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The Importance of Details.

The usual text-book information on the Electro-magnet is, as
arule, 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-
sidered show almost startiing results.
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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 ohmsas the amount of No. 35 B
& S single silk covered wire that will be contained in the bobbin
and is surprised to find only §67 ohms when finished, having
lust 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 tobe 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 D? —d% we obtain a value .985 equal
to (1.06252 — .375?) in the first case andonly .815 equal to (12 — .43?)
in the second case, a difference of 17 4 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 614 per cent.

A glight variation in the thickness of the insulation will also
malke 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 ohmas, 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 with
the weight of the copper is often assumed to be too small to consider,
and here appears another error of 11}4 per cent.assuming that the
.0056" bate wire isinsulated to .0081 or to a 24 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.

per wire.

T = thickness of winding space in inches.
n = number of layers.
N = number of turns.

A = diameter of wire in inches.

i = iiicrease in diameter in inches due to insulation.
g = diameter of wire -{- insulation in inches.
A =length of wire in inches.

p = resistance of winding in ohms.

E = volts.
I = current in amperes.
W = watts.

h == constant for cotton covered wires = .1547.
= 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-

w = ohms per inch for bare wires.
B = weight of silk in any size of silk covered copper

= ohms per pound for insulated wires.

A" == cross section of wire in circular inches.

3 = cross section of the insulation in circular inches.
% = weight of insulated wire in pounds.

¢ = constant = .00c00271056.
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Referring to the sketch above it is evident that the amount of wire

that will be contained in the magnet is proportional to ML T,
) D? — a* . :

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

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

~MLT
‘bobbin = - -
g
. . 7Xohms per inchXM LT
The resistance of the wire p = e

If we assign to the letter K the value represented by mXohms
per inch and assign to g the values as furnished by the manufactu-

K
rers, we can put R = oy and with a prepared table giving the R
values for all sizes of wire insulated with either cotton or silk the
formula for resistance becomes simply p =R ML 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, and repre-
sents the weight of insulated wire which will be contained in a

winding space having an ML T of unity.

Therefore 7 = WMLT

T
n=—-—

g

D-od
M=, —

) — 2 2
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Working Formulas,
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Q 6 R . K c T
=T = AW = AW = ;-_;’g.’ = Wi
6 R Tw
a= 97 = gW = gwg
R c Cc [ [
A=K = R = 7e W

From the data given the following values are obtained :

p =RMLT = RLMD®—4d9 _ ¥
4 ~ ~ mDL

[

®at T 4

i= 1\

E E:
R - 4P _ __ 4 4

L*—d) ~ ILD*—d) ~ 7DLI(D*—a)

IRL (' —a) = INK(D--d) = /7RO LD —)
4 2 N— '4-" '—

E:-L7D, -

Lo:+ 4 1% E? 2N g? 4p 4+ E
N o T o E e e e s
sDRD*—d’) =Dp (D—d) R (D*—d) RL(D*’—qa*
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) - - S r-_e 2 o= 5.4 = d =
Do KL T4 Vi +d L T
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Diameter of Wire to Carry Given Current.

To find the diameter of the wire which will safely carry a
2

*rDL*MT
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 = is the constant is in a winding where
D=2.5"L =2"d =1%4". Incalculations where thesizeof insulated
copper wire is required the value of R may first be found, then
by reference to the table, in which are given thz values of R for

continuous current we have R = by allowing 1 watt
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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 withit a new D may be found which will satisfy the con-
ditions of the problem.

EXAMPLE: Let D =1,d — .43, L =3 0o =125
D? @ =1. —.185 = .815

Y. 500 500 _
From (1) R=rsa T = Bisx3 2425 2045

In the table the value for R (204.5) lies 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:

I'a p 500
P\ o = Ny s

=V"638 + 185 =V 823 = .9o7

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 1" in diameter
(I 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 (.000001 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 —= 7 v and also vy

3.1416 x 10.353568 x  .00000I

— 2 —-
c=mw A 12

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 o 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 g2 = —T:—R

A* 4 AP = \/ <
R
Completing the square:—

At 4 A4 i1=\/i 4
4 R 4
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P y= e
A-'—T = T 2

v
A=\/(\/—,?r -5

Substituting _ﬁ;’:_f for R we have

A= / /+— -i-iTg—. ]
VYV MLT

1
2

I 0} A . .
, cL(D’—d -—(12 ity i
= (\/ 4 p + T) Py

\/
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. .

A4 A i o= \jg :

= el —d) _ ,

4par

A serious error made in computing tables for insulated
wires is the allowance of gog of the gross weight for the wire and
107 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:

Thespecific 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 endarea A?beinsulated with
3 cotton, 86.6 A?is the relative weight of copper, and 13.42 is the
relative weight of cotton in the insulated wire.

86.6 A?
Therefore, 866 AL 1342 — % of copper. (1)

Likewise with a copper wire insulated with silk:

89.6 At
89.6 A 1042 % 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 (1) 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. 25 silk insulated wire,
the diameter of which including wire and insulation — g and
the diameter of the copper A4, to find the weight of copper.

g:—A2=232
Let g =—.03396, .

A = .03196,
Then A? = .001022

2 —g? — A?:=.00II§2' - .00I022 :.00OI3
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Substituting values of A2 and Z in (2)

a — _ 89._62(.001022 . .091571
(89.6)<.001022) 4(10.4.00013) ~ .09I57I - .000I352

= .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
Letween 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 has 3.278 ohms
per pound and the ohms per pound of the wire with .002 inches
insuiation will be only 98.5% of the ohms per pound of the bare wire.

Thus:, 3.278X.985 = 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 tao,

2 (13-4 T s isay,

At 7°86.6 Az

or for silk
z 04 __ 2 1161
A? ><89.6 A2 X
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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 crosssectionalarea of the
copper in circular inches.

Ihi

- Thus: For silk, B = Az
Zha.
For cotton, A = YR

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 (No. 18 B & S)

’= 980
Then g=4 -|-i=.0403 - .004 = .0443
A= 2N A__ hi(gg—49 151.6).0003384 __ .05130144
Az Az 00162409 .00162409

= 31.58.

Transforming above rule :

FOR SILK. FOR COTTON.
A2 A2
a_Zb2 ar_ Thi
B A
S 1 =234
b A h 2
b B4 he 82A
) P
2 B A: 2'__MA
b A
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per
pound

Ohms

R

8SILK.

'l
Cire.

in
inches | inches

Insula.

§§§§§§§s§§§§§§§§§§§§§

w tion

pound
0

per

Ohms

R

500
giinizsnie=gs

......... =Pt

COTTON,
Cire.
inches

z‘ 333353225

mn

inches

§§§s§§§§=-§§
28

nsula.

tion

K 1

AND THE WEIGHT IN POUNDS, OF COTTON AND SILK INSULATED WIRE WINDINGS WHEN MLT = 1.

THE VALUES SHOWN IN COLUMNS “R” AND «W" OF THIS TABLE REPRESENT RESPECTIVELY THE RESISTANCES AT &° F.,

20 A 2 HAT

°1° §§§.§L§.§§L§§;§§§ ...... g {
EERE s e R
§ 5 £ 5| e=amzaeceesannsasssassaasasnaas

48

Weight of Product| Welght of Sitkc | Weight of Cotton

Diam.
01398

Diam.

Insulated with Silk [Insulated with Cotton)

01128

OHMS PER POUND OF INSULATED WIRE COMPUTED FROM THE FOLLOWING DATA:—
01126

Size of Wire (B & S)|Diam. of Wire, bare|
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Size Diam. OHMS, PER POUND
of SILK COTTON
Wire in Bare
. @ SINGLE DOUBLE | SINGLE | DOUBLE
B&s Inches % 2 3. 4. I 8
Gauge inc| 68° F ) mil mil mil mil . mil
20 .03196 8.278 8.245 8.28 3.21 8.175 3.18 3.02
21 .02846 5.212 5.150 5.125 5.08 5.025 4.97 4.72
22 . 02585 8.287 8.17 8.12 8.056 7.96 7.87 7.44
23 . 02257 18.18 12.95 12.90 12.78 12.65 12.45 11.7
24 .02010 20.95 20,55 20.45 20.20 19.95 19.63 18.26
25 L0179 33.82 82.65 82.4 31.9 81.5 80.9 28.45
26 .01594 52.97 51.8 51.8 50.5 49.7 48.5 4.8
27 .0142 84.28 82.2 81.4 9.8 78.3 76.6 R .8
28 .01264 183.9 180. 129, 126. 128.5 120. 106.6
20 .01126 218. 206.5 204, 199, 194, 190.5 164,
30 .01008 388.6 828. 822, 818, 806.5 204.5 22,
81 .008028 | 588.4 516.0 510, 498, 477, 461, 884.5
32 00785 856.2 817. 808, 715, 47, n1. 585.
83 .00708 1861. 1290. 1265. 1215, 1165, 1115, 880.
84 .006308 2165. 2020. 1995, 1900. 1810. 1715, 1815,
85 005615 8441, 8210, 8140, 2980, 2820. 2640. 1960.
36 .005 5478, 5070. 4880, 4630. 4840, 4070. 2890.
87 .004453 8702. 7970, 7680. 7180. 6660. 6180. 4280.
88 .008965 | 18870. 12350, 12100, 11150, 10250. 8480. 6150.
8y 008581 | 22000. 19600. 18850. 17000, 15600, 14200. 8850,
40 .003145 | 84980. 30800, 29800. 26400, 28650. 21300, 12500
COMPUTED FROM THE FOLLOWING DATA:'—
" o o e We Ve Wes
i of insulated with | insulated with o b i e
Wire (B& S) Wire (bare) Silk Cotton Product Silk Cotton
29 .01128 01820 104.5 4.5
29 .01126 01526 112.95 12.95
Jursey Crtv, July, 1900. R. VARLEY.
— - ——
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78

WEIGHT OF COPPER IN 100 LBS. OF

INSULATED WIRE.

4 amee oore oeer oceas
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o8 ! .ma,m 3
m 2 @
o3 a8 ecooonn ooowoen ©n
£|°7 ;| 8553885588 %8852e¥7838 | | e
H & mam ]
I -
(-]
2l . LRBROD _aneesaooon | £ 5.5 =%
3 -3 . SERR3IRSRRBE B[ 22ReE H .w.am Ia
[-] m -
-
= § | 20 nonoavorofoncowan |8 15| 8
w "8 SES28253IIRNTNZIBLBIRIER | r.mm <
= ) : ]
?ly £ 115 |8
8|z j|on ona carace anBears | | 535 |3
m BRREEEEERELIIIIZRERR m alulld
ilsr_ |88
R REE
£ mewe ooaoenvoewesoan |1 A3T |%°
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m,m 28
§ 5 £ s §| 230038858 2R58238853839 s

R. VARLEY.

Jersey CiTY, July, 1900.



Standard Gopper Wire Table.

(Copied 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. (Brown & Sharpe).

. ' . . '

[For BExplanatory 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. Resistarnce in terms of the international ohm.

Matthiesson’s standard 1 metre-gramme of hard drawn copper == o.146g B,
A. U. @ o® C. Ratio of resistivity hard to soft copper 1.0226.

Matthiesson’s standard 1 metre-gramme of soft drawn copper == o.1436s B.
A. U. @ o°® C. One B. A. U. == 0.9866 international ohms.

Matthiesson’s standard x metre-g soft drawn copper == o.141729 in-
ternational ohm @ <° C..

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

1.20625, and 1.33681 rgspectively. 1 foot == 0.3048028 metre, 1 pound == 453-59256
grammes,

Although the entries in the table are carried to the fourth significant digit,
the computatiofis 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 th d. The di ters of the B. & S. or
A. W-G.wires are obtained from the geometrical series in which No. cooo ==
0.4600 inch and No. 36 == o0.005 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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Kxaurre 1. Given Bobbin and Wire, find Res: p = nl.(bl—d') Siepage 83 r‘
2 © Bobbin and Wire, find Turns x=ﬂ?’;‘1 «  8s
3. Core, Length, Wire and Resist. e

ance, find Diameter D = \’{-i +& « 87
& Bobbin and Resistance, find Wire R = #:_—d,, w 8o
§.  Core, Inswistsd Wire, Diameter Lo 42 .
and Resistance, find Length = R -9 . “ 91
4E'
6 ‘ Bolbin and Voltage, find Wire R = ot “ 93
7. * Diameter, Length and Voltage, B
find Reslstance ? = ¥DL “ 95
8, ¢ Bobbin, Voltage and Wire, 1= 4E
fnd Carrent = = RL@D' a9 “ 97
9 ¢ Ctro.bhneuﬂlolugcjndwm, _ _3E
find Ampere Turne 'N= K(DF4) *99
10, ' Bobbin and Wire, find Voltage E = 4__."‘”"’“"’“") “ 101
4
1. Bobbin, Resistance and Insulation, ‘fcl.sl)'-—d’) .E.)—_.‘
. find BareWire °7 J( - T » 103
13, ¢ Bobbin, Voltage and Ineulation, , _ "crl)l. (D* — .ﬁ “ 105
find Bare Wire T eE
3. *  Bobbin, Resistance and Bare Wire, i= c L (D*—d% a
find = Yy P
e« Bobbis, Volsge and BareWire, | JoopUD_a) _,
find I = GE' a° " 109
t5.  * D, dand L of bobbin X, find D, of o oL
:m:‘lv:leqnﬂd.- L, given D= /o' 4 (0'—a) l'. W oary
0. o Ddlndl.ofbobb(nc,ﬁndb of s
ﬂmu%ﬂl. ‘0: d," given D,= V&' + @' —a9 L " 113
7. * D, dand L of bobbin F, findL, of
bob;?n G, D, givt:nndsluq\ul L= L@ —d)

to d, winding volumes equal D =4} * s
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EXAMPLE No. 1.

Wire No. 308.8.C.

171.6 x 1.6875 x (.52 — .29%)
= s

==12 4 Ohms. (Answer).
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. RL @D —a"
BxaurLe t. Given Bobbin and Wire, find o= ry See page 83
LO®—
2. ¢ Bobbin and Wire, find Turns N = e “ 8s
3. Core, Length, Wire and Resist. o .
ance, find Diameter D = \’{-’i +a* . 8
“ i i = %
4 Bobbin and Resistance, find Wire R = T —a “ . 89
§. ¢ Core, Inswiatéd Wire, Diameter L 4P
and Resistance, find Length = R —a" “ 91
. = ‘E.
6. + Bobbin and Voltage, find Wire R = m “ 93
9. ¢ Diameter, Length and Voltage, B ..
find Resistance © = ¥DL v 95
8. ¢ Bobbin, Voltage and Wire, 1= - 4E
find Cuirent ~ = RL®' —d “ 97

9 Care.DhmlerVolhgenndWin, __3E
find Ampere Turne IN= g5+ a) “ 99

Bobbin and Wire, find Voltage E = {/rRDLT(D'—d7 . w  r01
ry

1. “ Bobbin, d Insulati _ CLO—a) 4 Syt
find BareWire 7 /(‘ R “ 103 g
¥ —_ it A
Bobbin, Voltage and Insulation, , _ l (,lcnbl. SD' a9 + 7) : “ 105

H

[T
find Bare Wire \A G E
13. ¢+ Bobbin, Resistance and Bare Wire, * = c L(D*—dY)
find Insulation | = \/—;’T —a w307
4. Bobbin, Voltage and BareWire,  _ \crDL (D'— @ _,
find Insulation B a' " 109
5. Dul';‘nd li’of bobbln ‘, i:‘nd D, of /—‘—T)—L
ual ven = 4 & D'—d
winding vol::ll)e. :q" ' 8 Dy \ + r. - " 1x
[T D‘bgb‘bnd LE'{ b{bbm S. l;nd D, of b ,__._—')—r
in ven D,= 44q* r_ “
winding volun:u equal | e = NG @ L 113
. 'Dddofbobhi F, find f
17 ¢ D,dand L n n L‘u:l L= L (D' —a"

bobbdin G, D, given and 4, eq —_——
to d, winding volumes equal D —a?
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EXAMPLE No. 2.

Wire No. 35 S. 8. C.

1.6875 (.6875—.29)
2 x .0000658)

N-:

= 5100 Turns. (Answer).

85
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Kxamree 1. Given Bobbin and Wire, find Resi: o= "—"@:""‘ Sme gy
LO—-9
2 ¢« Bobbin and Wire, find Turns N = e " 8s
3. ** Core, Length, Wire and Resist. Yy
ance, find Diameter D= \,‘)‘1{ d* “ 87
4 * Bobbin and Resistance, find Wire R = ﬁ , 8
. . = . 9
§. “ Core, InsuistsdWire, Diameter L= 32
snd Resistance, find Length = R “ 91
E*
6.+ Bobbin and Voltage, find Wire n=m . 03
7. * Diameter, Length and Voltage, E'
ind Rewistance © = ¥DL - 95
8, ¢ Bobbin, Voltage and Wire, 1 4E
6nd Current | = Lo 9 “ 97
9. * Core, Diamcter Voitage and Wire, IN 3 E
find Ampere Turns = K(D¥a “ 99
10, “ Bobbin and Wire, find Voltage E = /*RDL'(D*— &% v zox
D

€. Bobbin, Resistanceand Insulation, , _ [c L@ —d L)__‘_v
find Bare Wire 57 J(\_—‘p ) 3

“ 103

2.+ Bobbin, Voltage and Insulation, , { \lcpm.—“:é?- — a9 “ xosw
4

find Bare Wire
43. ¢ Bobbin, Resistance and Bare Wire, io J L (D' —a .

find Insulation | = V—— "mg— =4 « 107
t4.  ‘ Bobbin, Voltage and Bare Wire, =V cxDL'(D'— a”

find Insalation 1= V—— i = “ 309

-
«w

D, d and L of bobbin A, fiud D, of T
bobbin B, d equald,, l-. givea D= V&' +@—a) w 111

winding volumes eq L,
©°. o D.dlnd L of bobbin S, ﬂn4 D, of D T
ane ven = 44," - 3
-dncung volumes e qul o 1= NS £ 00— d) L . * 13

-
b

D, d and L of bobbin F, find L, of LD —a"
bobbin G, D, givenand d, equal L,= L@ —d)
to d, winding volumes equal D'—4,*
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EXAMPLE No. 12.

Insulation .004".

. ,/(\/ .0c000271 x 7 x 1.1875 x 1.6875° (1.187_5?;3’).'_‘_.004’ )_ 004
4 x 20% 4 2

v

= .01" (Answer).

= to No. 30 Wire.
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)

ExamrLE 1. Given Bobbin and Wire, find Resi o= u.(n‘_a') . Seepage 83
2 ¢ Bobbin and Wire, find Turns N=—"(2—;d)- v 8g
3. ¢ Core, Length, Wire and Resist. -

ance, find Diameter D = \I'R‘i +d* “ 87
" 40
b find Wi R= —5———=
4. ‘ Bobbin and Resistance, find Wire Lo —o “ 89
§. * Core, Inswiated Wire, Diameter Lo 52
and Resistance, find Length =~ R(D*49 “ 9r
. 4E*
6. ‘ Bobbin and Voltage, find Wire R = DU = “ 93
7. ¢ Diameter, Length and Voltage, B
find Resistance # = DL “ 95
8, ¢ Bobbin, Voltage and Wire, 4E
find Current ' = RL(D' —a9 “ 97
9, ** Cure, Diameter Voltage and Wire, INe 2E
find Ampere Turns | V= K(DF4q) “ 99
‘&« Bobbin and Wire, find Voltage E = {/TRDL’ ‘(D'—d') w01
T . i
1. ¢ Bobbin, Resistanceand Insulation, , _ (\)vL(D' —d) 4 _._)..._
find Bare Wire Y] 47 2 * 103
12, Bobbin, Voltage and Insulation, , _ I ferDLT@ —a) it !
find Bare Wire ~\}(‘/*—"Et + ) * 108
3. * Bobbin, Resistance and Bare Wire, c 1 (D' — d%
e e re 5= V| R w107
14 Bobbin, Voltage and Bare Wire, =V cxDL (D' — a” —a
find Insulation - ‘Eg_A- — " 109
1. Dgh:;“ li,os bobbllndA, Olﬁ-nd D, of D [l .ﬁ?
in ual ven D,= /g’ —a
winding volumes squal’ given Di= ya'+ @ L, « 1

. ® DdandLofbobbinC find Dyof ’
in an: iven = 4d," * — a7 4
winding volumes equal ' € NG 0= L, ) 13
7. “ D, dandL of bobhin F,findL, of .
bobbin G, D, givenand d, equal L,= L (D' —d) W 113

to d, winding volumes equal D'—4,*
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THE ELECTRO MAGNET.

EXAMPLE 13.

MMM

N

1
l.______A .

e

m" —

Wire No. 30.

Resistance 75 Ohms.

00000271 x 1.6875 (1.31252%—.552)

Ke) 8

4 X 75 x .012

i= v

(Answer).

=.0047"
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Exanrex 1.

THE ELECTRO MAGNET.

Given Bobbin and Wire, find Resi

Bobbin and Wire, find Turns

Core, Length, Wire and Resist.
ance, find Diameter

Bobbin and Resistance, find Wire

Core, Insuiatsd Wire, Diameter
and Resistance, find Length

Bobbin and Voltage, find Wire
Diameter, Length and Voltage,
find Resistance

Bobbin, Voltage and Wire,
find Current

Cure, Diameter Voltage and Wire,
find Ampere Turns

Bobbin and Wire, find Voltage

Bobbin, Resistance and Insulation,
find Bare Wire

Bobbin, Voitage and Insulation,
find Bare Wire

Bobbin, Resistance and Bare Wire,
find Insulation

Bobbin, Voltage and Bare Wire,
find Insulation

D,dand L of bobbln A, find D, of
bobbin B, d equal d Ly given
winding volumnes equal

D, dand L of bobbin C, find D, of
bobbin E, L, an d, g(ven
winding volumes equal

D, d and L of bobbin F, findL, of
bob!

bin G, D, givenand d, equal L=

tod, wmdmg volumes equal

D=

IN=

Iw
vy +

—4
L@ -4

40

= R -9

4E
*DL* (D' —a)

= RL(D" ="

2 E
K({o+a

E = \/1RDL'(D'—d')
+

A=

{cL(D'-—d%
J(\ “w

I "chL'(D' a9

4E

i = \/c LD —d) _

D= Jasp—a L

4pst
a?

f= yerDL o=

WE o'

L

—Niao—o
D= 4, + @' —a) L

L (D' — d%)

D, —4q,*

ir i
Ay s

Soepage 83
“ 85
“ 87
- 89
° 91
¢ 93
o 95
“ 97
“ 99

101

103

1C8

107

113

115
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EXAMPLE No. 14.

114'] 1

Q770002
W zzzzzzza

A Y

Y __ A
i‘_-____
Wire No.. 22,
Volts 3.
4 == /00000271 X T X 1.4375 X 1.6875 2 (1.4375% — .557%)

4 X52x '025352 ~- 02535

= .0056" (Answer).
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Exanrex 1.

;3.

1%

2.

THE ELECTRO MAGNET.

Given Bobbin and Wire, find Resi

Bobbin and Wire, find Turns
Core, Length, Wire and Resist-
ance, find Diameter

Bobbin and Resistance, find Wire

Core, Insulatsd Wire, Di

and 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,
find Ampere Turns

Bobbin and Wire, find Voltage

Bobbin, R

_ 4
~ R(D'—a"

4E

R=Pro—a

2E
IN= gi5ra)

E = rRDL (D' —a)
+

find Bare Wire

Bobbin, Voltage and Tneulation,
find Bare Wire

Bobbin, Resistance and Bare Wire,
find Insulation

Bobbin, Voltage and Bare Wire,
find Insulation

D'bg b:'ml li,oz bobbin A, find D, of
in iven
winding vduex?ln :qna L @

D, dandLofbobblnC,ﬁnd D, of

bin E, L, and d, ‘iven

-lnd.ing volumes eq
D, dand L of bobbin F,findL, of
.equl

bobbin G, D, glvenan
d, winding volumes eq

4.—:\/ Lo
I

crDL'(D*'—4d)
a= [(\/ By s
= c L (D' —4a" —a
‘/ 4pat
—————y
cxDL' (D' — oV
=V 4E' a’ -4
L

D= V’a'+(p'-.a') L

ook
= \r’d,'-ﬁ(b'—d') L

L= LO-—
D —4,°

o

it

)

i

Séepage 83

8s

87

9

93

95

97

99

101

103

105

‘107

109

113

115
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EXAMPLE No. 15.

LL -1 /.937f'rl —>

Ll ! !.II
i % i
e — — — /15— .

el

L9375

D, = \’ 43t + (03" — 439 ;e

= .8875" (Answer).
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ExanrLs 1. Given Bobbin and Wire, find Resi o= “'(D:_'” Seepege 83
2 uhmmmﬁur..:...ﬂ:ﬂf—;"- « 8g

3. * Core, Length, Wire and Resist. D= JT-

ance, find Diumeter “® 87
“ . - 4P
4 Bobbin and Resistance, find Wire R = o —a “ 89
§. + Core, Insuisted Wire, Diameter 4p
and Resistance, find Length © = R (D' —a “ 91
6.+ Dobbin and Voltage, find Wire R = ——$5
g » Be, find = DU —a) o 93
7. Diameter, Length and Voltage, E*
find Resistance ? = TDL - o5
8. ¢ Bobbin, Voltage and Wire, 1= __4E . ¢y
find Current = RL@D' Jary} J <
9. * Core, Diameter Voltage and Wire, _ _3E
find Ampere Turns IN= K(D+4a “ 99

w0, + Dobbin and Wire, find Voltage E = y~RDL'(D'—d" R
+

1.+ Bobhin, Resistanceand Insulation, , _ J(\Ier.(n'_a') + ‘T')_%.
Y3

find Bare Wire " 103
12. ¢ Bobbin, Voltage and Insulation, , _ \erpb L'(D*— a9 + “ 108
find Bare Wire \ N———
13.  * Bobbin, Resistance and Bare Wire, iz \/ cL(D— an s
find Insulation = '—'TP-A.—' - “ 107
14 Bobbin, Voltage and Bare Wire, f— Ver DL (D — " —a
find Insulation - T “ 109
1. “ D,dand .i,otfl bo\::ilnd‘. O;I-nd 3, of D I—_;n—r)_]:
‘bobbin ven = 4f —d
winding vol:;llle- equal’ =N+ L, “ 111
6.  D,dandL of bobbin C, find D, ol |
bobbin E, L, and 4, ven D'— a) E " 3
winding volumes equal ' o Vd +( 113 '
7. « D, dlndLofbobbin F, find L, of o
bobbin G, D, given and d, equ| L= L@—d) -

tod, vnndln; volumes equal D, -4,



THE ELECTRO MAGNET.

EXAMPLE No. 16.

C

’“ T
| {1
) "r’ VL
R T T
<——i— — /9395 — — —>J
.4
-
[ { :
o ) 7 ) - I
' L N
IE—— 2/875— — —

1.9375

D:: (’, 2 . 2___ 42?2
1=\ 497 - (932—43?) 2.1875

= .918" (Answer).
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Exanree 1.

[

THE

Given Bobbin and Wire, find Resi

ELECTRO MAGNET.

RL @ —4a

¢ Bobbin and Wire, find Turns N =

LO—4
e

“ Core, Leagth, Wire and Reaist- | |55~

ance, find Diameter

* Bobbin and Resistance, find Wire R =

 Core, Insuiated Wire, Diameter

<L +dt

. 7.2,
T L —aY

4r

and Resistance, find Leagth © = Ript g9

Bolbin and Voltage, find Wire R =

__AE
DL —d)

Diameter, Length and Voltage, B

find Resistance 7 = ¥ DL

Bobbin, Voltage and Wire,

find Current

*  Cure, Diameter Voltage and Wire, 2 E
find Ampere Turns +

I . 4E
= RLD' —d

IN=

D

A

a9

« Bobbin and Wire, find Voltage E = ,hRDL'(D'._d')
4

+ Bobbin, Resistance and Insulation,

find Bare Wire
 Bobbin, Voltage and Tnsulation, , _ [ ,[e *DL'(D'—d) + i
find Bare Wire l( E' 4
v 4
“ Bobbin, Resistance and Bare Wire, ‘/ cL@—a) _,
find Insulation = Yy -
« Bobbin, Voltage and Bare Wire, §= y<~D L' — a" —a
find Insulation - 4 E' a'

bin B, d equal L
vllndin‘ vol\:l?:e. :qlx'u '

wlndmg volumes equal

bobbin G, D,
to d, winding volumes equal

D, d lnd L of bobbin ‘, find D, of 7
given D,= N+ (Dt —da

D.dlndl.ofbobblnc,ﬁnd D, of P aerae sl
E, L, and 4, gwen D= \'d"_‘,_(pi_d')

D; dand L of bobbin F, find L, of
, givenand d, elqual L=

L
L

L

eL(D' —df it i
a= J(\’-——°"‘"";"’" s

Siwpege 83

"

“

8s
87
89
9!
93

95

97

99

103

105
107

109

113

s
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EXAMPLE No. 17.

| |

- T
T L
) 1 { 'f
e |

. (93 — .43°) 1.9375
-8752 — .432

= 2.27" (Answer).
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The following line drawings ghow 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
75 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 fullsize in all dimensions
except length. The actual numerical value for length is giver‘l
which would make M xL x T equal to unity in each case. The val- .
ues of Rand 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 lbs. 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.
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ECTRO MAGNET
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THE ELECTRO MAGNET.

© - - . -
BB R TECEIES5 303852253883
mnm PR AL £
M.mm 3 rmm.mm . m.«.uMJJJA.JJmm.m. mmmomm
8 2 oo dgFesy s g
Ps: 3 Mum». = 2288533
B 3 ] o 3 =
f:b 143440 STEie8ai8ia:68+238588358288388:4
2 Mkun mu‘m £
s 3 g
_Mmmmwfmm“ m mmmmmmmmmmmmmwuumm.:mmmm §3:24%
rg 2 o3 kg ga - == ==k s 5
it s &= 2
ADIVO S T 2 AYIM 4O JAIS gzagax2eo23RiaR2as88Rs88 a8s38sS

-




ET.

THE ELECTRO MAG

122

"3

) V/////////“

Wiz

////////Z/%

v v v
A B : t8C838358:8283 9383383
fi3 s8%4 | 4
| 3% 3 nmm i, §89% -0 o9
mw i 3| -8c8a8a88cas88533:833354€E888 L)
ummw uma.n. z
3 81 33433 | ¢ 2 s 2 -
Mmmwmmwmm Ble| Blugntasalszas »
A ADOVO 'S ¥ '@ AYIM JO T2 Qa8 zTee=S2A]FY L

S —

"

oo ———o2




123

THE ELECTRO MAGNET.

r////////////
vz

_ . ..._P -

I Y —

ST

]
-
1

"

k—-—-——-—wm——-—--—i

SHE Y PELYIEEE 325853983283

£1 : mmmm 3 B _

mmw R Riiiaiieeiiiesnsansig
] 3 u 8 2

RN R EEY,  FEieis 1800135333477 3688888c38

S FPR SRS PRI —

Mmmmwwmwmw £ tdiisdsvelestnnssomannns, ..

Fgs 7. "8 |° AeeSiiiaddiiidiieesiigg
FADAVY 'S ¥ A M 20 3118 S EaRTR22C22RANRIRESRAISRBRIBRERRS




THE ELECTRO MAGNET.

124

[REE uwm. 19CE3858 5282959083382
mum s §g1d |8 i

Ty 1888 | ° LR T 4§
Tedb 5 i35 RS ERRREREREEE
30 M STCiliiite 0875705439598 646807
tHEI I

k1 L os 23 28 ER 8283282823288 nanwoneae
211 A FE R N e AL LI LRLETTIT

AOIVO 'S ¥ 9 AUIM JO IZIS 2 2 AT IT22ERIRAARIREERIIsALIAIGERR S

e 8 S w2

\ . N, . \. W T \
_EEOSO-_-G NI W

—

"

b a9

Bl ————



125

THE ELECTRO MAGNET.
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