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Electric lights

Government of Bombay requested to
furnish information as to the cost of the
introduction and maintenance of — in
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PUBLIC WORKS DEPARTMENT.

Buildings and Roads.
Military Works,

Lerter—irom
Covoner J. SHAW-STEWART, R.E.,
Secretary to the Government of Madras,
Public Works Department,
To
Tue SECRETARY 10 e GOVERNMENT or BOMBAY,

Pusric Works DEPARTMENT.
Sir,

In forwarding, for the information of His Excellency the (’:‘rov‘ernor in Cguncll _of
Bombay, the accompanying copy of proceedings on the subject of electric lights for
Fort St. George, I am directed to request that the Madras Government may be
favored with such information as may be available as to the cost of the introduction
and maintenance of electric lights in Bombay,

I have the honor to be,
Sir,
Your most obedient servant,

(Signed)  J. SHAW-STEWART, Colonel, R.E.,
Secretary to Govt., P.W.D.

OOTACAMUND,
20th August 1884.

Exd. E. Fernandez.
Spare Copies
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PUBLIC WORKS DEPARTMENT.

Buildings and Roads.
Military Works,

LerTER—from
Cooner J. SHAW-STEWART, R.E.,
Secretary to the Government of Madras,

Public Works Department,
To

Tae SECRETARY 1o T:E GOVERNMENT or BENGAL,

PusrLic Works DEPARTMENT.
BIR,

In forwarding, for the information of His Honor the Lieutenant-Governor of
Bengal, the accompanying copy of proceedings on the subject of electric lights for
Fort St. George, I am directed to request that the Madras Government may be
favored with such information as may be available as to the cost of the introduction
and maintenance of electric lights in Calcutta.

I have the honor to be,
Sir,
Your most obedient servant,
(Signed) J. SHAW-STEWART, Colonel, R.E.,
Secretary to Govt., P.W.D.

OorAcAMUND,
20th August 1884.

Exd. E. Fernande,
Spare Copies
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Dated August, 20th.

Recd. Encl.

6.0, 20th Aug.1884,No. 2044 W. |

 Fort St. George

Orders on Mr. J. A. Jones' scheme for .the?_j
electric lighting of —. HER
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N.B. 1. Number of lamps used are as follows—
71 lamps, kerosine, in use with 2nd Battalion, 8. W. Borderexs.
13 do. do. do. Royal Artillery.
98 lamps, kerosine, street, Barrack department.
23 dv: do?! in use with guards.

305

2. Cost per lamp per mensem—
146 lamps, kerosine, at R. 0-12-0 cach for Till. Tattoo scale.
a8 do. at Rs. 1-15-6 each for entire night geale.
98 do. (street) at Rs. 1-11-3 each.
23 do. (guard) at Rs. 1-15-6 each.
3. Cost of superintendence per mensem Rs. 35-12-0
4. First cost of plant— 7
Cost of 98 street lamps, kerosine, inclusive of the cost of removing the
posts of old gas works and fixing at the places shown, &o., and posts
and brackets painted ...
Cost of 207 lamps, kerosine, hanging, &e., at Rs. 12-0-0 ... 2484

————

Total ... 8,466

RS,

——e

Fort St. GEORGE, (Signed)  J. W. BRUCE, Major,
17th July 1884. Assistant Commissary-General.

Orper—dated 20th August 1884, No. 9044 W., Public Works.

_Mr. Jones, the Vice-President and Municipal Engineer of the Madras Municipality,
having been engaged while in England last year on inquiries respecting electric
lighting, the Government embraced the opportunity thus afforded to obtain information
as to the cost and best means of lighting Fort St. George by electricity. Mr, Jones was
accordingly requested to extend his inquiries with this object.

9. A full and interesting report has now been submitted by Mr. Jones, for which
the thanks of Government will be conveyed to that gentleman, through the President

of the Madras Municipal Commission. . |

3. The scheme drawn up for Fort St. George 1s calculated to cost Rs. 88,600 ; of
which the machinery is ostimated at Rs. 34,380, the leads and fittings, &e., at Rs. 49,620 ;
and labor at Rs. 4,600. The project provides for 320 incandescent lights of 20
candle power each; 46 arc lights of 1,000 candle power each; and 1 holophote of
40,000 candle power. The cost of annual maintenance, including interest on outlay
and depreciation, is set down at Rs. 35,826 ; the corresponding charge for gas being
Rs. 26,570, while that for kerosine oil is Rs. 15,005,

4. The large outlay for electric lights, both on first cost and subsequent annual
maintenance, renders the project, in the opinion of His Excellency the Commander-in-
Chief, prohibitive, so far as Fort St. George is concerned.

5. As suggested in paragraph 4 of the Quartermaster-General’s letter, No. 391-C,,
dated 25th June 1884, further inquiry will, however, be made as to the expenditure
incurred in Calcutta and Bombay, where the electric light is in use. |

6. The Examiner, Public Works Accounts, will arrange for the disbursement to
Mr. Jones of the sum of Rs. 500, being expenses incurred on behalf of Government.

(Here enter Nos. 2045 W. and 2046 W dated 20th August 1884.)

(True Extract.)

(Signed)  J. SHAW-STEWART, Colonel, R.E.,
Secretary to Govt., P.W.D.

To the Superiutendiu Engineer, V Circle.
Examiner, Public Works Accounte.

Military Department.
= Financial do.

Exd. E. Fernandez.
spare Copies
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of Fort St. George.
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Having learnt by your letter of the 2nd instant that you have written to the President of
the Madras Municipality for information and instructions in regard to your visit to America, the
Secretary of State will withhold the payment to you of the equivalent of Rs 500 until he is
informed by you of the result of your reference to Madras, when, should you have to proceed to
America, & draft for the amount will be forwarded.

P

REPORT ON ELECTRIC LIGHTING OF FORT ST. GEORGE.

No better place than Fort St. George, Madras, could be selected in order to test the suita-
bility and economy of electric lighting.

The lighting, both public and private, is in the hands of one body, the Government, while the
area is pe}-fec'tly defined and of a circular form ; the streets are regular, and the buildings pretty
equally distribuied over the area.

The extent, again, is not above what might be reasonably expected, could be perfectly lighted
and the lig}'lting controlled from one central station. : P yie i

Conditions so favorable are seldom, if ever, met with, and it is because of these circum~
stances I am able to present to Government so complete an estimate such as I have the Lonor
to include in this report.

Befpre the receipt of G.0., No. 3425 W., of 30th November 1883, Public Works Department
I had, in making inquiries and studying the question of electric lighting on behalf of the
Municipality of Madras, decided in favor of the Sim'uons’ system as being the most complete and
the one most suitable for India. The reasons which led me to this decision 1 need not répeat ;
they will be found in my report to the Municipal Commissioners, which is of course available to
Government.

Neither do I consider it necessary in this report to again detail the theory of the production
of th; ltglflt, nor i?he varions ways in which electricity is produced ; such also will be found in the
report before referred to. I may, I think, therefore confine myself more particuls
subject on hand. ; 4 8 BArRarly S

I observe in (.0. of 29th October 1883, No. 5797, that Government have ordered the
removal of the present gas-works and the disposal of all plant, stores, &ec., connected therewith
I am unaware of the state of_ the gas-works, and whether 1t is possible to continue making gas b '
them, were such a course desirable, and I therefore refrained from addressing Government on th{)
matter, which has reference to the motive power necessary for the production of the light. Before
passing on to consider the general question of motive power, I may, however, observe in »as8in
that gas can be more economically used in producing motive power, which itself is 1}1;,0(1 t%
produce electric light, than by burning the same amount of gas at a gas-burner, that is to say
the illuminating power per thousand feet of gas is much greater in the former thau the latter, in
fact, as 7 to 1 if arc lamps are used. e

In electric lighting the first question to consider is the motive power. The cheapest of all
powers is water-power derived from a stream or waterfall. No such source of power is obtainable
in or near Madras. We have available, however, wind-power and steam-power (produced by
burning coal or oil) and power from a gas-engine. The first-named power 1s extremely uncer-
tain, though with accumulators it might be used for the production of light in small buildings
There ttxeﬁ'efori remains stegrg—pol\lver and gas-power ; and as the gas-works in Fort St (ivol%(;
may not have been remove the time this report reaches Governme d it
d“tyflt‘oh msxdﬁfr this question %'uﬂy. i it ernment, I have deemed it my

e cost of coal in Madras may be taken as 35s t A ste i i
b 35s. per ton. A steam-engine workin i-
cally consumes 24 1b. per Indicated H.P. per hour. ‘This 24 1b. would maintain an a%-f (l}?lrll?émf
],OU(?[‘ candle-power for one hour, and the cost would be about 3. e
for a gas-engine 20 cubic feet of gas are required per H.P , and takin
i & 1re . as m
in Fort St. Greorge as costing Rs. 4-3-0 or 7/6 per 1,000 cubic feet, t,he cost for (ﬁlég hour }l(l)lrll:l[:.:fured
a.moulnrt of hfglght qutlllld be nearly 2d. or four times as much. ey

Thirty-five shillings per ton for coal is exceedingly high, and will be no d

reduczd wha?n grea}t;ex_' fn.oil_itiesffor transport allow of the use of Indian coal. o grdualy
gas is now being manufactured in England from anthracite coal found in South Wale
sold at 3/3 per ton. The gas s unsuitable for illuminating purpeses, though well 511?*,2(81&1%%
hem:mgfl and motive power. Such coal could probably be delivered in Madras at 24s. per ton
2 '_[‘t e gas malile fro'lt];la }t)]lns ooull (;s bprodﬁlced by Dowson’s system, and the only portions of the
resent gas-works suitable wou e the ifiers and gasometers i

generators would be required. r ghaaminters, While Dowivns. pesik

This gas can be produced in England for about 34 i i

; 1 : 3d. per 1,000 cubio feet, and taking t} t

of the coal in England and India as 1 to 6, the cost of 1,000 cubic feet in Indi T
1,000 cubic feet. i ; i eet in India would %e 1/6 per

One hundred cubic feet of this gas is required against 20 of ordinary coal gas to one horse
power per hour, and the cost therefore for one hour would be ]T(? = 1:8d. per H.P. per
hour, This is not very much under the cost | N

? ‘ : ) of the power produced ) .
more than the cost of steam-power. ; : % byl B e R
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It is evident, therefore, that steam-power is the cheapest under present circumstances.

I ‘have not ‘had time to consider the question whether petroleum might not be eheaper to use
than coal for the production of steam, but that question can be decided by experiment in Madras:

I regret that it was not possible to determine the actual requirements of the Fort as to the
amount of light, because, while having a knowledge of the streets, &c., and thus being able to
decide on amount of outside lighting desirable, I was not so intimately acquainted with the build-
ings in the Fort as to be able to allot very judiciously the amount of light required for each.
The number was, however, left for my decision, and the estimates are based on the following

number of lights :—

& Incangw:pnt 00‘%” °,fn
ol % pewes
3. Fort Dispensary ... e i v 5
. St. Mary’s Church - B wh o 2
7. Officers’ quarters ... el T I R
9. Officers’ Mess ... A e e et 2
12. Sergeants’ Mess ... = SEEAn 52
13. Barracks L RpesRs 4111 =0
14. Canteen b Tk ik
17. Brigade Major’s office and house st e e
19. Engineer’s office and house Sl ghed O |
21. Adjutant-General’s office and house ... R,
'22. Engineer's quarters A, e ‘10 2
923, Main Guard PRRRRERS - L
25, Married quarters ... Sl 4
26, Out-houses s O
Outside lighting 32
Total ... 820 46

This gives a total illumiuating power of 820 x 20 C.P. = 6,400 4+ (42 x 400 C.P.) + 4 x

1,000, a total of 27,200 candles. The engine-power, however, provided for in the estimates will

allow of 64 incandescent lamps being added where desirable, and as one arc lsmpmbes;!ébsﬁ- A

tuted by eight incandescent lamps, I am somewhat sanguine that the total illumin: r
provided will meet (2118 re'qnireme%ts. bP l‘ et R

I regret that G.O. of 21st December i onside :

ortion o%: this report had been written and after the estimates had been completed, so that I have.

) e ‘ g ;
{)een unable to exactly comply with the wishes of His Excellency the Commander-in-Chief. It
will be observed, however, that the lights on the walls will illuminate the &pproaches;’b?yqnd‘the.
walls, and the 64 additional lamps above referred to and the 10 allowed for the officers m

; F 74 lamns  bei vided for the barracks, Nos. 4 and 24, which are the 03.1
will allow of 74 lamps being proand sl e (;ubtbe Tontit m’l Hoiont. gy

; itted from the estimate, ) !
: hMIe l?zilxl'lattlf(;ii: filno(ﬁlucled the Grand Arsenal in the scheme. 1 'beheve there is a larg
steam-power already available, and if it is desirable to provide light f;or_workmg at 1, ’ :
of emergenay, a separate system worked by an additional dynamo machine can easily
It seemed to me very desirable, when introducing eleetric lighting into the F e some.
provision should be made for what is called a gearch hgh;, which would be ‘ usefnl m%
purposes for use at night in case of wrecks, or for W}!: yesseismhmg.m d iy at
night. I have therefore arranged for a holophote, W ich could be placed in the truck ok t flag-
staff, and which would give a light equal to 40,000 candles. e

. : osition of the lights pmgosed' B " s
The accompanying tracing shows the p tion . : ik R Bt
The g;\utexr-) buylk gf the outside lighting mlleolgo Euvlvi:hlﬁl?eyegﬂ ento» ggmm.tha inside ek lighting,
only four of the outside arc lamps being n cont th the inside syster

amount of

The lamps numbered 1 to 28 will bfz work

8 sortable engine. - T e I O B
comni)“ﬁgdp::i%irgul of each 13;1‘?;) is indicated mx Rph ?m%%m:n bl
circuit, 8 to 14 on the second, 15 to 21 on the bmdi%ﬁo “ i W]Mnt'mehm
The remainder of the lightin% isfn'o}’o’ed e nihy tw%le@ﬁ_ G & onﬂeiﬂs of 15(:
called in Messrs. Siemens’ list St: 1"°f 15.3}, ﬁﬂﬁg%ﬁsﬁf the milehing& & o
B O iines o ar lighis 20 fo- 88 (pateide) wOACRE SRR SOEEEE
series for o current of about 12 amperes, S0 these four lights wo ik i g sl e luien

f th ther 1 8. e+ : ey . ey 1
o g e plon o the o, oL e B s uing,
and the marks thus A indicate service : - e e o 85
&o.  The search lig]é would also be worked from these continuous current machines,

o

.. MRS S N R s
883, No. ﬁws ‘me after a considerable

od from one - alternate machive, worked by o

ol
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: 98. Alternate Current Lights.
-passing through these lights would be between 11 and 12 ampéres. The condue-

m are proposed to be placed underground, though overhead wires are cheaper. .
sidered that the wires in such latter position would be much more liable to injury, and

I
might interfere with the fire or working of the guns.
~ ¥ The wires estimated for, therefore, consist of a copper strand insulated with gutta-percha and

~ protected by jute and a sheathing of iron wires. | ' .
%" As has been already stated, the lamps would be divided into four groups of seven lamps each.
The two 1to 7 and 8 to 14, comprise the lamps on the walls, and these lamps would throw
s it were desirable to arrange for all the light

light outside the inner walls as well as inside, unles ‘ :
the walls could be extinguished at a moment’s

being inside. By this arrangement all the lights on
irable togha.ve 10 lights showing beyond the walls. Only i

notice were it at any time found desira

‘Jamp would remain burning on the walls, viz., No. 15, and this would have a special switch in the

engine-house, so that it could also be extinguished without interfering with the other two cireuits.
"~ The four circuits unite, as shown on plan, near the buildings 25 and 26, whence a bare copper

strand is laid as a common return wire back to the engine-house.

The lamp-posts proposed to be used are what are shown in the sketch given below, but their
height can be reduced if necessary. The lamps on such posts are arranged to burn 12 hours
without attention; the carbons used have a diameter of 107 and burn at the rate of 8” per hour

per lamp.

; Thennrrént

R
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S PR B S e S S s La et S o n et iy i dabiales R o i iniidnted Pt 5O LA B
e S o 2h ") 41340
can be placed either close to the ceiling or on the walls, or suspended by wires from the ceiling i3 ik v  SRESSNEREY PR T DT
to any height above the floor. o Tl A “ ﬁMachinery—- g o T ey s T IR PR T S e S
i © 2. compound steam-engines at £5% e A TR e R S e S

9 8. Doo machines (120 volts) at £400 .., 800 0 O
9 Sets large foundation rails at £7 .. ... LN S
80 Feet No. 2 link belting,d inches Wide, at 5
7s. 104. “es vl o Cwes ae 31 8

s : e
II. Engine-house fittings— = ¥
1 Switch board ... v AL e ! '
3 Dynamometers, Nos. 2, 3and 4 .- G L0 Dapaaa
1 Voltmeter No. 6 o Bige Sov
1 Universal galvanometer No. 1~ - wwen 180 Ui
1 Detector, with battery complete - 3 B

111, Main circuits (outside)—
400 Yards No. 100/ (circuits to
church) at £8-10-0 per 100
1,000 Yards No. 447 (for

Fittings much more ornamental can, of course, be supplied where it seems desirable, but the
above have been estimated for throughout.

In some cases each fitting will have a switch, and where thay are in large numbers each ten ' i
or twenty will be controlled by a switeh. 71'he lights will therefore be entirely under the c;ntrol 2 . 3,000 Yg?lshlazhﬁggﬁ} ‘ ﬁ
of those using them. ' ! *"17 Bervice boxes at'ﬂap( Sk s R
) &l ';‘-u ‘ ‘e :»v v

-

. As already stated, the continuous currents will be gemerated by two of Siemens’ S, Doo
machines, each driven by a U. compound garret engine, and it may be observed that each I.
engine works up to a maximum of 35 L.H.D. and each C.engine to a maximum of 50 LILT,
Messrs. Siemens do not deem it wise to employ smaller engines, as they last much longer when
not worked up to their full power. '

In the engine-house a suitable switch board would be provided to turn on and off the various i

: 1V. Outside lights— s '-‘I. = AR e
e 3 Lamp-posts No. 3 (fig. 22) at £28 ...
3 i3 1 Bracket (fig. 23) SO e e

V. Internal fittings— :
*  No. 3 on plan. Fort Dispensary—

machines and to connect them to the various measuring instruments, of which a complete set have
been quoted for,‘ 8o that faults i_n any portion of the system will be reidily detected. 5 Lamps with fittingsat 19s. ... 315 0
}!‘»y' conneeting the search light to the systent it can be made available at any moment. o * b Small switches at 2s. 6 o710 18506
! '.ll.ze connections from the service boxes to the interior of the buildings will be made by twin , ‘.‘é 1 Main switch - R 010 0
wires fitted at one end with a serew connection for the box and being connected at the other end Mo 20 Yards No. 100:5;;3 with ot e
vy ; oxe BOM oL uat bl 3

to the main switch of the building. ;

In each building the switch would consist’ of a case attached to the wall in a convenient
position covered with a glass cover and containing the actual switch for turning on aﬁd oft the
lamp, and also a safety fuse which melts when the current is too strong for the wires, and thus
shuts off the electricity from the building. It will be advisable to place the twin wires’ from the
service boxes to the various buildings in iron pipes to guard them against injury. :

The following is Messrs, Siemens’ estimate, and if it is decided to lay down the necessary:
iy %l:s’.‘ﬁ\}l;‘p%l&t’mul? p::ﬁla d;awmfsrwm be provi?ted.. A co‘nven_ient size for the engine-room
e L 'T{'{é' e;ﬁm&,ea?;x; tm:c;x::)ﬂc{)r: lau in the Fort is available ; no amount s,

; A. Outside Lighting (Alternate Currents).

20 Ymtgm,gw .

No 7. Officers’ Quarters—
7 Incandescent lamps at 155, ...
7 Switches at 2s. 64. ...
1 Main switech «... =
40 Yards No. LOOb:i with con:
tion - ppe. W 3} RN
100 Yards No. 405°% "o s sen

No. 5. St. Mary’s Chureh—=- =
30 Inoandasgt lamps at 158*

.

: o : " AN L TR e A
I' Madlluigr);om ound steam-engi : L Man sWIbER T e o piel oot # 8
1W.D P (S B o, S e e 830, 0.0 90 Yards No. 1006d with counec-
1 W. Dy. slternate ourrent machine ... ... 300 0 0 2 : tion B
2 Sets of foundation rails T e g i 200 Ya:ds No. 44b g
o 40 ]:.;get Of NU. 2 lluk beltlng, 8 inc}]es wide’ at - . : 2 A-ro lamp-s in ‘No' li'iante;;;! ‘ W
40 I“z‘:ets:;f NO, 2 1iﬂk belting’ 3 inches wide’ at 14 0 0 J é. a‘t £18"15‘0 e q--A - .o’,. : = - -
: - 0d. 5 808 No. 9. Officers’ Mess— Pt -
*  IL Leads— — 686 6 8 20 Trioandesoent lomps ot 138- v Iy e
Y : 1 itches ... wer i Pl
4000 Yurds No. 1007at 8. 10d. . .. .. 340 0 0 ot el el AT
: » No. b U R R et L WA el 1 Switch and rheostat ... .. 5 0 0
500 » NO. 20011 at 43 15({. e ‘oo ave 23 15 ) ‘20 Yardas No lUObd o ."' 7: 3 n n R
—- 38215 O 50 , No.idb S e

No. 12.+ Ser| ea;fta’ Mess— .
10 Lights at 150, w2

130 50"

vae g B N i
it 797 0.0 4 f Main switeh . e e 0l
- L e—— 40 Yards No: 100bd with connection.
A Total .’ 1,866 1 8 100, ‘No. 2Tb).. # bt

In addition to this there would be the cost of erection, say Rs. 1,000.

By » . "
y 2. .9
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No. 13. Barracks—

100 Incandescent lights at 13s. ... 75: 00
5 Switches at 10s. 210 .0
40 Yards No. 1004d b d SRh 10 .0
6 Arc Jamps with No. 17 lanterns #
at £14-5-0 . San . 810 0
3 Switches and rheostat at £5 ... 1500
800 Yards No. 1000 at £4-15-0 ... 38 0 0
: R B
No. 14. Canteen—
5 Incandescent lights at 15s. 315 0
1 Main switch ... 010 0
40 Yards No. 1005d with connection. 510 0
100 , No, 27b e 240
No. 17. Brigade Major’s Office—
15 Incandescent lights at 15s. ... 1 6 0
1 Main switch s 010 0
15 Small switches at 2s. 6d. o s B E
90 Yards No. 10054 with connection. 3 00
100 ,, No. 44b- PR el R R
| SIS
No. 19. Engineer’s Office—
10 Tnecandescent lights at 15s. 710 0
1 Main switch ... 010 0
10 Small switches ... 1 500
40 Yards No. 100bd with connection o 10 0
100 ,, No.44b ... A A 7 L)
No. 21. Adjutant-General’s Office—
Same as No. 17Q t
No. 22. Engineer’s Quarters—
10 Incgandescent lights at 15s. 710 0
1 Main switch ... 010 0
90 Yards No. 100bd with connection 3 0 0
. INPL _27b s fge Dl
No. 23. Main Guard—
20 Tncandescent lights at 15s. ... 15 0 0
* 9 Switches at 10s. g S N
2 % 20 Yards No. 1005d with con-
nection at £3 ... §:0 0
100 Yards No. 276 T

No., 25. Married Quarters—
50 Incandescent lamps at 15s. ... 37
3 Main switches ... 1
10 Small switehes ... 1
2 x 20 Yards No. 1004d with con-
nection at £3
4 Arc lights in No. 17 lanterns
at £14-56-0 ... e
9 Switches and rheostat at £5 .., 10
400 Yards No. 1000 at 4s. 15d. ... 19

e S————

coe © oo
coco o LCo

No. 26. Out-houses and Cook-room —

90 Incandescent lights at 15s. ... 15 0 0
3 Switches at 10s. 1 i R,
40 Yards No. 10044 with connection .9 10 0
100 , No. 276 ... 2 4 0

* Tt is very important to have the lighta all right, and therefore two ind

each cirouit being connected to a separate gervice box,

Pupric WOKKS.

o e £ 4 d

221 10 0

11 19 0

19 8 6

) @4 o

19 8 6
~

12 &t

294 40
M

188 "6+ 0

204 4.0

RERIRSE I S (¢ cfy g E

ependent circuits of 10 lights each Qre provided,
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VI. Search Light— £ s d £ & W Bk &
200 Yards No. 275/ at £14-15-0 .., 2910 0

1 Holophote with Fresnel lens ... 132 0 0
1 Hand-lamp for same Liaas 0.0
—_—— 189 10

B (e s

In addition to this there would be about Rs. 8,600 required for erection, &o.
Some reserve parts of the machines and fittings it would no doubt be necessary to ave on
hand, but these may be considered as included in the maintenance estimate.

I am unaware in what manner the Government Wwould propose to disburse: the money for
this work, whether by loan in England or remittance from India from available funds, but thm
taken the latter as a basis for the completion of the estimate of prime cost and for the estimate
of oust of maintenance. : :

The totals so far then have been— I SRR e
Qutside Bghting ... vee | oee oooishy v L Ssadle o 1,866 1 8
Inside lighting ... i LS i R 1§ S R

Total ... 6,783 .9 2

; £;1‘803his has to be added an amount for freight, say £816-10-10, which gives us a total
0 ,000. .
'The cost of this at present rate of exchange (1/8) will be Rs. 84,000, and if to this is added
Rs. 4,600 for erection, we arrive at a total first cost of Rs. 88,600.
This amount does not include digging trenches for foundations for engines or engine-
houses. Blocks of wood or concrete would serve for the foundations.
The above amount of Rs. 88,600 may be divided as follows :— RS, -
Machinery, including freight and exchange ... B S .o 34,380
Leads, fittings, &e. s 2 49,820
Labor, &o. oSS e e S S R

Total ... 88,600

.
>

Annual Maintenance.

The estimate of annual cost is based upon the assum:
180 days for 12 hours, or 2,160 hours per s.nn?ﬁ?'@ﬂ" .—The street-lamps in
only 1,300 per annum). That the church lights are used 600 hours and the 12 inside are lights
for 2,000 hours per annum. The incandescent lamps will last about 1,000 to 1,500 hours each.
The above taken together is probably a good deal more than what will be the actual con-
sumption i—
Carbons — - & ity i
98 Qutside ares (alternate currents) 180 days = 10mm. 8.3 ..
&5 ,, (continuous currents) 12 hours = 12mm. S.} 171 2 0
9 Church lights, 600 hours = 19mm. Bl), .. 81520
12 Inside ares, 2,000 hours = 12mm. 8. WS (Y

i = b e ‘._:.;?

500 'Inc&ndescent lalpps at 5s. 125 0 0
360 Tons of coal at 39s. 630 0 0
o Uy

0Oil and waste, say £1 per week
. | Total ... 1,086 17
To this may be added for freight for carbons ... 99 1:{, g

s ——

1,109 12 0

Or with exchange amounts to ... 3.320
Wages would be about — ounta 13,320

Management ... e e IR
1 Electrician Ter 8600
Two Engine-drivers ton ot LEROUY
Laborers vas i s =L e A Y -
—_— 12,600
Depreciation and Interest — § e R
10 per cent. on machinery 34,380 = 3,438

T At on leads, fittings, &e., 49,(;‘2.0 = . 2,481
; --.——— - 5,919
Total ..., . BLES
If to this is added interest on the first cost at 43 per cent., we have a total of—ﬁasissc;
| T may now make s comparison between this amount and the late gas lighting in the Fort,

-
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The number of lights provided for are 32 arc lights outside, 14 inside, and 320 incandescent.
The arc lights take up about 45 HL.P. and the incandescent lamps about the same power.
The cost of carbons, however, has to be placed against the arc and the renewal of incandescent

lamps against the incandescent system. A comparison may therefore be made thus :—
Cost per annum for arc lamps—

AT

RS,
Total cost 35,820
Less cost of replacing incandescent lamps 1,500
" 84,326 =+ 2
17,163

- which divided by 46, the number of arc lamps, = say Rs. 373 per lamp per annum, OF
taking 2,000 hours of average burning, about 29 annas per hour per lamp. »
or the incandescent lamps—

RS,
Total cost o ! o 35,826
Less carbons 3,600

32,226 + 2
16,113
which again divided by the number of lamps, 320, = Rs. 50 per annum, or taking 2,000 hours =
0°40 annas per light per hour, or about 5 pes.

These incandescent lamps give only 20 C.P. each, the arcs give about 400 candle-power,
the four on the inside cireuit about 1,000, so that the proportionate cost of light would be for the
‘incandescent against the arc as—

20 x 040 annas to 2'9 annas,
or
: 8 annas to 29 annas,
that is to say, that it is about three times as expensive to produce the same amount of light by
the incandescent as by the arc, but of course the former is infinitely more suitable for inside
lighting owing to its greater suitability for gub-division,

These prices include payment of interest on cost of plant.

The cost of gas in the Fort per 1,000 cubic feet was in 1877 about Rs. 10-13-0, but it is stated
this might have been reduced to Rs. 5-8-0 per 1,000 cubic feet, though it has never heen consumed
at such a price. This amount of gas burned in gas-burner consuming 5 cubic feet per hour would
allow of 200 gas-burners each 20 candle-power, each equal to one incandescent lamp, or one-
t{,Wenti.eth part of an arc lamp ; the proportionate cost for gas against electricity would therefore

Q—

Per hour.
ANNAS.
Gas, Rs. 28 = ~ :
= 044
Arc Light 2% —
g Bt el vas iee .o wes 014
Incandescent lamps ... 0-40

:;’ 1%‘“9:?;&“{:;?8““ are used, the cost is enormously reduced, and with incandescent lamps it -

&8y _? compare the amount of light afforded by the gas and the scheme of electric light we
Tor the gas—
t:{l::l‘i:;f'ﬂ: . P, hours.

263,345 feet at 5 cubic feet per hour... .. H2,669 = 1,053,380

While of are lighting there would be—
NO. = C. P.
2,000 hours of 42 x 400
2,000 , of 4 x 1,000
Plus incandescent —
2,000 bours of 320 x 20 =

PSRN R by

B R

—_—

. g : Total .. 49,600,000
:vfasﬁfty times the amount of light given formerly by the gas, while the cost of g’as per annum

RS.
Ga Manufacture =L

Interest at 43 at * 1,10,000 8 2,869

4,950

) 7,819
e e e v e . eew 35,826

&

and of eleetrioity'
or only five to one.

# This is taken from information given in the precis on the gas works (G.0O., 20th October 1883, No. 5797)':—

y
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Rs. 85,826 does not seem to me (seeing that sush sum also
plaﬂt)avaryhrgemmtoexpend,musllyon ighti tree
~ of the buildings within the Fort. Again, if coa
it isfl:efedit soon will be, the cost of maintenan
reduced, The work itself is apparently very n
than Fort St. George could be selected for the
Presidency. The system proposed is one which
Tort St. Greorge, and there is no doubt
The experience which would be from
valusble to all Municipalities and Local Fund
_ within their bounds, an there are many places
. mical grounds. ) o
The recent advance of electrical science has
ing in many ways other sources of power, and T
* embodying some ideas which have oceurred to
and which I trust will be of interest if not of s
in order to make it as complete as possible, &
whi{afh will, perhaps, tend to elucidate some points
itself. i
" In conclusion, I would claim the
and amount of light estimated for the
knowledge of their capacity and arrangement, -
and I wish at the same time to express the ple
thanks for having had afforded me the oppo
which is every day becomin '

DuMFRIES,
February 1884.

SiEMEN'S SYSTEM.

The dynamo-electric generator of Messrs. Siemens Brothers, which oceupied
position from the time of its introduction, still m tains that positi r
~powerful generato i vk estima 1
with its bu
remarkﬂ,bla chara 3 1 R
There are two classes of Siemens’ mac
machines. :
The following sketches show two

by a con
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Alternate

These machines are illustrated in the fo
plate on which are erected, vertically, two circular I

The armature of these machines i
: ure of , s that of the class known as drum armat i
?:;fxl oi et;llm maohmg 1s'surroun.ded by a wooden shell wrapped with iron wire, oxll r:}vs}.licl??:ill: c:)r;
;‘ hesgo{)&e;i xllrd;a (\ivomill(: mf several seclions) are wound.
nal coils of wire completely envelop the iron cylinder, all secti i
w'o'l:mri‘ih aeteex?d‘.]sal ;u; ular _dlstances from each other parallel to planes pa‘Zsing throu h(;}:gn:xil;?mg
e bt o G &eﬁooﬂs are brought two by two to the copper sectors on the axis, which
Ao memthod ef om one another an.d together build up a cylindrical commutator. :
% cigh: st o ;7) isat:;ghmentll?g the coils is shown in the following figure, in which an armature
i e win. e numbers are marked plus + and — and show the opposite

-

‘through the frames

magnets, consisting of iron cores e
naaa‘bk‘ and t

On these frames are arranged the electro-
These cores are turned down at their ends and
‘the free end has a reverse :

The armature is formed of a numbe coils ~
mounted on a dise or wheel which rotates between the
magnets in these machines are excited by a separate

= Wy

main circuit. : (n‘. g mohmo ;.l. :

.

The following is & ]

I the connections be traced, it will be ge 1
: : en that all the coils form i ironi
g This armatt}re‘ is surrounded by the permanent or field magnegsn eﬂfgnz:)lill%ou; cirouit.
in u%q}a]d in thcz1 cblé'cmt of the rotating armature through the brushes i el
e curved bars passing over the armature are prolongations of th.eoo E =
. 2 resof th y 5 - y : e o
thThelcores tn.}:'e woamd so as to give a north pole on the upper side eo;’ o : :lgt:a;magngts. ; a7 s
amée tpofe ton 'etlﬁn e; side. The curved portion of each cord surrounds the u.rmatur6 ﬂ;n 3 g 3 e e
;:odz ceg 'E?;;xm:e: iéli:melll):lrebo1rou‘rinferencﬁ, and an intense magnetic field ?; ?h?xna . 4 ‘ ils o ploil in
e observed, are slit up into several portions; this i Cal e The armature coils are coupled up in
revention of cross curr : 2 R 1 portions; this is for th : ontial are required.
fn anulfla,cture. S ents, for the circulation of air to prevent heating, and for convenienzetoi to &
In the shunt generator the wire from the brushes, i i
e t e brushes, instead of bein
;nagnets. is divided after leaving the brushes, a smaller wire passing rou r{gd 0:}:1:1;1;9(11] :oumil the
arger going directly to the external circuit in which the lamps are placed. et -

by
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ring on which the brushes press and convey away the current. No commutator is necessary in
this machine, as the currents are alternating.

The armature coils when connected in multiple arc are suitable for incandescense lighting,
or a portion may be connected in series to supply arc lamps, while the remainder may be connected
in multiple are to supply such as Swan lamps. L

The Siemens’ direct current machines run at speeds varying from 500 to 1,500 revolutions

r minute, and give lights varying from 500 to 12,000 candles at an expenditure from 14 to 7

P. The alterna ing machines run from 500 to 800 revolutions per minute, and require from
5 to 20 H.P. Either Siemens’ machines will work an arc or incandescent system of lighting.
For are lighting continuous current machines are generally used, while for incandescent bot%l
systems are in use ; the use of the alternating current machine is said, however, to allow of longer
life to the incandescent lamp.

: When continuous current machines are used for arc lighting, the positive carbon burns away
twice as fast as the negative carbon, and where only the upper carbon is moveable, it is evident
that the oint of hght' is gradually descending. There are two kinds of arc lamps made by
Messrs. Siemens, one in which this descent goes on, and the other in which the point of light
is kept at the same height by the movement of both carbons, the latter being called the focus
keeping lamp, and where reflectors are used for throwing rays of light horizontally, it will be seen
that this latter form of lamp is of considerable advantage.

The ordinary Siemens lamp, as designed by Von Hefner Alleneck, Messrs. Siemens’
Manager, is illustrated below (Fig. 6) and the action is as follows :—

- The g:i;ﬁvedmeﬂt‘mm@t e
and the other through the coil E; afte
two carbon-holders axe geared to two
allow for the difference in the consw
action of gravity brings the two
the armature A is attracte 1
drawn forward and moves the train of wheels
(t) it comes in contact w  serew C, and t

m‘ md,pas%;s ough (f) direct to the

and the spring (f) pressing the le
again resumed. '}Thnw&im continues,
the proper distance apart. When
the action of the spring (), which is
lever (t) remains at rest, and, as
sorew (d) until the ) i8 |

N

in circuit the following arrmg;!ment is
only indicating the principlei— .

the wheel train, and thi '_lmng! he carbor k!
Such lamps as are above described are ge:

the arc thence to
the higher resistance coil T.
of the magnetic attraction of tk
~ If the current enters at ]
the arc is so great that the
the higher magnetic infl
brings the carbon close
from the upper carbon-
action takes place, and

These lamps are !
against a copper ring ol SIZLLY
cusbon which is consumed passess
easily '
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o Yo The Portrush Electric Railwan. :
 While the subject of the electric transmission of TR, ; : ] i
3 Ml Do o Vs It sy eokedon s il s Gy
- latter.ﬁ;;]meng andnHalske, and in this country by Messrs. Sicmens Brothers 9‘; de ermany
Portrush, in the nl\? mtl:ve known, have been for some time engaged upon an_electri “%mpany
i eh orth of Ireland, and recently their experimentﬁave been bm“gh“c railway at -
:i(ivantaon t]t e introduction of the first car into the general traffic of the ‘H”"‘*Tw, sful
it of i oo M estvder e . vl Hogkinga v el
which, in ad(:iitig ttoe Society of Arts a paper upon the transmission of power by e]eetmve ety
i i it s st of tho e ey, ey e dos vl ol n s
5 : SUC . cons ﬁ ; = S i Ao e
ntors bofh exprently, gruphialy, wnd syl e s short scount o e e
X /i y s . 16 2 i t . I =l i b ‘.’I,
3 ;\;ll bq poss1bﬁs whgn e}ectricity is laid 0;11 l?i: gas mﬁ 3&2’;{_ e%ﬁﬁ;??:r:hmnﬁaegﬁs that
]m;“;; lzn%ﬂirtﬂwi 0(111;;1::.;1 sttwo,c rcrll(;zn;s, a ls};lrge and a small one, and a numl?er of ilj?caﬁﬁééoenc:
s i rated that each could be worked independ PN,
it e o a1 s A o i St T
ol s by Moses Samma s et e gt
; rom the motor, an 1 : - ‘ ‘ 2Ry
It was then started, the speed of the lift and t(l;: curre ni? g;?ﬁh;sofohgzﬁ'l“ Bung to thorohaja.

1t is extremely simple in construction, and is a small glass globe from which all the air has

been exhausted, and in which is fixed a small filament of carbon connected with two platinum

wires which are passed through and fused into the gluss. When thfe current passes the 'ca.r})on
by its great resistance becomes intensely hot and emits & soft, clear light ; there is no combustion,

as there is no air in the lamp, and there is ver little heat. :

The diagrams shown a‘tﬁ)ve are of the mo}s,t recent, form of lamp. As will be seen the lamp
is entirely of glass, and from the short stem at the top project two platinum loops, t_he termmqls
of the carbon ineide. The socket shown with the lamp in the right side figure is of ebonite
serewed at one end for attachment to a holder, the other having a spiral :sprm%u ; two small catches,
continuations in reality of the main circuit wires, Fass through the side of this socl_.(et, and when
these cateh the similar hooks on the lamp by the force of the spring, a good electrical contact 18
completed. :

This arrangement is far superior to that of Mr. Edison. : :

The lamps can be made of from 2} to 100 candle-power. T}xe elthro-motwe force required
is from 6 volts to 100 volts, and currents of from 1°3 amperes to 8 ampéres are re mrec11-35 et

= The resistance of Swan’s lamp is about 35 ohms, while that of an Edison is about 159
b that a demand has arisen for lamps of high resistance,

The Swan Company now, however Sl :
manufacture them so that § an a.mpér’e of current will give a light of 20 cz_mdlmsf : an& 1there . Weight, Sy .
- is no other lamp which will give such a light with so small a current. The prices ol such lamps e 1 7 feetppef £y ; m}e&

chines to use with these lamps are the .

5 3.4 s. 5. The best ma : « 3 o . '
e S e L v w & The weight was then doubled without any alteration in the other conditions, and then the

i e ST A AP

Siemens’ machines. nieasuremen Yo =
R ts gave : e
i N yolants Speed. Current
R g K 5 o 2 ewt. 25 feet per sec. 13 ampéres
v “ Secondly, the former weight was ' : X i :
¥ g : H Hiotar: ik he ot ek th§ s wl':;;lic_e.d, but a resistance was inserted in series with the
APPENDIX. h i Wik
B, : Bl 1o gt R Bpwad, Current.
o 7 o Bl i 1B AN cwt. 2 feet per sec. 9 ampéres,
In my report on lighting Fort St. George by electricity, it will be noticed that a large : 6 weight W!:S. doubled the results were ;: —
£ amount of engine power is provided, which is out of use for some 18 hoursg per day. N o doubt ~ ’ : Eﬁi’? Speed. Crott. , .
a large portion of this time is a necessity for the due inspection and repair of the engines and . Pttt s B s 1 foot per see. 13 ampéres. AT
mzu;hiues, and it would be unwise to utilise the same engines throughout the day as well as the N ] ' and that the speed aéﬁﬁ%ﬂ%&? ¢ %&n given motor remains ant at all sy \
night. . v LB ST in cirouit.  In the annexed table are shown |
3 It appears to me, however, that a portion of the power, which is considerable, might be 8o : ? Tiia = SO (O SNSRI 35 7 table are shown 1
e ! ork done. Work done T e
utilised. : ; " ik s i Work done.
It may be unnecessary to explmn to Government that while a dyna.xpo mguohme c(_m'vert.s Rosistands | Load 56 | 3 : =il 7
mechanical into electrical energy, it is also reversible, and that, when sqpl.)l%ed with electricity, it g8 inserted in | pounds. ! 7'5 Ampéres. Load 1 cwt. z ' 92 Ampéres. | Load 2 ewt. | 1o 23
will give out mechanical energy. That is to say, we may generate electricity at one end of the B | ((“)ﬁllll:t in i ha ¥ - 2'9 Ampéres.
Fort, convey it through a wire attached to a dynamo at the other end, and from this dynamo we i T Speed in feet | Foot-lb, per Speed in Foet [ B b i -
can drive machinery, and about 50 to 60 per cent. of the original mechanical energy can be o . | per Minuw.‘i Minute. [ per Minute. ‘ e Speed in Feet | Foot.Ib, por
obtained after its electrical transmission. g i ‘ = s L el ' l j per Minute. Minute.
In this way the machinery in the arsenal could be driven, and it does not, T believe, require » T .
very large power. : . ' 3 212 11,870 180 20.160 130 A iy
With a system of wires in Fort St. George, each fire-engine might be furnished with a 12 = 190 10,640 164 18370 197 i 29120
small dynamo, which, on oceasion of a fire, could be attached at the service boxes to spch system, 22 169 9,480 150 16’800 12 9) SEGL AT
and the engines in the engine-house could thus drive the fire-engines at any point in the Fort _ 3? 157 8,790 | 130 ' 1 4:56'0 9_0 | ow 20,160
within reasonable distance of the system of wires. 1 merely give this as an illustration of what 2 37 150 ,400 125 14,000 71,: - 15,900
can be done in this way. 5 48 141 L850 111 #19'430" '59-‘5_ | 13,330
I have stated on page 2 of the report that water-power is'the cheapest of 9:11 owers for the 57 130 7,280 90 10’080 365 o4 ERREIVACEERS W0 ¢
production of light ; so also is it the cheapest of all powers in supplying mechanical energy. i 6-3 129 7,200 84 9.410 19 oo 4260
Following out the same idea as before, it will be seen that it 1s possible to take power from e 83 98 5,480 56 | 6.270 §IE i W bl
I a stream to places far above its level as easily, or perhaps more easily than we at present (_1ivert e 97 83 4,230 27;5"‘“‘ = 3’060’ ‘ Waid e
= a portion to some water-wheel below its level, i.e., by having a dynamo dnvgn by a turbine in \¥ 1‘1'6 47 2,628 5 : R e
the stream, and a dynamo or dynamos connected to the first dynamo by a wire at the place or 12-7 35 1,960 , PR AT g
places where the power is required. e J : 14 18 1,008 f iyl e ) {
g Towns situated near streams, of which there are many in India, and of whwh' Coonoor is & g radisigr Seadl Ml o in - 1 e : | -
gl % good instance],] can be most ﬁconomically lighted by means of vz'later-powel‘é I saw 1; Soo?ami a (7 DR xes‘ults_o-;‘e; s_ " i: TRy g i = 2idid e ol B IR, G (%

: Jarge private house lighted by means of a small stream dammed up, 80 a8 10 give sufficient water i 08 eries of experiments with the same hoist o e R R
to griwrr)e a turbine whigch agni); drove the dynamo; the dynamo and turbine being some quarter .8 Brothm:s under conditions of greater accuracy tlfan wﬁdﬁ?&%- ﬁ?ki Q‘i. Mm mens . }
of a mile away from the house. conclusions are to bﬂ drawn from the results which comprise th funlga . ::{mmm s mé‘ ‘

The best example of the transmission of power by eleetriei'i‘y }Il\tlm gem} efeoluwéi b)i Mpqsrﬁ:i iR theory of the electrical transmission of power:— M3 lamental principles of the
Siemens and Company and is the Portrush Electric Railway in the North of lrelanc. visite ity . i 1. That the motor, P . . o e T e Lo U Jo A IR
this line, being anxious to see the system as one which might be extremely a.{Jphoable to India, vy degigne(;n fox th?;agm};ze’w;::%%b%ﬂemmt of thevmﬂ;ﬁﬂi‘,ﬁhnd«mryg' St
and which to me seemed so admirably adapted for a light railway, though called a tramway. I o 2. The-eurrent depénds wholly on:th ! tond - tl?e Wlﬂwﬁ# reference to the generator,
regret, that at the time of my visit it was not being worked by electricity, but I travelled over e - : & € 1o motor, S A e il U e
the line in the cars pulled by horses. I cannot, I think, do bettor than give here an account of :
the line copied from Engineering.

¥ . ‘J r
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blowl! g b2 B ROy 5o 0 i T e ot i et st o ""”“‘\"t’”””q g et R AT AR e ; 4. s ! 'h)ich the ourrent is dmwn’ maﬂﬂl l‘ed in Volts,
3. The speed depends upon the electre ymotive force of the generator, and the total resistance ;! “Liet htb'o th(:np(:;‘t:;t;!;l (f ﬁh:h?zm;m&@m of the dynamo. Then E; is pro ortional
in the circuit of the machine. 1f the mains which supply the current to the motor L ! O the oun‘sn ‘tmfﬂthp aneular velocity and a certain function of the current. For a velocity £,
maintained at & constant potential, and the motor be separately excited, or have : to the_l“;’ ‘:‘t‘ 9 o ?lm (ied by f(C). If the characteristic of the dynamo can be drawn, then
' permanent magnets, the speed is proportional to the potential of the main, less the let ‘th}“ k‘m“ e ; : : . iayeh
loss of potential due to the resistance of the armature. s ((J)“ISW :‘L‘ZS; T ; o v
« As a practical corollary the generator must be designed to give the current required of it ‘ r w 8 2 ) - : A
by the motor, and electromotive force sufficient, after allowing for fall of potential through . . E= .Tlf (C) e it
the resistance of the mains, to give the requisite speed. i
« Purning now to the Portrush Klectric Railway, Dr. Edward Hopkiuson explained that it If R be the resistance in cireuit, by Ohm'’s law .
extends from Portrush, the terminus of the Belfast and Northern Counties Railway, to Bushmills, : .E i 28
in the Bush Valley, a distance of six miles. For half a mile the line passes down the prineipal - o e/ EP s
ctreot of Portrush and has an extension along the Northern Counties Railway to the harbour. - T ;
Yor the rest of the journey the rails are laid on the seaward side of the county road. The line i ‘ & .
is single and has a gauge of 3 feet, the gradients being exceedingly heavy in parts, rising to as = : E_TZ £(C)
much as 1 to 35. It is intended to connect the line with an electrical railway from Dervock, for & “ ¢ S
which Parliamentary powers have already been obtained, thus completing the connexion with R
the narrow gauge system from Ballymena to Larne and Cushendall. Turbines are being erected : 1. therefore .
near a waterfall on the River Dush, where there is abundant water-power, but pending their i} b sl : N(E—CR) 9
completion, the power is derived from a small steam-engine at the Portrush end. E ; u‘=——:f.—(@)——‘ o et e 42)
“The system employed may ba described as that of the separate conductor—a rail of T-iron, ; AL . :
weighing 19 1b. to the yard, is carried on wooden posts, boiled in pitch and placed 10 feet apart, ' Let a be the efficiency with which the motor transposes electrical into mechanical energy, then
at a distance of 22 inches from the inside rail and hl7 ‘iuch{-}.s above the groyml. A cap of insulite 1 e : :
is placed between each post and the conductor, the 1nsu ation varying from 500 to 1000 ohms At . ad A3
perI mile according to thé weather. Hence the total leakage cannot exceed 2'5 ampéres, repre- o4 Power required= L w=aE, 0=aC 1;72 _f (C) ' .
senting a loss of three-fourths of a horse-power ; or under 5 per cent., when four cars are running. H :
'T'he eurrent, generated by a shunt-wound dynamo machine, driven by an engine of 25 indicated i 5
horse-power, is conveyed from the conductor to the carriage by two steel springs, one at each l\ Dividing by v - - - ) Py FAC) ik o (3)
end. These double brushes enable the car to bridglro oﬁvur the numerous gaps which necessarily l : p)
interrupt the conductor to allow cart-ways into the felds and commons adjoining the shore, : wt i i :cal measure, or adopting the unit given
"There are two or three gaps too broad to be bridged in this way. In these cri]ses the. driver wi(ll \ e It“.n""’f' be .“O'i‘f;d gl‘.‘:. Tll lltsgﬁiﬁ?:;uﬁgrgs%?fﬁﬁtf ¥ One ’J oule eglm 8 approxjmgd.ltély
broz:lk the current bffm.‘el reaching the gap, the momentum of the car. carrying it the 10 or 12 b); 1;1" ?:)Z‘:’;I;i nlg liﬂq;;:i&zjoil 3) gives at once a.n’analytieal proof of the second principle stated
rards it must travel without power. 74 of a iz ks : T e it alone. Equation (2
e From the brushes the current is taken to a commutator worked by a lever, which switches : above, that fo._;?i" Frygu ml()toé 3;9‘ cutren&dgpgnnt}]lg of}xl?&mgg; ‘ 8'1 e of the ‘Qﬂﬁi,% &
rasistance frames in or out, as may be desired. The same lever alters the position of the brushes ‘ : shows that with a g’gveﬂa@ 1t ol e 1 - the offect of iiiﬁo -uit the resistance
on the commutator of the dynamo machine, reversing the direction of rotation.  From the dynamo N ~ By resisgﬁimb:mwtﬁesmfﬁf}{ b‘}{ sased uhtil O'R e s E, the _v‘i-,f.r" ishes ?ﬁdf}w, *
the current is conveyed through the axle-boxes to the axles and wheels, and thence to,the rails, . f""m‘es p'l?s at rest. ' If R be still further increased, Ohm’s law @ pﬁ'e’isﬁﬁ the current diminishes. %
which are uninsulated. The conductor is laid in lengths of about 21 feet, connected together b): «n{r i itable res'istun 564 sre first 4 b hresistanoé for dm:mmhngthe gmnt, and cqnseqﬂehﬂy
fish-plates, and also by double copper loops soldered to the iron, the joints in the rails being Hence, B};l'n at making and breaking the cireuit ; and, secondly, one or more low resistances for
similarly made. The resistance of a mile of conductor, including the return by earth and the £ spet tlhgs ced of the car. If the form of f (C) be known, as 13 the case with a Siemens’
‘ ground rails, is actually 0:23 ohms. It caloulated from the section of iron it would be 0:15 ohm : varytllr}g % Et'ons (2) and (3) can be com’ letely golved for w and C, givin the current and
R the difference being accounted for by the copper loops and occasional imperfect contacts. The, e il N lf L, E,and R. The expressmli?s.o obtained agrees with the results of experiment.
clectromotive force at which the conductor is maintained is about 225 volts. The dynamo is : y Sl’e"d“m, terms?; £t action on the Portrush Railway has hitherto been performed by steam tram-
A {)hwed in the centre of the car, beneath the floor, and through intermediate spur gear drives, b The wor‘ s tm‘;.c ‘Messrs. Wilkinson and Company of Wéfan. Hence material is
7, TR )y a steel chain, on to one axle only. There is, at present, only one car fitted with a dynamo: ] WAy eng;nes, cons 200 e eladivh oty of the £ Bystems of haulage. Owing to the high
i but four more machines are being constructed ; and since two of these will be capable of drawing u{{;orde(% 011; a ozlnzmifﬁcult nature of the ling, the actual experience of the week’s expense for the
f;‘ a second car, _there.wﬂl be an available rolling stock of seven cars. » o5 prices 01 69 Bl 81, 4s. 93d. for a distance of 812 miles, while a calculation, based upon experi- [
“The dimensions of the dynamo machine are determined by the, following considerations : locomotive givtest ke Bk };y electric car, for the same load and. distance, would Be&._lgﬂg; S
T.ot W be the couple, measured 'in foot-pounds, which the dynamo must exert in order to drive ; Il}e?tl ghows ‘ttm t Asl'li‘lh’ngs it Hir thié Shiver o the stationary engine,, bt no’t’fiig Baa ‘-
the car, and w the necessary angular velocity. 'TI'aking the tare of the car, including machinery ; I'his 111_eludefs 1;‘}\:,'en y toom which it would seem that it is intended to add this duty to the office
at 50 owt. and the load as 30 ewt., we have a gross weight of four tons. If it be assumed t]m{, : the driver of the cax, : TR S L R
the maximum work required is that the car shall carry this load*at a speed of seven miles an ) of th?‘ mud%ft{;r' that the paper is one of extréme interest, not only as an account of the first
hour up an incline of 1 in 40, then the resistance due to gravity may be taken at 56 Ib, par ton ) y It.m b arrd lm{ricprali)‘t‘wnys in this kingdom, but also from fhelucﬁi‘manhqrfnwhich
and that due to o'ther canses at 14 1b. a ton, or 70 1b. per ton in all. Thus, in order to propel th(" commercial ventm‘le 1 v v ming the distribution of "pon}éi‘ by electhoityWerq expt ‘ éy't&]l"y‘ :
car, by rotating its axle, it will be necessary to exert a force of 280 Ib. at a radius of 14 inches o the fundamental laws g:eg 5 hetutd Afiroae 1 o £ 59 Rl ST BRI I ST T
(equal to the radius of the driving wheel), or of 327 lb. at a radius of a foot. 'The angular b damon-stl'ated apd prooui -10 on my mind that the Coonoor ‘Ghat Railway is one which ni; h .-
velocity of the axle corresponding 10 a speed of seven miles an hour is 84 revolutions per minute. I}:‘ hak b?fo:: d“;}l,eaply made and worked as an electrical railway. ‘1he power is to be had ;
N " ]il::%&;:!:); 1:;llleystream at Coonoor and the line of course could be made much lighter were engines s e
P 2 X 84 ' _ ‘ o Ak,  odi g
L == 327 foot-pounds, and w = "5, | not t(i gzzﬁsgéxp(’ct that Government will seri Jy mns@@._m@ Q‘@?"‘& }:;;baqlhavgwm ‘
«Tf the dynamo be wound directly on the axle, it must be designed to exert the couple I, | said, there must be many other places where the hﬂh:um;:t&ﬁ ;‘); ol ko mbm%mmm R
*  corresponding to t}ile ma.ximu]m 1lt)mul, \\;hen revo}l);in§ at an angular velocity w, the difference of ‘ x be so with electfrieity as i({he tlinotwe power at Vﬂ?m cost, . e N T g
Jotential between the terminals being the available e ectromotive force of the conductor, and the to Government for consideration. tigptd 3 b, TR S b . Fleeming Jenkin
}'urrent being the masimum, the armature will safely gtand. But when the dynamo is connected ’ There is another : system which has lml{aﬁm mtmgﬁ?q wgﬁ::“:;be'wgmﬂmt S SRERITy
by intermediate gear to the driving wheels, the two factors 1. and w may be varied, provided only called Telpherage, which setms to me ‘V‘Pry%nfl mﬁs’.’?h’m’ﬁ{ msmw p@ 4 & deseription extracted S WL
that their product remain constant. In the presént case L is diminished in the ratio of 7 to I, ' people, though both of course can be so.. - g iy siem. L S0 Srk i i ok
and w is consequently increased -int the same ratio. Hence the dynamo, witli its maximum load, - ] from Engineering. _ B i T s P A s Ny _
must revolve at 84 x 7=0588 revolutions per minute, and exert a couple of '-‘;-‘.:47 foot-pounds. : , :
A .
§
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Jenkin’s Electric Telpherage.

Pyofessor Fleeming Jenkin's Eleetric Telpherage.

e p 2] 15 8 1 me y I‘ le()“[[[ O J( l € well- W € It‘ 1 1C; ane
1 I }1 T ﬂg B lle na iven y 2 i

- AN g b Ml‘. L lO J nl\]n, h (/]I l\"ﬂ I electrician an I
} !()i‘— SOT f Clbll englneellng in the UDlVerSLtV Of ].Jdlllb"rgh, t() a 8y Stenl Whl(?]l l"", hd,s d(“»\ l‘.\'(’('l

“

for transporti rehicles T
porting vehicles, containing goods and passengers, to a distance by the electric current

ln(lf,'l.)f?ijlilll!,')tltly of any control exercised from the vehicles themselves
made. 411)‘;':;%:221;1 }1 331{1;0?“ ﬁ?ten-ted’ and it is to be hoped that a practical trial of it will soon be
sustain the load and ¢ In i lthen g 45 str:uned metal cables which will serve both to
bl t;uble » Wh'gell;e}:z ndet ]elec:tr‘m current. The frames or trucks supporting the loa}l' run
e ) 16 cars or loads are suspended below them from the axles of the
“In the simplest arrangement of the line there is a break of ¢ontinui
;:(,;‘:;l:f(llrth:asa({tllon? olf .cable are themselves insulated from each otl::xl',u:g(ld:]:: Lelzlulz(l):t S}ig;l[()aortu?{;
ol “- b .t.P‘” e oi being C"m_nfvcte(l by movable coupling pieces, actuated by ﬁlle l.r 1 yt?] b
a 1('1?}3;;3 doge, TRoeive the exciting current and form part of the general circuit ik vy
v o gtli:‘:sn[f;llos; 2;1}.)1)11931 to theline by a §tationury d _ynmno-electric machine driven by a steam
o e Mg ey ;uami ’smce the line is elevated t}'om the ground on insulating standards
psesagiclo b EL}]’{ 7.8 c({ngxd(ax'ul.;le length of line, as the leakage need not be exobktive
Kidison, the leakage is very I‘;ln‘ P gflth ground‘h_nos of electric railway, like that of Siemens or
T A e O"f-z fem 9.1', and Mr, Edison has adopted the plan of dividing the whole
s M A i‘x;’sni-l tes,l with stations and feeding dynamos at each. Dr. Werner
gioagls dmid e T, u]a ed conductor m;pported beside the line, and giving current
Kot b Pt ey i v);eur-liz:lns 'of a running connexion pulled by the train. Professor
flie Tine 1 vaey S oo By o ‘1:"}15 swght to overcome the leakage d.ifﬁculiy by making
sl ey e automatic’n e lich is put in circuit with the dynamo in turn as the train
N g e ufaiofv ?f the train itself. In this way there is only one section
g I‘({usiquently Vet sm’ull. er which the train is running, and the leakage on the whole
“The loads or cars : :
s i The 1 ;):gttlllxe (E?l[;himgfa line are connected together in trains, and the length of
i B (R Tl (‘ectxpn of the cD:ble or con.ductor. On passing either of the
g g O o] ) Wo sections, the train thrqws it out of action, disconnecting the
of the tantn Sioefsaens ’Oonduc: orreuit between these sections is maintained through the wheels
ol bt Cab {)’r Olllx the train. In cireuit with this conductor is a dynamo-
The power provided is more than )[rﬁt' e current, and propels the train by driving the wheels
With & ciritends REUR R (T x:u cdlept to keep up a maximum speed, and the train is provide«i
without traversing SRS oty OF tho Pise is suﬂmxent; closes a shunt and allows the current to pass
LR s P egl Bi)l eettl'o'-mc.)tf)r. The governor acts directly to check the train
0 ri‘nto operation., s by short-circuiting the electro-motor, or otherwise bringing electrio
“To further i !

automatic telegrapﬁ?:%?mﬁ?iziong train shall not overtake another, Professor Jenkin provides an
telegraphic circuits. This autca mtr} along the line, and the trains in passing close and open the
sections of the main cable or Om&dlc telegraph actuates circuit closers between the different
in distings behind T conductor, so as to maintain gonnexion between the sections for a
¢ train quite independently, it may be, of the movable coupling pieces.

Y
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Tt is obvious that a following train entering upon & part of the line in which the sections are thus
connected will have its speed checked, as the apghca.tion of the power upon the train depends
upon there being a break in the electrical coupling between the two sections on which the train is
for the moment supported. ; . ;

« Tt will be seen from the above description that the control of the trains is completely auto-
matic and independent of the guards or engine drivers. Fig. 1 will serve to explain the system
more clearly. Here Al A? A® A* are separate sectifns of the insulated cable, and B B B are
bridge pieces which establish metallic connection throughout the series of insulated sections, so
that wherever there'is no train on the line the sections are coupled together and form part of the
circuit. At one end of the line C, there is a stationary dynamo supplying a constant current to
the circuit, despite the variations of resistance ca by more or less trains upon the line. A
train on the line between sections A* and A is indicated at D ; and the length of this train is such
that it always spans at least one of the junctions between two sections. The train, as it enters

-on & new section, removes the bridge or coupling piece B, which connects this section with that in

rear, and thus compels the current, in order to maintain its circuit, to flow through a connecting
wire or conductor G' (#g. 2), on'the train in which one or more electric motors are connected.

. These serve to turn the wheels of the cars by proper gearing, and propel the train. Before

the tail of a train leaves the preceding section it replaces the bridge or coupling piece B so as to

keep up the continuity
opened. The current will in this way pass
and propel them all ; but of course the more
call made on the generating dynamo at C. 5

«“he bridge pieces B B and the passing trains D are not the only means of connecting the
sections electrically. There are also circuit closers EE, Fig. 1, and these are brought into action
by means gf electro-magnets. From each magnet an insulated wire F passes forwards along the
line past one or more of the sections A, as may be desired. The wire F is then brought to one
of the bridge pieces B, and the samé movement which refoves the bridge piece connects the wire
T} with the main cireuit. The wire F then diverts a small portion of the current to its electro-
magnet B, which attracts an armature, thereby keeping connection for a time between the
sootions in rear of a train, notwithstanding the advance of a following ftra.in. ‘ ' ¥

«The telpherage line is shown in fuller detail on the plan and elevation, Figs. 2 and 3, where
Ay, A, Aj, Ay, ave sections of a single wire-rope or rail, supported above the ground by insulating
supports By, Ba:  In general two lines of cable would be used, but the single line will serve in
some cases. A train of three cars, Dy, Dy, Dy, is shown passing over the line between sections A,
and.t.Az. Etzgﬁhmmiom such as B,, is provided with a switch Xa‘vdr a, :;%ibg,*iz i:.i:mfmal
osition, es es electrical communication between the sections As, Ag, and Ai, A1, e lever
;c)hen bearing against aol?izoe'o metal, w;ggg isin electrical connec ﬁm'@é’mm whilst
the lever itself is, through its axis, in connection with the other. The first vehicle of each train
is fitted with a cam F, so arranged as to cafeh each lever as it passes, ‘and throw it over into a
position, such that oloctric communication between A, As, is severed, afid at the same time a
portion of the main current is diverted through the leyer and the new contact, which it now

makes into an auxiliary telegraph wire.

in series through any number of trains on the line,
there are and the heavier the load, the greater the

"« The train consists of an electric locomotive C and three cars Dy, Dy, Ds, connected together-

by light coupling rods B E E, which may be. made® of tough wood and are attached to the
carriages by metal ins and end pieces. On theleading vehicle, which in this ease is a locomotive,

there is a cam F, w O ot ot :
insulator. The cam Fs on the last vehmlg restores every switch lever over which it passes to the

normal position.

«The end of 'an insulated conductor G is metallically connected t6 the frame of the last carriage.

and the other end is led along the train fto the main binding screw H S% 2) on the electro-
motor on the locomotive, and completes the circuit of the motor by connécting its other terminal
to the metal wheels running on the rope. Since the locomotive has passed over B, the switch

.

Jover has been moved from the normal position and there is no ele trical communication through
it from As to Ay, as the last carriage has just passed over By the switch lever then is in th
normal position and the current is free fo pass from As to As. The whole of the current now
passes from the section Az As to the section Ay é._x'thron rh the train, 's;o'prbpeﬂiﬁ' along until
a new section is reached and the process of opening by the front vehicle and closing by the last
i Bibiated. : o gghn b el p tetea B4 fhoe ol

“In order to pmve.nt a following train from coming foo near the onein front, Professor
Jenkin arranges an electro-maguet m (Fig. 2) having its core in metallic contact withes. The

wire which works it comes from the contact made by the lever  of the preceding insulator ;
it passes round the core, and is connected to c;. A soft iron armature n 18 tré atoon a
metal wire p insulated from ¢z but electrically connected with ¢, 50 that when the armature
n is in contact with the core of the electro-magnet, the section Ay isin electrical communieation

with As, no matter in what‘position the lever a of that particul “insulator may be. A spiral

li
also

@ Tnstead of employing strained ropes, Professor Jenkin also designs to mse :ffr'm%

spring ¢ holds n clear of m when no current is passing in the wire of the electro-magnet. "
: 0
the wheels to run on. He

conductors, the two sides,of the trough 'servf‘,“xiqé' rails for

of the circuit ; but not before another bridge in advance has already been

ich pushes aside from the normal position every switch lever a of every
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proposes another arrangement of the telpherage line, whereby the sections are much larger th
the trains, qnd the break in one is at or near the middle of the other. In this c:ns'e' whe o
train 1s passing, the current crosses backwards and forwards between these c«mductors.b’ n U{I 11110
coupling pieces, the _tmin or vehicle (as in the arrangement we have described) 1)r0;1ki)1’1rr l:;::; )o(f)
fl‘lese connexions as 1.t passes, and establishing connexion between them through its eln(-tx%-m t
lhe' couphng' pieces in .tlus plan are replaced by an automatic telegraph apl)liuiwc ;Lll(lyl;l i t-(') o
untll“tlll)e v_‘ehwle or tr'axgl '}s at any desired Qistance from each suc:esrsiw }Vyreal';. Ty i
gt :é)t:s;saoill" Jt i:;lijne ii ﬁz;relr:lm;ﬁcce:;:;illy mem}sﬁ t{) be\ useful, and we anticipate that it will
; : ] . age of coa wutches or other goods. For passenger
conveyance it appears especially suitable in large towns and suburbs, where it could lI) > % »d
along streets, and might, by its continuous action, convey a constant ’stroam of pnssengeres ThiAY

A wide field for the emplc icl
9 Yy me ol ¢ ; 18
S i g st o oy { th)glnl}ri; ;)f glo.ctriuﬁydseums to lme therefore to have been opened
L lia, k, may be included, as over large areas of it 1 he hi
| g 8 1ot only on the hills
Eutdon the plains where there are numerous tanks constantly discharging with sonu‘aycomid(-r};gllg
_fea amd1 prfesst\u'e,d and ;\lrh%n there is running to waste, as it were, immm;e sources of pm\;cr \lvili( h
if properly fostered might be emplo sat extent in plac ¢ , :
2 y g ployed to a great extent in place of the present manual or animal
T trust that in drawing attenti
st that attentio s facts ' B e 1 i
& e well Tiow o n to these facts, I may be pardoned for uttering truths which
s S ¢ nown to many who are better qualified to discuss and bring them to the i
of the Government. SRV JoE ERE

J. A.d.

r——— ]

No. 1022, Financial.
Transferred to the Public Works Depar !
‘ > I s Department, with reference to paragraph 2
the order in that department, dated 21st Novembc,r 1883, No. 33200 %VP pi el
(By Order.)

OO0TACAMUND, 3 - "
9th May 1854, (Signed) . J. D. REES,
Acting Under Secretary,

— —

From Brlgadl(:r-G(‘,n(‘ml. R. C. .STEWART, Quartermaster-General, to the Seere-

tary to Government, Military Department, dated ()utucumm{dA 26t} Jv 5

1584, No. 391 C. e

I am desired by the Commander-in-Chief to return the documents as per margin

: received with b b i

Letter, No. 179 E., dated 26th May 1884, from  No. 2521, dated );8;111’ I‘(,f(,l(,,‘n)(,e 01dpr,

the Secretary to Government, Public Works ¢ .la -1_,} o 27th Ma): 1884, relative

Department, with four enclosures, one plan, R 8 iting of Fort “St. George with
and Mr. Jones’ report. electric light.

9. Tt would appear from Mr, Jones’

1;([)’81"57 g(:ni(i%oﬁtmﬁzt ggh(f‘l(l)lstive and complete, that the initial cost of the scheme
. i rvci;&,i ,;‘ 0, and that the cost of annual maintenance would be
S R, eI)); e tOTl 0 -mm}bmm){ and interest on original outlay, Rs. 35,826, ’
o £ It)ﬁe el‘(;:)‘(tel,‘i(lznlit"ll‘:t ?E;ﬂl;n ofS the Commander-in-Chief, makes the
¢ (4] *Loroe 10 e I’ ]

Mr. Jones absolutely prohibiti\?e. ort K oorge gn.MgAystan Jopooet, by
bilit;.o f[‘l;gu(ﬁr:gi?d;;isn-Cltl.ief \Z{:uld venture to urge on Government the desira

L ) ssecuting their inquiries on the subjeet of th Lot
connected with the introduction of t} ic li Ay N

Ul 1 f the electric light into India, and '
that communication be opened with the icipaliti ‘ e e

nunicatic e \e Municipalities of Calcutta and Bombay, v h

) 30 y al 3 P ks '( VI s
the electric light is made use of, as to the cost of introduction and of main.tengxice g

S No. 3074, Military.
ransferred, and the previous papers returned, to the Publi
., Transfer OUS papers re d, 16 Public Works Depart
Ow;itllllio;ntolfmﬁﬁ;o% Ltézﬁ;ethc tG}‘rlov(garnnwnt in the Military Department cnn(-qu itllnetllllt(t
ccellency the rin-Chief. as expressed in pa J
o y the Commander-in-Chief, as expressed in paragraph 3 of this
(By Order.)

o?ff‘?jj‘;;gb : (Signed) A, R, KENNEY-HERBERT, Lieut.-Col,
2 : Offg. Secretary to Government,
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J. A. JONES, Esq., Vice-President, Municipal Commission, to the Deputy

From
Works Department, dated Madras, 156th July 1884,

Chief Engineer, Public
No. 816.

With reference

inform you that I un : .
estimate of Rs. 84,000, and that this estimate did not include t

Rs. 24,000.
The estimates sanctioned were as follows i—

RS

to your No. 1247 D, of the 12th instant, T have the honor to

derstood the amount of Rs. 78,824 had reference only to the
he original estimates of

1. 12,410 ... Foroil gas. :
gic LABQ00. " cop. i nas For adaptation to coal gas.
3. 80,000 ... """ January 1866, ganctioned.
4.8 72800 ... e March 1868.
17,210

It is not clear whether the works estimated for in (3) were carried out or whether

the new estimate (No. 4) of Rs. 72,800 was a revision of No. 3.
to Rs. 84,000. ItwasI thought

There is no mention of any estimate amounting

unlikely that the works sanctioned, amounting t Rs. 94,000, plus Rs. 80,000 would 1n
the end be completed for Rs. 78,224, and as it 18 said that these amounts of Rs, 78,224
was against the original estimate. of Rs. 84,000, it appears to me that it had no

reference to the original expenditure of Rs. 24,000.
1 came to the conclusion, therefore, that an amount of Rs. 78,224 had been spent

in addition to the Rs. 94,000 -spent about 1861. The total of these amounts i8
Rs. 1,02,000, and to this, in order to make a fair comparison, 1 added Rs. 8,000 for
contingencies and engineering, bringing up the amount to Rs. 1,10,000.

The estimate was made to the best of my ability from the figures before me,
but from the statements in the precis more than one conclusion could no doubt be

arrived at.

From Colonel B. H. W. MAGRATH, (ommissary-General, to the Chief Engi-
neer, Public Works Department, dated Madras, 19th J uly 1884, No. 2380.

In reply to your letter, No. 1248 D., dated 12th July 1884, I have the honor to
enclose a statement from the Executive Commissariat Officer, Madras, giving all the
information you require regarding the lighting of the fort by kerosine oil lamps.

J—

ENCLOSURE.

ting the Barracks and the Fort with kerosine oil per

g the present cost of ligh
mensex.

STATEMENT showin
Particulars. Amount. Total.
ol vl s el e 1

Cost per mensem— of o b
965 Tmperial gallons of kerosine oil for lighting

barracks of 2nd Battalion, S. W. Borderers, Roy‘al
Artillery, and street and guard lamps at Fort 8t.
George, at Rs. 1-8-0 per Tmperial gallon -
127 Yards wicks 9 inches 1ong, at R, 0-1-0per yard. 7 15
41 Chimneys, being renewals for breakagé, at 15
per cent. per mensem at R. 0-8-0 each e+ © «e 20 8
15} Yards cloth zﬁt R. {){-5(-)001)(‘3:‘ yalx;d g lé
99 Chittack chalk at R. 0-U-3 eat
122 Chittack ch 1 = a5

= R = oo

Jistablishment— 5 5
1 lamp lighter maistry 0 0
5 lanip lighters, at Rs. 5-12-0 each L a8 a% 0 Tk

Total ... 466 9 9







	Image00001
	Image00002
	Image00003
	Image00004
	Image00005
	Image00006
	Image00007
	Image00008
	Image00009
	Image00010
	Image00011
	Image00012
	Image00013
	Image00014
	Image00015
	Image00016
	Image00017
	Image00018

