of the re tor t and w i t h the flame under 
the center of the re tor t . T h e b u r n e r i s 
r a i sed one i n c h at ha l f h o u r i n t e r v a l s . 
A f t e r about a n hour and a ba i t tbe wa te r 
to tbe condenser i s shut off a n d at tbe 
end of two hours the bu rne r i s p l aced 

i n c h f r o m the bo t tom of the retor t . 
T h e re to r t shou ld r each a iow red heat. 
T h e o i l i s u sua l l y off at the end of IVz 
or 2 hours . A d d i t i o n a l bu rne r s m a y be 
nsed i n case of doubt. T b e amoun t of 
pe rmanen t gas and somet imes of ammo
nia, may be doub led by c o n t i n u i n g tbe 
hea t i ng at a h i g h e r t empera tu re a f t e r 
the o i l has a l l been r emoved . Sueh meas
urements are not o f t e n r e q u i r e d and usu
a l l y on ly the gas and a m m o n i a accom
p a n y i n g the o i l is measured . A t the end 
of the d i s t i l l a t i o n the gas i s measu red b y 
r e a d i n g tbe fiow mete r or b y m e a s u r i n g 
the wa te r d i sp laced . T h i s v o l u m e i n 
l i t e r s t imes 133.7 i s equal to the n u m b e r 
of cub ic fee t of gas per t o n (2000 lbs.) 
of sha l e w h e n 241 g rams have been used 
f o r tbe ana lys i s . T h e w a t e r i n the s m a l l 
flask connec ted w i t h the condenser i s 
heated u n t i l the s team e n t e r i n g the con

denser has m e l t e d and r e m o v e d a l l the 
heavy o i l . T h e amounts of o i l and w a t e r 
co l l ec ted i n the gradua ted c y l i n d e r are 
accura te ly measured . A l t e r m e a s u r i n g 
the o i l and w a t e r tbey are t r a n s f e r r e d 
to a separa to ry f u n n e l and the w a t e r r u n 
in to a h t e r c o n i c a l flask. T h e a c i d i s 
poured f r o m tbe M e y e r tube in to the coni
ca l flask and the tube r i n s e d w i t h 50 cc. 
of ho t water . T h i s w a t e r i s t hen poured 
t h r o u g h the inne r tube of the condenser 
i n to tbe gradua ted c y l i n d e r so as to r inse 
out any a m m o n i u m compounds . T b e 
r i n s e wa te r i s t r a n s f e r r e d to the separa
to ry f u n n e l , the o i l and hot wa te r s h a k e n 
together , and a f t e r s epa ra t ion the w a t e r 
i s r u n in to the c o n i c a l flask. T h e r ins 
i n g i n th is m a n n e r w i t h 50 cc. por t ions of 
hot w a t e r i s repea ted three more t imes 
add ing the r i n s e wa te r each t i m e to the 
c o n i c a l flask. T h i s r i n s i n g is necessa ry 
to r emove the a m m o n i u m compounds 
f r o m the o i l . U s u a l l y the r i n s e w a t e r 
con ta ins more a m m o n i a than the a c i d i n 
the M e y e r tube, and unless the o i l i s w e l l 
washed i t i s imposs ib l e to ob ta in ammo
n i a resu l t s w h i c h cheek. 

T h e a m m o n i u m sulphate con ta ined i n 
the a c i d s o l u t i o n and the r i n s e w a t e r i n 
the con ica l flask is de te rmined by one of 
t w o methods . T h e so lu t ion m a y he 
boi led to a s m a l l vo lume or an a l iquot por
t i on measured and the a m m o n i a deter
m i n e d i n the usua l m a n n e r by a K j e l d a h l 
d i s t i l l a t i o n . W h e n the ac id so lu t i on i s 
not too deeply co lo red ( w h i c h i s the ru l e 
i f t he shale is d i s t i l l e d s l o w l y ) tbe f o l -
lov / ing me thod ^ based on the r eac t ion of 
f o r m a l d e h y d e w i t h a m m o n i u m compounds 
may be used. It i s v e r y r a p i d and a lmos t 
as accura te as tbe K j e l d a h l me thod . T h e 
so lu t i on is b o i l e d to remove c a r b o n diox
ide and suf i i c i e i i t l i t m u s so lu t i on or co
ch inea l i s added to produce a d i s t i n c t 
color . S o d i u m h y d r o x i d e i s added f r o m 
a bure t te u n t i l the so lu t i on is exac t ly 
neu t r a l . W h e n i n doubt about the end-
po in t or the end-point has been passed, 
a f e w drops of s u l p h u r i c ac id are added 
and the end-point aga in determined^ 
T b i s "may be repea ted any n u m b e r of 
t imes u n t i l the n e u t r a l i t y of the so lu t i on 
is assured . O f t e n d i l u t i o n w i t h a la rge 
vo lume of w a t e r is an a i d i n m a k i n g 
these end-point colors c lea re r . W i t h l i t 
mus i t is m o s t uecura te to t ake tbe end-
po in t w h e r e the co lo r begins to change 
to a red-vio le t r a the r t han the final 
change to deep blue. T e n cub ic cent i 
meters of n e u t r a l 40 percent fo rma lde 
hyde are added to the n e u t r a l so lu t ion 
aud the so lu t i on b o i l e d f o r about one 
minu te . T h e f o l l o w i n g r e a c t i o n takes 
p lace : 

6 H C H O + 2 ( N H , ) , . S 0 i : ^ ( C I t , ) „ N , + 
2 H. ,SO, + 6 H , 0 
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T h e s o l u t i o n is cooled to about 60 de
grees C, pheno lph tha l e in added, and the 
s u l p h u r i c a c id t i t r a t ed w i t h s t andard so
d i u m h y d r o x i d e . One cub ic cen t imete r 
of fifth n o r m a l base is equivalent , to 
0.10964 pounds of a m m o n i u m sulphate 
per ton of sha le w h e n 241 grams are 
used i n the d i s t i l l a t i o n , T h e g rams of 
a m m o n i u m su lpha te f r o m 241 grams of 
shale t imes 8.3 i s equa l to pounds of am
m o n i u m sulphate to tbe ton. 

"When the amoun t of spent sha le i s de
s i red , i t i s r e m o v e d f r o m the retor t a f t e r 
c o o l i n g and we ighed , T h e number of 
g r ams of spent shale ob ta ined f r o m 241 
g rams of shale m u l t i p l i e d by 8.3 equals 
the number of pountis of spent shale per 
ton . 

Analysis by Steam Distiilation. 

T h e appara tus and tbe me thod are the 
s ame as g i v e n above w i t h tbe f o l l o w i n g 
changes . T b e re tor t has an i r o n tube for 
tbe i n t r o d u c t i o n of s team, the gradua ted 
c y l i n d e r is r ep laced by a l i t e r suc t ion 
f lask , the adap t ing tube f r o m the con
denser extends to the bo t tom of tbe flask, 
a brass or i r o n condenser tube is pre
f e r r e d , aud the s m a l l flask f o r hea t i ng 
tbe condenser wa te r may be omi t t ed . 
T h e s l ia le i s heated w i t h o u t s t eam u n t i l 
i t has reached tbe s t eam tempera ture . 
T h e n s team is i n t r o d u c e d and con t inued 
at such ra te as to co r respond to the 

amoun t used i n p l an t r e to r t ing , or so 
tha t 200 to 300 ce. of condensed s t e an 
a c c o m p a n y tbe o i l . A f t e r tbe o i l i s a i l 
ou t the s t eam m a y be con t inued n n t i l 
500 cc. of wa te r have co l l ec ted i n tb( 
suc t ion flask. Cons ide rab l e ammon ia 
m a y s t i l l be ob ta ined f r o m the spen 
shale , but p lan t opera t ion u s u a l l y leave; 
more t h a n 1 percent of the n i t r o g e n i i 
the shale. T h e hea t ing b y means of th'i 
S c i m a t c o burne r i s i nc reased less r a p i d l ; 
t h a n i n tbe d i s t i l l a t i o n w i t h o u t s team 
A t the end of tbe d i s t i l l a t i o n the ac id 
so lu t ion i n the M e y e r tube is poured in to 
the s u c t i o n flask. If the so lu t ion is a lka 
i i n e some more ac id i s added u n t i l i t i 
a c id . T h e o i l and water are t hen seps 
ra ted i n the separa to ry f u n n e l , the oi 
is m e a s u r e d i n the graduated c y l i n d e 
a n d the a m m o n i a con ta ined i n the wa te r 
is de t e rmined by one of the methods 
a l r eady ment ioned . 

T h e f o l l o w i n g are the r e su l t s obta ine i l 
b y s i x difl lerent d i s t i l l a t i o n s of a s a m p l 
o f Co lo rado shale . T h e flrst three dif 
f i l i a t i o n s were made wi thou t s team an 
the second three w i t h s t eam. B x t r e m 
care was uot t a k e n to m a k e tbe eond 
t ions exac t ly the same and they do nc 
f a i r l y i nd ica t e bow w e l l the m e t h o d may 
be made to produce resu l t s w h i c h check 
w h e n samples are r u n f r o m the same h 
of shale . 

Retorting Without Steam. 
S a m p l e N o , 1 

W a t e r , ga l lons per ton 
O i l , ga l lons per ton "^S.l 
Gas . c \ ibic f ee t per t o n - 4383 
A m m o n i u m Sulpha te , pounds per ton 10.20 
Spen t Sha le , pounds per t o n . , 1130 
G r a v i t y of O i l , B e 21.1 
S a t u r a t i o n of O i l , pe rcen t 14.2 

Retorting with Steam. 
S a m p l e N o . 4 

O i l , ga l lons per ton "^8.1 
Gas, cub ic fee t per ton ^^^l ^ 
A m m o n i u m Sulphate , pounds per ton 21.9 
Spen t Sha le , pounds per t o n 1085 
G r a v i t y of O i l , B e ' 20.9 
S a t u r a t i o n of O i l , percent l ' ^ - ^ • 

Samp le N o . 2 
2.2 

77.0 
4236 

12.05 
1112 

21.2 
15.0 

Samp le N o . 5 
82.5 

3620 
30.2 

• 1090 
20.2 
13.0 

Samp le N o . 3 
3.85 

78,0 
3860 

11.82 
1123 

21.5 
14.0 

S a m p l e N o , 6 
80.3 

4056 
32.6 

1004 
20,9 
12.6 

P R O D U C T i O N O F A S P H A L T IN T H E 
U N i T E D S T A T E S . 

A p r e l i m i n a r y es t ima te of the produc
t i on and sales of aspha l t a n d n a t i v e b i 
tumens and a l l i e d subs tances i n the 
U n i t e d States i n 1919, has jus t heen 
made p u b l i c by the U n i t e d States Geo^ 
l o g i c a l S u r v e y D e p a r t m e n t of the Inter
ior . T h e aspha l t p roduced f r o m domes t i c 
p e t r o l e u m amoun ted to 600,000 shor t 

Troina/i SI nnn non au a,uua,rent 

i nc rease over 191S, of 72,425 tons, and of 
$1,564,796, r e spec t i ve ly . T h e asphalt-
p r o d u c e d f r o m M e x i c a n pe t ro l enm 
am.ounted to 672,000 shor t tons, v a l u e d at 
$7,917,000, an i n c r e a s e f r o m 1918 ol" 
21,756 tons, i n quan t i ty and a decrease ()f 
$2,407,020 i n va lue . A b o u t 115,000 she 
tons of n a t i v e b i tumens and a l l i e d sul)-
s tances v a l u e d at $1,000,000 was pro
duced i n 1919, an apparen t inc rease over 
1918 of 54,966 tons and of $219,192. 
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Observations with the Geophone 
Alan Leighton. 

T h e geophone is an i n s t r u m e n t i n 
ven ted by the F r e n c h d u r i n g the w a r t o 
detect, t h r o u g h the ear th , the s a p p i n g 
and underg round m i n i n g opera t ions of 
the enemy. It was i m p r o v e d by tbe 
U n i t e d States E n g i n e e r s , a n d more re
cen t ly has been f u r t h e r i m p r o v e d by the 
engineers of the U n i t e d S ta tes B u r e a u of 
M i n e s , and i ts use i n connec t ion w i t h spe-

. c i a l sounds has been developed. 

T b e i n s t rumen t , though s m a l l , i s essen
t i a l l y a s e i smograph , s ince i t w o r k s on 
tbe same p r i n c i p l e as the ponderous ap
para tus by w h i c h ea r thquake t r emors are 
recorded . It cons i s t s of a n i r o n r i n g 
about three a n d one-half i nches i n d iam
eter, w i t h i n the center of w h i c h i s sus
pended a l ead w e i g h t tha t is f a s t ened by 
a s ing l e bol t t h r o u g h t w o m e t a l d iscs 
(pure n i c k e l d iscs 0-025 i n . t h i c k are 
used) one of w h i c h covers the top and 
the o ther the bot tom of the r i n g . T h e r e 
are two brass cap pieces , the top one 
h a v i n g an open ing i n the center to w h i c b 
is f a s t ened a rubber tube l e a d i n g to a 
s te thoscopic ear-piece. T h e s e cap pieces 
are fas tened w i t h ho l t s to the i r o n r i n g 
and serve a lso to ho ld the m e t a l d i scs 
i n p lace . 

W e t hen have r e a l l y n o t h i n g but a l e a d 
w e i g h t suspended be tween two t h i n d i scs 
tbat ex tend across a s m a l l a i r - t ight box. 
If the i n s t r u m e n t i s p l a c e d on the g round 
and anyone is p o u n d i n g or d i g g i n g i n the 
v i c i n i t y , energy is t r a n s m i t t e d i n w a v e 
mot ion th rough the ear th , a n d the ea r th 
waves shake the geopbone case. T h e 
lead weight , on account of i t s mass , and 
because i t i s suspended be tween the 
discs, r ema ins c o m p a r a t i v e l y mot ion less . 
T h e r e is thus p roduced a r e l a t i v e m o t i o n 
between the i n s t r u m e n t case and the l ead 
we igh t . T h e r e su l t i s t ha t i n the t h i n 
space over the disc , a c o m p r e s s i o n and 
r a r i f i c a t i o n of t b e a i r a l t e r n a t e l y takes 
place w h i c h is m a g n i f i e d a t the s m ^ l l 
outlet. S ince the rubbe r tube l e a d i n g to 
the s te thoscopic ear-piece i s connected 
w i t h the space i n the geophone, the v i b r a 
t ions are t r ansmi t t ed to the ear d r u m 
a n d i i k e other r a p i d a i r waves p roduce 
sound effects . U s u a l l y t w o in s t rumen t s 
.are used, one f o r each ear. 

W h e n two in s t rumen t s are used, i t has 
been f o u n d tha t the sound is appa ren t ly 
louder f r o m the i n s t r u m e n t nea re r the 
source of sound, even t hough the geo
phones are p l aced not more t han t w o 

* Mon th ly Repor ts of Investigations, B u 
reau of Mines , Department of the Interior. 

f ee t apar t . It i s ev ident tha t hy m o v i n g 
the i n s t rumen t s a po in t oan be f o u n d 
where the sound w i l l be of the same ap
paren t i n t e n s i t y i n bo th ears. T b e direc
t i on of the po in t of o r i g i n of the, sonnd is 
then on a' pe rpend icu l a r to the l i n e con
n e c t i n g the centers of the t w o i n s t ru 
ments , e i ther i n f r o n t of or b e h i n d the 
observer . F u r t h e r obse rva t i on w i l l show 
w h i c h side. D i r e c t i o n - i s qu i te accu ra t e ly 
de t e rmined i n t h i s w a y , T b e sound is 
not a c t u a l l y louder i n one ear t h a n i n 
the other , hut the ear i s capable of dis
t i n g u i s h i n g tbe s l i g h t d i f fe rences i n t i m e 
at w h i c b the sounds a r r i v e i n the t w o i n 
s t ruments . S i n c e th i s i s the case per
sons who are s l i g h t l y deaf i n one ear are 
able to de te rmine d i r e c t i o n w i t h the i n 
s t ruments . 

T b e B u r e a u of M i n e s has conducted an 
i n v e s t i g a t i o n to de te rmine the cond i t ions 
of opera t ion under w h i e h the geophone 
w i l l g ive the mos t s a t i s f a c t o r y resu l t s 
w h e n used f o r rescue and s u r v e y woi 'k 
i n b o t h me ta l and eoal m i n e s . 

In coa l mines i t has been de t e rmined 
that the geophones shou ld res t on a s o l i d 
she l f of c o a l or on the fioor of a n i c h e 
cut in to the coa l . T h e floor of the m i n e 
is l i k e l y to he covered w i t h d i r t , and is 
v e r y se ldom so l id enough to t r a n s m i t 
sound w e l l . In_ m e t a l mines the geo
phones w i l l , of course, be h e l d aga ins t 
or p l aced upon the n a t u r a l r ock . I f the 
geophones are he ld w i t h the hands 
aga ins t the coal , , v i b r a t i o n s are set up 
by the c i r c u l a t i o n of the b lood w i t h i n 
the hands that g r ea t l y i n t e r f e r e w i t h suc
c e s s f u l observa t ions . O n the o ther b a n d 
the r o c k appears to w i t h s t a n d these v i 
bra t ions , and s u c c e s s f u l r e su l t s can be 
ob ta ined by s i m p l y h o l d i n g the i n s t ru 
ments i n p lace upon the rock . 

If a m a n is p o u n d i n g i n the hope tha t 
he m a y he loca ted by means of geo
phones, he s h o u l d s t r i k e h e a v y s low 
b lows u p o n the coa l or rock . T h e best 
resul ts are ob ta ined w i t h a sledge, or 
heavy s t i c k of t imbe r . T h i s i s t rue even 
i f the m a n expects to be loca ted b y a 
par ty o p e r a t i n g upon the su r f ace , T b e r e 
is no advantage i n p o u n d i n g upon the 
mine roof. T h e sound t r a n s m i s s i o n is 
not so good, and the process is m o r e 
f a t i g u i n g . I t is , of course, k n o w n that 
sounds are t r a n s m i t t e d v e r y w e l l a long 
r a i l s a n d p ipe l ines . T h e i n v e s t i g a t i o n 
bas s h o w n that w h i i e sounds m a y be 
t r a n s m i t t e d great d is tances i f the r a i l s 
are l a i d upon t ies or the p ipes are sus-
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pended ; on the other hand, i l t hey are 
b u r i e d i n loose d i r t f o r a dis tanee as 
s h c r t as fifteen fee t the s o u n d v i b r a t i o n s 
m a y be comple t e ly damped. F o r th i s rea
s o n a m a n shou ld never pound on a pipe 
l i n e or the r a i l s unless he i s c e r t a in t ha t 
they are en t i r e ly f r e e f r o m any c o v e r i n g . 
S i n c e the so imds are so w e l l t r a n s m i t t e d 
t h r o u g h the ro.clf or coa l , pound ing on 
p ipes w o u l d s e ldom be advisab le . 

In m a l i i n g obse rva t ions f r o m the sur
f a c e above a mine , the geophones m u s t 
be pressed firmly in to p lace upon the 
ea r th a f t e r the sod has been removed . 
E x p e r i m e n t s we re conduc ted w i t h the 
geophones p l a c e d upon , s t akes d r i v e n i n to 
tbe ear th , but th is me thod was f o u n d no t 
to possess any advantage . 

In r ega rd to the d i s tances tha t sounds 
can be detected th rough the ear th , 
s ledge p o i m d i n g can be hea rd i n a m i n e d -
out a r ea of a c o a l m i n e at least fifteen 
h u n d r e d feet, t h rough the s o l i d coa l t w o 
thousand feet, and t h r o u g h s o l i d r o c k 
about one-half m i l e . B l o w s f r o m a p ick , 
t a m p i n g bar, o r h e a v y r o c k can he de
tec ted about two- th i rds as f a r . 

T h e geophone is of great va lue f o r res
cue w o r k i n mines . It f r e q u e n t l y hap
pens tha t a f t e r a d i sas te r men ba r r i c ade 
themse lves i n some por t ion of the m i n e 
w h e r e the a i r i s s t i l l good a n d a w a i t res
cue par t ies . I n such a case, i f they keep 
np a con t inuous pound ing , i t may eas i ly 
be poss ib le to locate t h e m b y means of 
the geophones. O t h e r w i s e i t i s poss ib le 
tba t the rescue pa r ty m a y come near 
t h e m w i t h o u t d i s c o v e r i n g t he i r p lace of 
r e fuge . T b e same is t rue of m e t a l mines , 
w h e r e m e n m a y be i m p r i s o n e d beh ind 
f a l l s , or even be b a r r i c a d e d i n some por
t i o n of the m i n e to w h i c h tbey have re
t reated i n o rde r to protect themse lves 
f r o m the f u m e s bf a flre. 

T h e geopbone has a lso been p roved of 
va lue f o r r o u g h su rvey w o r k i n bo th coa l 
and m e t a l m ines , f o r purposes of check
i n g , pos i t ions of headings , w inzes or ra i s 
es, b e i n g d r i v e n , sunk, or r a i sed to m a k e 
a connec t ion . It i s perhaps of more va lue 
under the cond i t ions u s u a l l y p r e v a i l i n g 
i n me ta l mines , s ince d i r e c t i o n is more 
eas i ly de t e rmined t h r o u g h r o c k t h a n 
th rough coa l . 

It is' e a s i l y seen tha t geophones are of 
va lue w h e n the headings of tunne ls d i f i i -
cu l t to s u r v e y are c o m i n g together . D i 
r ec t i on de te rmina t ions shou ld be made 
f r o m each tunne l , and i f the resu l t s are 
cons is ten t the opera tor can he sure of 
b i s data . T h e resu l t s m a y not agree i f 
the s t r a t a be tween the t w o t u n n e l heads 
are not homogeneous, and, of course, i n 
th i s ease l i t t l e r e l i a n c e can be p laced 
upon t h e m . 

T b a t the in s t rumen t s are of p r ac t i c a l 
va lue i n th i s connec t ion c a n he seen 
f r o m the f o l l o w i n g in s t ances : T h e B u 
r e a u of M i n e s E n g i n e e r s were present i n 
a m e t a l m i n e at the t ime w h e n a d r i f t 
and a r a i se had " m i s s e d . " A f e w m i n 
utes ' obse rva t ion i n tbe d r i f t and of 
p o u n d i n g i n the ra ise , s h o w e d tha t the 
r a i se h a d gone up pas t the d r i f t about 
s i x fee t In f r o m the f ace a n d to the r igh t . 
Obse rva t ions made f r o m the r a i se upon 
tbe sounds of the d r i l l ope ra t ing i n the 
d r i f t s h o w e d tha t the ra i se extended to 
a po in t s i x f ee t above the d r i f t , and tha t 
the d r i f t was i n the d i r e c t i o n i nd i ca t ed 
by the flrst set of observa t ions . A sur
v e y showed these conc lus ions to he cor
rec t . A g a i n , observa t ions were made of 
another r a i se w h i c h was b e i n g d r i v e n to 
the s ide of a d r i f t , s i x to e ight fee t f r o m 
i t . Obse rva t ions were made of the 
sounds f r o m the d r i l l , and a po in t loca ted 
on the s ide of the d r i f t beh ind w h i c h the 
d r i l l i n the ra i se was appa ren t ly operat
i n g . T h e s u r v e y m a r k was t hen ascer
t a ined to be f r o m two to three fee t to 
the r i g h t of th i s m a r k . A d r i l l , set up 
and operated in to the s u r v e y m a r k d i d 
not hole t h r o u g h in to the ra ise . A hole 
d r i l l e d at the po in t i nd ica ted b y the geo
phones r e a c h e d the raise , and p roved tbe 
geophones to be corrept w i t h i n a f e w 
inches . 

T h i s i n s t a n c e also i l l u s t r a t e s another 
a p p l i c a t i o n of the geophone. T h e survey
ors h a d g i v e n the mine r s the l o c a t i o n 
of the r a i se W i t h r ega rd to the d r i f t i n 
order to p reven t acc iden t i n case a b las t 
b r o k e th rough . T h e geophone cou ld have 
loca ted the po in t eas i ly , and f r equen t ob
se rva t ions , i f necessary , w o u l d have 
shown the progress of the w o r k w i t h i n 
the ra i se and before a b las t was to be 
flred. 

One of the advantages of the i n s t ru 
ment i s t ha t i t reproduces sound so w e l l . 
T a l k i n g can be unders tood f a i r l y w e i l 
t h r o u g h fifty f ee t of s o l i d coa l , and de
tected one hundred and fifty fee t away. 
T h e sounds f r o m m i n i n g mach ines are a l l 
cha rac t e r i s t i c . I n fac t , a bu reau engineer 
t h r o u g h three h u n d r e d fee t of c o a l was 
able to name n ine out of t en tools w h i c h 
we re b e i n g operated upon the coa l . In 
one m i n e where obse rva t ions were b e i n g 
made f r o m a t i m n e l head ing , the m i n e 
f o r e m a n bea rd tbe w o r k m e n i n another 
t unne l p r e p a r i n g to blast , and o rde red 
the B u r e a u E n g i n e e r s to r e t i r e u n t i l the 
b las t was flred. T h e sounds were so 
c lea r tha t he d i d not r ea l i ze at the t i m e 
that the t unne l headings were t hen over 
three hundred fee t apar t . 

Obse rva t ions have been made at t w o 
m i n e flres, where i t was f o u n d that the 
flre made noise enough to be h e a r d some 
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dis tance, e i ther because of the d r a w i n g 
ir o r the b r e a k i n g off of b i t s of coa l and 
[ate. A t one fire b u r n i n g about f o r t y 
iet be low the s u r f a c e a l l of tbese sounds 
3uid be bea rd , and an area was loca t ed 

w i t h i n w h i c h they were aud ib le . T h e flre 
could not be approached f r o m w i t h i n the 

line, but the one po in t i n s i d e at w h i c h 
miliar sounds could be hea rd was f o u n d 
) be the neares t po in t to the fire area , 
a ter observa t ions made a round the base 
[ a l a rge b u r n i n g c u l m p i l e we re of i n 
v e s t because the same k i n d s of sounds 
ere aud ib le here. A t the second flre, 
h i c h was b u r n i n g three h u n d r e d fee t 
:;low the sur face , o n l y the sounds f r o m 

t i ropp ing rock cou ld be hea rd . 
It i s the cus tom i n some loca l i t i e s to 
It down c h u r n - d r i l l holes f r o m the sur-
ce to ven t i l a t e b l i n d stopes a n d to c a r r y 
pe l ines , These holes o f t e n come d o w n 

the so l id , and m u c h expense i s i n -
i r r ed i n l o c a t i n g them and d r i v i n g tun-
!]s to t h e m . Geophones w i l l be of g rea t 
l ine here, and there w o u l d be no ques-
3n of f a in tne s s of sound s ince c h u r n -

• (I f i l l i n g can be detected n e a r l y a m i l e 
vay. 

It i s a w e l l - k n o w n f a c t that w h e n the 
t of a d i amond d r i l l has d r i l l e d a eon-
i e r a h l e d is tance be low t h e „ sur face , 
ere i s no s i m p l e me thod f o r , ^ e t e r m l n -
g the eourse i t m a y have t aken , a l -
ough there are s u r v e y methods used 
at g ive app rox ima te resu l t s . S ince 
ese b i t s n e a r l y a l w a y s d r i f t away f r o m 
s t ra igh t course, i t i s ev ident that any 

i i j s t rumen t m a k i n g i t eas i ly poss ib le to 
t e r m i n e the i r course w i l l be va luab le , 
lere i s some p o s s i b i l i t y tha t the geo-
oue m a y be u s e f u l f o r th is purpose . T o 
te, bowever , th i s poss ib le use of the 
ophoue has not been t h o r o u g h l y stud-
i . Obse rva t ions have been made upon 
t two v e r t i c a l d r i l l holes . T h e s e holes , 
out a quar ter of a m i l e apart , were 

ptmetra t ing s t r a t a c o n s i s t i n g of a l te rnate 
I'ers of gneiss and " b l a c k roek ." pi teh-

'ng at an angle of a p p r o x i m a t e l y fo r ty -
e degrees. One hole has r eached a 

depth of a p p r o x i m a t e l y 1,000 feet, the 
5er 600 feet . A t each ho le i t was f o u n d 
ss ib le to hear the b i t s c u t t i n g w h e n 
3 geophones were p laced upon tbe r o c k 
rface. T h e observa t ions were some-

•\\ bat d i s a p p o i n t i n g i n tha t the sound ot 
^ h i t s cou ld be hea rd w i t b i n but a l i m -
(1 area, a c i r c l e whose r ad ius was ap-
j x i m a t e l y one hundred feet, w i t b i t s 
I ter at the d r i l l . S i n c e the a rea was 
s m a i l , and p r e s u m a b l y d i r e c t l y above 

: bi t , no d i r e c t i o n de te rmina t ions 
l i d be made i n the u s u a l manne r . It 
be l i eved , however , tbat had the b i t 
f t ed , th is a rea of a u d i b i l i t y w o u l d have 
m d i r ec t l y above tbe b i t and a w a y 

f r o m the d r i l l i n g m a c h i n e r y . Observa
t ions mus t be made on i n c l i n e d holes i n 
o rde r to prove th is point . It i s ce r t a in 
tha t shou ld a d r i l l -ho le be put d o w n ahead 
of m i n e w o r k i n g s there w o u l d be no di f f i 
cu l t y i n l o c a t i n g i t f r o m tbe w o r k i n g s 
themse lves . 

V e r y s a t i s f ac to ry resul ts have also been 
ob ta ined i n a t tempts made to locate l eaks 
i n wa te r mains . T h e wa te r c i r c u l a t i n g 
i n tbe o r d i n a r y c i t y m a i n can be heard 
w i t h the geopbones w h e n tbey are p laced 
on the sur face , t en f o t w e l v e feet above 
the pipe. I n the bus iness d i s t r i c t of 
P i t t s b u r g h one leak was loca ted w i t h i n a 
f e w minutes , a l tbougb the water depart
ment had been t r y i n g to flnd i t f o r two 
weeks . T h e leak could be hea rd f r o m 
tbe su r face f r o m a n y point w i t h i n a c i r 
cle s ix ty fee t i n d iameter , and was lo
cated i n the jo in t of a " T " c o n n e c t i n g a 
ten-inch w i t h a flfteen-inch m a i n . T h e 
geopbones were a lso used s u c c e s s f u l l y to 
locate a l eak in a one- inch pipe s e r v i n g a 
r e s idence .—U. S. B u r e a u of M i n e s , Re
ports of Inves t iga t ions . 

T H E R E D CROSS O F T H E F U T U R E 
A N D T H E S E R V I C E M A N . 

T h e p r i m a r y o b l i g a t i o n of the A m e r i 
can R e d Cros s i s to the S e r v i c e M a n of 
tbe A r m y and N a v y . F i v e dut ies s t i l l 
r e m a i n : 

F i r s t — T o s tay w i t h tbe A r m y of Occu
pa t ion , c o m p r i s i n g about 17,000 off icers 
and men . 

S e c o n d — T o cont inue i n tbe hosp i ta l s of 
the A r m y , the N a v y and the P u h l i c 
H e a l t h S e r v i c e w h e r e there are more 
than 26,000 men , m a n y of w h o m w i l l be 
r e t a ined there f o r months and some f o r 
years , and c a r r y on r ec rea t iona l and so
c i a l work . 

T h i r d — T o lieep i n touch as an A d v i 
so ry O r g a n i z a t i o n w i t h the d i scharged 
m e n of the A r m y and N a v y , and be ready 
— not i n the w a y of financial a id—but 
w h a t i s w o r t h more , to con t r ibu te k i n d 
adv ice and f r i e n d l y ass i s tance . 

F o u r t h — T o c a r r y on the w o r k w i t h the 
f a m i l i e s of so ld ie rs a n d sa i lo r s and f o r 
the c o m m u n i t y at large . 

F i f t h — T o care f o r those b l i n d e d i n tbe 
c r a s h of war , a S e r v i c e tu rned over to 
the R e d Cross by the government . 

" A m T m y B r o t h e r ' s keeper"? i s the 
s t a m m e r i n g a l i b i of sordid se l f i shness . 
A n s w e r the ca l l of your R e d Cross , w h i c h 
holds i t s F o u r t h R o i l C a l l N o v e m b e r 11-
25, a n d f u l f t l l you r ob l iga t ion to tbe 
b ro ther who is s t i l l w i t h TTncle Snm 
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<4» T E C H N I C A L R E V I E W 

G E N E R A L . 
Present Status of the Nebraska Potash 

Industry. (Ed. C. & M. E . , September 
22, 1920.) 

T h e po tash m d u s t r y i n N e b r a s k a has 
heen s u f f e r i n g f o r l a c k of p roper suppor t 
f r o m the f e r t i l i z e r companies . D u r i n g 
the wa r , w h e n the i m p o r t a t i o n of po tash 
f r o m f o r e i g n count r ies was cut off, tbe 
companies m i x i n g f e r t i l i z e r we re depend
ent upon the home produc t of po tash and 
were w i l l i n g to pay h i g h pr ices f o r the 
same. D u r i n g t ha t t i m e the po ta sh com
panies p rospered . W i t h the s i g n i n g of 
the a r m i s t i c e , t he f e r t i l i z e r companies 
we re content to s i t b a c k and w a i t f o r the 
l o w e r p r i ce s on po ta sh as a r e su l t of re
n e w e d impor t a t i ons . T h e s e i m p o r t a t i o n s 
have f a i l e d to meet the needs a n d the 
domes t i c p roduc t aga in has a marke t , 
t hough at m u c h l o w e r p r i ce s t h a n f o r m 
e r ly . W i t h more w i l l i n g n e s s on the pa r t 

, of tbe consumer of po tash f o r f e r t i l i z e r 
p roduc t ion , to pa t ron ize home p r o d u c t i o n , 
w i l l come a l a rge r and s teadier supp ly 
f o r h i s needs. R . W . P . 

iVilNING. 

Goid IVIining in British Guiana. (Eng. 
and Ni'in. Journal, September 25, 1920.) 
W i t h on ly a f e w companies s t i l l oper

a t ing , and m i n i n g h a m p e r e d by l a c k of 
t r a n s p o r t a t i o n a n d by h i g h costs, go ld 
p r o d u c t i o n has been dec reas ing s ince 
1895, and is now on ly about one-eighth 
the m a x i m u m reco rded . T h e peak of 
p r o d u c t i o n was r e a c h e d i n 1893-94, w i t h 
a n output of 138,527 ounces, and s ince 
t hen the i n d u s t r y , not o n l y i n G u i a n a , bu t 
a l so i n the o ther g o l d - m i n i n g loca t ions , 
has dec l ined . T h e l a rges t pa r t of tbe 
p r o d u c t i o n i n G u i a n a has been f r o m 
s m a l l p lace r opera t ions , c a r r i e d on b y 
negroes who are g rubs t aked b y the c l a i m 
owners , and who go up to the " b u s h " f o r 
a y e a r at a t ime , d i v i d i n g t he i r p rof i t s 
on the i r r e t u r n . R . W . P . 

A Tasmanian Lode T i n IVIine. By IVl. A. 
Whitford. (C. E . & M. R., July 5, 1920.) 
T h e R o y a l George T i n ' M i n e operates 

o n a lode of a l t e r ed gi-anite h a v i n g w e l l - ' 
de f lned w a l l s . T h e m i l l equ ipmen t con
s i s t s of s tamps , j igs , g r i n d i n g pans , W i h 
fley tables and r o a s t i n g f u r n a c e . P o w e r 
Is supp l i ed h y a 220-H. P . gas engine , and 
w a t e r i s supp l i ed at the ra te of 20,000 
ga l lons per hour by a c e n t r i f u g a l pump . 

J . A . H . 

Designing IVIine Signal Systems. By R, 
H. Bacon. (E. & Nl. J . , August 21, 1920.) 
T h e necessa ry fea tures of a siguE 

t e m are safe ty , r e h a b i l i t y , speed of oper
a t ion , l o w ma in t enance cost, and s i 
i t y . T h e m o s t impor t an t consider:! f ion 
of sa fe ty r ecommends the use of e l r c l r u ; 
sys tems . L o w ma in t enance cost i s nb-
t a ined by the use of rugged equi r 
T h e a r t i c l e ends w i t h a d e s c r i p t i 
the w a y i n w h i c h the copper R a n ; 
se lec ted i t s c i r c u i t l ayou t . .T. A . i i . 

The Copper Ores of Lake Superior. By 
J. E . Spurr. (E. & M, J . , August 21, 
1920.) 
T h e copper-bear ing f o r m a t i o n 

t h i c k ser ies of conglomera tes and liMsic 
su r f ace l avas . M i n e r a l i z a t i o n . o e r n r r r d 
i n the cons: lomerate b y r ep l acemen i and 
i m p r e g n a t i o n . T h e grea te r pa r t of l lu i 
ore i s na t ive copper in t e r -c rys ta l I i / c d 
w i t h cha lcoc i t e , w h i e h shows the st 
of s u l p h u r i n the so lu t ions . J . A 

Danger^from Explosive Fumes in Metal, 
Mining. By D. Harrington and B. W. 
Dyer. (iVl. & S. P., August 28, 1920.) 
T w o accidents i n M a y and J r 

w h i c h s i x men were a sphyx ia t ed liave 
aroused in te res t i n tbe p reven t ion c 
deaths. Tn both oases deaths were i 
by ca rbon monox ide , w h i c h wfi's i 
n i oved hy the a i r compressor . Otb( 
gerous gases are n i t rous oxide , hyi 
su lph ide and su lphur d iox ide . The rem
edy i s i n tbe use of s u c h v e n t i l a t i i 
t ems as are p r e s c r i b e d by l a w hi coal 
m i n e s . J -

Calculation of Unit Smelting Costs and 
Values. By C. A. Grabiel. (Eng. & 
Min. Journal, September 25, 1920.) 
T h e ques t ion about the v a l u e 

phu r i n c a l c u l a t i n g a f u r n a c e charge aud 
produc t i s d i scussed under three 
a c c o r d i n g to the th ree d i f f e ren t 
of su lphur , i n caus ing the v a r i a t i o n lu 
va lue . F u e l value , r e d u c i n g va lue , ami 
m a t t i n g va lue , are the po in t s cons 
F o r the f i r s t two i t i s f o u n d tha t w i t l i H H ' 
a d d i t i o n of f r o m 1 percent to 10 i 
of s u l p h u r a good, b l a c k copper ciiargn 
w i l l sme l t w i t b a decrease of from IT 
percent to 8 percent of coke. From fluit 
poin t t h e va lue of su lphur dec l ines uiilii 
i t becomes an expense. T h e miiiliuK 
value , f r o m an absolute s tandpoint , is 
inde te rmina te . R . W . P . 
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Liquid Crystals. By Clifford W. Nash. 
(C. E . & M, R., July 5, 1920.) 

I n s h o w i n g m a n y of tbe a t t r ibu tes of 
l i d c rys ta l s , l i q u i d c r y s t a l s seem to 

si iow that the molecu les of a so lu t i on 
Lgn themse lves before s o l i d i f l c a t i o n 

i akes p lace . T h e more c o m m o n of these 
bstanees are f o r m s of benz ine w h i e h 
e sol ids at o r d i n a r y tempera ture , but 

wh ich , when ' mel ted , g ive e igh t d i f f e ren t 
i o c i t i e s at d i f f e r en t d i r ec t ions . T h e 
l y ev idence tha t m o l t e n me ta l s have 
e same proper t ies is the f ac t tha t the 
ys ta l s of some a l l o y s become l a rge r 
l e n r eme l t ed . J . A . H . 

Bail Tests on Missouri Lead Ore. By 
Lewis A. Delano and Harold Rabiing. 
(Eng. & Min. Journal, September 18, 
1920.) 

I n c r u s h i n g tests c a r r i e d on at tbe 
i tonne T e r r e m i l l of the St . J o s e p h L e a d 
(io. i n 1916, the capac i ty of the b a l l m i l l s 

d the na ture of tbe p roduc t w e r e f o u n d 
depend upon the f o l l o w i n g f a c t o r s : 

e., speed and b a l l load , s ize of ba l l s , 
n s t u r e content i n feed , a n d ra te of 
3d. T h e speed and b a l l l o a d de t e rmined 
e power consumed . V a r i a t i o n ^ , i n 
ther we re f o u n d to he of m i n o r impor t -
ce. U p o n the s ize of the ba l l s depend-
the na ture of the product , the h ighes t 

pac i ty a n d , l o w e s t s l i m e b e i n g ob ta ined 
th 5-inch ha l l s . T h e h ighes t ra te of 
ed was ob ta ined i n the open-d ischarged 
l i n d r i c a l m i l l . R . W . P . 

OIL. 

The Flow of Oil in Pipes. By Arthur C. 
Preston. (C. & iVl. E . , September 29, 
1920.) 
T h i s d i s c u s s i o n re la tes p r i m a r i l y to the 
PW of m i n e r a l o i l s . T b e ra te of flow 
a l i q u i d m o v i n g t h r o u g h a p ipe under 

g r av i t y bead i s sub jec t to the na ture of 
e l i qu id—dens i t y , v i s c o s i t y , and i n e r t i a 

l ieing cha rac t e r i s t i c s of the l i q u i d i t se l f , 
.d c o n s t i t u t i n g w h a t i s c a l l e d tbe i n -
rna l group of f a c t o r s a f f e c t i n g flow, 
le e x t e r n a l f a c to r s are the d iameter , 
agth and roughness of the pipe, and 
e g r a v i t y head, These l a t t e r a r e u n i m -
irtant as compared to the f o r m e r . T h e 

o rd ina ry h y d r a u l i c t ab le i s of no va lue i n 
w o r k i n g out the ra te of flow of l i qu ids 
wbicb have a d i f f e r en t dens i ty and viscos-

' t h an wate r . A n h y d r a u l i c t ab le i s 
•plicable o n l y to a v e r y spee ia l case of 
[uid flow: i , .e., t he f l o w of wa te r , and 

because of th i s f a c t i t i s r e a d i l y seen tha t 
e i n t e r n a l group of f a c t o r s cons t i tu tes 
e m a i n i ssue of the expe r imen t s w h i c h 
ve some v e r y i n t e r e s t i n g resu l t s . 

R . W . P . 

Prospector's Field Book and Guide. B y 
H . S. O s b o r n a n d M . W . v o n B e r n e w i t z . 
N i n t h ed i t ion , 1920, H e n r y C a r e y B a i r d & 
Co. , Inc., N e w Y o r k . 

T h e l a s t e d i t i o n of Osborn ' s "Pi 'ospec-
tor ' s F i e l d - B o o k and G u i d e " was pub
l i s h e d i n 1910. It a n d the prev ious seven 
edi t ions were su i tab le f o r those t imes . 
T h e n e w n i n t h ed i t i on w i l l be f o u n d suit
able f o r the present t ime . W h i l e the old-
t i m e prospec tor w i l l a l w a y s he an i m 
por t an t f ac to r , the k n o w l e d g e of and 
s e a r c h f o r the c o m m o n a n d r a r e r m i n 
erals is b r i n g i n g out m e n who are t r a i n e d 
to some degree. In the fleld they need a 
handy a n d sugges t ive pocket-book con
t a i n i n g h in t s on prospect ing—-where to 
sea rch a n d h o w to tes t—couched i n s i m 
p le t e rms . 

S o m e i d e a of the scope of the n i n t h 
ed i t i on m a y be g a i n e d f r o m tbe f a c t tba t 
a sp i r i t ed i n t r o d u c t i o n emphas izes the 
necess i ty of prospectors r e c e i v i n g some 
t e c h m c a l t r a i n i n g . T h e chapter o n pre
l i m i n a r y i n s t r u c t i o n covers the f u i i d a -
men ta l s of a s tudy of the ear th 's c rus t . 
T h e n f o l l o w d i scuss ions on p r a c t i c a l m i n 
eralogy, c ry s t a l l og raphy , the va lue of the 
b lowpipe i n p rospec t ing , s u r v e y i n g , and 
c h e m i c a l tests *in the field. Separa te 
chapters are g i v e n to the prec ious and 
base meta l s , a lso to the non-meta l l i c m i n 
erals . A genera l re -a r rangement has been 
made, a n d the me ta l s o r m i n e r a l s f o u n d 
i n a s soc ia t ion are cons idered together . 

T h e chapter on the non-ferrous or al
loy group of m i n e r a l s i s e n t i r e l y new, be
i n g the best i n f o r m a t i o n ava i l ab le . T h e 
sec t i on on o i l has been expanded , w h i l e 
the sub jec t of oi l -shale i s new. A n e w 
a n d l i t t l e k n o w n , ye t s u c c e s s f u l me thod 
of p rospee t ing f o r go ld i s i n c l u d e d , w h i l e 
s u p e r f i c i a l i n d i c a t i o n s f o r copper rece ive 
f u l l a t t en t ion . T h e chap te r on gems i n 
the p rev ious ed i t i on has heen r e -wr i t t en 
and condensed on tha t subject , hut to i t 
has been added ma t t e r s c o n c e r n i n g gem-
stones used f o r i n d u s t r i a l purposes, sueh 
as abras ives . A genera l chap te r covers 
m a n y u s e f u l m i n e r a l s and sal ts , the o l d 
ma t t e r b e i n g a m p l i f l e d a n d brought np to 
date. 

A n i m p o r t a n t guide and sugges t ive a id 
th roughout the new h o o k a re the m a n y 
b r i e f desc r ip t ions of ore deposi ts of a l l 
m i n e r a l s o c c u r r i n g i n sca t te red par t s of 
the w o r l d . T h e s e bave heen abs t rac ted 
c a r e f u l l y , and t e l l h o w c e r t a i n m i n e r a l s 
m a y be expec ted to be f o u n d . A n o t h e r 
spec i a l f ea tu re i s the l i s t s of outf i ts , 
p r i ces , and m a n i p u l a t i o n of the appara
tus. I n the append ix w i l l be f o u n d num
bers of u s e f u l tables , an e x p l a n a t i o n of 
the u n i t s y s t e m of b u y i n g a n d s e l l i n g 
ores, and a comple te g los sa ry of m i n i n g 
and m i n e r a l o g i c a l t e rms . R . M . K . 
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F I N A N C I A L R E P O R T O F T H E C O L O R A D O S C H O O L O F IVIiNES A L U M N I ASSO 

A S S O C I A T i O N , BY T H E A S S I S T A N T S E C R E T A R Y - T R E A S U R E R . 

From June 2, 1919, to May 8, 1920. 

N O T B i : T h e fiscal yea r c losed on M a y 8th hecause the new off icers of thi-
A s s o c i a t i o n were e lec ted on tha t date at the a n n u a l banquet . 

T o t a l 

R e c e i p t s $5,230.84 

E x p e n d i t u r e s . . 4,522.62 

A l u m n i C r e d i t 

M a g a z i n e A s s ' n A c c o u n t 

$3,226.11$ $692.90t $190.71 

2,128.37 495.16 92.85 

S p e c i a l C a p a b i l i t y 

F u n d B x c b a n g e S a l a r y 

$353.88 $767.24 

404.12 127.12 1,275.00 

T o t a l B a l a n c e . ? 708.22 $1,097.74 $197.74 $ 97.86 ? 50.24* $640.12 $1,275.0'l 

X T h i s amoun t i n c l u d e s $1,097.30 r e c e i v e d f r o m subsc r ip t ions and $2,128.81 f r o n 

adve r t i s emen t s . 

t $130.60 r ece ived f r o m back accounts have been c r ed i t ed to tbe A l u m n i A s s o c i a 

t i on account . 

* T h i s loss i s due to h a v i n g A l l e r ' s N o t e s on R a p i d M e t h o d s of T e c h n i c a l A n a l y s i i 

and T raphagen ' s N o t e s on A s s a y i n g p r i n t e d . 

$1,097.74 p ro f l t ope ra t ion magaz ine 

640.12 p rof l t opera t ion c a p a b i l i t y exchange. 

. $1,737.86 

L e s s s a l a r y $1,275.00 

B a l a n c e $ 462.86 C r e d i t magaz ine account f o r y e a r 1920-1921, revenue f r o n 

subsc r ip t ions . 

C r e d i t D e b i t 

M a g a z i n e $462.86 

A l u m n i A s s o c i a t i o n 197.74 

C r e d i t 97.86 

S p e c i a l $50.24 

$758.46 

50.24 

$50.24 

C a s h on hand $708.22 

S U M M A R Y . 
Liabilities. 

T i t s w o r t h F u n d $ 300.00, L i b e r t y B o n d 

Assets. 

C r e d i t A c c o u n t 97.86 N o t e s Ou t s t and ing , T i t s w o r t h 

M a g a z i n e S u b s c r i p t i o n s 462.86 F u n d 

S p e c i a l F u n d 50.24 C a s h B a l a n c e 

A l u m n i A s s o c i a t i o n B a l a n c e 337.26 

$1,248.22 

.$ 500.00 

40.0( 

. 708.22 

$1,248.22 

R e s p e c t f u l l y submi t t ed . 

C. E R B W U E N S C H , -
A s s i s t a n t S e c r e t a r y - T r e a s u r e r . 

A p p r o v e d : 

M A X W . B A L L , 
T r e a s u r e r . 
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P E R S O N A L S 
'83. 

h i Ibe Sep tember i ssue we p u b l i s h e d a 
a l a n n o u n c i n g the death of W m . 

1!. ^T i l l iken at l p o h P e r a k , F e d e r a t e d M a -
ates. T h i s shou ld have read W m . 

f!. M i d d i e t o n . W m . B . M i h i k e n , '93, i s 
ary m u c h a l ive . H e has off ices i n 
n i n g E x c h a n g e B l d g . , Denve r , Co lo , 
n, C a r l S. M i l l i k e n , was jus t e lec ted 
ary of State i n Co lo rado on the 

K e i m h l i c a n t i cke t . 
'95 

Ci ia r i e s T . D u R e l l has m o v e d f r o m 4112 
fugoi i i a r Street , N . W . , W a s h i n g t o n , D . C , 
lo 1710 E u c l i d Street , N . W . , W a s h i n g -
imi . It. C . 

'99. 
er Gran t , P r o f e s s o r of M i n i n g at 

i l ie ( 'o lorado S c h o o l of M i n e s , has re-
to G o l d e n a f t e r a sho r t profes-

t r i p to F l a t R i v e r , M i s s o u r i . 
'00. 

l i i i u i e l H a r r i n g t o n , of the U . S. B u r e a u 
ol Mines , G o l d e n , Colo . , has off ices at 500 
(;ii:-.lom H o u s e B l d g . , Denve r , C o l o . 

'04. 
1 J . C a r n e y has r e m o v e d f r o m Ou-

817 N . M e s a A v e n u e , Mon t ro se , 
Colo . 

'05. 
irt M c C a r t , J r . , of E l P a s o , T e x a s , 
v i s i t o r i n G o l d e n recen t ly . H e has 
n D e n v e r p u r c h a s i n g m i n i n g ma

chinery . 
'06. 

ge H e i t z has m o v e d f r o m L e a d -
::^olo., to L o s A n g e l e s , C a l i f . A d -
Box 1197. 

'07. 
A. <\ N o r t o n ' s present address i s 2544 

i t reet , Denve r , C o l o . 
'08. 

l a r d J . T r o t t has m o v e d f r o m Colo-
pr ings to 1014 M e c h a n i c B l d g . , E m -
K a n s a s . 
j e l C. S a n d u s k y has res igned b i s 

iio,-,itLoti w i t h tbe Z u m a M i n i n g Co. , E u -
Utah . H i s present address i s S a l i -
lo. 

'09. 
J . H a m i l t o n has r e s i g n e d f r o m 

(lie G r a n b y C o n . M . , S. & P o w e r Co. , 
M d . , .Vnyox, B . C. H e is r e s i d i n g at 518 

i Street , S a n t a B a r b a r a , C a l i f . 
'11. 

or L . M a y is w i t h the C r i c h t o n -
f 'u r l lOnamel Co., E l l w o o d C i t y , P a , 

'12. 
IC T . H a g e r , of S a n L u i s Obispo , Ca l i f . , 

Dved to 807 B a k e r - D e t w e i l e r , L o s 
s, C a l i f . 

M r . and M r s . C h a r l e s L . H a r r i n g t o n , of 
1559 F r a n k l i n Street , Denve r , Coio . , an
nounce the b i r t h of a daughter , V i r g i n i a 
Lee , on Oc tober 5th. 

M r . and M r s . A l b e r t L . Toenges an
nounce tbe a r r i v a l of B e n j a m i n H a r r y on 
Sep tember 21st at P i t t s b u r g , K a n s a s . 

D o n a l d D y r e n f o r t h , f o r m e r l y genera l 
super in tenden t A k r o n M i n e s , W h i t e p i n e , 
Colo. , is n o w w i t h the D o r r Co., D e n v e r . 

'13, 
H a r v e y M a t t h e w s has gone to R e d 

R i v e r , N e w M e x i c o , on an ex tens ive m i n e 
e x a m i n a t i o n t r i p . 

P h i l i p E . N o l a n d ' s address i s care C i a 
del M i n e r a l e s y Me ta l e s , S. A . , Monte r 
rey. N . L . , M e x i c o . 

'14. 
L i o n e l B r o o k e is super in tenden t of 

the E u r e k a H o l l y M i n i n g Co. and the 
B u l l w h a c k e r Cons . M i n e s Co. of E u r e k a , 
N e v a d a . 

E . A . S t rong 's address i s 1213 H o b a r i 
B l d g . , San F r a n c i s c o , C a l i f . H e is met
a l l u r g i s t f o r the M e t a l s E x p l o r a t i o n Co . 

W e have .lust l ea rned the sad n e w s 
t i i a t R a l p h W . S m i t h los t b is w i f e on 
October 12th at Scot t sb luf f , N e b r a s k a . 
M r s . S m i t h was on ly i l l one week. She 
leaves a two-anrl-one-half-year-old daugh
ter, B a r b a r a Jane. 

E . V . G r a y b e a l is loca ted at M i a m i , 
A r i z . 

'15. 
M o n r o e O. C a r l s o n and M i s s H a z e l E l i 

za C u r t i s were m a r r i e d at G u n n i s o n , Colo
rado, on September 22nd. T h e y w i l l re
s ide at Somerse t . Colorado , •\vhere M r . 
-Carlson is engaged i n the c o a l m i n i n g 
business . 

B e n C. E s s i g has res igned h i s pos i t ion 
of fleld engineer w i t h the U . S. B u r e a u 
of M i n e s to become super in tenden t of 
the B i g I n d i a n Copper M i n e near M o a b , 
U t a h , 

'16. 
. lay J . B u r n s r ecen t ly r e s igned f r o m 

tbe B u t t e & Super io r M i n i n g Co , H e is 
now w i t h the C h a m p i o n M i n i n g Co. , R a c e 
T r a c k , M o n t a n a . 

'17. 
L i s l e R . V a n B u r g h bas heen trans

f e r r e d f r o m M i n n e t t , Mon t , , to the Den
ver offices of tbe F r a n t z C o r p o r a t i o n , 
306 F i r s t N a t i o n a l B a u k B l d g . M r . and 
M r s . V a n B u r g h are r e j o i c i n g over the re
cent a r r i v a l of a baby hoy. 

R o b e r f A . T h u r s t o n is at tbe K i r k M i n e 
of tbe 4-C Co . at Cananea , Sonora , M e x -
i c a . " 

' IS . 
R o g e r F . W h i t e and M i s s E s t h e r L . 

P l i m p t o n , of Modes to , Ca l i f . , were mar
r i e d i n W a s h i n g t o n , D . C , on Sep temher 
30th. T h e y w i l l res ide at 3612 M c K i n 
ley Street , C h e v y Chase , D . C. 
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'20. 
A n t o n i o D . A l v l r i s n o w at N o . 5558' 

D r e x e l A v e n u e , C l i i c a g o , 111. 
F r e d L . Se rv i s s i s wi th , the Co lo rado 

F u e l . & I ron Co . at T r i n i d a d , C o l o . 

EX-MINES N O T E S . 
'17. 

M r . and M r s . Chas . M . B e y r l e announce 
the recent a r r i v a l of B e v e r l y A n n , at 
C h r i s t m a s , A r i z . 

O B I T U A R Y . 
'07. 

T h o s . P . E l l i s d ied at A l a m e d a , Ca l i f . , 
on Sep temher 27th. H e had been i l l f o r 
a m o n t h . T h e end came v e r y unexpect
edly , as he was c o n v a l e s c i n g w h e n pneu
m o n i a set i n . H e l eaves a w i f e a n d th ree 
c h i l d r e n . M r s . E l l i s w i l l res ide at R . F . 
D . 3, B o x 12 G, S a n Diego , C a l i f . 

S C H O O L N E W S . 

H a r o l d C r o o k s , A s s o c i a t e P r o f e s s o r of 
Geology , r e s igned h i s p o s i t i o n on N o v e m 
ber 1st to accept a p o s i t i o n on the geol-
l o g i c a l s t a f f of the S t a n d a r d O i l Co . f o r 
se rv ices i n V e n e z u e l a , Sou th A m e r i c a . 

H e w i l l he succeeded by J a m e s J . L i l 
i i e of F r i s c o , U t a h , a m i n i n g geologis t 
a n d graduate of the U n i v e r s i t y of U t a h . 

P r o f A . B . B e l l i s , r e c e n t l y o r g a n i z e d 
a brass b a n d amongs t the S c h o o l of 
M i n e s s tudents . A h o u t twen ty - f ive m e n 
have repor t ed f o r rehearsa l s . T h e new 
o r g a n i z a t i o n g ives p r o m i s e of b e i n g an 
exce l len t one. 

M a j o r G . C. Dobson , who has been com
m a n d e r of the S c h o o l of M i n e s rese rve 
o f f i ce r s ' t r a i n i n g corps s ince i t was or
gan ized , i s l e a v i n g the a r m y . H i s p lace 
he re w i l l be t a k e n by C a p t a i n S. R . Ir
w i n . M a j o r D o b s o n w i l l go baek to c i v i l 
i a n l i f e to f o l l o w b i s o ld p r o f e s s i o n as a 
c i v i l engineer . C a p t a i n I r w i n i s a gradu
ate of "West P o i n t . D u r i n g the w a r he 
s e rved overseas w i t h the second r e g i m e n t 
of engineers , second d i v i s i o n . H e was 
b a d l y wounded i n the C h a t e a u T h i e r r y 
engagement . 

Electrical Testing Facilities at the 
School. 

T h e D e p a r t m e n t of E l e c t r i c a l Engin 'eer-
i n g of the C o l o r a d o S c h o o l of M i n e s , i n 
c o n j u n c t i o n w i t h other depar tments of 
tbe school , has equ ipment f o r c a r r y i n g 
out the f o l l o w i n g tests of e l e c t r i c a l ap
para tus and equ ipmen t f o r use i n m i n e s 
and m i l l s . 

1. W i r e s and cables: , d imens ions of 
conduc to r a n d i n s u l a t i o n ; spec i f i c res is t 
ance of conduc to r m a t e r i a l ; d i e l e c t r i c 
s t r eng th of i n s u l a t i o n ; c o n t i n u i t y of i n 

s u l a t i o n ; e f fec t of t empera ture , mois tur ' 
o i l s , chemica l s or gases on the i n su l a t i o i 

2. I n s u l a t i n g m a t e r i a l s : spec i f i c res is 
ance and d i e l ec t r i c s t r eng th ; e f fec t of 
t empera ture , mois ture , o i l s , chemica l s , c 
gases on tbe i n s u l a t i n g qua l i t i e s of the 
samples . 

3. L i n e i n s u l a t o r s : i n s u l a t i o n res is 
ance ; wet and d ry fiash-over vol tages . 

4. R e s i s t o r s : wa t t c apac i ty ; c u r r e i 
c a p a c i t y ; r es i s tance ; t empera ture coefl 
c ient of res i s tance . 

5. (a) P r i m a r y ba t t e r i e s : wa t t and cu 
rent capaci t ies at va r ious rates of d i 
chaTge; vol tage c h a r a c t e r i s t i c s ; polar iz i 
t ion , l o c a l ac t ion , r ecupera t ion , (b) D i 
c e l l s : tests i n accordance w i t h the A m e r 
i c a n B lec t ro -ehemiea l Soc ie ty specif ica
t ions f o r te lephone se rv ice , i g n i t i o n s e r 
ice, and i n t e r m i t t e n t l i g h t i n g se rv ice , 

6. S to rage ba t te r ies : efOciencies at va
r ious rates of charge a n d discharge 
w e i g h t e f f i c i ency per ampere-hour and 
wat t -bour ; vol tage curves on charge and 
d i s cha rge ; ampere-hour a n d wat t -hour e; 
pac i t y ; loss of charge due to s tanding 
l i f e of ba t te ry under spec i f i ed c o n d i t i o i 
of s e r v i c e ; r ecupe ra t ion a f t e r h i g h d i 
cha rge ra tes ; i n t e r n a l r e s i s t ance ; ef ferr 
of t empera tu re on capac i ty and eff leiency, 

7. C i r c u i t c l o s i n g dev ices : d u r a h i l i t j 
h e a t i n g ; cu r ren t c a p a c i t y ; s a f e ty w h e n 
opera ted i n an a tmosphere of exp los ive 
gas; e f fec t of mois tu re . 

8. S a f e t y f u s e s ; c i i r r en t c a p a c i t y ; r 
i i a b i l i t y i n ope ra t ion ; sa fe ty w h e n useil 
i n an a tmosphere of exp los ive gas; effect 
of mois tu re , 

9. Te lephones and s i g n a l i n g devicet 
e l e c t r i c a l cha rac t e r i s t i c s ; r e l i a b i l i t y : e 
fee t of mois tu re on ope ra t ion ; s a fe ly 
w h e n operated i n an a tmosphere of ex
p lo s ive gas, 

10. Genera tors and mo to r s : e f l i c i ency ; 
r e g u l a t i o n ; r e s i s t ances ; r a t i n g ; tempera
ture r i s e ; effect of m o i s t u r e on insu la 
t i o n res i s tance . 

Equipment. 

T h e f o l l o w i n g equ ipment i s ava i l ab l e i 
t he va r ious depar tments of the s c h o o l ; 

Po t en t iome te r s f o r accura te de te rmin i 
t i o n of cu r r en t and vol tage . 

S t a n d a r d ce l l s . 
S t a n d a r d res is tances . 
S tandards of i nduc tance a n d capac i ty 
A number of s ens i t i ve ga lvanomete r s 
A w i d e range of vo l tme te r s , a m m e t e r 

and wa t tme te r s of c o m m e r c i a l accu
r a c y . 

100 k v a . , 2300 v o l t 60 cyc l e 3-phase al
ternator , 

75 kw. , 230 vo l t 3-wire d i r ec t cur ren t 
generator . 

75 k w . , 120 To l t t w i n un i t d i r ec t cu r ren t 
generator . 
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I kva . , 1100 vo l t 125 c y c l e s ing le phase 
a l te rna tor . 
vo l t , 600 ampere con t inuous cu r r en t 
genera tor f o r the e l ec t rodepos i t ion of 
meta ls . 

T r a n s f o r m e r s up to 25000 vo l t s . 
tiieventy ser ies , shunt , c o m p o u n d a n d 

a. c. motors and genera tors of capac i 
ties 15 k w . and under . 

Electrical Testing Arrangements. 

wo d i f fe ren t proposals f o r tHe use of 
equ ipment are o f f e r e d : 

A. A n y respons ib le person or o rgan iza -
tiou m a y , w i t h the consent of the P r e s i 
dent of the Co lo rado S c h o o l of M i n e s , 

the equ ipment by p a y i n g f o r the ac-
ma te r i a l , labor , power , water , exper t 

s tance used, and deprec ia t ion . I n 
case the pe r son u s ing the p lan t w i l l 

jie respons ib le f o r the a c c u r a c y of the 
Llts obta ined. 

[V T h e professor of e l e c t r i c a l engi-
i ie iu ' ing w i l l r u n a test, i n w h i c h case a 

•ge equal to the cost of s i m i l a r w o r k 
ilune by a c o m m e r c i a l t e s t i n g l abora to ry , 
nr by a c o n s u l t i n g engineer , w i l l be made. 

des i red , an es t imate w i l l be made of 
Ihe cost of the test p rev ious to s t a r t i ng 
l iu ; w o r k , but th is w i l l no t be used i n b i l l -

the ac tua l charges . T h e depar tment 
of e l e c t r i c a l eng inee r ing w i l l be . respons i -

f o r the a c c u r a c y of the resu l t s , and 
wi l l m a k e a r epo r t to the pe r son author iz
ing the test. 

M a t e r i a l and appara tus m a y he sh ipped 
ixpress or f r e i g h t d i r e c t l y to G o l d e n , 

Colorado, a l l charges p repa id . F r e i g h t 
sell I, v i a the Co lo rado & S o u t h e r n R a i l 
way or v i a the D e n v e r & I n t e r m o u n t a i n 
R a i l w a y mus t be hau led f r o m the r a i l w a y 
yjM'ds to the e l e c t r i c a l e n g i n e e r i n g labo-

r y at the expense of the sh ipper . 
.'Ml de ta i l s as to the r e s p o n s i b i l i t y of 

l lu : sh ipper , su i t ab le modes of m a k i n g 
p;iyment^, h a n d l i n g of the sh ipmen t s , na-
inre of the tes t w o r k to he c a r r i e d on , 

persons to w h o m repor t s are to be 
lUiiiie, and o ther necessa ry bus iness mat-
ter-n shou ld be c l e a r l y under s tood as a re
sult of cor respondence or a confe rence 

r e cons ignmen t s of appara tus or ma
te r ia l w i l l be au thor ized . 

A R L I N G T O N P , L I T T I J 3 , 
P r o f e s s o r of E l e c t r i c a l E n g i n e e r i n g , 

M E T R I C S Y S T E M E X P L A I N E D iN O N E 
M I N U T E 

A m e m b e r of W o r l d T r a d e C l u b holds 
U L I ; w o r l d r e c o r d f o r r a p i d e x p l a n a t i o n of 
the M e t r i c we igh t measurement s and the 
way i n w h i c h t hey ought to he used. H e 

5 th is i n one m i n u t e . A n ob jec to r who 
had never l ooked the ma t t e r up dec la red 
Uuit the m e t r i c s y s t e m was c o m p l e x a n d 
t l ia l i t w o u i d t ake a l o n g t i m e to l e a r n i t . 

I t was t hen tha t the m e m b e r of W o r l d 
T r a d e C l u b first under took to e x p l a i n , i n 
one minu te , a l l that needed to be k n o w n 
of m e t r i c un i t s . H e d i d i t to the sa t i s fac 
t i o n of eminen t audi tors . H e r e i s how he 
d i d i t : 

. " L e a r n on ly the un i t s , do l la r , meter , 
l i t e r , g r am—dol l a r , the measu re r of v a l u e ; 
meter , the measure of l e n g t h ; l i t e r , meas
u r e of b u l k ; g ram, f o r we igh t . Y o u k n o w 
a l l about the A m e r i e a n do l la r . T h e met
r i c uni ts , meter , l i t e r , g r am, are jus t l i k e 
do l la r , d i v i d e d d e c i m a l l y and m u l t i p l i e d 
d e c i m a l l y . I f y o u w a n t to compare 
m e t r i c un i t s w i t h present uni t s , the mete r 
is 10 per cent more t han the y a r d ; 500 
grams is about 10 per cent more t han the 
pound avo i rdupois , the l i t e r i s 5 per cent 
less t han the U . S. l i q u i d quar t (13 per 
cent less t h a n the B r i t i s h l i q u i d quar t ) — 
that i s a l l 90 per cent need to use the 
m e t r i c s tandards ." 

" A C C I D E N T S W I L L H A P P E N . " 
T h e progress of an A m e r i c a n R e d Cros s 

re l i e f t r a i n was r ecen t ly somewha t i m 
peded w h i l e p a s s i n g t h r o u g h the B a l k a n 
states b y f r equen t c o l l i s i o n s w i t h cat t le , 
w h i c b appeared to be w a n d e r i n g a imless
l y about near the r a i l r o a d t r ack . A f t e r 
h e i n g a w a k e n e d severa l t imes d u r i n g one 
n igh t the o f f i c i a l i n charge of the r e l i e f 
t r a i n s tar ted out on a tour of inves t iga 
t ion , bent upon d i s c o v e r i n g i f a l l the cows 
i n R o u m a n i a were s l e e p i n g on the t r ack . 

U p o n e m e r g i n g f r o m the t r a i n he f o u n d 
the carcass of a y o u n g b u l l l y i n g by the 
t r a ck w i t h te ther ropes a t t ached to his 
fo re and h i n d legs and a peasant and the 
the s t a t ion mas te r p r e p a r i n g to s k i n h i m . 

T h e R e d -Cross w o r k e r ca l l ed h i s R o u 
m a n i a n in t e rp re t e r and demanded an ex
p l ana t i on of the s t range proceedings . H e 
l ea rned tha t the R o u m a n i a n government 
had passed a n edic t f o r b i d d i n g the 
s laughter of l i v e s tock f o r one year . S i n c e 
there was n o t h i n g i n the u l iase r e g a r d i n g 
acc iden ta l s laughter , these "acc iden t s " 
we re c o m m o n occu r rence i n the count ry . 

T H E PUBLIC H E A L T H C R U S A D E . 
A c t i n g on the p r i n c i p l e tha t a l a rge 

percentasre of the d isease of the w o r l d i s 
p reventable , a na t ion-wide m o v e m e n t i s 
about to be i n a u g u r a t e d i n the U n i t e d 
S ta tes f o r the p r o m o t i o n of p u h l i c hea l t h . 
I n f o r m a t i o n w i l l be spread by lec tures 
g i v e n by B e d Cross nurses on Chau tau 
q u a c i r cu i t s , w h i c b w i l l be f o l l o w e d up i n 
the s m a l l e r c o m m u n i t i e s h y n u r s i n g 
States f o r the p r o m o t i o n of pub l i c hea l th . 
I n f o r m a t i o n w i l l be spread by lec tures 
s i red , w h e r e sueh commi t t ee s have a l 
r eady been es tab l i shed . Eh 'e ry ass i s t ance 
w i l l be g i v e n to c o m m u n i t i e s i n o rgan iz 
i n g and m a i n t a i n i n g th i s se rv ice . 
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A T H L E T I C S 
By Ralph C. Maxwell. 

Mines 3; Utah Aggies 27. 

O n October 16th the t e a m p l ayed the 
U t a h f a r m e r s at L o g a n , U t a h , and a l 
tbougb tbey were beaten h y a score of 
27 to 3, the t r o u n c i n g was not as bad as 
the score w o u l d seem to ind ica t e . T h e 
M i n e s c l e a r l y ou tp layed and ou t fought 
the l igh te r U t a h team. T h e f i r s t score 
came about w h e n the head l i n e s m a n b lew 
h i s w h i s t l e to announce oft-side f o r bo th 
teams. T h e s i g n a l was g i v e n before the 
ba l l was snapped. T b e b a l l was t hen 
snapped, ho th teams s t and ing u p r i g h t 
m e a n w h i l e ; the U t a h ha l f -back took tbe 
b a l l and r a n 95 y a r d s f o r a t ouchdown. 
T h e head l i n e s m a n was ev iden t l y i n f l u 
enced by the presence of m a n y U t a h root
ers, he reversed h i s dec i s ion d e c l a r i n g the 
M i n e s • ott'-side and a l l o w e d the touch
d o w n . T w o of tbe other three scores 
we re made by r ecove r ing fumb le s , w b i l e 
the t h i r d was made on tbe r ecove ry of a 
b l o c k e d punt . 

Mines 0; Colorado Aggies 27. 

Colo rado A g g i e s defea ted M i n e s 27 to 0 
i n a c l ean and we l l -p layed game before 
about 3,500 spectators . D u r i n g the first 
pe r iod the F a r m e r s l i a d e v e r y t h i n g t he i r 
way , g o i n g tb rougb the M i n e s ' l i ne a n d 
a r o u n d the i r ends at w i l l . B e f o r e the 
Ore D i g g e r s could get s ta r ted the A g g i e s 
had made t l i ree touchdowns , a l l i n the 
flrst quarter . D . H a r t s h o r n made a l l of 
t h e m on s t ra igh t l i ne bucks . R a t e k i n 
made two of the three a t t empts at goa l , 
the score s t a n d i n g 20 to 0 i n f a v o r of 
the A g g i e s . 

T h e M i n e s he ld d u r i n g the second quar
te r and k e p t the A g g i e s back f r o m the 
goa l . D u r i n g the flrst ha l f the A g g i e s 
made e ight flrst downs to the M i n e s ' f o u r . 
P e n a l t i e s were numerous , off-side p l ays 
b e i n g espec ia l ly f requen t . F r e q u e n t punt
i n g was resor ted to by bo th teams dur
i n g the second pe r iod . A l l a t tempts at 
f o r w a r d pas s ing d u r i n g the first ha l f 
f a i l e d . 

T h e A g g i e s scored aga in i n tbe t h i r d 
• pe r iod a f t e r D . H a r t s h o r n b a d in ter 
cepted a pass and c a r r i e d i t b a c k t w e l v e 
yards . A n o t h e r pass, Scot t to B r e s n a -
han, ne t ted t en more, a n d t hen S c h u l t z , 
who had rep laced D . H a r t s h o r n , c a r r i e d 
the h a l l over f o r a t o u c h d o w n on a 
cross t a ck l e buck . R a t e k i n k i c k e d the 
goa l . T h i s ended tbe s c o r i n g f o r the 
game. 

L a t e r , i n the t h i r d quarter , B r e s n a h j 
r e c e i v e d a pass f r o m Scot t and c a r r h 
the b a l l over , but i t was not a l l o w e d b 
cause tbe A g g i e s were off s ide on the 
p l ay . A t th i s po in t m a n y subs t i tu t io i 
we re made and the res t of the game wi 
a see-saw a f f a i r . Joe H a s k i n s caused a, 
t h r i l l i n the las t pe r iod by c a t c h i n g a 
f u m b l e d punt and ge t t ing a w a y f o r 35 
ya rds . B u t t w o f u m b l e s m a r r e d the game, 
b o t h b e i n g made by the A g g i e s . T h e 
F a r m e r s t r i e d t he i r M i l l i o n - D o l l a r p l ay 
but once, and i t p roved to be a mi se rab le 
f a i l u r e m a i n l y because of the superb de
fense aga ins t th is p lay . F a h e y d i d the 
p u n t i n g f o r the M i n e s . L i n d e r h o l m , Has
k i n s , F a h e y and R o b e r t s o n s t a r r e d f o r 
M i n e s . " B i g " L i t h e r e d g e , who got i n the 
game f o r a f e w minu tes d u r i n g the th i rd 
quarter , a lso shoAved to good advantage. 
T b e absence of bo th B u n t e and Jo rdan , 
t h rough in ju r i e s , was k e e n l y fe l t . C l a r k , 
p l a y i n g ha l f , b roke b i s ank l e i n the sec
ond pe r iod and was supplan ted hy Rob
er tson, 

B e t w e e n ha lves a demons t r a t i on was 
s taged i n f a v o r of the E d u c a t i o n a l 
A m e n d m e n t . 

T h e l i n e u p : 
M I N E S • A G G I E S 

L i n d e r h o l m R . E B r e s n a h a n 
G i b b o n s R . T N i c h o l l s 
C l o u g h R . G B a i n 
H y l a n d C M e y e r s 
H o u s s e l s L . G M c M i c h a e i 
M c G l o n e L . T Dotson 
M i t c h e h L . E R a t e k i n 
P o u l i n Q. B D o n a l d s o n 
C l a r k L . H D . H a r t s h o r n 
F a h e y R . H F . H a r t s h o r n 
H a s k i n s P . B Scot t 

Mines 7; W y o m i n g 14. 
It seems as t hough the j i n x tha t has 

been f o l l o w i n g the M i n e s t e a m a l l season 
f o l l o w e d t h e m to B r o a d w a y P a r k on Oc
tober 30th, a n d a l t h o u g h the t eam p layed 
het ter f o o t b a l l than the W y o m i n g cont in
gent, they were defea ted 14-7. T b e r e was 
a l i g h t snow f a l l i n g th roughout the game 
a n d tbe fleld became r a the r h e a v y to
w a r d s the close of the same. T h e s tory 
of the game is one of a l l k i n d s of foot
b a l l , good, bad and ind i f f e r en t . B o t h 
teams p l ayed better i n the flrst ha l f , but 
as the game neared c o m p l e t i o n sOme 
p re t ty poor f o o t b a l l c rept i n , ho th teams 
o f f e n d i n g about equal ly . 

B o t h teams had a ftrst-class defense 
aga ins t r egu l a r f o o t b a l l , and ne i the r t eam 
showed v e r y m u c h on tbe of fense . W y o 
m i n g ' s f i r s t t ouchdown was the r e s u l t of 
a f o r w a r d pass w h i c h b rough t the b a l l 
to the two-yard l ine , where i t was 
pushed over i n t w o p l ays . T h e score 
made hy the M i n e s was the d i rec t resu l t 
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of two passes, P o u l i n to J o r d a n . W y o 
ming ' s second score was made by L a y -

• man, who caught the b a l l on a p u n t a n d 
ran th rough the w h o l e M i n e s t e a m f o r a 
touchdown. B o t h of the W y o m i n g scores 
would have been s topped h a d the tack
l i n g been up to s t andard . L i n d e r h o l m , 

, Jo rdan , M i t c h e l l and R o b e r t s o n p l ayed 
fhe s t e l l a r roles f o r the M i n e s team. 

It seemed to m a n y of the M i n e s ad-
kerents that the t eam got the wors t of 
many dec is ions , hut t h en a l l t b i s mus t 
be cons idered i n w i t h the genera l r u n of 
the game. M i n e s p l ayed bet ter f o o t b a l l , 
but W y o m i n g got the b reaks of the game. 

T h e l ine-up f o l l o w s : 

: M I N E S W Y O M I N G 
JWitchell L . E H e g e w a l d 
ivicGlone L . T N e f f 
H y l a n d L . G T u c k e r 
B l a c k C L o n g 
Gibbons R . G A l e r s 
C r a w f o r d R . T B u c h a n a n 

, L i n d e r h o l m R . E T h o m p s o n 
- P o u H n Q . B W i l s o n 

Robe r t son L . H S i m p s o n 
Bunte F . B F i t z k e 
J o r d a n R . H L a y m a n 
-, O f l l c i a l s — C r o w l e y , r e f e ree ; B a n s b a c h , 
' U m p i r e ; Sha fe r , H e a d L i n e s m a n . 

A G E O F W A T E R P O W E R D E V E L O P 
IVIENT N E A R . 

Many Developments Already Completed— 
The Power of Water Analyzed. 

Those who look in to the f u t u r e w i t h 
prophet ic eyes p red ic t tha t an age of wa
ter power i s dawn ing . T h e y po in t w i s e l y 

. towards the great wa te r power develop
ments a l r eady comple ted or i n course of 
cons t ruc t ion a l l over tbe w o r l d , f r o m the 

. r ive r s of M a i n e to the canyons of C a l i 
f o r n i a ; f r o m A l a s k a to A r g e n t i n e , and 
f r o m the K a s h m i r V a l l e y i n Ind i a to the 
outlet of V i c t o r i a N y a n z a i n A f r i c a . A n d 
they back up t h e i r a rgumen t s w i t h the 

, s tatement tha t coa l w i l l be exhaus ted 
early i n the nex t c e n t u r y and tha t m i n -

; eral o i l and n a t u r a l gas w i l l v a n i s h w i t h 
the coa l . 

, _ A m i d a l l th i s p r o g n o s t i c a t i n g and argu
ing arises a host of ques t ions about th i s 
water power w h i c h i s to keep us f r o m 
f r e e z i n g i n the nex t century , to t u r n the 
wheels of our indus t r i e s , to p repare the 

, food and to r u n our veh ic l e s . 
E v e r y s t r eam of r u n n i n g water , f r o m 

the t rout b rook s p o r t i n g t h r o u g h the 
f a r m meadows to the l a rges t r i v e r s , is 
capable of p r o d u c i n g more or less power . 

, A hundred years ago, w h e n s team power 
,was s t i l l i n i ts i n f a n c y , w a t e r power was 

qui te ex tens ive ly developed i n th i s coun
t ry , but the s t eam engine, w i t h cheap-
wood a n d coa l f u e l , q u i c k l y r eached the 
p r a c t i c a l stage, and the o l d "over-shot" 
and "under-shot" wa te r whee l s we re aban
doned. U p to a f e w years ago i t was not 
p r a c t i c a l to develop mos t wa te r power be
cause th is power bad to be u t i l i z e d o n 
the spot and v e r y n a t u r a l l y the v e r y best 
water f a d s we re loca ted i n the w i l d e r 
ness, scores of m i l e s away f r o m tbe sea
ports, tbe r a i l roads and the c i t i e s w h i c h 
needed i t . B u t the deve lopment of the 
e l ec t r i c t r a n s f o r m e r changed a l l th i s and 
made i t poss ib le to t r a n s m i t th i s ene rgy 
f o r hundreds of m i l e s w i t h o u t ser ious 
loss . 

T h e power of w a t e r i s greater t h a n 
any one w i t h o u t exper ience can i m a g i n e . 
F o r m a n y of us have, w h e n i n s w i m m i n g 
s t ruck the w a t e r a sharp b l o w w i t h the 
flat of the hand, or, w h e n l e a r n i n g to 
dive , s t r u c k tbe w a f e r flat i n s t ead of 
head first, on ly to l e a r n t ha t the h q u i d 
of fered cons iderab le res is tance , 

A s t r e am f r o m a fireman's hose w i l l 
k n o c k a m a n down. T h e jet f r o m a noz
zle i n p lace r m i n i n g i n the wes t eats 
away a la rge piece of l and i n a day, and 
toys w i t h grea t boulders as i f they were 
pebbles. 

W a t e r power represents heat energy. 
T h e wa te r Is d r a w n up in to the c louds 
by the heat of the sun and deposi ted on 
the d i s tan t moun ta ins i n the f o r m of r a i n . 
T h i s wa te r spends th i s a c q u i r e d energy 
i n r a c i n g d o w n h i l l , b a c k to the sea. W a 
ter whee ls are but devices to ca t ch and 
u t i l i z e th i s energy w h i c h o r d i n a r i l y i s 
was t ed on the u n m o v i n g r o c k s and 
stones. W a t e r acts as a m o v i n g power 
e i ther by i t s weigh t , w h i c h i s over s ix ty -
two pounds to the cube foot , or by i t s 
pressure or impac t . T h e power of a f a l l 
of wa te r i s equa l to the w e i g h t of i t s v o l 
ume and the v e r t i c a l he igh t of i t s f a l l . 
T o compute the power of f a l l i n g wa te r i t 
i s necessa ry to m u l t i p l y the v o l u m e of 
flowing w a t e r i n cube fee t per minu te by 
i ts weigh t , 62.5 pounds, and th is p roduc t 
by the v e r t i c a l he igh t of the f a l l i n feet . 
T h u s a s t r e am of wa te r w h e n flowing 
over a we i r five f ee t i n w i d t h by one foot 
i n dep th and h a v i n g a f a l l of twen ty fee t 
develops 37.91 horse power . 

So i m p o r t a n t i s the deve lopment of 
wa te r power i n th i s c o u n t r y that the Gen
e r a l E l e c t r i c C o m p a n y and o ther l a r g e 
e l e c t r i c a l concerns m a i n t a i n a la rge s taf f 
of engineers whose dut ies are to examine 
prospec t ive w a t e r power deve lopments 
f o r e n t e r p r i s i n g m e n w h o p l an to ha rness 
the r i v e r s and s t reams . 



PROFESSIONAL CARDS 

Mining Xin^ineer. 
229 Coronado Eldg . , 
Denver, Colo, 

HAMMOWD, JOHM- H A Y S 
Mining Engineer. 
71 Broadway, 
New Yorlt . 

B U K I i m G A M E , W A L T E R E . 
Chemist ana Assayer. 

173G-38 Lawrence Street, 
Denver, Colo. 

BTTTliEB, G. MOKTAG-tTE 
Mining" and Geolog'ical Engineer. 
Dean College of Mines and Engineer
ing. U n i v e r s i t y of Ar izona , Tucson. 

Examina t ions and problems Involving 
persistence, change i n character, and 
loss of ore. 
Diamonds and otiier gems securefl f o r 
Miner s or their f r iends at reduced 
rates. 

COBKT, ABTHITB TT. 
Member Harper , Macdonald & Co., 

M i n i n g En'gineers, But te , Mont . 

MIXI^IKEI?, WIIiLIAM B. 
Mining Engineer and MetaUurgist. 
709-10 M i n i n g Exchange Bldg . , 
Denyer, Colo. 

M O N T A N A IliABOBATOBV CO. 
S. E . BltUMENTKAI^ 

Chemist and Assayer. 
Phi l l i p shurg , Mont . 

H . N. STBONCK 
Consulting Industrial Manager, 
Probiems of Finance, Organization, 
Product ion, Labor and Aecounting-. 
743 Conway Bldg. , Chicago, 111. 

TAYIiOB, P B A N E B. 
Geologist and Oil Expert. 
Reports and Investigations. 
B o x 325, Casper, W y o . 

B U G A N , W I L L I A M T. 
General Agent for Southern Califor
nia, 
Columbian Na t iona l L i f e Insurance 
Company. 
Old L ine , L o w Cost L i f e Insurance, 
Accident and H e a l t h Insurance. 
716-718 T r u s t & Savings B ldg . , 
L o s Angeles, Ca l i fo rn i a . 

Of f ice and Res idence , C o r . 15tb and 

F o r d St ree ts 

DR. PAUL MEYER 
Physician 

P h o n e G o l d e n 21 G o l d e n , C o l o r a d o 

P A T E N T S . 
B o o k l e t a n d i n f o r m a t i o n f r ee . H i g h e s t 

references. Bes t resul ts . P r o m p t n e s s as
sured . S e n d d r a w i n g s or m o d e l f o r pre
l i m i n a r y e x a m i n a t i o n , 

WATSON E. COLEMAN 
Patent Lawyer 

624 F Street , W a s h i n g t o n , D . C . 

T H E 
J. H. LINDER HARDWARE CO. 

Hardware, Plumbing, Heating 
Golden , C o l o r a d o 

W A L T M A N , W. D. 
1215 F i r s t Na t iona l B a n k Bldg . , 
Denver, Colo. ' 
Phone Champa 5236. 

WOLI", H A B S y 3. 
Mining Engineer. 

42 Broadway. 
New Tor l i , 

A U G U S T B E R N I N G H A U S B N , P r o p r i e t o r 

CITY TAILOR SHOP 
Cleaning, Pressing and Repairing 

Golden , Co lo rado 

Off ice H o u r s : 9 to 12 a. m. , 1 to 5 p. ra. 

P h o n e G o l d e n 164W 

DR. LESLIE C. ANDERSON 
Dentist 

R o o m s 9 and 10, over R u b e y B a n k 

G o l d e n , Co lo rado 

Te lephone G o l d e n 72 

CITY' MEAT MARKET 
1118 W a s h i n g t o n A v e . 

M e a t s , F i s h , P o u l t r y , Vege tab le s , 
B u t t e r a n d Eggs—O.ys ters i n Season 

C O L O R A D O S C H O O L OF M I N E S 
G O L D E N , C O L O R A D O 

U N E X C E L L E D 

L O C A T I O N 

A N D 

E Q U I P M E N T 

HIGH 

S T A N b A R D 

OF 

E X C E L L E N C E 

A State i n s t i t u t i o n i n w h i c h t u i t i o n is I i ee to bona-fide res idents of Colo
rado. Of fe rs four-year courses i n M e t a l M i n i n g , C o a l M i n i n g , M e t a l l u r g y and 
M i n i n g Geology , l e a d i n g to the degree of E n g i n e e r of M i n e s . Gradua tes gen
e r a l l y i n demand by best m i n i n g compan ie s ; emp loymen t secured th rough 
C a p a b i l i t y E x c h a n g e m a i n t a i n e d by the A l u m n i A s s o c i a t i o n . 

A wel l -equipped c iub and g y m n a s i u m prov ide soc ia l d i v e r s i o n and a th le t i c 
t r a i n i n g . 

For further information address 

T H E R E G I S T R A R , C O L O R A D O S C H O O L O F MINES, G O L D E N , C O L O R A D O 

H A V E Y O U A 
A new' r e p r i n t of the f o l l o w i n g is ready 

• r d i s t r i b u t i o n : 
"No te s on Fire Assaying," by F . W . 

' r aphagen , A m a n u a l of methods of flre 
.ssaying f o r gold , s i l v e r , p l a t i n u m , t i n 
n d lead or,es. Price $1.00. 

ET OF THESE ? 
" R a p i d Me thods of Technical Analysis," 

by F r a n d D . A l l e r , '92. M a n u a l of^s tand-

a rd smel t e r l abo ra to ry methods used by 

the A m e r i c a n S m e l t i n g & R e f i n i n g Co. 

Price $1.00. 

fEFFERSON COUNTY POWER 
AND LIGHT CO. 

Golden , Co lo rado 

L U T H E R H E R T E L 
Clothier and Furnisher 

!ole A g e n t s : A r r o w C o l l a r s and S h i r t s 
. " S I N C E R I T Y " C L O T H E S 

G o l d e n , C o l o r a d o 

N . K o e n i g , P r e s . W , H . B o i i t h o , Sec, 

The KOENIG MERCANTILE CO. 
S T A P L E A N D F A N C Y G R O C E R I E S 

W a s h i n g t o n A v e a n d 12th S t . 
, , . G o l d e a 9 
-e lephones . ^ ^ ^ ^ ^ ^ ^ . ^ j ^ ^ ^ ^ ^.^^^ 

T e r m s S t r i c t l y C a s h and 30 D a y s . 

DELICIOUS C A N D I E S . 

To develop bra in and muscle, we advise 
a l l students of the School of Mines to eat 
food bought of The John Thompson Grocery 
Stores Co. I t can be relied on as being 
pure, hea l t h fu l and nourishing, and they sel l 
their goods cheaper t l ian most of the stores 
in the State. They manufacture Candy, Ice 
Cream, F a n c y Cakes and Bake ry Goods, 
equal to many high-toned caterers, and sell 
at ahout ha l f the other fe l low 's prices. . 

F o r social funct ions , or f o r your best 
g i r i — t r y their Chocolate B o n Bons, Ice 
Cream and Bakery Goods. 

A l l the eatables and drinkables f o r a 
Dutei i L u n c l i , Cigars, Tobaccos, etc. 
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SOREN SORENSON 
Stap le and F a n c y 

Groceries 
1214 W a s h i n g t o n A v e . 



On the Goodman Low Vein Shortwall Machine 
The Operating Controls nop^ .FEED CLUTCH 

are at the Rear / ^̂ '̂̂  _ 
Closfly As4enihli>cl ,.•»-

J / 
'1 

EVERSE 

t ' ' ' ' TROLLER 

railll^^WiiBBHB^Ii^MHEMI^'^-^ CHAIN 

^^^^^^^^^^^^^^^^^Hfess:^ CLUTCH 

T h i s proTision in tlie design is an iniportant factor in high production by 
t h i s machinej enahling the runner to work to best advantage at all times and 
control the cutting w i t b greatest ease under l ow roof . F u r t h e r details in 
B o o k 203-S. 

T H E G O O D M A N M A N U F A C T U R I N G C O . , C H I C A G O 
New York, Cincinnati, Denver, Pittsburg, St. Louis, Seattle, 

Charleston, W . Va. , Birmingham (88) 

The Dorr Agitator (Patented) 

T H E D O R R 
E N G I N 

New York Denver 

Uniform Mixing at 
Low Cost 

The cost of agitating in 4:0''x25'' 
DORR A G I T A T O R at onelarge 
Cyanide Plant is $0.0023 per ton 
of pulp per 24 hours. 

Get acquainted with 
Dorr Apparatus 

E R S 

London Mexico City 

The 
Roessler & Hasslacher 

Chemical Company 
709-717 S I X T H A V E N U E 

N E W Y O R K 

Works: Perth Amboy, N. J , 

CYANIDE OF SODIUM 

C Y A N O G E N 51-52 P E R C E N T 

"CYANEQQ" 
SODIUM C Y A N I D E 96-98 P E R C E N T 

IN E G G FORiVl, E A C H E G G W E I G H I N G 
O N E O U N C E 

C Y A N O G E N 51-52 P E R C E N T 

H E A D Q U A R T E R S FOR S C H O O L O F MINES 

B O O K S A N D S U P P L I E S 

Subscriptions Taken to All Magazines and Periodicals 

Mail Orders Promptly Attended To 

F. B. ROBINSON - - . . . . G O L D E N , C O L O R A D O 

I M P O R T E R S E X P O R T E R S 

M A K E O U R S T O R E Y O U R H E A D Q U A R T E R S FOR A L L 
L A B O R A T O R Y R E Q U I R E M E N T S . 

Rubber Aprons—Scientific Instruments—Chemicals— 
Glassware—Metallurgical Clay Goods—Filter Paper 

T H E D E N V E R F I R E C L A Y C O M P A N Y 

1742-1746 C H A M P A S T R E E T , D E N V E R , C O L O R A D O 
S A L T L A K E CITY N E W Y O R K CITY 



Locomotive Cranes occupy an important place in the art of 
handling materials and are adapted to a wide range of service 
and conditions—in many cases where the possibilities for savings in 
time, labor and money are great. 

The Link-Belt Crane represents the highest degree of efficiency in design 
and mechanical construction known in the crane building art. 

Let us tell you more about it. Send for catalog. 
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Phiiacfelphia Chicago Indianapoiis 

Denver—Lindrooth-Shubert & Co., Boston Bldg. 

And Preferred Service to Mines Men and Mines Employers Everywhere 
W I R E or W R I T E US R E G A R D I N G Y O U R O P E N I N G S 

Stating Requirements of Position and Salary Paid 
We WUl Report Upon Best Men Availabie Immediatelv 

<< 

"The Waugh Way Wins' 

r..m to C-36 inc. 

o a u c i n g a L i 

99 

|1-J E R E ' S a "little friend" to every mine and miner; 
J. 1 one you've all been waiting for and longing to 
meet—tiie Waugh "Ninety" drill. 

A W H I R L W I N D for speed, this little drill marks a 
new epoch in rocic drill manufacture because of its 
remarkable efliciency and amazing performance. 

O N E of the "Nineties" is an anger, while the other 
two are rock drills of the wet and dry types, so that 
there ia one adapted to every mining condition. 

Y O U R mine needs some of these driils now because 
they are Httle friends in need; they speed up pro
duction, cut down its cost and delight the men who 
operate them. 

B E T T E R send for our new "Ninety" boolclet today. 
It will interest you. 

D E N V E R , C O L O R A D O , U . S. A . 
Brancli Offices in all Important Mining Centers 

lJ-<jmHiaiiBiiiiIlri 



T. AiTKELiuSj Manager of Sales 

S T E E L R A I L S — A L L W E I G H T S — A N G L E A N D 

S P L I C E B A R S , B A R I R O N 

M I L D S T E E L , T W I S T E D B A R S F O R R E I N F O R C E -

M E N T , P I P E B A N D S , A N G L E S 

A N D C H A N N E L S 

T r a c k Spikes a n d B o l t s , Wire Nails, Cement-Coated 

N a l is . P l a i n a n d B a r b W i r e , B a l e Ties, 

F i e l d F e n c e , P o u l t r y N e t t i n g , C a s t 

Iron P i p e a n d C o k e 

M I N E R S O F 

Anthracite and Bituminous Coals for 
Domestic, Steam and Smithing Purposes 

G B N B R A L . O F F I C E S 

Boston Building Denver, Colo. 
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