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Part I. 

The J,ex ingt on Pow er Stat l on 

The power house is situated on one of the old locks 

of t he North river canal, about t wo miles b elow Lexington. 

The ori g .inal dam of the c anal i s st il 1 used, two fe ,rt , 

having been taken off t he top so t ~at t he fl our mil l at 

East T,ex ington might have more power. 'l'he dam is of dry 

stone, no cement or mortar was used, a laye r of plank 

sheetimg waR placeJ on the i 1s ide to prevent l eaking. 

Bot~ sides a r e vertica l, a ni from ten to fi fteen fee t 

hi gh . It is ten feet thick and three hundrdd feet long. 

The plant is bui t over the old lock , which is used 

as a penstock . The wa t er is ta.ken from the dam b y two 

gat e s which are closed only wh en it j_ R necessary to 

ins pect or repair th 0 turbines , the enclosed wate r then 

being allowed t o flow out through t he whee l s . The re is 

no provision for stopping drif't , and l ittlt:i needJ as the 

gat es are out of the main current , there are no pipes to 

"become clogged , and ' t h e wheels are d e ep below t he water 

surface. Th e penstock is 15ft . broa d by 40 ft . long. 

The sid ~ s are of stone, an d the e nd is made of heavy oak 

boards we dged · u11 stn;arn. There a r e tbree turbines , one 

lar ge and t wo small on -:i s, spaced about 15f t . apart . 
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All three turbines are placed in th!;:! pens t ock . 'l'he water 

flows di r ectly t h rr ow-~h them into t he t ail r·ace below . 

This race 1 s a continua '_j_ on of the lock , and runs into the 

river 100ft . bel ow the darn . The river l::a ::; a steep fall 

here a nd. there is not much dange r c f back flow dur .i. ng 

h lgh water . 

There are two h ous es to the power plant. They are 

covered with s hee t iron , each ;,o by 30f t . They are built 

partially uver t he pe nstoek , 20ft . ab ove tht:.! turbines , 

8ft . above th :: wa tBr surface . The upper hous t~ contains 

two Westineho use 75 KW generators at f ixed sp e c:d of' 1200 

revolut ions per mamut e for t h e a rc light circui t, and 1 :300 

revul · tions per minute fot t hd incandescent . Ther e are den 

two dirAct curr~nt genera t ors use d as exciters, 1 . 5 KW 

capacity . These gene•·ato rs were found to b e i nadequa te J 

a nd. a new turbine and gen 1:::.~ rator were i n8tal led in 1908. 

The new wheel i s a 150 horse power Liffe l Ruc.k eye turbine 

and .is supp J. ied with an ave rage head o f 12ft. It's vert i c if,l,,i 
·-"· . 

shatt i s geared by beveled wheels to a hori :7.ontal s l1aft . 

The t eeth on the J. argo h ori z ontal wh,iel of t}1e turbine shaft 

are defective . 'l'L ey are made of wood a nd have become worn . 

They do no ~ fi t the 'teel ona s on the horiz onta J s haf t well , 

so t hat t }e turbine s :cannot be run above a certian spee d . 

The s e t e eth s h ould be replac ed, a s enough ; pmver cannot 

be obtained under t h e pre sent conditi ons to l i ght t hd town 

well . We found that at 75 amp. not rn ora t r.an 112 vo l ts 
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could be obtai 1edat the powe r house , anJ at ri5 amp. not 

more t han 104 vol ts . If the s p e ed is i ncreased the 

gearine vibrate s very badly , and would s o on tear .itself 

t o p ieees if l e f t alone . Nr. e; ni cier said t hat re w,sis try ing 

t o get t rd s r·aul t remedied . "'e have since learned that. 

the teeth are h ere and will be put i n a d soon a s possible . 

There i .::J n o govern er on the t urb ine., .A.much. more un1 fo r m 

current could be obt ained i f one were provi ded . V'.l. th out 

one the curren t cann ot be r eguJated by a r~ ostat. I n order 

to r ect•ce or r aise the v ol tage the speed of t 1e turbine 

must be changed. by reducing or r a i sing trie am ount of' wa.te r 

t hat fl ows t b.r ough it . Suppo s e that wi t h a given amount 

of' water and ~lectric current th.e dynamo give s ii 8 volts . 

Now pu t on s ome resistance , the curren t wi l l g o down to 

i-.:;ay i06 vol ts , it wil l no t remai n here but wi l 1 s c on move 

b~ck to 112 v ol ts. The cause of this is easily show n fr om 

the followe r i g e quation e;iven b y Franklin and Est_!I · , page 

42, : 
vo lt s 

Where ~ = flux regulat 8d by the i'e os tat , p = number of 

ield poles , Z = nurroer of cond ·icto rs on outside of arnw.turc , 

n = sp e ed of arma urd in r0vdl lut ioms per scconJ ! 1J :::: No . 

of electri cal pa t h s i r: brushes , .E :: total electromotive 

fo re .. i n duced i n armatur ,; . By inerdasing t hd r e slstanee 

in the f' ield coil wi t.h t he rbeoB tat , tl1e f lux 92 is lowered . 

Hen,:: e F: is 1 owerc:;d. and t.ht:i turbine has less worl< to do . 
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Then wi t hout a governer as it has less work to do it's 

speed wil l inerc-~ase , and thus br i ng t he vol taeti up a e:ain . 

'I':r1ere is an arrane;ement on t h e h orizontal s ha.f' t wh ieh a l lows 

tha ct:rnamo to be t hroM1 out of gear ing at any time. Thcl 

genen;1tor is connected by a be lt to the h orizonta l shaft 

so as to give 60 0 revol tions per minute . It is a 1aneral 

'Sl ee r·i c alterr1a ting c ur1·e r1 t eener::1.tor , 1150 v·olts , 101 , 

amp. '1'he exc iter :i..s a direc!t current General Electric 

dynamo , fi . !=i K W, 
e 

185~ v. 44 amp<}-re s , at 1800 r evolutions 

par minute . The quant i ty of f'Jow i n the pens t oc.k cannot 

be regulated . 'T'he speed of' t h e wl1eel i s a d ,j us ted by a h11d 

wheel in the genen1.tor ro on: whid1 c ontrols. the valves of 

thd turbine . 

The s witch b~ard i s made of two marble slabs . One 

for t h e arc circuit , and one for t h e incandescent. It i s 

equ iped with a hancl fheostat , t hr e e oil switc h0s , voltmeter , 

ammete r, a nd gro un d d.e 1t.,-rectcr_. . Th e vo1 t mete r is put in 

shunt wit h t h e mui~ circuit , and t h e current pa s s es t h ro ugh 

a tranBformer hefore it reacr1es t he meter . It is a 'rlomfson 

r t! t e r , r e ndine to 17 5 volts, with 2 volts per d ivision . 

Th e ~mmetier is also of' 'l'nomfson make , It reads to ~' 00 arnp . 

wi ~. :1 5 amp . per divis ion. 'l'he fus es used at te power hous e 

a re i 500 volts for t h e .incande s cent c ircuit , and 

:?500 volts~ 40 amp . for t he arc l i r ht circuit . In regard 

to t he do rm itory f uses , we found t hat t he y were a 1 1 of 

sufficien t size . 
5 ~ 

Tho~ at th e ma in switch are of 25 0 V. 



80 amp. and have to carry a current o.f" 55 amp. 100 volt s , 

The fuse plugs in the wings are , 125 Volts , 10 am:p. a.nd 1 • 
<JY1- .t. et. u t' , a-1 / !., ~~, J v.. .c.. e-~ <4' ""1-: 

ha ve to aarry a. curr -2mt of' 5 amp _. ':'he plugs in the center / 

of the bu i1d ing are 185 v . 15 amp , ant li ave a current of 
n,_..t.,c, tl..j& (>". 22.· t,-f.,,._· "TI,,..;., /0 {? -z;:c;...... -, • ..u.,1,,• .f · 

?.5 amp . The individual lamp fus es will cary safely 8 . 5A. 

Th e inean dcrncen t 1 igh t current is carried to Lex ington 

at 1150 vol ts , and i s s tr:~ ped down to 100 vol ts by trans formers 
" 0... 

at the septrate '' ouaes . A maximum load oft 4000 15 ~ candle 

powe r incandescent l ights is provided f'or . Whe n the incan 

descent lights are us ed alone a line drop of' 6 vol t .s is 

allowed , when bot h a rc and ina Rndescent a r e i n use a line 

drop of 8 volts ia al low ed . A l a rge r drop tr~un this shoul d 

be allowed . We determined the drop by tria l fr om t he power 

house to a socket in Lex i ngton , andfound t hat iii was 15 V. 

wi t~1 a current of 75 an11) . on the mains . I n determining 

t his drop one pe r s on was s tation8d at the power hous e , ~nd 

s ome one in Lexington . with a vol t meter in connect i on . 

Our wa tches were se t together , and we had a r ranged to read the 
• rf 

vol ta.ges at certd..'an inte/\val s . '''e made tl1re e reacti gs and 

took t heir mean as the correct drop . The Carctew v olt mete r 

was used in t own ; it had ·been previously c:al i b rat e d wi th 

a est on v-ult mete r , and its readine;s we re correc ted by 

this calibration. Th~ voltmeter a t t ie powe r ho u8 e was 

in circuit wi th a tra.n , former , so tha ·, it read a l ow vol tage , 

simi lar to t h e one in town. We did not calibrate it but 
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even if it do e s not read corr0ctly , still we know that in 

order to give 100 vol ts in .t ex ington it ' s reading should 

be 115 v0l ts , at ?5 amp . 1~·hen the arc 1 ights are b eing 

used the curre nt divides at trie :powe:· h ous ,3 'r:hc a rc l ight 

curran t passes throuE~h a substa t ion , si t u~ted across t he 

river and nearer lE:xi neton . T. ere the c u r ren t is chclnged 

f rom a cons tan · vol t '.-1.ge to a cons 1.,a.nt curnm t of 6:1-lampe.re4', 

Th is arrangement is worke d by means of weights and elec ~

rornagnets . '' 'hen tbe arc lights are turned on he cur rent 

must be lowered for a moment, for this transformer i s no t 

instantaneo us and a fuJ ·1 currt:mt wou d 1)Urn it out l f it 

were put on suddenly . 

'l'o find the theoretic linedrop from the Univet~sity 

power l·i ot.rne to t he dormitory we first measured the distance 

between them follow; ing t he 1P:ir~s. It was 700 ft . Then 

we found t h1c~ size 0 f ' the mains , No. 8 B & s eauge . We 

as s umed a cun·ent of ;=,5 amp , res , or 110 lights . In the 

I. C. C . Mechanics Hand Book we fo und t he formula V 
r = rr-cr 

Where r is resistan ,:e of wir·e p ,:-r f t . vis line drop , an d 

n is number of' lights , a nd dis the distance from the powe r 

to the load. W~ assume d t hat the load was concentrat ~d 

at t he dorrni tory , and took the di stance to the e nd of the 

main s ·th.ffe. Sub~ti tu ting in this f'orrnula , t aking r ~ O .000136 ohms, 
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Te have : V ~ .0001 56 X 110 X 700 = 12 .018 V 

1,'le have l ooked into t h is formula carc.fuJ ly and ar~ sure 

that i i.s cor rect . From 1rn.1.nklin and FJst.!:f 1 page 28c'i we 

have the f ormula e = ( 10 .~ x 2J, x I ) /ct? Wh ·1 re " d 

t1quals di ame ,e r in mil ls of copper wi re requi red to carry 
e. 

a c1-1rren t d. f amp ruB o a con ~'(mt ra.te rl load dis t ant L ft . 

from center of' d. i st..rihution , e equaJ a J.ro11 in vol s " : hence su/Jsrdt/1,~ 

e = (1O. A · 14<0 x 55) / 66~64 - 12 , 5 volts 

'rhe o1cu ftnmr!e in answurB is due to ,he d. l°f'enmce in e:onstants ., /'I, 

USl:"d by t he tv.1c, books . The No 2 wi re is able to cal·v · 1,e 
f\ .., 

c1Jrrl'~nt safely but the dr·op is ra ·1·er larEe. ~re :· ave been 
O'-~"\ 

t1nable to mea.surcJ t be,.drorl fr on, tl'.le pm,;e r house t o the d, 

dormitory, but as welJ as we have hee n able to estin1a.te 

it s ~:ems to cheel<: with t he t1rnoretie: drop . Allow ing a 

drop of' 5 vol ts we f ing t11at No. 000 B & 8 is the proper 

ror : r = v/ n d 5 / 110 x ?00 - 0 .00006:l ohms , 

T. ooking in t he t ables we find that No . ono has a resistanc:e 

of' 0 . 068 ohms per 1000 f t . or a resistance of' 0 .000068 orm8 

pe r ft. Thi s will eive v = .00006 2 x 110 x 700 = 4 . P volts 

drop. 



-Part 2 

Experim1::nts on the r~ff ic:i fmey 

of the Incandescent Li Bhts , and of 

tli e Town o..nJ Oo llt-,ge Circui t s . 

These experiments were made t o det e rn:ine Lbe e t'ficiency 

of the J am1-1 s f u rnish e d by the J,exington power Co . under 

t he averaee E . M. R. a t wh ich t hey bre supplied . The in 

s t rum"nts used were , the Kelvin balarce , West on vlbl tmeter,and 

ammeter , Cardews vol t meter, and a Bunse n photowe ,er . 1'he 

Weston volt r·ete r and Ke lvin bala nce \f;ere ciss umed as s tandard , 

and the other instrnrr,en t s cal.ir)'r at (! d fr om them. T.he Cardew 

voltmeter w~s calibrated by alternately connecting it and 

the ?'eston volt.meter to the same c ircuit of a direct curren t 

and recording the corresponding readine;s. They coinc i ded 

at abou t 77 vol ts and varie s at a ma.x.irnum ?. . 9 5 volt s . A 
. e 

curve is attach ed showing error of reading, t he ~ corrections 

were made use of h roughout thes e expe r i ments. •TTe started 

with ~SO v ol t s t aken from tll e s 1orage ba t tery, and increased 

it steadi Jy to 50 vo l ts: all t hese readings were l ow on the 

Carde~ . Then we took readings from 90 t o 117 volt s taken 

f rom t he College dynamo. Thene readings were a il higb. 

':'his figure sll ows c onnect ions for 

calibration of Vo l t meter. 



A s t,3.nda rd 16 candl e power lamp v, 11s o btaine ti from the 

New York Testing bu r eau . It was neee ssary t u deterr..1in e 
use. 

a s econdary standard from t l1 is, because cont~nuous~of the 

primary standard woul d soon make it inaccuratE:. To do this 

we plae ed the standar d J amp at one end! o~ the phot ome te.r 

bar with t be r e uired voltae;e and amp raee to give 16 candle 

power. The lamp to be standardized was plac ed at the 

other end of t l1 e bar. A r es istanee box: and ammeter were 

placed in ci rc l, i t wi ti-, each larr..p, and volt meters were put 

in parallel with each . 'J'he figure gives the connec t ions 

of one lamp. The primary was carefull:t 

ad j usted to re qui red c onditi ons . The Buns en 

1,hotorr:et e r was placed at t be centel" 

and the curren t was varied in the s ec ondary 

s tanda r d unti l t he photomete r showed equal 

br i l lancy . The ammeter and voltrr.eter were 

read , and the conditions under whi ch the 

R 

l amp would give 16 candle power became known . Several readings 

were taken and from t hes e an a verage was deduced : they were : 

V = 49 . 4 v ol ts 

I = 1.13 amp. 

The effic..:ienc - of a few l am1is i n use were f ound . T:h ese 

coul d onl y b e known whe n taken at the vcl t a gtes suppl ied. 



We have kep t . a r ec ord of t he voltages given bv the town 
~ .J...t; ~~ lW.'\.MWt" ~,,.,~ h\,.. ,,.;;., ~f:.,u/\,Uwt ~ -l 0,41--,,t) 

lights , a nd by the dormitory lights Below are tables 

s howing the average re sults of each . The r ecords were 

kept from Feb. 25 to Mar. 10 '08 . 

Town Voltages 

r-rours 5 6 7 8 9 10 11 12 

Vol ts 1 0 0 97 ~F' , ) 9 ~) 93 95 on 
,, ' 100 

Dormitory Voltages 

Ho urs 6 7 R CJ 9 10 11 l :? 

Volts 100. !:> 9 9 .6 96. ? 95 . r~ 96.6 05 .7 94. 5 

The ave rage town voltage from 5 to 1 2 i s 9 6 . f:'. 5 volts . 

!! " If " from 8 to 12 is 95 .6 volts . 

" " col l ege fl f'rorn 6 t o 10 C_, is 9? volts. 

" !! " ti from 8 t o 1 2 is 95 . 7 volts. 

To de t ermine the efficiency of t he la.mps, '(e wired tern i 

in the same ma nner tat we wired the lights to deterr:-d.r1 

t he secondary standard. We placed t h e secondary standard 

at one end of t b e photorr,e te r bar a.nd the lamp whose eff i 

ci e ney we wished t o find . The star.dard was pu t under the 

c ondi t ions necessary to give 16 candle power, and the 

c :., n d l e power of t .h e otl1er l ight, was f'ound. At t h e same 
and 

time we took t he voltage, ampa rage of t he light under 

exa mination . 1''e did tr) is v l t.h two Edi.son 1 and t wo Shel by 

l amrs . We fo und that t he Edison l amps were mo r e e f ficient. 



In t he tabl e on this page A represe nt s Ampa.res , 

V " Diffe r Em ee i n r ot e nt ial 

R " Candle Fower 

w ., Wat s 

R ,, Ohms 

E .. Rff'i cienev B/ W 
" •· 

K " B/ W0 

1/K " 1,,0/B 

I.amp Ef fi c ienc y 

'.. 1son . an ' e IV • d Sh lb a n c e 16 C U P owe r 
A V B w R E K 1/ K 

];dis on l . 55 100 16. ?,J. 5~1 1e1.e . 2S6 ,()0009R.? 10 8:7,3 

" i:; ., 95 12 . 22 48 . 5 186 . 8 .252 .0001 0 70 9346 a. .. _.j J.. 

Edison " . 5'? f; 100 16 . 6 3 5? . 5 1 ? 4 . .88:J . 00008? 4 11442 

Slielby l ~6 0 1 0 0 16 . 6 3 60 166 . 6 . 2,70 .00 00768 1302 1 

Shelby () 
C., . 60 1 0 0 15 . 30 60 166.6 . 24 9 . 000070 9 14100 

--

" . 6 4 1 0 5 19 . 4 67.2 164. . 8 89 .0000639 15GOO 

" . 5 ?5 95 10 . ee 54 . 6 165 . 2 . 200 . 0 0 00 52'? l e900 
- · 

It . 55 90 7 . 6 4 49 . 5 163 . 6 . 15,1 . 000050~~ 19900 



Below we have drawn six. curves. The data is taken 

from the above table. on the Shelby lamp No. 2. Curve No. ai 

sh ows t be relation of candlP. powe r to volts , one division 

representing one -volt and candle powe r each. From 96 to 

103 volts the slop~ is slightly less than 45 degrees. 

'l'his shows that a change of one volt wil J rna.ke a ch,,nge 

of one candle power nearly. Outsid e o~ t hese limits the 

curve a~rnums a smalle r slope. This means that the cr1ange 

of candle power per v~lt is decreasing • 
• Curve No. 2 gives the relation of efficiency wi th t he 

voltage. From 90 to 101 volts the efficiency varies directly 

with the voltage . Above this the efficiency decreases 

per vo lt. slightly. 

No. Z, gives the relc1. t. ion of' watts to volt.age. From 

90 t o 95 volts t l:k slope of the curve is 45 degrees, 

showing that the watts increase directly with the volts . 

Abo ve 95 voJ.ts the c urve is concave upwards, showing that 

the watts increase faster than the volts. 

Cu.rve No . 4 gives the resistance as a function of 

candle power. We see from it that the resistance is not 

quite constant, it bei~g greatest at 16 candle power. 

It increases rapidly at very l ow candlepo~er. 

No. 5 shows the relation of candle power to efficiency. 

It res embles the hype rbola. Up to 16 cancl]e power the 

efficiBncy inerea.ses at a greater rate t Lan the cahdle 

power. Above t h is however t he candle power increases 

faster than t he effic iency. 



No. 6 gives t he relation of candlepower with watts 

cubed. The ordinat es and absc i ssas a r e no t drawn t o t h e 

s a me sca l e . Fo r th i s rea son the cur ve has a sl ope of 

1:i1-Jout 45 de grees . I n r eal lty its s l ope i s n early 90 degre ,:S, 

whi ch shows that the watts cubed increase very muclL faster 

tr.an t11e candle power. 

We s ee f rom the f irs t c urve t hat a ny voltage J ess t t1 a n 

10 0 wiJ ] g ive very- low candlep ower . From the hours o f 8 

to 9 :i.n town t be voltage :i.s ab out 93 and th is gives only 

8 candlepower. On V · e other hand any voltage mucb over 

100 is very in,j uritn.Js to t he lamp s . 'l'hcy soon b ecome 

blackened from the carbon shot of f frorn t he filamen t , 

and tb ue mueh of t he l igh t is a bsorbed. The resistance 

in eacb lamr is raised vet·y mtlcl i also and. t hus the watts 

per candlepowe r . a re rai sed. The illuminat i ~g s urface 

is also lowered which lowers t~ candle power still more. 
1-\.. 

'Thus we see that it is more economical for the cons me r 

to have a steady vol t age of 100 volts. Fo r a h i gh volt age 

will ruin their lights , a nd a low volta ge wi l l g ive them 

poor lights. It. is best for the company t c give a steaqy 

V(: ltage i t lt ey expect to give satis factory s ervi ce. If 

they give a volta g ~ above 100 par t of t he hi ght and l e ss 
) 

tban 100 at otµ. er times t ':'.1in gs a r e never gmod. On acuunt 

c, f tb e fact t h a t old ll.amps are more costly both f ot the 

consumer and producer and a s the ma,j or i t y of' c onsumers 



are too s hortsighted to provlde themselves with good 

lamps, it is usually more economical for the company 

to ex change new lamp s for old ones, anti to ma .ke sure that 

only good lamps a re in use . Ifo l amp should be used more 

than 800 hours. 

Respectfully submitted 

L~ /3...,._., ....... ~ 

/ ~ ;,-4/~~ 
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~ 

Of' the two curveB given beJow tbe black one r e presen s 

tbe candlepower furnished by the town al t ernating curreht 

f ron1 the hours 5 to l? P . Tl e r ed curve gives the 

candle power given by tbe direct current from the lJnj_versity 

dynarrw , from the ~~ours 6 to l~ P. {. 

We seo t~at neither gives the required candlepower . 

Jf' a hori-:,,,ontal 1 ine be drawn at l -1 e:andl f; power 011 the 

diagram , the area r ep r- es ,:- nt i nz tr1 e candJ e power-hour·s 

which should be f urniHheci will be the incl uded r ectangl e . 

The uctial cand Je power-hours given is shown by t he area 

t, nder the bl a k curve , by the town c rren t . We .tound the 

a.rea of the r ec;tane;J f: to be ?84 squares . 'T'he area under 

t he curve iEJ 164 . 4 squares . 'l'hus only ?3 . 4f,, of the 

re~uire d candle po~er- bours is f urnished. A the l ocal 

rate of P. cents per kilowatt-bour we see t hat the consumer 

if. actually pG.yin O.?:v~/ s cents or 10 . 9 cents per 

kiJ.owa t-hour for suuh irht as he receives . Ther efore 

ho iH paying 1 . 9 cents more than he agn:i 13 d to pa.y . A""surning 

a light o be used 5 hours per day for 36 5 day s he will 

loose , 0 . 019 X 5 X 365 =- f34 . 67 per Ji gh t , 
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