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The Importance of Details.

The usual text-book information on the Electro-magnet is, as

a rule, far too theoretical for the practitioner ; the difficulties encoun

tered in actual practice are rarely mentioned, and as a result the

student who endeavors to design an Electro-magnet is disap

pointed to find his results do not compare favorably with his

calculations.

These difficulties are caused by apparently small details usually

regarded as being of little consequence, not only by the student but

by the Manufacturer and Engineer as well, but which when con-

sulered show almost startling results.

 

In the above sketch is shown the winding dimensions of a bobbin,

the core is three-eighths of an inch and the flange is one and one-

sixteenth inches.

Before winding, the core is wrapped with two or three layers

of paper and the winding is discontinued a little under one and one-

sixteenth inches. The winding length being two and one-eighth

inches, the student estimates 687 ohms as the amount of No. 35 B

& S single silk covered wire that will be contained in the bobbin

and is surprised to find only 567 ohms when finished, having

lost over seventeen per cent, somewhere.
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When the bobbin was wound it appeared to be full whereas

its true diameter was one inch and with ordinary spring calipers,

the core to be wound on was three-eighths full, its exact value being

forty-three hundredths, and as the amount of wire contained in

the bobbin is proportional to D2 — da> we obtain a value .985 equal

to 11.06252 — -3752) in the first case andonly .815 equal to (I2 — .43«)

in the second case, a difference of 17 -j- per cent.

Again if this particular wire is stretched during the winding

so that the diameter is reduced from .0056 to .0055, an amount too

small to detect with a micrometer, there will be an increase in

resistance of 6J^ per cent.

A slight variation in the thickness of the insulation will also

make a marked change in the amount of wire in a winding.

In a given bobbin if a wire .005" in diameter insulated to

.007' in diameter had a resistance of 2212 ohms, this same wire,

insulated to .0065 in diameter, would have a resistance of 2565

ohms, an increase of 16 per cent.

It then becomes important to know the weight of the insulated

wire in the finished magnet; the weight of the silk compared witl1

the weight of the copper is often assumed to be too small to consider,

and here appears another error of ll}4 per cent, assuming that the

.0056" bare wire is insulated to .0081 or to a 2^ mil increase.

It is the purpose of the author to call the student's particular

attention to apparently negligible factors and show clearly how

materially they affect the results.

Actual Calculations.
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Let D = true diameter of winding in inches,

d = diameter of core + sleeve " "

L = length of winding in inches.

M = average diameter of winding space or average diam

eter of one turn in inches.

T = thickness of winding space in inches.

n = number of layers.

N = number of turns.

A = diameter of wire in inches,

i = ilicrease in diameter in inches due to insulation.

g = diameter of wire -)- insulation in inches.

A = length of wire in inches.

/> = resistance of winding in ohms.

B = volts.

I = current in amperes.

$/ = watts.

h = constant for cotton covered wires = .1547.

12 = ohms per pound for bare wires.

b = constant for silk covered wires = .1161.

a = % of copper in insulated wire.

A = weight of cotton in any size of cotton covered cop

per wire.

u = ohms per inch for bare wires.

H = weight of silk in any size of silk covered copper

wire.

0 = ohms per pound for insulated wires.

A = cross section of wire in circular inches.

2 = cross section of the insulation in circular inches.

'/. = weight of insulated wire in pounds.

c = constant = .00000271056.

X

W
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Referring to the sketch ahove it is evident that the amount of wire

that will be contained in the magnet is proportional to M L T,

D2-d2

which is equal to — L. It is found convenient to use both of

these expressions. The length of wire A' that can be coiled on a

- M I. T

bobbin = -,2

7rXohms per inchyM L T

The resistance of the wire /> = ^

If we assign to the letter K the value represented by 7rX°hms

per inch and assign to g the values as furnished by the manufactu-

K

rers, we can put R = — and with a prepared table giving the R

D

values for all sizes of wire insulated with either cotton or silk the

formula for resistance becomes simply /> = R M L T.

The resistance of a copper wire for any length, multiplied

by the area of its cross section, is equal to the resistance of any

other copper wire of the same length multiplied by the area of its

cross section.

The factor W bears the same relation to the weight of wire

that the factor R bears to the resistance of the wire, iind repre

sents the weight of insulated wire which will be contained in a

winding space having an M L T of unity.

Therefore '/ = \Y M L T

T

'> - d
---

MT=~ —~~

4
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Working Formulas.

E8 E W

w'^ T = V

p

E= y- = I p = 1/7W

K = —y = 7T w = R g2 = \V » g2 = \V a

— R K
= ~ =

K 7T U '

e~F = »1T2

K c R

„ = J K ,= / « a — J c I K
\-RT V~R— • A A2R \-\v

c ^ K A2 = 7T « Aa = R g2 A2 .W # g2 A2
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R . K C

= -a- = a w- = -a- w-ga- , , aW Aa g, = -w~~g«a

fl- R - K u

:l =: ~i2^ = ~iT~W = " S2 W g*

c c c c

* : K ^ ~Rg1~ = ViJ ~ w a g«

From the data given the following values are obtained :

=RMLT- RMD8-d8) K2

4 P 4.B 4

K ^^

£>

L<I>a-d2) . IL(D2 — d2) "" n-DL*(D'—ds)

*-d*) = INK1D-:-d)= Ir

4 2 4

-DR1D2—d«) n-Dp ~ (D— d) "~R<D'—d2)

D -E2- = '4I^ a" = JTE- . a

.-2R_ - d.
I NK
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, E 4E N TL L1D-d)

~ RMLT ~ ~ * '~Q ""

E 2 E 2 E Aa
1 M

~ M K ~ K(D+d)~ c(DJ-d) .

T D—d

g 2 g

K, --
IN1D+d).

= '(JcL(D8-d') 4. -£_)—I

- ' 4P 4 2

'~
'^D I/1D'-dM^ ia\— i
"" ^ ".

i= JcL(D1-d')~ A . Jor D L8 (D8~d

Diameter of Wire to Carry Given Current.

To find the diameter of the wire which will safely carry a

E2
continuous current we have R = --;- by allowing I watt

7T D L M T

per square inch for radiation, no allowance being made for end

flanges or core. If the winding is of great depth or closely confined

another constant must be substituted for - in the formula. A

fair example where 7T is the constant is in a winding where

D = 2.5"!, — 2 ' d —i*£". In calculations where the size of insulated

copper wire is required the value of R may first be found, then

by reference to the table, in which are given ths values of R for
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the various sizes of insulated wires, the size of the wire and of the

insulation may be found.

In case the value of R in the problem lies between two values

of R in the table, the value of R for the smaller size of wire may be

taken and with it a new D may be found which will satisfy the con

ditions of the problem.

EXAMPLE : Let D = I, d — .43, L = 3 f> = 125

D2 — d2=l. —.185 =.815

4 p 500 500
From,:,. R = <pa—d,)L = .8lhr -^ST = 2°4.5

In the table the value for R 1204.5) '*e3 between the values of

R for No. 30 and No. 31 single silk covered wire. Taking the value

of R for No. 31 single silk covered wire (261.6) and solving for the

new D :

= V .638 + .185 = y .823 = .907

From the above it is evident that it is very important to

know the exact value of R.

Tables giving values of K for all sizes of wire and values for

R for all sizes of wire and insulation, both cotton and silk, are

printed on page 76.

A rod of soft drawn commercial copper l" in diameter

1I circular inch in cross section) and one foot in length, has a

resistance @ 68° F, of .00010353568 international ohms.

Then a wire .001 in. in diameter 1.00000 1 circular in. in cross

section) and one foot in length, under the same conditions, has a

resistance of 10.353568 ohms, or in other words:—

A commercial copper wire one circular mil in cross section

has a resistance @ 68° F. of 10.353568 ohms per foot.
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c

Since K = n- u and also , „
iA*

3.1416 x 10.353568 x .oooooi
-——-•c = it a A2 =-

.00003252677 .

— - ——- = .00000271056

Therefore to find the value of K. for any size of wire, divide

the constant c by the cross section of the wire in circular mils.

K

Likewise with the factor R which is equal to —j1 in case

the insulation thickness is different from that given in the table,

a new R may be easily determined.

Diameter of Wire to have Given Resistance.

To find the exact diameter of a copper wire which will

satisfy the conditions for a given bobbin when the resistance

required is also given and the insulation previously determined

on, proceed as follows:

Since g* = --

Since g = A -f- i

A* + A i = -J c

V R

Completing the square :—
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-v v * ^ *

Substituting M ^ j. for R we have

- I x ' 4 P + 4 ' 2

\

Thickness of Insulation in a Given Coil.

To find the thickness of insulation necessary to insulate a

given wire, to satisfy the conditions of the bobbin and resistance.

A* + A i =

JcL1D*-d')

A serious error made in computing tables for insulated

wires is the allowance of 90$ of the gross weight for the wire and

I0C for the insulation.
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The table on page 78 shows the fallacy of this method. The

table is computed on the following principle:

The specific gravity of copper is to that of cotton as 86.6 : 13.4

The specific gravity of copper is to that of silk as 89.6: 10.4

If then a copper wire having an end area A8 be insulated with

2 cotton, 86.6 A8 is the relative weight of copper, and 13.42 is the

relative weight of cotton in the insulated wire.

86.6 Aa

Therefore, 86.6 A8+ 13.4 2 = * of copper- O

Likewise with a copper wire insulated with silk:

89.6 Aa

89.6 A* + 10.4 2 = * of COpPer' (2)

Multiplying the weight of the insulated wire by the per cent.

of copper the weight of the copper is obtained, and by subtracting

the weight of the copper from the weight of the insulated wire, the

weight of the cotton is obtained; or the weight of the cotton can be

found after the manner of finding the weight of copper. The same

operation is repeated for finding the weights of copper and silk.

Since a = per cent, of copper in either case formulae 1I) must always

be used for cotton insulated wire and (2) for silk insulated wire.

Weight of Copper in a Given Coil.

Given the gross weight of a coil of No. 2$ silk insulated wire,

the diameter of which including wire and insulation = g and

the diameter of the copper A, to find the weight of copper.

Let g = .03396, .

A = .03196,

Then A2 = .001022

2 = g2 — A'J - - .001152- - .001022 • .00013
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Substituting values of A2 and 2 in (2)

.091571

.091571 + .0001352

= .985 or 98.5 per cent.

Having found the relative weights of copper and cotton, and

copper and silk, a new table giving "Ohms per Pound" is shown on

page 77 computed from this principle.

It is very evident that unless the exact ohms per pound of a

given wire is known, the error will be very great. A comparison

between the table on page 77 and other tables will show the dis

crepancy in the latter.

Referring to the table on page 77 which gives the Ohms per

pound for all sizes of bare copper wire, any size wire may be se-

lectedand by reversing the operation the Ohms per pound for any

style of insulated wire may be found.

Thus, in the last example:—

In the table the wire .03196 inches in diameter has3.278 ohms

per pound and the ohms per pound of the wire with .002 inches

insulation will be only 98. 5^ of the ohms per pound of the bare wire.

Thus:, 3.278X.9»5 = 3-23,

which is the value given in the table on page 77.

The weight of cotton in any size of cotton covered copper

wire is equal to,

~AT8676

or for silk

Aa 8a.6 A*
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Therefore to find the weight in pounds of insulation, that will

insulate a given bare copper wire to any thickness, divide the

continued product of the area of the cross section of the insulation

in circular inches, the constant for that style of insulation, and the

weight of the given wire in pounds by the cross sectional area of the

copper in circular inches.

2 b /.

Thus: For silk, 15 =

For cotton, A =

A*

2 h 'k

AS

EXAMPLE: Given the weight and size of a bare copper wire,

to find the weight of cotton required to insulate it

to .004 in. increase:

Let A = .0403 1No. 18 B & S)

> = 980

Then g = A -|- i = .0403 -|- .004 = .0443

A
- 2) = '5 '-6X. 0003384 — .05130144.

A2 A « .00162409 .00162409

= 31-58-

Transforming above rule :

F0R SILK. FOR COTTON.

B — S b A A_Zh/t

A* Aa

A.

A

B A* A* A
—, =

b A h /

B A« h = A' A

2 A " 2 A
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WEIGHT OF COPPER IN 1OO LBS. OF

INSULATED WIRE.

Size SILK OOTTON

of SINGLE DOUBLE SINGLE DOUBLE

Wire

i,H> 3 3 4 4 8

B& S
mil mil mil mi] ma mil

Gauge increase increase increase increase increase increase

20 99. 98.5 97.8 97. 96.2 92.2

21 98.8 98.3 97.5 96.5 95.5 90.8

22 98.6 98. 97.2 96.2 95. 89.8

23 98.4 97.8 96.8 95.8 94.8 88.6

24 98.2 97.7 96.3 95.2 93.7 87.

25 98. 97.2 95.8 94.6 92.8 85.5

26 97.8 97. 95.3 93.8 91.8 83.8

27 97.5 96.7 94.8 98. 90.8 81.7

28 97.2 96.2 94.2 92.2 89.7 79.5

29 96.8 95.7 93 4 91.2 88.5 77.

30 96.3 95.2 92.6 90.6 87. 74.5

31 95.8 94.6 91.7 88.6 85.5 71.8

32 95.4 93.8 90.5 87.3 88.7 68.3

33 »4.8 93. 89.29 85.7 81.8 «4.7

34 94.2 92.2 87.8 83.7 79.4 61

35 93.4 91.2 86.7 82.2 78.8 57.

84 92.6 89.29 84.7 79.3 74.8 52.8

87 91.6 88.4 82.6 76.7 71.2 48.7

38 90.5 87.2 80.4 73.8 68. 44.4

39 89.2 85.7 77.2 70.8 64.6 40.2

40 88.1 88.8 75.5 67.7 60.8 85.8

COMPUTED FROM THE FOLLOWING DAT*:—

Siie Diameter

of Wire

Diameter

insulated

with Silk

Diameter

insulated

with Cotton

Weight

Product

Weight

of

Silk

Weight

of

Cotton

or

Wire;B&S; lbare)

29 .01126 .01326 104.5 4.5

29 .01126 .01526 112.9B 12.95

JERSEY CITY, July, 1900. R. VARLEY.



Standard G»pper Wire Table.
1Copied from the "Supplement to Transactions of American Institute of Electrical

Engineers," October, 1893.)

Giving Weights, Lengths, and Resistances of Wires @ 20° C. or 68° F., of

Matthiessen's Standard Conductivity, for A. W. G. 1Brown & Sharpe).

 

A.W.G.! DIA- AREA. WEIGHT. LENGTH. RESISTANCE.

METER

R 0, C Circ'l'r Lbs. Lbs. Feet Feet Ohms Ohms
B-s:5-! Inches.

Mils. Per Foot. Per Ohm. Per Lb. Per Ohm. Per Lb. Per Foot.

-Wwoaari i c u. r~-«.c.^ IUMO
.MUM > C M

10 MW*

inr C. K.1

0000 0.460 211,600. 0.6405 13,090. 1.561 20,440. 0 00007639 0.0000489.1

000 0.4096 167,800. 0.5080 8,232. 1.969 16,210. 0.0001215 0 00006170

00 0.3648 133,100. 0.4028 5,177. 2.482 12,850. 0.0001931 0.00007780

0 0.3249 105,500. 0.3195 3,256. 3.130 10,190. 0.0003071 0 00009811

1 0.2898 83,890. 0.2533 2,048. 3.947 8,083. 0.0004883 0.0001337

a 0.2576 66,370. 0.2009 1,288. 4.977 6,410. 0.0007765 0.0001560

& 0.2294 9S,630. 0.1593 810.0 6.276 5,084. !o.001235 0.0001987

4 0.2043 41,740. 0.1264 509.4 7.914 4,031. 0.001983 0.0002480

9 0.1819 33,100. 0.1002 320.4 9.980 3,197. 0.003122 0.0003128

6 0.1620 26,250. 0.07946 201.5 12.58 2,535. 0.004963 0.0003944

1 0.1443 20,820. 0.06302 126.7 15.87 2,011. 0.007892 0.0004973

8 0.1283 16,510. 0.04998 79.69 20.01 1,595. 0.01255 0.0006271

9 0.1144 13,090. 0.03968 50.13 25.23 1,I65. 0.01995 0.0007908

10 0.1019 10,380. 0.03148 31.52 3L82 1,008. 0.03173 0.0009972

11 0:1>9074 8,234. 0.02493 19.82 40.13 795.3 0.05045 0.001257

13 0.08081 6,530. 0.01977 12.47 50.59 630.7 0.08022 0.001586

13 0.07196 5,178. 0.01568 7.840 63.79 500.1 0.1276 0.001999

14 0.06403 4,107. 0.01243 4.931 80.44 396.6 0.2028 0.002521

15 0.0570? 8,I57. 0.009858 3.101 101.4 314.5 0.3225 0.003179

16 11.05082 2,583. 0.007818 1.950 127.9 249.4 0.5128 0.004009

17 0.04526 2,048. 0.006200 1.226 161.3 197.8 0.8153 0.005055

18 0.04030 1,624. 0.004917 0.7713 203.4 156.9 1.296 0.006374

19 0.03589 1,288. 0.003899 0.4851 256.5 124.4 2.061 0.00803S

an 0.03196 1,022. 0.003092 0.3061 323.4 98.66 3.278 0.01014

ai 0.02846 810.1 0.002452 0.1919 407.8 78.24 5.213 0.01378

22 0.02535 642.4 0.001945 0.1207 514.2 32.05 8.287 0.01613

23 0.02257 609.5 0.001542 0.07589 648.4 49.21 13.18 0.02032

24 0.02010 404.0 0.001223 0.04773 817.6 39.02 20.95 0.02563

25 0.01790 320.4 0.0009899 0.03002 1,031. 30.95 33.32 0.03231

26 0.01594 254.1 0.0007692 0.01888 1,300. 24.54 52.97 0.04075

27 0.0142 201.5 0.0006100 0.01187 1,63S. 19.46 84.23 0.05138

28 0.01364 159.8 0.0004837 0.007466 2,067. 15.43 133.9 0.06479

29 0.01136 128.7 0.0003836 0.004696 2,607. 13.24 213.0 0.08170

30 001003 100.5 O.H003042 0.002953 8,287. 9.707 338.6 0.1030

31 0 008928 79.70 0.0002413 0.001857 4,145. 7.698 588.4 0.1399

32 0 007950 63.21 0.0001913 0.001168 5,227. 6.105 856.2 0.1638

33 0 007080 50.13 0.0001517 0.0007346 6,591. 4.841 1,381. 0.2066

34 0 003305 39.75 0.0001203 0.0004620 8,311. 3.839 2,165. 0.2605

35 0 005615 31.52 0 00009543 0.0002905 10,480. 3.045 3,441. 0.3264

36 0.0050 25.0 0 00007568 0.0001827 13,210. 2.414 5;473. 0.4142

37 0 004453 19.83 0 00006001 0.0001149 16,660. 1.915 8,702. 0.5222

38 0 003965 15.72 0 00004759 0 00007210 21,010. 1.519 13,870. 0.6585

39 0 003531

0 003145

13.47

9.888

0 00003774

0 00002993

0 00004545

0 00002858

26,500.

33,410.

1.204

0.9550

22,000.

34,980.

0.8304

1.04740

[F6r Explanatory Remarks on this Table, see opposite page.
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EXPLANATION OF TABLE.

The data from which this table has been computed are as follows•:—Mat-

thiessen's standard resistivity, Matthiessen's temperature coefficients,- specific

gravity of copper «= 8.89. Resistance in terms of the international ohm,

Matthiesson's standard 1 metre-gramme of hard drawn copper = 0.1469 B

A. U. @ o° C. Ratio of resistivity hard to soft copper 1.0226.

Matthiesson's standard i metre-gramme of soft drawn copper = 0.14365 B.

A. U. @ o° C.- One B. A. U. — 0.9866 international ohms.

Matthiesson's standard 1 metre-gramme soft drawn copper — 0.141729 in

ternational ohm @o° C. .

Temperature coefficients of resistance for 20° C., 50° C., and 80° C., 1.07968,

1.20625, and 1.33681 respectively, 1 foot =• 0.3048028 metre, 1 pound — 453.59256

grammes.

Although the entries in the tatfle are carried to the fourth significant digit,

the computation's have been carried to at least five figures. The last digit is

therefore correct to within half a unit, representing an arithmetical degree of

accuracy of at least one part in two thousand. The diameters of the B. & S. or

A. W^G.wtres are obtained from the geometrical series in which No. oooo -=

0.4600 inch and No. 36 —= 0.005 inch, the nearest fourth significant digit being

retained in the areas and diameters so deduced.

It is to be observed that while Matthiesson's standard of resistivity may be

permanently recognized, the temperature coefficient of its variation which he

introduced, and which is here used may in future undergo slight revision.

F. B. CROCKER, W. E. GEYER.

G. A. HAMILTON, A. E. KENNELLY. Chairman,

Committee on " Units and Standards."
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K i. Given Bobbin and Wir«, find Resistance „ —

LlD-d)

R L lD* — d'>

f>= I Seepage 83

Core, Length, Wir« and Resist- ITT

ancc, find Diameter D = V'RT, +df

Bobbin and Resistance, find Wire R = ^-—-

L 1D* — d1)

Core, Insulted 'Wire, Diametei

and Resistance, find Length u ~ R1D*—d*) • M 91

" . 93

7. " Diameter, Length and Voltage, E'

find Resistance ft = ^DT. " 95

8. '• Bobbin, Voltage and Wire, »E

find Current ' ~ RL1D*—A*) " ^

9. " C0re, Diameter Voltage and Wire, a E

find Ampere Turns N" K[DT+*d) " 99

Bobbin and Wire, find Voltage E = ^ «• R D L* <D* — d'l

• i. " Bobbin,Re8i8tanceandlnsuIation, f /-VJ c L lD* — d*) + J--^-L

find Bare Wire .~ J^ ' 4^ 4 3 " 103

12. " Bobbin, Voltage and Insulation, . I , Jc » D L* lD1 _ d1) , *, >

find Bare Wire /t11--^i- f~T) -T " IO5

*3, " Bobbin, Resistance and Bare Wire, - . / c I 1D* — d*>

find Insulation i= *-—^--A » 107

Bobbin, Voltage and Bare Wire, - ,' c f D L* 1D* — d')

find Insulation * ~ v 7V*~A* ~
109

15. " D, d and L of bobbin A, find D, of

bobbin B, d equal d,, L, given D,= J d* , 1D* ~ d*) L

winding volumes equal * L,

D, d and L of bobbin C, find D, of

bobbin E, L, and d, given D,= Vd* + 1D*-

winding volumes equal "

17. " D, d and L of bobbin F, find L, of . .r., ,n
bobbin G, D, given and <1, equal L,= L <D — d J

to d, winding volumes equal Dt' — d,*

D, d and L of bobbin C, find D, of

bobbin E, L, and d, given D,= Vd* + (D? — d*> *!. "Ill

winding volumes equal ' ' t^



THE ELECTRO MAGNET.
»3

EXAMPLE No. 1.

 

Wire No. 30 S. S. C.

171.6 x 1.6875 x 1.52 — .2
= —_

— 12 -)- Ohms. 1Answer).



THE ELECTRO MAGNET.

EXAMPLE I. Givi a and Wire, find Resistance /, —

RLlD* — d*l

obbin and Wire, find Turns

» Core, Length, Wire and Resist-

ance, find Diameter U ~

Bobbin and Reaiatance, find Wire R - =

Core, Insulated Wire, Diameter

,iud Resistance, find Length

Bobbin and Voltage, find Wire

Diameter, Length and Voltage,

find Resistance

Bobbin, Voltage and Wire,

find Current

Core, Diameter Voltage and Wire, a E

find Ampere Turne K1D-fd)

Bobbin and Wire, find Voltage E = -^^ R P L* 1D* — d*)

 

95

97

99

)obhin, Reaiatance and Insulation, A _

find Bare Wire

Bobbin, Voltage and Insulation, A

I.!,tl Bare Wire

Bobbin, Resistance and Bare Wire,

find Insulation

Bobbin, Voltage and Bare Wire,

find Insulation

 

103

105

15. " D, d and L of bobbin A, find D, of

bobbin B, d equal d,, L, given

winding volumes equal

l«. " D, d and L of bobbin C, find D, of», d and L of bobbin C, find D. of . ,—

bobbin E, L, and d, given D,^ -*d * + 1P* — d*) Jl

winding volumes equal ' - C^

bobbin G, D, given and <1, equal •

to d, winding volumes equal

'i ZI5
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EXAMPLE No. 2.

 

Wire No. 35 S. S. C.

1.6875 (.6875—.29)

2 x .0000658)

= 5100 Turns. 1Answer).
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RLlD'— d*l

HNW g^

- Bobbin and Wire, find Turns N = — ^ d*

85

ance, find Diameter = .N -f^ -Hd* 87

89

« Bobbin and Rwistance. find Wire R = ££—-

L 1D* — d*)

Core, In-mUttd Wire, Diameter 4p

and Resistance, find Length L ~ R 1D1 —d*>

Bobbin and Voltage, find Wire R = ^ ^

93

95

97

'• Diameter, Length and Voltage, E*

find Rebalance p = FD~E

Bobbin, Voltage and Wire, 4E

find Current "* RL1b' —d*J

Core, Diameter Voltage andWire, 3 E

find Ampere Turns 1N= K1D + d)

99

4
» 101

M Bobbin, Resistance and Insulation, . - I /•.,/ c L 1D* — d'J , *' \— *

find Bare Wire '~ -J ^ 4^ * * 103

Bobbin, Voltage and Inaulation, A -- // ^/ c ff D L* 1D1 _ d*) , ** v

Bobbin, Resistance and Bare Wire, . J c J. 1D' — d*)

107

" Bobbin, Voltage and Bare Wire, . J c » D L* (D' — d1'

find Inaulation .-i ,t 109

bobbin B, d equal d,, L, given D,= -*/ d' j. m* d*) ^

winding volumea equal * L~t
•> 1n

n, Hand T. of linhhin P, fin-1 p «f

bobbin E, L, and d, given D,^ Vd * + 1D* — d*) L

wioding volumes equal " ' • L~^ " 113

M D, d and L of bobbin F, find L. of T /r,t jii
bobbin G> Dagivenanrl ", PqUi,l L,^ r- 1D — d)

to d, winding volumes equal D,1 — d,* 115
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EXAMPLE No. 12.

 

Volts 20.

Insulation .004

f-

^-

00000271 xjf x 1.1875 x '-68752 1'- "8752 — -55*) I -004
^ " ~

4x20*

I -004 \ -°°4

~4~' 2

= .0l" 1Answer).

= to No. 30 Wire.
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•i, Bobbin and Wire, find Resiatan

Bobbin and Wire, find Tun

RL1D* — d*>

4

LlD-d)

3. " Core. Length, Wire and Resist-

ance, find Diitmeter

4. " Bobbin and Resistance, find Wire R

L<D*-d*>

'• Core, Insirfate'd'Wire, Diameter 4 p

and Resistance, find Length ** = R 1D*—d1)

" BobW, ,.d Votog., tad Wire R = ^^55

Diameter, Length and Voltage, E*

find Resistance p ~ 1TtfL

Bobbin, Voltage and Wire,

find Current

9, " Core, Diameter Voltage and Wire,

find Ampere Turns . '

>0, « Bobbin and Wire, find Voltage E ~ " R DLMD* — d*)

Bobbin, Resistance and Insulation,

Bobbin, Voltage and Insulation, A -

find Bare Wire

IJ. " Bobbin, Resistal re and Bar. Wire, JcI.1D*-d')

find Insulation ~ V— •- - ^ — A

Bobbin, Voltage and Bare Wire,

find Insulation ' =
4 E1 A*

D, d and L of bobbin A, find D. of

bobbin B, d equal d., L. given D.= J jfl 4. ,r,i-

winding volumes equal . \ ' v

D, d and L of bobbin C, find D, of

D, d and L of bobbin F, find L. of . .r.. ..,

bobbin G, D, given and d, equal Li= L 1D — d I

to d, winding volumes equal D,* — d,1

83

8s

8?

89

91

93

95

97

109
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EXAMPLE 13.

 

Wire No. 30.

Resistance 75 Ohms.

i= -.I-000002?' * '-6S75 C-3'258— 55a) ._ 0I

» 4x75x.oI*

= .0047' (Answer).
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K i. Given Bobbin and Wire, find Resistance p —

Bobbin and Wire, find Tur

Core, Length, Win; and Resist-

ance, find Diameter

Bobbin and Resistance, find Wire R

R I, lP* — d1)

L (D - d)

3;>

87

Core, Ivi:.\iI.il erf Wi iv. Diameter 4 p

and Resistance, find Length ** = Rp* -j1)

4E*'• Bobbin and Voltage, find Wire R

«•DL'lD* — d1)

E'

91

93

95

97

99

•• Diameter, Length and Voltage,

find Resistance '' "

<• Bobbin, Voltage and Wire,

find Current ' ~

" Core, Diameter Voltage andWire, a E

find Ampere Turns IN~ FTfTT

Bobbin and Wire, find Voltage

Bobbin, Resistance and Insulation,

find Bare Wire

" bobbin. Voltage and Insulation,

find Bare Wire

Bobbin, Resistance and Bare Wire,

find Insulation

Bobbin, Voltage and Bare Wire,

find Insulation

-PL*1D,_— d*> Jf_. '-

4E' i1

" D, d and L of bobbin A, find D. of .

bobbin B, d equal d,, L, given D,= v' d1 + 1D

winding volumes equal »

" D, d and L of bobbin C, find D, of ,

bobbin E, L. and d. given D = , 'j * , ,n

winding volumes equal * l * '

" D, d and L of bobbin F, findL of T r.i

bobbin G, D, given and d, equal Li= L l ~~

tod, winding volumes equal D,1 — d,"
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EXAMPLE No. 14.

 

Wire No. 22.

Volts 5.

. - /.oooo027ix^ x iT437s"x 1.6875 '1i .43752 — .55')

1 - \— "-T-n-VTrt..,,! ~ — 02S3S.025352

= .0056" (Answer).



THE ELECTRO MAGMET.

EXAMPLE i. Given Bobbin and Wire, find Resistance . .-

Core, Length, Wire and Resist-

5. " Core, Insttlat&TWire, Diameter
.

Cure, Diameter Voltage and Wire, _a E

find Ampere Turns ' " K1D~Ttl)

Dobbin and Wire, find Voltage E = \ff-R D L* 1D* — d*)

Seepage 8 t

Bobbin and Wire, find Turns N = L ^° ~ .$- M 85

ance, find Diameter D = \ tCL +d' " 87

nd Resistance, find Length L = R 1D1 —d1)

7. " Diameter, Length and Voltage, E*

find Resistance p ~ «~DI. " 95

». " Bobbin, Voltage and Wire, _4^E—

find Current = RL1D*"—d*) " ^

" Bobbin, Reaiatance and Insulation, .

find Bare Wire

•• Bobbin, Voltage and Insulation, A -

find Bare Wire / \ 4 %* 4 / * "

" Bobbin, Reaistance and Bare Wire, , / c L 1D* — d*)

find Insulation l = » ^TTi ~a •- .107

Bobbin, Voltage and Bare Wire, ., c w D L- 1D- -

find Insulation * ~ * + E* fit

15. " D, d and L of bobbin A, find D, of

bobbin B, d equal d,,' L, given D,= J d1 + 1D1 _ d1) ^

winding volumes equal » C,

16. '* D, d and L of bobbin C, find D of

bobbin E. L, and d, given D,= *'<I,* + lD'-dO Jl

winding volumes equal C^

J7. " D, d and L of bobbin F.findL.of . ,ni ,11
bobbinG, D, given and d, equal Li= -<D ~- —

to d, winding volumca equal D,' — d;*
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EXAMPLE No. 15.

DHL
; (

£ 3-

u

JL

— i/8JS-

= .8875' 1Answer).



THE ELECTRO MAGNET.

i. Given Bobbin and Wire, find Resistance o - Seepage

Bobbin and Wire, find Turns N -

L1P— d

*«"

Core, Length, Wire and Resist' _- J^

an«, find Diameter *" \~R~L .'.*.

Bobbin and Reeiatance, find Wire U

L 1D1 ^ d1)

«s

87

 

Diameter, Length and Voltage, E*

find Resistance P ~ *T5J.

91

93

95

Bobbin, Voltage and Wire, 4 E

find Current ~ R L 1D* d*)

Core, Diameter Voltage and Wire, a ji

find Ampere Turns IW— K1D + d)

Bobbin and Wire, find Voltage E = ^/* R DLMD* — d'l

Bobbin, Resistance and Insulation, . _- [ f\'—

find Bare Wire / ^

c L lD* — d1) + Jl-V
'

/

Bobbin, Voltage and Insulation,

find Bare Wire

i= / , J c TT PL* lD* — d*)_ '* . ~_ '

J < * 4 K* 4 ) a

Bobbin, Resiotance and Bare Wire, Jc L 1D1 — d5) ~

find Insulation * V At

Bobbin, Voltage and Bare Wire,

find Insulation

D, d and L of bobbin A, find D, of

bobbin B, d equal d,, L, given D,= J ^ + 1D* — d1) -

winding volumes equal ' L,

D, d and L of bobbin C, find D. of . . .. .-

bobbin E, L, and d, given D,= -/d * + 1D'

winding volumes equal '

D, d and L of bobbin F, find L, of , T /n* d*l
bobbin G, D, given and d, equal IM= .L<U ~ "

to d. winding volumes equal D,1 — df

103

105

'' "5
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EXAMPLE No. 16.

0

II
T

i

1 1 i ^
- -Li

1 1 8s. . |, h
1 S£

-HIr~~ J/

2-/87S- - —

= .918" 1Answer).
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BXAMPLK i. Given Bobbin and Wire, find Resistance ., =
R L 1D* - d*)

Bobbin and Wire, find Turns
85

Core, Length, Wire and Resist-

ance, find Diameter

Bobbin and Resistance, find Wire R =

J. " Core, Jis-.uUti.-dl.Viiv. Diameter

L =
md Resistance, find Length *- — R 1D* -d*)

Bobbin and Voltage, find Wire R = ^—

7. " Diameter, Length and Voltage,

find Resistance

Bobbin, Voltage and Wire,

WVT.

9, " Core, Diameter Voltage and Wire,

find Ampere Turns

find Current ~ RL1D*—d*)

K>, " Bobbin and Wire, find V,,lr ,,,. E = -\/ff R D L*1D'— d*)

«7

89

9*

93

95

97

" Bobbin, Resistance and Insulation, A -

find Bare Wire

12. " Bobbin, Voltage and Insulation, A _ / , Jc * D L* 1D* — d*) i* \_-

find Bare Wire ~ J ( ^~K* + ) a

ance and Bare Wire, . - -/el, 1D1 d*)Bobbin, Resistance and Bare Wire,

find Insulation 1= » ~7i i

Bobbin, Voltage and Bare Wire,

find Insulation ' =
4E' i'

I5- " D, d and L of bobbin A, find D, of .: --

bobbin B, A equal d,, L< given D,= •" d* -t- |D* d*) _

winding volumes equal ' IT,

1fi. " D, d and L of bobbin C, find. D. of

bobbin E, L, and d, given D,- Vd 1 + 1D* — d*) L

winding volumes equal '• C^

tj. •- D, d and L of bobbin F, find L , of I 1D1 — d*>

to d, winding vulumes equal D,* — d,f

103

105
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EXAMPLE No. 17.

ft n

1 1
s^

=±=

 

I I I

 

— -438M-9375

..875a — .432

2.2J" 1Answer).
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The following line drawings show nearly all sizes of Telegraph

and Telephone magnet bobbins. Six sizes of cores are given,

also various sizes of washers. The diameter to wind to, is usually

•Jj" less than the diameter of the washer. The diameter to wind

on is the outside diameter of the paper sleeve which is wrapped

around the core. The cuts are shown full size in all dimensions

except length. The actual numerical value for length is given

which would make M x L x T equal to unity in each case. The val

ues of R and W are equal to the Resistance and Weight of the

winding when that size wire opposite said values is used.

The resistance in ohms and weight in Ibs. of wire contained in

each bobbin will vary directly as the length between washers other

things remaining constant. If it is desired to know the resistance

for any winding length other than that indicated in the drawing,

the desired resistance will bear the same ratio to the value R as

the desired Length bears to the Length indicated in the drawing.



THE ELECTRO MAGNET.

 

r

-5T 

 

 

These bobbins, wound with at.

wire indicated in first column, wiB

contain that resistance «howo in

columns R.

Column? W indicate the weight

of wire in pounds.

The assumed allowance Tor in»u

lation i= .-.hown in table on pa<e 76

from *hich table the values R and

W are taken Temp 68° Fahr.

COTTON. •ILK.

R . W R Vt

.02155 -t

.08275 «•

.0527 .8W

.0818 085

.137 «51

.MM .«*

.487 606

.713 .8M

1.09S5 .870

2.05 .« S.m .M

3.19 .84 a.« .•»

4.895 .m 9.4S .•a

7.55 .urn 8.48 .Ml

11.56 .M 13.1 .M3

17.68 .57! a».S .m

KM -5M 31.4 .617

40.5 .6» 48. a .Wl

fll-2 .«l» 74. .581

91.8 .48» 112.8 .M

186.8 .4M 171.1 .589

203.5 .441 M0.5 .518

MM .418 393. .498

438 3 .8M 909. .617

M8 .37.' «n .453

W. .Su I807 .49

1940. .Stt 1930. .4M

1»12. .KM M60. .484

ITU. .M 5770. .45s

M35. .I7 83»0. 438

MM. .Ml 13890. .419
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-11-.67- «|

 

 

-~.53 .]

These bobbins, wound with ar

wire indicated in first column, wtk

contain that resistance shown in

ti columns R.

O

Column? W indicate the weight

«3
of wire in pounds.

-j
Theassumcd allowance for initu

g

lation is shown in table on pa^e -d

•;
from *hich table the values R and

O Ware taken Temp 68° Fahr.

COTTON. •ILK.

n w R W

10 .03109 .7

11 .03270 .681>

u .0527 .675

18 .0818 .006

14 .137 .051

15 .1965 .0M

16 .303 .081

17 .467 .608

18 .713 .588

19 1.09S5 .570

W 2.05 M 2.285 -CDS

SI 3.18 .64 3.49 .685

ftI 4.893 .023 5.43 .672

w 7.55 .M8 8.48 .662

t4 11,56 .59 13.1 .64ft

t9 17.86 .578 20.3 .631

S8 26.86 .554 31.4 .617

27 40.5 .580 48.2 ,597

M 61.2 .510 74. .581

S« 91.8 .483 113.8 .88

80 136.8 .464 171.6 .539

81 203.5 .441 260.5 .518

83 M».8 .418 393. .498

M 432.5 .894 589. .517

84 043 .875 600 .453

95 930. .862 1307 .49

30 1340. .339 1930. .409

37 1913. .80s 3660. .484

as S715. .M8 0770. .459

» M35. .n 6390, .4M

40 5800. .an 13690. .413
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These bobbins, wound with ar_i

wire indicated in first column, wdl

contain that resistance •town itt

o
columns R.

;OrWIREB.&B.CAI

Column? W indicate the weight

of wire in pounds.

1

The assumed allowance for inro

lation it, shown in table on page 76

from *hich table the values R and

Ware taken Temp 68° Fahr.

COTTON. SILK.

R W R W

10 .02130 -7

11 .03878 .«•

u .0527 .075

11 .0816 .68,1

u .127 .B51

u .UN .0M

IB .80S .«I

17 Ml M8

18 .719 .W

It 1.09S6 .870

» 2.05 .88 8.M9 ,4M

-21 8.18 .M 8.4» | .«89

H 4.803 .«M 9.48 .Bn

n 7.55 .<0B 8.48 .M8

t4 11.M •», ' 13.1 .«a

U 17.6fi .«» 80.8 Ml

IB 26.86 .0M 31.4 .Bl7

27 40.5 .ue 48.2 .887

W 61.2 .510 74. .581

w. 91.8 .488 113. 8 .M

» 136.8 .4M 171.6 .539

w S03.5 .Ml S60.5 .518-.

3S 392.8 .418 393. .498,

n 439.5 .884 580. .517

M 643 .879 600 .45»

M too. .802 1307 .4S

8* 1Mo. .888 1930. .409

n IIIS. .808 W60. .484

38 S715. •860 5770. ' .459

30 3639. .n 8590. .488

40 MM. .881 13600. .413
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13:9-—

 

These bobbins, wound with ar

wire indicated in first column, wi,.

contain that resistance shown in

columns R.

Column? W indicate the weight

of w,re in pounds.

Theassumed allowance for loan.

lation ia shown in table on pa^e 7 5

from -vhich table the values R and

W are taken Temp 68° Fahr.

COTTON. SILK.

R W R W

.03155 j

.03275 .68*

.0527 -•»

.0818 .W6

.137 .861

,lHf .08

.467 .Ms

.713 -188

1.09S5 .570

2.05 .« 2.235 .695

3.18 M 3.49 .685

4.893 .«n 0.43 .673

7.55 .•M 8.48 .66*

11.56 M. 13.1 .645

17-66 .91* 20.3 .M

•MM .9M 31.4 .«T

40.5 .M8 48.2 .597

ei.a -Wt 74. .581

91.9 .481 113.8 .M

136.8 .4M 171.6 .S3»

203.5 .441 380. 5 .518

MM .418 393. .4t8

432.8 .Mi 589. .817

843 jra 600 .453

930. MS 1307 .41

1840. .329 1930. .409

1013. .809 3880. .484

8715. .m 5770. .454

3630. j» 8590. .430

0800. .8» 13600. .413
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Thcse bobbins, wound with a-

wire indicated in first column, wfll

contain thai resistance shown ID

x>lumoa R.

Column? W indicate the weight

of wire in pounds.

The uwimed allowance for inn

lation i* *ho«> in table on pa^-e 76

frait, -bich table the values R and

Ware taken Temp 68° Fahr.

COTTON. SILK.

R W R W

.03100 .T

|

.03275 .«»

.05S7 .flu

.137 .MI

.INI .«M

.303 .«U

,«7 .0M

.713 .5M

1.0925 .5M

2.03 .« S.2M .M

3.18 -04 3.49 .«•

4.893 .09 5.43 .ta

7.55 .•M 8.48 .-

11.56 .an 13.1 .«•

1768 .571 20.3 .Ml

•M6 .9M 31.4 .BiT

40.5 .M8 48. 3 .Ml

«I.8 .810 74. .Ml

01.8 ^n 113.8 .M

136-S .4M 171.6 .M»

S03.5 .441 360.5 -818

MM .418 393. -4M'

432.5 .W4 589. .817

•a .811 600 .40

n». .8U 1307 .41

1M8. .W 1930. .409

i9i2. .KV 3660. .484

I7U. .L'Mtf 5770. .439

M30. .27 8990. .438

HH. .Ml 13690. .413



THE ELECTRO MAGNET.

 

 

1~

 

These bobbins, wound with ar._--

wire indicated in first column, w9

contain that resistance shown in

aft columns R.
O
:S.GAl

Column? W indicate the weight

pd The assumed allowance for inau

SIZEOFWIRE lation is shown in table on pa^ 76

from *hich table the values R and

W are taken Temp 68° Fahr,

COTTON. • ILK.

R W R W

10 -031M Jt

11 .03270 -*»

1« .0527 .<.,.:,

11 .0818 .«0

14 .127 .MI

11 .1965 .Ms

If .303 Ml

17 .467 Ms

18 .713 .8»

19 1.0920 .570

S0 2.00 .«9 2.330 .M9

91 3.18 .M 3.49 .M9

S2 4.895 .Ml 3.43 .en

39 7.56 .Ml 8.4S .MB

M 11.56 •M 13.1 .MC

» 17.66 .M* 20.3 .Mi

tt 26.86 .854 81.4 .«I7

87 40.5 -W8 48.2 .MT

W 61.2 .5iff 74. .Mi

tt 91.8 .483 113.8 .M

W 136.8 . i'Jl 171.6 .M»

n 203.0 .441 260.5 .as

0 392.8 .418 303. .«•

n 432.0 Mi 586. MH

M 643 .8TO 600 .MJ

39 930. .88B 1807 .41

M 1840. .SM 1830. .40»

91 1913. .509 3860. .4s4

a vru. .8M 5770. .4M

i» 0830. .87 8590. .4M

40 5860. .8M 13690. .413
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- -6.381

 

t*-

These bobbins, wound with a-

wire indicated in first column, wlii

contain that res18tance ehown in

X, columna R.

p

<

O

Column? W indicate the weigh*

of w\re In pounds.

J Tl.eassumed allowance for inro

w
totion it. *bown in table on pa^e 76

from *hich table the values R and

K

s Ware taken Temp 68° Fahr.

•^

»

COTTON. SILK.

R W R W

.02153 .t

11 .03274 ,M

u .0527 .675

IS .0818 .M9

u .137 .MI

11 ,im .M«

1C .303 .Ml

I7 -.467 .M«

W .713 •CM

4t 1-09M MB

•0 2.03 M 2.283 .093

91 5.18 M 3. 49 .M9-

n 4.8U .0S 5.43 .«nr

M 7.55 .«M 8.46 .Me

M ll.M .M 13.1 .t>Vr

SA I'M .57S 20.3 .Mi

M BU8 .9M 81.4 .«17

17 40.5 .580 48.S .M7

M 61.2 -510 | 74. .581

M. »i .8 .483 113.8 .M

M is6.a .4M 171.0 .53*

n 203.5 .441 260.5 .Cir

a 9M.8 .419 393. .496

M 43».5 .Mi 989. .517

M 043 .an 600 .4M

M 930. .Ml 1307 .41

M 1340. .M9 Iflft0. .4M

87 1813. :><iy 8860. .4H

M 2711. .XM 8770. .4W

;* MM. .87 85S0. .4M

40 MM. .8M 13W0. .411
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These bobbins, wound with «r

wire indicated in first column, will

contain thai resistance shown in

ti column R.

s
< Column? W indicate the weight

of wire ID pounds.

o

ot

ri
TheassumedallowaDce for into

u lation io shown in table on page jft

S from wbich table the value* R and

o W are taken Temp 68° Fahr.

M

COTTOM. • ILK.

R W R W

10 .03156 .7

11 .fffffi Mf

IS .0527 jfn

IS .0818 M*

u .137 -<!.''!

11 .1060 .M

u .303 Mi

I7 .467 M8

18 .713 .8tt

4s 1.0920 .570

ID M9 .« 3.386 -08»

H 1.11 .M 3.49 .«H3

a 4.SU .Ml 5.48 .«n

M 7.55 .8M 8.48 .tm

24 11.56 .0s 13.1 .Hi

M 17.M .57S 90.1 .M

M SM8 .»» 31.4 .«1

n 40.5 •M8 48.2 .HI

I« •LI .5l» 74. .M

M 81. 8 .403 113.8 M

M 136.8 .4s4 171.6 .M

n 203.5 .441 360.5 .M

a MM .419 393. .4*

n 432.5 .W4 589. .MT

M 643 .8l» 880 .m

33 030. MS 1307 .4f

M 1840. -Mt 1990. .4«»

n 1S13. .«M 3660. .4M

M •m. .M 5770. .m

• M39. .fl? 8590. .m

4| mm. ••1 1MM. Mt
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These bobbins, wound with ar

wire indicated in first column, wOl

contain that resistance shown in

ti columns R.

a

Column? W indicate the weight

of wire In pounds.

The assumed allowance for insa

btion it, *hown in table on p^ 76.

from *hich table the values R .lad

COTTON. SILK.

R W R W

10 .03150 j

11 .03279 .«80

IS .0527 .675

11 .0818 .M9

14 .137 .881

11 .1065 .8M

U .803 .881

I7 .467 .808

18 .713 .068

U 1.0926 .810

S0 2.05 M 2. 285 .699

8' 3.18 M 3.49 .888

M 4.895 .8M 5.43 .672

S8 7.55 .«08 8.48 .602

M 11.56 .00 13.1 .64*

M 17. 8B .818 80.3 .881

M 26.86 .694 31.4 .617

S7 40-3 .M0 48.2 .597

W 61.2 .810 74. .an

S9 91.8 .489 113.8 .M

80 136.8 .464 171.6 .539

81 208.5 .441 260.5 .518

M M2.8 .418 393. .498

88 432.3 .W4 580. .517

M 643 .879 600 .453

S9 930. .858 1307 .41

36 1340. .880 1930. .409

87 1013. .80* 3860. .464

M 2715. .S«8 5770. .499

80 8S89. .87 8990. .458

40 5360. .S9S 1S680, .413
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These bobbins, wound with ,t>

wire indicated in first column. wO

contain that resistance .&OWD in

S.GAL'GE. column* R.

Column? W indicate the weight

of wire in pounds.

I

lation it. *hown in table on page 76

fratn *bich table the values R and

8 Ware taken Temp 68° Fanr.

COTTON. •IIA.

R W R W

10 .03155 .7

11 .03275 .«8»

13 .0527 .*»

'a .0818 .08B

u .137 Ml

15 .1965 .8M

IB .803 .881

I7 .467 .008

18 .713 .588

4» 1.0920 .570

M 8.05 « 2.289 .888

.086

88 4.899 M 5.43

n 7.53 .fil)8 8.49 .881

M 11.56 .59 13.1 .648

J» 17.G8 .87* 20.3 .881

M MM -9M 31.4 .4)11

•7 40.5 .080 48.3 .597

48 61.2 .510 74. .9R

m 91.8 .483 113.8 .M

1» 138.8 .4M 171.6 .539

81 803.5 .441 390.5 .518

32 392.8 .418 393. .496

n 432.3 .894 586. .517

84 048 .87C 880 .453

89 080. .892 1307 .41

36 1948. .m 1930. .409

87 i»t2. .30fl 3860. .434

£8 1711. .260 0770. .499

n MU, .IT B99D. .438

40 r,3W .SCS 13690. .419
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(*—

These bobbins, wound with V

wire tDdicated in first column, wdl

contain that resistance shown in

gj columns R.

g

0

Column? W indicate tha weight

rf of wire in pounds.

2 The assumed allowance for n1in

s lation is -.hown in table on page 7 T>

P from *hich table the values R and

I

W are taken Temp 68° Fahr.

COTTON. •ILK.

R W R W

t» .03150 ,7

u .03275 .•»

U .0027 .m

I8 .0818 -liUfi

u .137 .<i.M

u .1960 .8»

u .303 .081

I7 .497 JN0

U .113 .588

48 1.0920 MO

S» 2.05 M 8.2M .««

St 3.18 M 3.49 .m

tI 4.893 .OS 5.43 .«s

t3 1.55 .606 8.48 .Mi

S4 11.56 •* ' 13.1 .MS

*• 17.66 .n* 20.3 .m

M 26.80 .U4 91.4 .«iT

S7 40.5 .8S« 48.2 .en

W 61.2 .no 74. .In

M 91.8 .482 113.8 .M

M 136.8 .464 171.6 .IM

81 203.5 .441 260.5 .ns

tt 39B.8 .418 893. .498

83 432.5 .394 560. .817

M 643 .375 600 .453

tt 930. .35S 1307 .49

M 1340. .m 1930. .401

87 1913. .m 3860. .494

M 2715. .896 OT70. , .4M

39 3830. .87 85M. ..488

« M00. M» 13690. .413



 

LOGARITHMS OF NUMBEBS.

1

Pr«p«rtimini Parts.

I 0 1 2 4 5

||
'1.4 5 789

10 wo» 043 086 128 170 212 0253 294 0334 374 4 8 12 17 21 25 29 33 37

I 414 453 492 531 569 607 0645 0682 0719 755 4 8 11 15 19 23 26 30 34

12 792 828 0864 899 934 969 1004 038 1072 106 3 7 10 14 17 21 24 28 31

13 39 173 206 239 271 303 1335 367 1399 430 3 6 10 13 16 19 23 26 29

14 461 492 523 553 584 614 1644 673 1703 732 369 12 15 18 21 24 27

15 761 790 818 847 875 903 1931 959 1987 014 368 11 14 17 20 22 25

16 041 068 095 122 148 175 2201 227 2253 279 3 5 811 13 16 18 21 24

7 304 330 355 380 405 430 455 480 2504 529 2 6 7 10 12 15 17 20 22

18 553 577 601 625 643 672 695 718 2742 765 2679 12 14 16 19 21

19 788 810 833 856 878 900 923 945 2967 989 2 4 7 9 11 13 16 18 20

20 010 032 054 075 096 118 139 160 3181 201 2468 11 13 15 17 19

21 222 243 263 284 304 324 345 365 3385 404 2468 10 12 14 16 18

22 424 444 464 483 502 522 541 560 3579 598 2468 10 12 14 15 17

23 617 636 655 674 692 711 729 747 3766 784 2467 9 11 13 15 17

24 3802 3820 838 3856 874 892 909 927 3945 962 2457 9 11 12 14 16

25 979 997 014 031 048 065 082 099 4116 4133 2367 9 10 12 14 15

26 150 4166 133 200 216 232 249 265 4281 4298 2367 8 10 11 13 15

27 314 4330 346 362 4378 393 409 425 4440 4456 2356 8 9 11 13 14

28 472 4487 502 4518 4533 548 564 579 4594 4609 2 3 5 « 8 9 11 12 14

29 624 4639 4654 4669 4683 693 713 4728 4742 4757 1 8 4 « 7 9 10 12 13

30 771 4786 4800 4814 4829 843 4857 4871 4886 4900 1 3 4 « 7 9 10 11 18

31 914 4928 4942 4955 4969 983 4997 5011 5024 5038 1 3 4 e 7 8 10 11 12

32 051 5065 5079 5092 5105 119 5132 5145 5159 5172 1 3 4 f 7 8 9 11 12

33 185 5198 5211 6224 5237 5250 5263 5276 5289 5302 1 3 4 E 6 8 9 10 12

34 315 5328 534 5353 5366 j378 5391 5403 5416 5428 1 3 4 I 6 8 9 10 11

35 544 5453 546 5478 5490 5502 5514 5527 553 5551 1241 6 7 9 10 11

36 556 5575 553 5599 5611 5623 5635 5647 565 5670 124, 6 7 8 10 11

37 568 569 570 571 5729 5740 5752 5763 577 5786 1 2 3 6 7 8 9 10

38 579 530 582 583 5343 5855 586 5877 588 6899 1 2 3 6 7 8 9 1l

39 591 592 593 694 5955 5966 597 5988 599 6010 1 2 3 5 7 8 9 10

40 602 603 604 605 6064 6075 608 6096 610 6117 I 2 3 5 6 8 9 10

4 612 613 614 616 6170 6180 619 6201 621 6222 1 2 3 5678!

4 623 624 625 626 6274 6284 629 6304 631 6325 1 2 3 5678!

4 633 634 635 636 637 6385 639 6405 641 6425 1 2 3 5678!

4 643 644 G45 646 6474 6434 649 6503 651 6522 1 2 3 5678

4 653 654 655 656 657 658 659 6599 660 6618 1 2 3 5678

4 662 663 664 665 666 667 668 6691 670 6712 1 2 3

4 672 673 673 674 675 676 677 678J 679 6803 123

1 631 682 633 683 6848 685 686 687! 688 6893 1 2 8

1 690 691 692 692 693 694 695 696 697 69S1 1 2 3

5 699 699 700 701 702 703 704 7051 705 7067 128

5 707 708 709 710 711 711 712 713 714 7152 1 2 3

5 716 716 717 718 719
7201

721 721 722 7235 122

5 724 725 72 726 727 728 729 730 730 7316 1

73 733 73 734 735 736 737 738 73 739 2 *



 

LOGARITHMS OF NUMBERS.

-t Pr«p«rti«aal Parts.
!•*

0 1 2 3 4 -5 6 1 8 93 a

11 1 8
•i

4 $ 6 7 8 9
Ml

65 7404 7412 7419 7427 7435 7443 7461 7459 7466 7474 , 2
•2

3 4 6 5 6 7

56 7482 7490 7497 7505 7513 7520 7528 7536 7543 7551 i 2 2 3 4 6 6 6 7

67 7559 7566 7574 7582 7589 7597 7604 7612 7619 7627 i I 2 3 4 g g 8 7

68 7634 7642 7649 7667 7664 7672 7679 7686 7694 7701 i 1 8 3 4 4 5 « 7

69 7709 7716 7723 7731 7738 7745 7752 7760 7767 7774 i 1 2 3 4 4 5 « 7

60 7782 7789 7796 7803 7810 7818 7825 7832 7339 7846 i 1 2 3 4 t 5 « 6

61 7853 7860 7868 7875 7882 7889 7896 7903 7910 7917 i 1 2 3 4 4 5 6 6

62 7924 7931 7938 7945 7952 7959 7966 7973 7980 7987 i 1 2 3 3 4 6 6 6

63 7993 8000 8007 8014 8021 8028 8035 8041 8048 8055 i 1 2 3 3 4 5 5 6

64 8062 8069 8076 8082 8089 8096 8102 8109 8116 8122 i 1 2 3 3 4 5 5 6

66 8129 8136 8142 8149 8156 8162 8169 8176 8182 8189 i 1 2 3 3 4 5 5 6

66 8195 8202 8209 8215 8222 8228 8235 8241 8248 8254 i 1 2 3 3 4 5 5 6

67 8261 8267 8274 8280 8287 8293 8299 8306 8312 8319 i 1 2 3 » 4 5 5 6

68 8325 8331 8338 8344 8351 8357 8363 8370 8376 8382 i 1 2 3 » 4 4 5 6

69 8388 8395 8401 8407 8414 8420 8426 8432 8439 8445 i 1 2 2 3 4 4 5 6

70 8451 8457 8463 8470 8476 8482 8483 8494 8500 8506 i 1 2 2 3 4 4 5 6

71 8513 8519 8525 8531 8537 8543 8549 8555 8561 8567 i 1 2 2 3 4 4 5 5

72 8573 8579 8585 8591 8597 9603 8609 8615 8621 8627 i 1 2 2 3 4 4 5 5

73 8633 8639 8645 8651 8657 8663 8669 8675 8631 8686 i 1 2 2 8 4 4 5 6

74 8692 8698 8704 8710 8716 8722 8727 8733 8739 8745 i 1 2 2 8 4 4 5 5

76 8751 8756 8762 8768 8774 8779 8785 8791 8797 8802 i 1 2 2 3 3 4 5 5

76 8808 8814 8820 8825 8831 8837 8842 8848 8854 8859 i I 2 2 3 3 4 5 5

77 8865 8871 S876 8882 8887 8893 8899 8904 8910 8915 i 1 2 2 3 8 4 4 6

78 8921 8927 8932 8938 8943 8949 8954 8960 8965 8971 i 1 2 2 3 8 4 4 5

79 8976 8982 8987 8993 8993 9004 9009 9015 9020 9025 i 1 2 i 3 8 4 4 6

80 9031 9036 9042 9047 9053 9058 9063 9069 9074 9079 i 1 2 2 3 8 4 4 5

81 9085 9090 9096 9101 9106 9112 9117 9122 9128 9133 i 1 2 g 3 8 4 4 5

82 9138 9143 9149 9154 9159 9165 9170 9175 9180 9186 i 1 2 2 3 3 4 4 5

83 9191 9196 9201 9206 9212 9217 9222 9227 9232 9238 i 1 2 2 8 3 4 4 5

84 9243 9248 9253 9258 9263 9269 9274 9279 9284 9269 i 1 2 2 8 3 4 4 6

85 9394 9299 9304 9309 9315 9320 9325 9330 9335 9340 i 1 2 2 3 3 4 4 5

86 9345 9350 9355 9360 9365 9370 9375 9380 9385 9390 i 1 2 a 8 :) 4 4 I

87 9395 9400 9405 9410 9415 9420 9425 9430 9435 9440 0 1 2 2 3 a 4 4

88 9445 9450 9455 9460 9465 9469 9474 9479 9484 9489 0 1 2 2 s 3 4 1

89 9494 9499 9504 9509 9513 9518 9523 9528 9533 9538 0 1 2 2 1 3 4 4

90 9542 9547 9552 9557 9562 9566 9571 9576 9581 9586 0 1 2 2 B 3 4 4

91 9590 9595 9600 9605 9609 9614 9619 9624 9628 9633 0 1 2 I g 3 4 4

92 9638 9643 9647 9652 9657 9661 9666 9671 9675 9680 0 1 2 i i g 4 -I j

93 9685 9689 9694 9699 9703 9708 9713 9717 9722 9727 0 1 2 g 3 3 4 4

94 9731 9736 9741 9745 9750 9754 9759 9763 9768 9773 0 1 2 2 8 . 1 4

95 9777 9782 9786 9791 9795 9300 9805 9809 9814 9813 0 1 1 2
•-

3
•

t 4

96 9823 9827 9832 9836 9841 9845 9850 9854 9859 9363 0 1 1 2 I I 3 4 1

97 9868 9S72 9877 9881 9886 9890 9894 9899 9903 9908 1 1 1 2 :' :t 1 l 4

98 99'2 9917 9921 9926 9930 9934 9939 9943 9943 9952 'I 1 1 2 2 a
•J

4 4

99 9955 9961 9965 9969 9974 9978 9983 9987 9991 9996 f 1 ll 2 2 3 t 1 4

^



ANTILOGARITHMS.

ii
Pr«p«rti«nal Parts.

il 5 7

1 4 t 6. 7 8 9
.

1 1

.00 1005 1007 1009 1014 1016 1021 0 1 1 1 i 2 2 a1000 1002 1012 1019 0

.01 0 1 1 1 i 2 a1023 1026 1C 'S 1030 1033 1035 1038 1040 1042 1045 0 2

.02 1057 1067 1 1 i 2 a1047 1050 1052 1054 1059 1062 1064 1069 0 0 a

.0.3 1072 1074 1076 1079 1081 1086 1089 1091 1094 0 1 i i a a a1084 .

.04 1099 1102 1107 1109 lilt 1114 1117 1119 1 1 a S a1096 1101 0 1 2

.05 1122 1125 1127 1130 1132 1135 1138 1140 1143 1146 0 1 1 a t a 2

.06 1148 1111 1153 1156 1159 1161 1164 1167 1169 1172 0 1 1 2 a 2 a.

.07 1175 un 1180 1183 1186 1189 1191 1194 1197 1199 0 1 | a a 2 a

.08 1202 1205 1208 1211 1213 1216 1219 1222 1225 1227 0 1 | 2 a 2 3

.09 1230 1233 1236 1239 1242 1245 1247 1250 1253 1256 0 1 1 2 a 2 3

10 1259 1262 1265 1268 1271 1274 1276 1279 1282 1285 0 1 1 2 a 2 3

.11 1288 1291 1294 1297 1300 1303 1306 1309 1312 1315 0 1 2 2 a 2 3
1 .12

1318 1321 1324 1327 1330 1334 1337 1340 1343 1346 0 1 2 2 a 2 3

i .13
1349 1352 1355 1358 1361 1365 1368 1371 1374 1377 0 1 2 2 a 3 3

.14 1380 1384 1387 1390 1393 1396 1400 1403 1406 1409 a 1 2 2 * S 3

.15 1413 UK 1419 1422 1426 1429 1432 1435 1439 1442 0 1 2 2 2 3 3

.16 1445 1449 1452 1455 1459 1462 1466 1469 1472 1476 0 1 2 2 2 3 3

.17 1479 1483 1486 1489 1493 1496 l.'.nu 1503 1507 1510 0 1 2 2 g 3 3

18 1514 1517 1521 1124 1528 1531 1535 1538 1542 1545 0 1 2 2 i 3 3

.19 1549 1552 1556 1560 1563 1567 1570 1574 1578 1581 0 1 2 2 » 3 3

' .20 1585 1589 1592 1596 1600 1603 1607 1611 1614 1618 0 1 1 2 2 3 3 3

.21 1622 1628 1629 1633 1637 1641 1644 1648 1652 1656 0 1 a 2 2 3 3 3

.22 1660 1663 1667 1671 1675 1679 1683 1687 1690 1694 0 1 a 2 2 3 3 3

23 1698 1702 1706 1710 1714 1718 1722 1726 1730 1734 0 1 a 2! 2 j 3 4

.24 1738 174t 1746 1750 1754 1758 1762 1766 1770 1774 0 1 a 2 2 » 3 4

.25 1778 1782 1786 1791 1795 1799 1803 1807 inn 1816 0 1 a t 2 a 3

.26 1820 1824 1828 1832 1837 1841 1845 1849 1854 1858 0 1 a 2 3 3 3

.27 1862 1866 1871 '.875 1879 1884 1888 1892 1897 1901 0 1 a S 3 3 3

.28 1905 1910 1914 1919 1923 1928 1932 1936 1941 1945 0 1 a 2 3 3 4

.29 1950 1S54 1959 1963 1968 1972 1977 1982 1986 1991 0 1 a 2 3 3 4

.30 1995 2000 2004 2009 2014 2018 2023 2028 2032 S037 0 1 a a 3 3 4

31 2042 2046 2051 2056 2061 2065 2070 2075 2080 2084 0 1 a 2 3 3 4

32 2089 2094 2099 2104 2109 2113 2118 2123 2128 2133- 0 I a t 3 3 4

33 2138 2143 2148 2153 2158 2163 2168 2173 2178 2183 0 1 a a 3 3l 4 4

.14 2188 2193 2198 2203 2208 2213 2218 2223 2228 2234 1 i
•a

3 3 4 4 5

"5 2239 2244 2249 2254 2259 2265 2270 2275 2280 2286 1 a a 3 3 4 4 5

.16 2291 2296 2301 2307 2312 2317 2323 2328 2333 2339 1 S a 3 3 4 4 5

..17 2344 2350 2355 2360 2366 2371 2377 2382 2388 2393 1 2 a 3 3 4 4 5

.38 2309 2404 2410 2415 2421 2427 2432 2438 2443 2449 1 a a 3 3 4 4 i

39 2455 2460 2466 2472 2477 2483 2489 2495 2500 2506 1 S a 3 3 4 1 5

.40 2512 2518 2523 2529 2535 2541 2547 2553 2559 2564 1 a a 3 4 4 6 5

.41 2570 2576 2582 2588 2594 2600 2606 2612 261 8 1 2624 1 S a I 4 4 t 9

.42 2630 2636 2642 26491 2655 2661 2667 2673 2679 2685 1 t a 4 4 1 6

.43 2693 2698 2704 2710 2716 2723 2729 2735 2742 2748 1 t 3 I 4 4 i 6

.44 2754 2761 2767 2773 2780 2786 2793 2799 2805 2812 1 S 3 3 4 4 1 6

.45 2818 2825 2831 2838 2844 2851 2858 2864 2871 2877 1 S 3 3 4 S i 6

.46 2S84 2891 2897 2904 2911 2917 2924 2931 2938 2944 1 I . 3 ] 4 • 5 6

.47 2951 2958 2965 2972 2979 2985 2992 2999 3006 3013 1 a 3 1 4 5
i

6

.48 3020 3027 3034 3041 3048 3055 3062 3069 307613083 1 a 3 41 4 1 ( 6

.49 3090 3097 3105 3112 3119 3126! 3133 81411 3148! 3155 1 a * 4 4 5 4 6



 

ANTILOGAR1THMS.

• 5 Pr«p«rti«aal Parts.
W 1 0

7
-1

1 ft

1 i } 4 5 6 7 S 9

.50 3162 3170 3177 3184 3192 3199 3206 3214 3221 3228 i 1 2 3 4 I 6 7

.51 3236 3243 3251 3258 3266 3273 3281 3289 3296 3304 i 2 2 :i 5 6 7

.52 3311 3319 3327 3334 3342 3350 3357 3365 3373 3381 i 2 a 3 5
*

6 7

.53 3388 3396 3404 3412 3420 3428 3436 3443 3451 3459 i 2 2 3 5 e 6 7

.54 3467 3475 3483 3491 3499 3508 3516 3524 3532 3540 i a 3 6 6 7

.55 3548 3556 3565 3573 3581 3589 3597 3606 3614 3622 i 2 3 5 6 ,7 7

.56 3631 3639 3648 3656 3664 3673 3681 3690 3698 3707 i 2 a 5 6 '7 8

.57 3715 3724 3733 3741 3750 3758 3767 3776 3784 3793 i 3 g 5 6 7 8

.58 3802 3811 3819 3828 3837 3846 3855 3864 3873 3882 i 2 4 5 6 7 8

.59 3890 3899 3908 3917 3926 3936 3945 3954 3963 3972 i t 4 5 1 6 7 8

.60 3981 3990 3999 4009 4018 4027 4036 4046 4055 4064 i a 5 6 6 7 8

.61 4074 4083 4093 4102 4111 4121 4130 4140 4150 4159 i 2 5 6 7 8 9

.62 4169 4178 4188 4198 4207 4217 4227 4236 4246 4256 i 2 5 G 7 8 9

.63 4266 4276 4285 4295 4305 4315 4325 4335 4345 4355 i 2 5 6 7 8 9

.64 4365 4375 4385 4395 4406 4416 4426 4436 4446 4457 i 2 5 6 7 8 9

.65 4467 4477 4487 4498 4508 4519 4529 4539 4550 4560 i a 5 6 7 8 9

.66 4571 4581 4592 4603 4613 4624 4634 4645 4656 4667 i a 5 6 7 9 10

.67 4677 4688 4699 4710 4721 4732 4742 4753 4764 4775 i 2 5 7 8 9 10

.68 4786 4797 4808 4819 4831 4842 4853 4864 4875 4887 I 2 4 6 7 8 9 10

.69 4898 4909 4920 4932 4943 4955 4966 4977 4989 5000 i 2 5 6 7 8 9 10

.70 5012 5023 5035 5047 5058 5070 5082 5093 5105 5117 i 2 4 .5 6 7 8 9 11

.71 5129 5140 5152 5164 5176 5188 5200 5212 5224 5236 i 2 4 5 6 7 8 10 11

.72 5248 5260 5272 5284 5297 5309 5321 5333 5346 5358 i 2 4 5 6 7 9 10 11

.73 5370 5383 5395 5408 5420 5433 5445 5458 5470 5483 i 3 4 g 6 8 9 10 11

.74 5495 5508 5521 5534 5546 5559 5572 5585 5598 5610 i 3 4 5 6 8 9 10 12

.75 5623 5636 5649 5662 6675 5689 5702 5715 5728 5741 i 8 4 5 7 8 9 10 12

.76 5754 5768 5781 5794 5808 5821 5834 5848 6861 5875 i 9 g 7 8 9 11 12

.77 5888 5902 5916 5929 5943 5957 5970 5984 5998 6012 i g g 7 8 10 11 12

.78 6026 6039 6053 6067 6081 6095 6109 6124 6138 6152 i 6 7 8 10 11 13

.79 6166 6180 6194 6209 6223 6237 6252 6266 6281 6295 i j 6 7 9 10 11 13

.80 6310 6324 6339 6353 6368 6383 6397 6412 6427 6442 i , g 7 9 10 12 13

.81 6457 6471 6486 6501 6516 6531 6516 6561 6577 6592 i g c 8 9 11 12 14
•82

6607 6622 6637 6653 6668 6683 6699 6714 6730 6745 2 3 5 c 8 9 11 12 14

.83 6761 6776 6792 6808 6P23 6839 6855 6871 6887 6902 I :i 5 c, 8 9 11 13 14

.84 6918 6934 6950 6966 C982 6998 7015 7031 7047 7063 2 3 5 6 8 10 11 13 15

.85 7079 7096 7112 7129 7145 7161 7176 7194 7211 7228 2 g g 7 8 10 12 i1 15

.86 7244 7261 7278 7295 7311 732G 7345 736i 7379 7396 2 s 5 7 8 10 12 13 15

.87 7413 7430 7447 7464 71fJ 7499 7516 7534 7551 7568 2 :i 5 7 9 10 12 14
16 •

.83 7586 7603 7621 7638 7656 7674 7691 7709 7727 7745 2 4 5 7 9 11 12 14 16

.89 7762 7780 7798 7816 7834 7852 7870 7885 7907 7925 2 4 5 7 9 11 13 14 IS

.90 7943 7962 7980 7998 8017 8035 6054 8072 8091 8110 S 4 B 7 9 11 13 15 17

.91 8128 8147 8166 8185 8204 8222 8241 8260 8279 8299 2 4 6 8 9 11 13 11 17

.92 8318 8337 8356 8375 8395 8414 8433 8453 8472 8492 S • 1 a 10 12 14 15 17

.93 8511 8531 8551 8570 8590 8610 8630 8650 8670 8690 2 4 1i g 10 12 14 16 18 1

(N 8710 8730 8750 8770 8790 8810 8831 8851 8872 8882 2 4 6 8 10 12 14 16 IS

.95 8913 8933 8954 8974 8995 9016 9036 9057 9078 90CO S 4 6 g 10 12 15 17 I'1 ,

.96 9120 9141 9162 9183 9204 9226 9247 9268 9290 9311 2 4 6 B 11 13 IE 17 1»

.97 9333 9354 9376 9397 9419 3141 9462 9484 9506 9528
•2

4 7 9 11 18 II 17 2<1

.98

.99

9550

9772

9572

9795

9594

9817

9616 9638

9840! 9863

9705

9931

9727

9954

1* M9661

9886

9683

9908

9750 2

1

4

5

7

7

'.* 11

11

16

1C

IS

189977 0 14 20



Decimal
8ths. Itilhs. 82ds. tiUhs.

Equivalent

1..

1.. .015625

' 03r'5

1..

3.. .04«87o

0625

3..

5.. .0781S5

09375

1 .

7.. .109375

1S5

5

9.. .140625

156S5

8.

11..

—is'.!

.171875

;1875

.203125

218757..

is.. .S34375

29

9..

17.. .SB5625

28125

5 .

19.. .296875

3125

11..

S1.. .328135

34375

a .
S3.. .350375

375

13..

S5.. .390625

40625

7 .

27.. .421875

4375

S9.. .453135

15.. 46875

31.. .484375

500000

17..

38.. .515625

53125

9..

35.. .546875

5625

19..

37 .578125

59375

5 .
39 .609375

625

21..

41.. .640625

6562;')

11..

43.. .671875

6875

23..

45.. .703125

71875

47.. .734375

75

S5..

49.. .765625

78125

13

51.. .796875

8135

S7..

53.. .828135

.84375

7..
55.. .859375

875

29..

57.. .890625

90625

15..

SB.. .921875

93T5

81..

61.. .953135

96875

63.. .984375
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This book should be returneep

the Library on or before the last f

stamped below.
A fine of five cents a day is incui£

by retaining it beyond the specit

time.

Please return promptly.



 


